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    Úvodní slovo

Vážení kolegové,

druhé číslo sborníku nejlepších vědeckých pra-

cí publikovaných v  impaktovaných časopisech 

v  roce 2014 je opět zajímavým ohlédnutím 

za uplynulým rokem. Sborník je souhrnem 18 pra-

cí, které v roce 2014 získaly nejvyšší  impakt faktor  

a  představují přehled vynikajících autorských 

prací odborníků ve Fakultní nemocnici Ostrava.

Špičkový autorský text je odrazem kvalit-

ní vědecké práce, která je nedílnou sou-

částí poskytované zdravotní péče. Stou-

pající počet výzkumných projektů  

a počtů impaktovaných publikací je důkazem vy-

nikající odborné úrovně napříč lékařskými obory 

ve Fakultní nemocnici Ostrava. 

Fakultní nemocnice, jako výzkumná organizace, 

vykazuje již několik let tuto stoupající úroveň a řadí 

se tak mezi kvalitní vědecké instituce, které jsou 

registrovány a hodnoceny v rámci RIV. Naším dlou-

hodobým cílem je zvyšovat úroveň vědecké prá-

ce a tuto prezentovat na významných domácích  

i zahraničních konferencích.  

Sborník nejlepších impaktovaných prací tak při-

náší zajímavý náhled na hloubku a rozsah vědec-

ké práce v naší nemocnici.

Přeji Vám hodně úspěchů ve Vaší vědecké a pu-

blikační činnosti, kterou Fakultní nemocnice Ost-

rava bude vždy podporovat.

MUDr. Václav Procházka, Ph.D., MSc

Náměstek ředitele FNO pro vědu a výzkum
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       Foreword

Dear Colleagues

The second volume of the Collection of the best 

scientific works published in journals with an im-

pact factor in 2014 is again a very interesting re-

trospect of the past year. The Collection presents 

a  summary of eighteen works, which obtained 

the highest impact factor in 2014, and which pre-

sent an overview of excellent author works of 

specialists from the University Hospital Ostrava.

A top-class author text is a reflection of a high-

-quality scientific work, which is an integral part 

of the provided medical care. The increasing 

number of research projects, together with the 

number of publications in journals with high im-

pact factor is a proof of the excellent expert le-

vel across all medical specialties at the University 

Hospital Ostrava. 

University Hospital Ostrava, as a research orga-

nization, has been demonstrating this increasing 

level for several years, and truly belongs among 

high-quality scientific institutions, which are re-

gistered and evaluated within the RIV register. 

Our long-term aim is to increase the level of the 

scientific work and present it at significant do-

mestic and international conferences. 

The Collection of the best scientific articles with 

an impact factor also brings an interesting per-

spective at the depth and extent of the scientific 

work performed at our hospital.

I  wish you much success in your scientific and 

publication activities, which will be always supp-

orted by the University Hospital Ostrava.

Václav Procházka, MD, Ph.D., MSc

Deputy director for Science and Research



1.  Acute kidney injury due to 
rhabdomyolysis and renal 
replacement therapy: a critical 
review

Petejová Naděžda and Martínek Arnošt

Originally published in Critical Care, 2014, vol. 18,  no. 3, p. 224

Consent to the publication of June 2015

REVIEW

Acute kidney injury due to rhabdomyolysis and
renal replacement therapy: a critical review
Nadezda Petejova* and Arnost Martinek

Abstract

Rhabdomyolysis, a clinical syndrome caused by
damage to skeletal muscle and release of its
breakdown products into the circulation, can be
followed by acute kidney injury (AKI) as a severe
complication. The belief that the AKI is triggered by
myoglobin as the toxin responsible appears to be
oversimplified. Better knowledge of the
pathophysiology of rhabdomyolysis and following AKI
could widen treatment options, leading to
preservation of the kidney: the decision to initiate
renal replacement therapy in clinical practice should
not be made on the basis of the myoglobin or
creatine phosphokinase serum concentrations.

Introduction
Rhabdomyolysis (RM) is a clinical syndrome character-
ized by injury to skeletal muscle fibers with disruption
and release of their contents into the circulation.
Myoglobin, creatine phosphokinase (CK) and lactate
dehydrogenase are the most important substances for
indicating muscle damage [1].

Brief history
The history of RM goes back to the Second World War
in 1941 when the condition was described for the first
time. The London Blitz was the sustained strategic
bombing of many cities in the United Kingdom and the
ensuing crush injuries led to typical symptoms of RM
[2]. Today, we know the causes of RM are legion and
include trauma, drugs such as statins, infections, toxins,
extreme physical exertion, temperature extremes, heredi-
tary and acquired metabolic myopathies [3].

* Correspondence: petejova@seznam.cz
Department of Internal Medicine, University Hospital Ostrava, 17 listopadu
1790, 708 52 Ostrava, Czech Republic

Clinical symptoms
The clinical symptoms of RM are well known: myalgia,
weakness and swelling involving injured muscles, usually
associated with myoglobinuria. The clinical symptoms
might include nonspecific symptoms such as fever,
nausea, dyspepsia and/or vomiting. Mild and subclinical
cases of RM, called in clinical practice myopathies, are
typically characterized by elevated serum CK and
myalgias [4].
The severity of RM escalates from myoglobinuria,

which can result in acute kidney injury (AKI), to
other severe systemic complications such as dissemi-
nated intravascular coagulopathy and acute compart-
ment syndrome from swelling muscle, and reduced
macrocirculation and microcirculation of injured limbs.
Extracted fluid from the circulation into the swollen
muscle groups leads to hypotension and shock.
Typical metabolic alterations accompanying RM are
hyperkalemia, metabolic acidosis, hypocalcemia or hy-
percalcemia, hyperuricemia, hyponatremia and hyper-
phosphatemia with possible cardiac dysrhythmias
[5,6]. AKI due to rhabdomyolysis occurs in 13 to 50%
of all cases [7].

Etiology
As already mentioned, the development of RM is associ-
ated with a large number of conditions and pathological
disorders. Medical research, reviews, studies and case
reports describe different possible causes of RM (Table 1)
[3,8,9].

Pathophysiology of rhabdomyolysis and following acute
kidney injury
Under physiological conditions, skeletal muscle cell con-
traction requires a nervous impulse originating in a vol-
untary process. The nervous impulse is then transferred
to a thin muscle cell membrane called the sarcolemma.
The sarcolemma is a physical barrier and mediator be-
tween cell and external signals. In healthy myocytes, the
sarcolemma contains different pumps for regulating the

© Petejova and Martinek; licensee BioMed Central Ltd. The licensee has exclusive rights to distribute this article, in any
medium, for 12 months following its publication. After this time, the article is available under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Petejova and Martinek Critical Care

2014

2014, 18:224
http://ccforum.com/content/18/3/224

4 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014



REVIEW

Acute kidney injury due to rhabdomyolysis and
renal replacement therapy: a critical review
Nadezda Petejova* and Arnost Martinek

Abstract

Rhabdomyolysis, a clinical syndrome caused by
damage to skeletal muscle and release of its
breakdown products into the circulation, can be
followed by acute kidney injury (AKI) as a severe
complication. The belief that the AKI is triggered by
myoglobin as the toxin responsible appears to be
oversimplified. Better knowledge of the
pathophysiology of rhabdomyolysis and following AKI
could widen treatment options, leading to
preservation of the kidney: the decision to initiate
renal replacement therapy in clinical practice should
not be made on the basis of the myoglobin or
creatine phosphokinase serum concentrations.

Introduction
Rhabdomyolysis (RM) is a clinical syndrome character-
ized by injury to skeletal muscle fibers with disruption
and release of their contents into the circulation.
Myoglobin, creatine phosphokinase (CK) and lactate
dehydrogenase are the most important substances for
indicating muscle damage [1].

Brief history
The history of RM goes back to the Second World War
in 1941 when the condition was described for the first
time. The London Blitz was the sustained strategic
bombing of many cities in the United Kingdom and the
ensuing crush injuries led to typical symptoms of RM
[2]. Today, we know the causes of RM are legion and
include trauma, drugs such as statins, infections, toxins,
extreme physical exertion, temperature extremes, heredi-
tary and acquired metabolic myopathies [3].

* Correspondence: petejova@seznam.cz
Department of Internal Medicine, University Hospital Ostrava, 17 listopadu
1790, 708 52 Ostrava, Czech Republic

Clinical symptoms
The clinical symptoms of RM are well known: myalgia,
weakness and swelling involving injured muscles, usually
associated with myoglobinuria. The clinical symptoms
might include nonspecific symptoms such as fever,
nausea, dyspepsia and/or vomiting. Mild and subclinical
cases of RM, called in clinical practice myopathies, are
typically characterized by elevated serum CK and
myalgias [4].
The severity of RM escalates from myoglobinuria,

which can result in acute kidney injury (AKI), to
other severe systemic complications such as dissemi-
nated intravascular coagulopathy and acute compart-
ment syndrome from swelling muscle, and reduced
macrocirculation and microcirculation of injured limbs.
Extracted fluid from the circulation into the swollen
muscle groups leads to hypotension and shock.
Typical metabolic alterations accompanying RM are
hyperkalemia, metabolic acidosis, hypocalcemia or hy-
percalcemia, hyperuricemia, hyponatremia and hyper-
phosphatemia with possible cardiac dysrhythmias
[5,6]. AKI due to rhabdomyolysis occurs in 13 to 50%
of all cases [7].

Etiology
As already mentioned, the development of RM is associ-
ated with a large number of conditions and pathological
disorders. Medical research, reviews, studies and case
reports describe different possible causes of RM (Table 1)
[3,8,9].

Pathophysiology of rhabdomyolysis and following acute
kidney injury
Under physiological conditions, skeletal muscle cell con-
traction requires a nervous impulse originating in a vol-
untary process. The nervous impulse is then transferred
to a thin muscle cell membrane called the sarcolemma.
The sarcolemma is a physical barrier and mediator be-
tween cell and external signals. In healthy myocytes, the
sarcolemma contains different pumps for regulating the

© Petejova and Martinek; licensee BioMed Central Ltd. The licensee has exclusive rights to distribute this article, in any
medium, for 12 months following its publication. After this time, the article is available under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Petejova and Martinek Critical Care

2014

2014, 18:224
http://ccforum.com/content/18/3/224

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 5



response to four different experimental AKI models:
glycerol, cisplatin, ischemic–reperfusion and a bilateral
ureteral obstruction model. In the glycerol AKI model
that best reflects kidney damage during myoglobinuric
AKI, heme oxygenase-1 was detectable in plasma and
the renal cortex, and these changes were associated
with an approximately 10-fold increase in renal heme
oxygenase-1 mRNA. With the urinary heme oxygenase-1
concentration increase in the glycerol AKI model, further
increases were observed 4 and 24 hours after glycerol
injection. Finally, the authors tested whether the above
findings might have clinical relevance in 20 critically ill

patients: one-half of the patients had AKI and one-half
had no AKI. Only the AKI group had significantly elevated
plasma and urinary heme oxygenase-1 concentrations,
and these investigations led to the conclusion that AKI
can evoke heme oxygenase-1 elevation in plasma and
urine [19]. However, the whole molecular pathophysiology
of myoglobin-induced AKI is based on the deleterious
effects of reactive oxygen species directly on the tubular
cells and their organelles.
Reactive oxygen species also play an important and

protective role in the living organism against pathogens
and cancer during phagocytosis and other, especially

Figure 1 Pathophysiology of rhabdomyolysis-induced acute kidney injury. CO, carbon monoxide; EC, extracellular; Fe2+, ferrous iron; Fe3+,
ferric iron; Fe4 = O, ferryl iron; HO-1, heme oxygenase-1; H2O2, hydrogen peroxide; MB, myoglobin; MC, muscle cell; MT, mitochondria; NO, nitric
oxide; OH−, hydroxyl anion; O2

•–, superoxide radical; OH•, hydroxyl radical, RAAS, renin–angiotensin–aldosterone system; RBF, renal blood flow; ROS,
reactive oxygen species; SOD, superoxide dismutase; TC, tubular cell.

Petejova and Martinek Critical Care Page 3 of 82014, 18:224
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process of cellular electrochemical gradients [10]. The
most important is Na-K-ATP-ase for sodium and potas-
sium exchange. Under normal conditions, sodium ions
are actively excluded from the muscle cell and potassium
ions are allowed passage. This process is energy
dependent and builds on calcium removal in Na/Ca by
changing the intracellular electrical gradient during
active removal of sodium. Both processes depend on
ATP as a source of energy [11,12].
The sarcoplasm is the specialized cytoplasm of the

muscle cell that contains the usual subcellular elements
along with Golgi apparatus, myofibrils, a modified endo-
plasmic reticulum known as the sarcoplasmic reticulum,
myoglobin and mitochondria. The primary function of
the sarcoplasmic reticulum is to store calcium, which is
released by muscular contraction. The most serious
consequence of RM is ATP depletion, resulting in mem-
brane cell pump dysfunction. The extrusion of sodium
is impaired and the efflux of calcium from the cell is im-
paired [13]. If a high concentration of calcium persists
in the sarcoplasm this activates cytolytic enzymes such
as hydroxylases, proteases, nucleases and many others.
The following impairment of cell organelles, especially
of mitochondria, leads to progressive decrease in ATP,
the production of free oxygen radicals and cell damage
[12]. The result of cell impairment is release of potassium,
phosphates, myoglobin, CK, lactate dehydrogenase and
aldolase into the blood circulation with typical clinical
presentation of RM.

Acute kidney injury is one of the most severe
complications of rhabdomyolysis
The pathophysiology of RM-induced AKI is believed to
be triggered by myoglobin as the toxin causing renal

dysfunction [14]. This claim is given substance from
studies in animal models of glycerol-induced AKI. Intra-
muscular injection of glycerol in the rabbit induces a
model of AKI at a dose of 10 mg/kg that resembles the
AKI caused by massive release of myoglobin in crush
syndrome in humans [15]. Glycerol-induced AKI is char-
acterized by myoglobinuria, tubular necrosis and renal
vasoconstriction [16]. The most important role in
glycerol-induced nephrotoxicity has been attributed to
reactive oxygen metabolites (reactive oxygen species), in
particular the hydroxyl radical (OH.), the same cause as
for myoglobin-induced AKI [17].
Myoglobin is an oxygen and iron binding protein with

a molecular weight of 17,500 Da. Myoglobin is found in
the muscle tissue of vertebrates, has a higher affinity for
oxygen than hemoglobin and assists myocytes to acquire
energy. Myoglobin can be detected in urine in small
concentrations <5 μg/l, but meets the diagnostic criteria
for myoglobinuria at concentrations >20 μg/l [9].
Myoglobin – which may undergo reabsorption from

the glomerular filtrate, is catabolized within proximal
tubule cells and is easily filtered through the glomerular
basement membrane – has been recognized as playing a
part in the development of AKI in the setting of myoglo-
binuria. The clinical study by Gburek and colleagues
demonstrated that renal uptake of myoglobin is mediated
by the endocytic receptors, megalin and cubilin [18]. The
same membrane cell receptors play an important role in
nephrotoxicity; for example, those of antibiotics.
The three different mechanisms of renal toxicity by

myoglobin are usually reported as renal vasoconstriction,
formation of intratubular casts and the direct toxicity of
myoglobin to kidney tubular cells [19-27] (Figure 1).
Renal vasoconstriction is caused by reduced renal

blood flow due to excessive leakage of extracellular fluid
into the damaged muscle cells and by secondary activation
of the renin–angiotensin–aldosterone system. However, a
second theory favors the effect of the nitric oxide scaven-
ging characteristics of myoglobin and release of cytokines
[25,26]. The formation of intratubular casts explains the
urine concentration and the following reaction of myoglo-
bin with Tamm–Horsfall tubular protein. Further, renal
vasoconstriction, the decrease in renal blood flow due to
volume depletion and the low pH of urine promote this
pathological process by formation of stronger and more
rapid bonds between Tamm–Horsfall protein and myo-
globin [12,20].
Heme released from myoglobin is, under normal

conditions, degraded by the enzyme heme oxygenase-1
with marked vasodilatating effect. Heme oxygenase-1 is
upregulated in proximal tubular cells in response to
oxidant stress and exerts cytoprotective and anti-
inflammatory effects [14,21,22]. Zager and colleagues
[19] studied intrarenal heme oxygenase-1 induction in

Table 1 Etiology of rhabdomyolysis and myopathies

Acquired Hereditary

Extreme physical activity Metabolic myopathies caused by
disorders of:

Influence of extreme
temperatures

Fatty acid oxidation

Metabolic disorders of water
and salts

Mitochondrial metabolism

Trauma and crush syndrome Glycolysis/glycogenolysis

Vascular ischemia Purine nucleotide cycle

Influence of drugs Pentose phosphate pathway

Infections, sepsis

Toxins

Malignant hyperthermia

Endocrine disorders

Electrical current

Petejova and Martinek Critical Care Page 2 of 82014, 18:224
http://ccforum.com/content/18/3/224
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was recommended as a valuable early predictor and
marker of RM and myoglobinuric AKI [35].
In another retrospective observational cohort study,

El-Abdellati and colleagues studied CK, serum myoglo-
bin and urinary myoglobin as markers of RM and AKI
in 1,769 adult patients. The results for the best cutoff
values for prediction of AKI were CK >773 U/l, serum
myoglobin >368 μg/l and urine myoglobin >38 μg/l,
respectively [36].

Conservative measures in rhabdomyolysis to
prevent acute kidney injury
The first step in medical intervention is usually treatment
of underlying disease. In the case of preserved diuresis in
the setting of RM, we must initiate conservative measures,

which usually include massive hydration, use of mannitol,
urine alkalization and forced diuresis [25,37-39] (Figure 2).
Early and aggressive fluid resuscitation to restore renal

perfusion and increase the urine flow rate is agreed on
as the main intervention for preventing and treating
AKI [6]. Fluid resuscitation with crystalloid solutions is
the ubiquitous intervention in critical care medicine
[40]. One caveat, however, is that these therapeutic
measures are not useful in the context of severe oliguria
or anuria and may lead to interstitial and pulmonary
edema. Clinicians have to be careful about oliguria
which is a normal response to hypovolemia and should
not be used solely as a trigger or end point for fluid re-
suscitation, particularly in the post-resuscitation period
[41]. Further, while aggressive volume resuscitation may
preserve cardiac output and renal perfusion pressure, in

Figure 2 Therapeutic approaches in rhabdomyolysis for prevention and treatment of acute kidney injury. AKI, acute kidney injury; KDIGO,
Kidney Disease Improving Global Outcomes; RM, rhabdomyolysis; RRT, renal replacement therapy; Scr, serum creatinine; UO, urine output.
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metabolic, reactions. But overproduction of reactive
oxygen species may lead to damage to living cells via
lipid peroxidation of fatty acids and to the production of
malondialdehyde, which can cause the polymerization of
protein and DNA [23]. The hydroxyl radical is the most
reactive of the reactive oxygen species group and is
produced by the reaction between superoxide and
hydrogen peroxide catalyzed by iron in Fenton’s reaction
(Figure 1).
In previous years, iron-mediated hydroxyl radical pro-

duction with resultant oxidant stress was hypothesized
to be the dominant pathway for heme protein nephrotox-
icity [17]. However, it was later shown that Fe-mediated
proximal tubular system lipid peroxidation was more
hydrogen peroxide dependent than hydroxyl anion (OH−)
dependent and that blockage of myoglobin cytotoxicity
via only decreasing hydroxyl anion generation may be
inadequate [24]. For myoglobin to catalyze lipid peroxi-
dation, ferrous (Fe2+) myoglobin must be oxidized to
the ferric (Fe3+) form, which leads to induced lipid
peroxidation by redox cycling with ferryl (Fe4 = O)
myoglobin. This is a highly reactive form of myoglobin,
which can potently induce lipid peroxidation [27].
Redox cycling between ferric and ferryl myoglobin
yields radical species that cause severe oxidative damage
to the kidney [28].
This process has been shown to be pH dependent and

alkaline conditions prevent myoglobin-induced lipid per-
oxidation by stabilizing the reactive ferryl–myoglobin
complex [29,30]. Alkaline conditions stabilize the ferryl
species, making myoglobin considerably less reactive
towards lipids and lipid hydroperoxides [31]. The fact
that RM can be considered an oxidative stress-mediated
pathology also with mitochondria as the primary target,
and possibly the source of reactive oxygen and nitrogen
species, has been reported in a study by Plotnikov and
colleagues [32]. However, the authors speculate that
RM-induced kidney damage involves direct interaction
of myoglobin with mitochondria possibly resulting in
iron ion release from myoglobin’s heme, and this pro-
motes the peroxidation of mitochondrial membranes [32].
This problem, however, appears to be more complicated.
In summary, better knowledge of the pathophysiology

can optimize prevention and treatment measures in
cases of RM kidney injury.

Diagnosis
In typical clinical conditions, patients with RM experi-
ence muscular weakness, myalgia, swelling, tenderness
or stiffness and dark brown urine [1]. Correct diagnosis
is the most important step to initiating proper treat-
ment. The clinical and laboratory diagnostics summa-
rized in Table 2 are the basic approach in differential
diagnosis.

Serum myoglobin is normally bound to plasma globu-
lins such as haptoglobin and α2-globulin and has a rapid
renal clearance to maintain a low plasma concentration
of 3 μg/l [33]. Radioimmunoassays or imunolatex, imuno-
turbidimetric methods can detect myoglobin in plasma or
urine. Normal serum levels are 30 to 80 μg/l and normal
urine levels are 3 to 20 μg/l [3]. After the development of
RM, free serum myoglobin increases due to exceeding the
binding capacity of plasma globulins and then kidney
filtrate appears in the urine which contributes to the
brownish (tea) urine color. Furthermore, urine myoglobin
concentrations are normally measured to assess RM;
surprisingly, one in vitro study observed that low pH is
not by itself a cause of urine myoglobin instability. The
extent of instability depended not only on urine pH and
temperature but also on unidentified urinary factors and
initial urinary myoglobin concentrations [34]. Another
way to diagnose myoglobinuria is a positive test for the
presence of blood in urine without finding erythrocytes.
Serum levels of CK correlate with the severity of RM

but less so with myoglobinuric AKI. Normal serum
levels are 0.15 to 3.24 μkat/l or 9 to 194 U/l in men and
0.15 to 2.85 μkat/l or 9 to 171 U/l in women. To predict
AKI following RM, the clinician needs a better marker
than serum CK, which is routinely used as a marker in
the assessment of these disorders. Very important findings
about the use of myoglobin as a marker and predictor in
AKI were described by Premru and colleagues [35]. The
authors investigated and restrospectively analyzed the
incidence of myoglobin-induced AKI (serum creatinine
>200 μmol/l) and the need for hemodialysis in 484 pa-
tients with suspected RM. The median peak myoglobin
was 7,163 μg/l. The incidence of myoglobin-induced AKI
was significantly higher (64.9%) in patients with a peak
serum myoglobin >15,000 μg/l (P <0.01). Most of these
patients needed treatment with hemodialysis (28%).
Myoglobin levels >15,000 μg/l were most significantly
related to the development of AKI and the need for
hemodialysis. Based on these results, serum myoglobin

Table 2 Diagnosis of rhabdomyolysis and following acute
kidney injury

Clinical presentation

Muscular weakness, myalgia, swelling, tenderness, stiffness

Fever, feelings of nausea, vomiting, tachycardia

Oligoanuria or anuria in connection with renal damage or in the
presence of volume depletion

Signs of the underlying disease

Laboratory findings

Serum: creatinine, urea nitrogen, creatine phosphokinase, myoglobin,
ions (potassium, phosphorus, calcium), lactate dehydrogenase,
transaminases, acid–base balance

Urine: myoglobin or positive dipstick test without any erythrocytes
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was recommended as a valuable early predictor and
marker of RM and myoglobinuric AKI [35].
In another retrospective observational cohort study,

El-Abdellati and colleagues studied CK, serum myoglo-
bin and urinary myoglobin as markers of RM and AKI
in 1,769 adult patients. The results for the best cutoff
values for prediction of AKI were CK >773 U/l, serum
myoglobin >368 μg/l and urine myoglobin >38 μg/l,
respectively [36].

Conservative measures in rhabdomyolysis to
prevent acute kidney injury
The first step in medical intervention is usually treatment
of underlying disease. In the case of preserved diuresis in
the setting of RM, we must initiate conservative measures,

which usually include massive hydration, use of mannitol,
urine alkalization and forced diuresis [25,37-39] (Figure 2).
Early and aggressive fluid resuscitation to restore renal

perfusion and increase the urine flow rate is agreed on
as the main intervention for preventing and treating
AKI [6]. Fluid resuscitation with crystalloid solutions is
the ubiquitous intervention in critical care medicine
[40]. One caveat, however, is that these therapeutic
measures are not useful in the context of severe oliguria
or anuria and may lead to interstitial and pulmonary
edema. Clinicians have to be careful about oliguria
which is a normal response to hypovolemia and should
not be used solely as a trigger or end point for fluid re-
suscitation, particularly in the post-resuscitation period
[41]. Further, while aggressive volume resuscitation may
preserve cardiac output and renal perfusion pressure, in

Figure 2 Therapeutic approaches in rhabdomyolysis for prevention and treatment of acute kidney injury. AKI, acute kidney injury; KDIGO,
Kidney Disease Improving Global Outcomes; RM, rhabdomyolysis; RRT, renal replacement therapy; Scr, serum creatinine; UO, urine output.
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metabolic, reactions. But overproduction of reactive
oxygen species may lead to damage to living cells via
lipid peroxidation of fatty acids and to the production of
malondialdehyde, which can cause the polymerization of
protein and DNA [23]. The hydroxyl radical is the most
reactive of the reactive oxygen species group and is
produced by the reaction between superoxide and
hydrogen peroxide catalyzed by iron in Fenton’s reaction
(Figure 1).
In previous years, iron-mediated hydroxyl radical pro-

duction with resultant oxidant stress was hypothesized
to be the dominant pathway for heme protein nephrotox-
icity [17]. However, it was later shown that Fe-mediated
proximal tubular system lipid peroxidation was more
hydrogen peroxide dependent than hydroxyl anion (OH−)
dependent and that blockage of myoglobin cytotoxicity
via only decreasing hydroxyl anion generation may be
inadequate [24]. For myoglobin to catalyze lipid peroxi-
dation, ferrous (Fe2+) myoglobin must be oxidized to
the ferric (Fe3+) form, which leads to induced lipid
peroxidation by redox cycling with ferryl (Fe4 = O)
myoglobin. This is a highly reactive form of myoglobin,
which can potently induce lipid peroxidation [27].
Redox cycling between ferric and ferryl myoglobin
yields radical species that cause severe oxidative damage
to the kidney [28].
This process has been shown to be pH dependent and

alkaline conditions prevent myoglobin-induced lipid per-
oxidation by stabilizing the reactive ferryl–myoglobin
complex [29,30]. Alkaline conditions stabilize the ferryl
species, making myoglobin considerably less reactive
towards lipids and lipid hydroperoxides [31]. The fact
that RM can be considered an oxidative stress-mediated
pathology also with mitochondria as the primary target,
and possibly the source of reactive oxygen and nitrogen
species, has been reported in a study by Plotnikov and
colleagues [32]. However, the authors speculate that
RM-induced kidney damage involves direct interaction
of myoglobin with mitochondria possibly resulting in
iron ion release from myoglobin’s heme, and this pro-
motes the peroxidation of mitochondrial membranes [32].
This problem, however, appears to be more complicated.
In summary, better knowledge of the pathophysiology

can optimize prevention and treatment measures in
cases of RM kidney injury.

Diagnosis
In typical clinical conditions, patients with RM experi-
ence muscular weakness, myalgia, swelling, tenderness
or stiffness and dark brown urine [1]. Correct diagnosis
is the most important step to initiating proper treat-
ment. The clinical and laboratory diagnostics summa-
rized in Table 2 are the basic approach in differential
diagnosis.

Serum myoglobin is normally bound to plasma globu-
lins such as haptoglobin and α2-globulin and has a rapid
renal clearance to maintain a low plasma concentration
of 3 μg/l [33]. Radioimmunoassays or imunolatex, imuno-
turbidimetric methods can detect myoglobin in plasma or
urine. Normal serum levels are 30 to 80 μg/l and normal
urine levels are 3 to 20 μg/l [3]. After the development of
RM, free serum myoglobin increases due to exceeding the
binding capacity of plasma globulins and then kidney
filtrate appears in the urine which contributes to the
brownish (tea) urine color. Furthermore, urine myoglobin
concentrations are normally measured to assess RM;
surprisingly, one in vitro study observed that low pH is
not by itself a cause of urine myoglobin instability. The
extent of instability depended not only on urine pH and
temperature but also on unidentified urinary factors and
initial urinary myoglobin concentrations [34]. Another
way to diagnose myoglobinuria is a positive test for the
presence of blood in urine without finding erythrocytes.
Serum levels of CK correlate with the severity of RM

but less so with myoglobinuric AKI. Normal serum
levels are 0.15 to 3.24 μkat/l or 9 to 194 U/l in men and
0.15 to 2.85 μkat/l or 9 to 171 U/l in women. To predict
AKI following RM, the clinician needs a better marker
than serum CK, which is routinely used as a marker in
the assessment of these disorders. Very important findings
about the use of myoglobin as a marker and predictor in
AKI were described by Premru and colleagues [35]. The
authors investigated and restrospectively analyzed the
incidence of myoglobin-induced AKI (serum creatinine
>200 μmol/l) and the need for hemodialysis in 484 pa-
tients with suspected RM. The median peak myoglobin
was 7,163 μg/l. The incidence of myoglobin-induced AKI
was significantly higher (64.9%) in patients with a peak
serum myoglobin >15,000 μg/l (P <0.01). Most of these
patients needed treatment with hemodialysis (28%).
Myoglobin levels >15,000 μg/l were most significantly
related to the development of AKI and the need for
hemodialysis. Based on these results, serum myoglobin

Table 2 Diagnosis of rhabdomyolysis and following acute
kidney injury

Clinical presentation

Muscular weakness, myalgia, swelling, tenderness, stiffness

Fever, feelings of nausea, vomiting, tachycardia

Oligoanuria or anuria in connection with renal damage or in the
presence of volume depletion

Signs of the underlying disease

Laboratory findings

Serum: creatinine, urea nitrogen, creatine phosphokinase, myoglobin,
ions (potassium, phosphorus, calcium), lactate dehydrogenase,
transaminases, acid–base balance

Urine: myoglobin or positive dipstick test without any erythrocytes
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81 ml/minute (range 42 to 131 ml/minute). The reduction
ratio ranged from 62 to 89% [54].
The use of plasmapheresis to remove serum myoglo-

bin sounds controversial but successful therapy of RM
induced by statins was reported by Swaroop and colleagues
[55]. The plasmapheresis was performed in addition to
hemodialysis daily for 5 days. The effect of hemodialysis
alone is questionable, and the authors did not describe
the type of hemodialysis or membrane used [55]. The un-
deniable fact is the obligation to treat underlying disease
that led to RM. If we do not eliminate the cause of the
RM – especially in trauma, infectious disorders and
septic disorders – the removal of myoglobin is only a
supportive measure for increasing its clearance in the
case of AKI. However, inefficient removal of myoglobin
also results in a persistent high circulating level of the
molecule with kidney damage and delay in renal function
recovery [56]. From all these data, the effect of high-
permeability membranes on eliminating circulating myo-
globin has been demonstrated but care must be taken
to prevent unwanted albumin loss. It is questionable
whether a percentage of myoglobin clearance is not
hepatic because of a decrease in serum myoglobin in
patients with oligoanuric AKI. The recommended
most useful mode of renal replacement therapy used
to be hemofiltration, but in recent years we use high-
permeability membranes in daily clinical practice for
continuous venovenous hemodialysis without undesir-
able decrease in albumin levels. The molecular weight
of albumin is 67 kDa and high-permeability membranes
with a cutoff value <67 kDa in a predominantly diffusion
type of elimination can be a prospective measure for the
supplementary treatment of RM if necessary.

Conclusions
This review provides a comprehensive view on AKI
induced by RM. Thorough knowledge of the pathophysi-
ology will lead to new approaches for diagnosis and
treatment, leading to the preservation of the kidney.
Renal replacement methods have a supportive role but
they are not the first line of treatment for AKI-induced
RM, especially in cases of preserved diuresis. The kidney
is a miraculous organ but it can be overwhelmed if
the threshold is exceeded. We should try to preserve
kidney function where possible by looking at the whole
picture.
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the presence of oliguria it is an independent predictor
for developing secondary abdominal compartment syn-
drome with decreased renal perfusion pressure or can
lead to acute respiratory distress syndrome [42].

Diuretic agent – mannitol
Mannitol is an osmotic agent that attracts the fluid of
the interstitial space and so may reduce muscular swell-
ing. As a diuretic agent, mannitol prevents intrarenal
heme pigment trapping, decreasing cast formation.
Mannitol can increase renal blood flow and glomerular
filtration. Several studies have highlighted its hydroxyl
anion-scavenging effect, although in an experimental
study Zager and colleagues concluded that its protective
influence is probably more due to a diuretic than to anti-
oxidant effect [43]. Bragadottir and colleagues [44] stud-
ied the effects of mannitol on renal blood flow, the
glomerular filtration rate, renal oxygen consumption and
extraction in 11 postoperative cardiac patients with AKI.
In all patients, a bolus dose of mannitol 225 mg/kg was
given, followed by an infusion at a rate of 75 mg/kg/hour
for two 30-minute periods. The authors reported that
mannitol treatment in these cases increased urine flow
by 61% (P <0.001), induced renal vasodilation and redis-
tributed systemic blood flow to the kidney. In addition,
mannitol does not affect the filtration fraction or renal
oxygenation [44].
There are some controversial views on post-traumatic

RM, where the recommendation is to re-evaluate the
standards of therapy with bicarbonate and mannitol
because this combination does not prevent renal failure,
dialysis or mortality in patients with CK levels >5,000 U/l
[45]. Knowledge of the timing of adequate hydration in
severe post-traumatic patients would be valuable.

Antioxidant therapy
Based on the pathophysiology of myoglobinuric AKI, we
can predict protective effects of antioxidative therapy by
inhibition of lipid peroxidation of the proximal tubular
cells and redox cycling between ferric and ferryl myoglo-
bin [28]. Acetaminophen, which inhibits hemoprotein-
catalyzed lipid peroxidation, is one of several investigated
drugs that attenuate RM-induced AKI. Acetaminophen
inhibits prostaglandin hydrogen synthase by reducing the
protoporphyrin radical cation and blocking formation of
the catalytic tyrosyl radical [46,47]. However, one experi-
mental in vitro study showed that its administration is
necessary after RM to achieve the desired outcome in
blocking lipid peroxidation [28].

Renal replacement therapy
The first factor we need to recognize is that the greatest
filter for removing myoglobin is the kidney, and in
critical care nephrology there is no preventive kidney

replacement therapy. However, the kidneys need a perfu-
sion pressure and fluid volume to help them eliminate
the toxin. The initiation of renal replacement therapy in
clinical practice should not be managed by the myoglo-
bin or CK serum concentration but by the status of renal
impairment, with complications such as life-threatening
hyperkalemia, hypercalcemia, hyperazotemia, anuria or
hyperhydration without response to diuretic therapy. For
better orientation to the requirements of renal replace-
ment therapy initialization in AKI on critical care, we
can use the Kidney Disease Improving Global Outcomes
guidelines. These guidelines include a comprehensive
therapeutic approach for management of AKI (Figure 2)
[39,48]. Renal replacement therapies are mostly efficient
in cases of RM-induced AKI, but they are extracorporeal
circuits with many potential complications. However, in
clinical practice it is very important to take into account
all coincident factors in the patient’s illness and to
individualize treatment if necessary.
The possibility of using a method of renal replacement

therapy, either intermittent hemodialysis or continuous
kidney replacement methods in the case of RM, has
been investigated in several studies [49-51]. Plasmapher-
esis has also been used with described success. When we
proceed to treat patients with these procedures, we must
take into account that myoglobin has a molecular mass
of 17 kDa and is poorly removed from circulation using
conventional extracorporeal techniques. Intermittent
hemodialysis is mostly mandated by renal or metabolic
indications and preventive extracorporeal elimination is
not recommended. Sorrentino and colleagues [52] re-
ported the effective removal of myoglobin by extended
dialysis performed using a single-pass batch dialysis
system and a polysulphone high-flux dialyzer (surface
area 1.8 m2), allowing elimination of substances with a
molecular weight of up to 30 kDa. In six patients with
myoglobinuric AKI, a median myoglobin clearance of
90.5 ml/minute (range 52.4 to 126.3 ml/minute) was
achieved, resulting in a median myoglobin removal per
treatment hour of 0.54 g (range 0.15 to 2.21 g) [52].
Myoglobin clearance by super high-flux hemofiltration

in a 53-year-old female suffering from RM and AKI was
investigated by Naka and colleagues [53]. Continuous
venovenous hemofiltration was performed with a high-
permeability membrane (cutoff point 100 kDa) at 2 to
4 l/hour ultrafiltration in an attempt to clear myoglobin.
The sieving coefficient was 68 to 72%, myoglobin clear-
ance was up to 56.4 l/day and the amount of myoglobin
removed was 4.4 to 5.1 g/day [53]. The effect of high
cutoff membrane hemodiafiltration on myoglobin re-
moval was investigated in six patients with myoglobinu-
ric AKI using a 45 kDa cutoff hemofilter with a surface
area 2.1 m2. Postdilutional fluid substitution was 2 to
3 l/hour, resulting in a mean myoglobin clearance of
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81 ml/minute (range 42 to 131 ml/minute). The reduction
ratio ranged from 62 to 89% [54].
The use of plasmapheresis to remove serum myoglo-

bin sounds controversial but successful therapy of RM
induced by statins was reported by Swaroop and colleagues
[55]. The plasmapheresis was performed in addition to
hemodialysis daily for 5 days. The effect of hemodialysis
alone is questionable, and the authors did not describe
the type of hemodialysis or membrane used [55]. The un-
deniable fact is the obligation to treat underlying disease
that led to RM. If we do not eliminate the cause of the
RM – especially in trauma, infectious disorders and
septic disorders – the removal of myoglobin is only a
supportive measure for increasing its clearance in the
case of AKI. However, inefficient removal of myoglobin
also results in a persistent high circulating level of the
molecule with kidney damage and delay in renal function
recovery [56]. From all these data, the effect of high-
permeability membranes on eliminating circulating myo-
globin has been demonstrated but care must be taken
to prevent unwanted albumin loss. It is questionable
whether a percentage of myoglobin clearance is not
hepatic because of a decrease in serum myoglobin in
patients with oligoanuric AKI. The recommended
most useful mode of renal replacement therapy used
to be hemofiltration, but in recent years we use high-
permeability membranes in daily clinical practice for
continuous venovenous hemodialysis without undesir-
able decrease in albumin levels. The molecular weight
of albumin is 67 kDa and high-permeability membranes
with a cutoff value <67 kDa in a predominantly diffusion
type of elimination can be a prospective measure for the
supplementary treatment of RM if necessary.

Conclusions
This review provides a comprehensive view on AKI
induced by RM. Thorough knowledge of the pathophysi-
ology will lead to new approaches for diagnosis and
treatment, leading to the preservation of the kidney.
Renal replacement methods have a supportive role but
they are not the first line of treatment for AKI-induced
RM, especially in cases of preserved diuresis. The kidney
is a miraculous organ but it can be overwhelmed if
the threshold is exceeded. We should try to preserve
kidney function where possible by looking at the whole
picture.

Abbreviations
AKI: Acute kidney injury; CK: Creatine phosphokinase; RM: Rhabdomyolysis.

Competing interests
The authors declare that they have no competing interests.

Published:

References
1. Bagley WH, Yang H, Shah KH: Rhabdomyolysis. Intern Emerg Med 2007,

2:210–218.
2. Beall D, Bywaters EG, Belsey RH, Miles JA: Crush injury with renal failure.

Br Med J 1941, 1:432–434.
3. Vanholder R, Sever MS, Erek E, Lameire N: Rhabdomyolysis. J Am Soc Nephrol

2000, 11:1553–1561.
4. Owczarek J, Jasińska M, Orszulak-Michalak D: Drug-induced myopathies.

An overview of the possible mechanisms. Pharmacol Res 2005, 57:23–34.
5. Cervellin G, Comelli I, Lippi G: Rhabdomyolysis: historical background,

clinical, diagnostic and therapeutic features. Clin Chem Lab Med 2010,
48:749–756.

6. Zimmerman JL, Shen MC: Rhabdomyolysis. Chest 2013, 144:1058–1065.
7. Zager RA: Studies of mechanisms and protective maneuvers in

myoglobinuric acute renal injury. Lab Invest 1989, 60:619–629.
8. Lima RS, da Silva Junior GB, Liborio AB, Daher Ede F: Acute kidney injury

due to rhabdomyolysis. Saudi J Kidney Dis Transpl 2008, 19:721–729.
9. David WS: Myoglobinuria. Neurol Clin 2000, 18:215–243.
10. Hirsch NP: Neuromuscular junction in health and disease. Br J Anaesth

2007, 99:132–138.
11. Knochel JP: Mechanisms of rhabdomyolysis. Curr Opin Rheumatol 1993,

5:725–731.
12. Zager RA: Rhabdomyolysis and myohemoglobinuric acute renal failure.

Kidney Int 1996, 49:314–326.
13. Better OS, Abassi Z, Rubinstein I, Marom S, Winaver Y, Silberman M: The

mechanism of muscle injury in the crush syndrome: ischemic versus
pressure-stretch myopathy. Miner Electrolyte Metab 1990, 16:181–184.

14. Nath KA, Balla G, Vercellotti GM, Balla J, Jacob HS, Levitt MD, Rosenberg ME:
Induction of heme oxygenase is a rapid, protective response in
rhabdomyolysis in the rat. J Clin Invest 1992, 90:267–270.

15. Trillaud H, Degrèze P, Combe C, Deminière C, Palussière J, Benderbous S,
Grenier N: USPIO-enhanced MR imaging of glycerol-induced acute renal
failure in the rabbit. Magn Reson Imaging 1995, 13:233–240.

16. Singh AP, Junemann A, Muthuraman A, Jaggi AS, Singh N, Grover K,
Dhawan R: Animal models of acute renal failure. Pharmacol Rep 2012,
64:31–44.

17. Shah SV, Walker PD: Evidence suggesting a role for hydroxyl radical in
glycerol-induced acute renal failure. Am J Physiol 1988, 255:F438–F443.

18. Gburek J, Birn H, Verroust PJ, Goj B, Jacobsen C, Moestrup SK, Willnow TE,
Christensen EI: Renal uptake of myoglobin is mediated by the endocytic
receptors megalin and cubilin. Am J Physiol Renal Physiol 2003, 285:451–458.

19. Zager RA, Johnson AC, Becker K: Plasma and urinary heme oxygenase-1 in
AKI. J Am Soc Nephrol 2012, 23:1048–1057.

20. Krouzecky A, Matejovic M, Rokyta R, Novak I: Rhabdomyolysis – mechanisms
of origin, causes, consequences and therapy. Vnitr Lek 2003, 49:668–672.

21. Agarwal A, Balla J, Alam J, Croatt AJ, Nath KA: Induction of heme
oxygenase in toxic renal injury: a protective role in cisplatin
nephrotoxicity in the rat. Kidney Int 1995, 48:1298–1307.

22. Nath KA: Heme oxygenase-1: a provenanc pathways in the kidney and
other tissues. Kidney Int 2006, 70:432–443.

23. Závada J: Multiple Organ Dysfunction Syndrome. Praha: Grada Publishing
s.r.o; 2001.

24. Zager RA, Foerder CA: Effects of inorganic iron and myoglobin on in vitro
proximal tubular lipid peroxidation and cytotoxicity. J Clin Invest 1992,
89:989–995.

25. Ronco C, Bellomo R, Kellum JA: Critical care nephrology. In Myoglobin as a
Toxin. 2nd edition. Philadelphia, PA: Saunders, Elsevier; 2009:1103–1109.

26. Blomberg LM, Blomberg MR, Siegbahn PE: A theoretical study of
myoglobin working as a nitric oxide scavenger. J Biol Inorg Chem 2004,
9:923–935.

27. Moore KP, Holt SG, Patel RP, Svistunenko DA, Zackert W, Goodier D,
Reeder BJ, Clozel M, Anand R, Cooper CE, Morrow JD, Wilson MT,
Darley-Usmar V, Roberts LJ 2nd: A causative role for redox cycling of
myoglobin and its inhibition by alkalinization in the pathogenesis and
treatment of rhabdomyolysis-induced renal failure. J Biol Chem 1998,
273:31731–31737.

28. Boutaud O, Moore KP, Reeder BJ, Harry D, Howie AJ, Wang S, Carney CK,
Masterson TS, Amin T, Wright DW, Wilson MT, Oates JA, Roberts LJ 2nd:
Acetaminophen inhibits hemoprotein-catalyzed lipid peroxidation and
attenuates rhabdomyolysis-induced renal failure. Proc Natl Acad Sci U S A
2010, 107:2699–2704.

Petejova and Martinek Critical Care Page 7 of 8

28 May 2014

2014, 18:224
http://ccforum.com/content/18/3/224

the presence of oliguria it is an independent predictor
for developing secondary abdominal compartment syn-
drome with decreased renal perfusion pressure or can
lead to acute respiratory distress syndrome [42].

Diuretic agent – mannitol
Mannitol is an osmotic agent that attracts the fluid of
the interstitial space and so may reduce muscular swell-
ing. As a diuretic agent, mannitol prevents intrarenal
heme pigment trapping, decreasing cast formation.
Mannitol can increase renal blood flow and glomerular
filtration. Several studies have highlighted its hydroxyl
anion-scavenging effect, although in an experimental
study Zager and colleagues concluded that its protective
influence is probably more due to a diuretic than to anti-
oxidant effect [43]. Bragadottir and colleagues [44] stud-
ied the effects of mannitol on renal blood flow, the
glomerular filtration rate, renal oxygen consumption and
extraction in 11 postoperative cardiac patients with AKI.
In all patients, a bolus dose of mannitol 225 mg/kg was
given, followed by an infusion at a rate of 75 mg/kg/hour
for two 30-minute periods. The authors reported that
mannitol treatment in these cases increased urine flow
by 61% (P <0.001), induced renal vasodilation and redis-
tributed systemic blood flow to the kidney. In addition,
mannitol does not affect the filtration fraction or renal
oxygenation [44].
There are some controversial views on post-traumatic

RM, where the recommendation is to re-evaluate the
standards of therapy with bicarbonate and mannitol
because this combination does not prevent renal failure,
dialysis or mortality in patients with CK levels >5,000 U/l
[45]. Knowledge of the timing of adequate hydration in
severe post-traumatic patients would be valuable.

Antioxidant therapy
Based on the pathophysiology of myoglobinuric AKI, we
can predict protective effects of antioxidative therapy by
inhibition of lipid peroxidation of the proximal tubular
cells and redox cycling between ferric and ferryl myoglo-
bin [28]. Acetaminophen, which inhibits hemoprotein-
catalyzed lipid peroxidation, is one of several investigated
drugs that attenuate RM-induced AKI. Acetaminophen
inhibits prostaglandin hydrogen synthase by reducing the
protoporphyrin radical cation and blocking formation of
the catalytic tyrosyl radical [46,47]. However, one experi-
mental in vitro study showed that its administration is
necessary after RM to achieve the desired outcome in
blocking lipid peroxidation [28].

Renal replacement therapy
The first factor we need to recognize is that the greatest
filter for removing myoglobin is the kidney, and in
critical care nephrology there is no preventive kidney

replacement therapy. However, the kidneys need a perfu-
sion pressure and fluid volume to help them eliminate
the toxin. The initiation of renal replacement therapy in
clinical practice should not be managed by the myoglo-
bin or CK serum concentration but by the status of renal
impairment, with complications such as life-threatening
hyperkalemia, hypercalcemia, hyperazotemia, anuria or
hyperhydration without response to diuretic therapy. For
better orientation to the requirements of renal replace-
ment therapy initialization in AKI on critical care, we
can use the Kidney Disease Improving Global Outcomes
guidelines. These guidelines include a comprehensive
therapeutic approach for management of AKI (Figure 2)
[39,48]. Renal replacement therapies are mostly efficient
in cases of RM-induced AKI, but they are extracorporeal
circuits with many potential complications. However, in
clinical practice it is very important to take into account
all coincident factors in the patient’s illness and to
individualize treatment if necessary.
The possibility of using a method of renal replacement

therapy, either intermittent hemodialysis or continuous
kidney replacement methods in the case of RM, has
been investigated in several studies [49-51]. Plasmapher-
esis has also been used with described success. When we
proceed to treat patients with these procedures, we must
take into account that myoglobin has a molecular mass
of 17 kDa and is poorly removed from circulation using
conventional extracorporeal techniques. Intermittent
hemodialysis is mostly mandated by renal or metabolic
indications and preventive extracorporeal elimination is
not recommended. Sorrentino and colleagues [52] re-
ported the effective removal of myoglobin by extended
dialysis performed using a single-pass batch dialysis
system and a polysulphone high-flux dialyzer (surface
area 1.8 m2), allowing elimination of substances with a
molecular weight of up to 30 kDa. In six patients with
myoglobinuric AKI, a median myoglobin clearance of
90.5 ml/minute (range 52.4 to 126.3 ml/minute) was
achieved, resulting in a median myoglobin removal per
treatment hour of 0.54 g (range 0.15 to 2.21 g) [52].
Myoglobin clearance by super high-flux hemofiltration

in a 53-year-old female suffering from RM and AKI was
investigated by Naka and colleagues [53]. Continuous
venovenous hemofiltration was performed with a high-
permeability membrane (cutoff point 100 kDa) at 2 to
4 l/hour ultrafiltration in an attempt to clear myoglobin.
The sieving coefficient was 68 to 72%, myoglobin clear-
ance was up to 56.4 l/day and the amount of myoglobin
removed was 4.4 to 5.1 g/day [53]. The effect of high
cutoff membrane hemodiafiltration on myoglobin re-
moval was investigated in six patients with myoglobinu-
ric AKI using a 45 kDa cutoff hemofilter with a surface
area 2.1 m2. Postdilutional fluid substitution was 2 to
3 l/hour, resulting in a mean myoglobin clearance of
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Hospital, Ostrava and was performed according
to the Declaration of Helsinki, World Health
Organization. Each subject gave informed con-
sent before enrolment in the study. A total of 141
men and 354 women, with an average age of
42 � 13.4 were included in the study. The
average duration of the disease, as determined
by first occurrence of first symptoms, was
12.3 � 11 years. The average time since diagnosis
was 11.2 � 9 years. Three hundred twenty-three
patients (62.3%) suffered from relapsing-remitting
MS, 47 (9.5%) were affected by primary progres-
sive disease and 125 (25.2%) were affected by
secondary progressive disease. The average
Expanded Disability Status Scale (EDSS) score of
the study population was 4.3 (�2.5). Three hun-
dred and thirty (66.7%) of patients were treated
with corticosteroids, 52 (23.4%) were treated with
glatiramer acetate and 45 (9%) of patients
received immunoglobulin therapy. Azathioprine
was used in 274 (55.3%) patients, with an
average exposure time of 53.5 � 42.4 months
and a cumulative dose of 101.0 � 73.1 g/patient.
Between January 1 and December 31, 2012, all
patients with MS regardless of specific urological
symptoms were referred for urological evaluation.
A detailed urological history was taken, followed
by a full physical evaluation (including digital
rectal evaluation, urinalysis, urine culture and
kidney ultrasound). Prostatic specific antigen was
evaluated in all men 50 years and older. Patients
with abnormal findings on initial screening went
on to have cystoscopy, followed by evaluation
using the appropriate imaging methods or pros-
tate biopsy. The outcomes of these evaluations
were compared with the data of the 2009
National Oncology Register of the Czech Repub-
lic (www.uzis.cz). The focus was on the following
diagnoses (ICD-10): C 61 – malignant neoplasm
of prostate, C 62 – malignant neoplasm of testis,
C 63 – malignant neoplasm of other or unspeci-
fied male genital organs, C 64 – malignant neo-
plasm of kidney, C 65 – malignant neoplasm of
renal pelvis, C 66 – malignant neoplasm of ure-
ter, C 67 – malignant neoplasm of bladder, C 68
– malignant neoplasm of other or unspecified uri-
nary organs.

Unless stated otherwise, all values are expressed
as mean � standard deviation in the descriptive
part of the statistics. Standardized incidence ratio
(SIR) was calculated as a ratio of frequency of
tumours in the MS population and expected fre-
quency of tumours categorized with respect to age
and sex derived from the incidence of tumours in
the general population. The calculations were
based on Poisson probability distribution of the

cancer (5). 95% confidence interval (95% CI) was
calculated. If 95% CI includes one, the difference
in frequency of tumours in the MS and general
population is not statistically significant. If 95%
CI does not include one, the difference in fre-
quency of tumours in the MS and general popula-
tion is considered to be statistically significant at
the level of 0.05.

Results

The active screening technique identified a total
of five patients with MS with urological cancer.
The characteristics of each of these five patients
are summarized in Table 1. According to data
from the National Oncology Registry of the
Czech Republic, the overall incidence of malig-
nant neoplasm of the kidney (C64) in 2009 was
35.4/100,000 in males and 19.4/100,000 in
females. In our study population of MS patients,
the incidence calculated based on the size of the
study population and the number of identified
kidney cancers was 709.2/100,000 in males and
282.5/100,000 in females. The incidence of malig-
nant neoplasm of the bladder in the general pop-
ulation (C 67) was 36.1/100,000 in males and
13.6/100,000 in females. In the studied cohort of
MS patients, the estimated incidence of bladder
cancer was 0/100,000 in males and 847.5 in
females. SIR for both cancers (C64 + C67) was
38.8 (95% CI 12.6–90.6). This represents a statis-
tically significant increase in urological cancer in
the MS group as compared to the general popu-
lation. SIR in females for both diagnoses
(C64 + C67) was 66.0 (95% CI 18.0–169.1), rep-
resenting a statistically significant increase in uro-
logical cancer in female patients with MS as
compared to that of the general female popula-
tion. The difference in incidence for both diagno-
ses (C64 + C67) in men with MS as compared to
the general male population (SIR 14.7, 95% CI
0.4–81.7) did not reach statistical significance.
Age-specific incidence of the urological cancer
(C64 + C67) in patients with MS and in the gen-
eral population is summarized in Table 2.

Discussion

MS is one of the most common neurological dis-
eases, and because the resulting demyelination
affects innervation of the lower urinary tract in
35–97% of cases, a urologist is frequently
involved in the interdisciplinary care of these
patients (6). It is therefore surprising that only
limited attention has been given to investigating
the possibility of increased urological malignancy
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Objectives – The goal of this study was to evaluate the incidence of
urological malignancies in MS patients using active screening.
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disease was 12.3 � 11 years, and the EDSS score was 4.3 (�2.5).
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urological evaluation. The outcomes of these evaluations were
compared with data from the 2009 National Oncology Register of the
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population, representing a statistically significant increase over that of
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Introduction

Multiple sclerosis (MS) is an immune-mediated
disease of the central nervous system with a vari-
able course and rate of progression. MS is the
most common immune-mediated disease in Eur-
ope, with a prevalence of 30–150/100,000 people
(1). The currently employed immunosuppressive
(IS) and immunomodulative (IM) therapies have
proven effective in lowering the risk for disease
exacerbation and disability, thereby improving
quality of life for those affected (2). It is theoreti-
cally possible that alteration of the immune sys-
tem (by the therapeutic medications or the
disease itself) could lead to an increased incidence
of malignancy in patients with MS, but the litera-
ture on the subject is inconclusive. Increased can-
cer risk has been documented in patients
suffering from various autoimmune diseases, as
well as those using systemic IS and IM therapies

following allotransplantation, but the specific risk
of malignancy as it pertains to MS has not been
conclusively addressed (3). The most prevailing
opinion is that MS does not lead to an overall
increase in the cancer risk. A population-based
study by Nielsen et al. (4) documented a 16%
overall reduction in cancer risk in men with MS,
specifically citing malignancies of the digestive,
respiratory and genital organs. The goal of this
study was to evaluate the incidence of urogenital
malignancies in patients with MS using active
screening.

Materials and methods

We have conducted an active screening study of
patients with MS who presented to a single, ter-
tiary referral centre for diagnosis and treatment
of the disease. The study was approved by an
Institutional Review Board of the University
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Hospital, Ostrava and was performed according
to the Declaration of Helsinki, World Health
Organization. Each subject gave informed con-
sent before enrolment in the study. A total of 141
men and 354 women, with an average age of
42 � 13.4 were included in the study. The
average duration of the disease, as determined
by first occurrence of first symptoms, was
12.3 � 11 years. The average time since diagnosis
was 11.2 � 9 years. Three hundred twenty-three
patients (62.3%) suffered from relapsing-remitting
MS, 47 (9.5%) were affected by primary progres-
sive disease and 125 (25.2%) were affected by
secondary progressive disease. The average
Expanded Disability Status Scale (EDSS) score of
the study population was 4.3 (�2.5). Three hun-
dred and thirty (66.7%) of patients were treated
with corticosteroids, 52 (23.4%) were treated with
glatiramer acetate and 45 (9%) of patients
received immunoglobulin therapy. Azathioprine
was used in 274 (55.3%) patients, with an
average exposure time of 53.5 � 42.4 months
and a cumulative dose of 101.0 � 73.1 g/patient.
Between January 1 and December 31, 2012, all
patients with MS regardless of specific urological
symptoms were referred for urological evaluation.
A detailed urological history was taken, followed
by a full physical evaluation (including digital
rectal evaluation, urinalysis, urine culture and
kidney ultrasound). Prostatic specific antigen was
evaluated in all men 50 years and older. Patients
with abnormal findings on initial screening went
on to have cystoscopy, followed by evaluation
using the appropriate imaging methods or pros-
tate biopsy. The outcomes of these evaluations
were compared with the data of the 2009
National Oncology Register of the Czech Repub-
lic (www.uzis.cz). The focus was on the following
diagnoses (ICD-10): C 61 – malignant neoplasm
of prostate, C 62 – malignant neoplasm of testis,
C 63 – malignant neoplasm of other or unspeci-
fied male genital organs, C 64 – malignant neo-
plasm of kidney, C 65 – malignant neoplasm of
renal pelvis, C 66 – malignant neoplasm of ure-
ter, C 67 – malignant neoplasm of bladder, C 68
– malignant neoplasm of other or unspecified uri-
nary organs.

Unless stated otherwise, all values are expressed
as mean � standard deviation in the descriptive
part of the statistics. Standardized incidence ratio
(SIR) was calculated as a ratio of frequency of
tumours in the MS population and expected fre-
quency of tumours categorized with respect to age
and sex derived from the incidence of tumours in
the general population. The calculations were
based on Poisson probability distribution of the

cancer (5). 95% confidence interval (95% CI) was
calculated. If 95% CI includes one, the difference
in frequency of tumours in the MS and general
population is not statistically significant. If 95%
CI does not include one, the difference in fre-
quency of tumours in the MS and general popula-
tion is considered to be statistically significant at
the level of 0.05.

Results

The active screening technique identified a total
of five patients with MS with urological cancer.
The characteristics of each of these five patients
are summarized in Table 1. According to data
from the National Oncology Registry of the
Czech Republic, the overall incidence of malig-
nant neoplasm of the kidney (C64) in 2009 was
35.4/100,000 in males and 19.4/100,000 in
females. In our study population of MS patients,
the incidence calculated based on the size of the
study population and the number of identified
kidney cancers was 709.2/100,000 in males and
282.5/100,000 in females. The incidence of malig-
nant neoplasm of the bladder in the general pop-
ulation (C 67) was 36.1/100,000 in males and
13.6/100,000 in females. In the studied cohort of
MS patients, the estimated incidence of bladder
cancer was 0/100,000 in males and 847.5 in
females. SIR for both cancers (C64 + C67) was
38.8 (95% CI 12.6–90.6). This represents a statis-
tically significant increase in urological cancer in
the MS group as compared to the general popu-
lation. SIR in females for both diagnoses
(C64 + C67) was 66.0 (95% CI 18.0–169.1), rep-
resenting a statistically significant increase in uro-
logical cancer in female patients with MS as
compared to that of the general female popula-
tion. The difference in incidence for both diagno-
ses (C64 + C67) in men with MS as compared to
the general male population (SIR 14.7, 95% CI
0.4–81.7) did not reach statistical significance.
Age-specific incidence of the urological cancer
(C64 + C67) in patients with MS and in the gen-
eral population is summarized in Table 2.

Discussion

MS is one of the most common neurological dis-
eases, and because the resulting demyelination
affects innervation of the lower urinary tract in
35–97% of cases, a urologist is frequently
involved in the interdisciplinary care of these
patients (6). It is therefore surprising that only
limited attention has been given to investigating
the possibility of increased urological malignancy
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Objectives – The goal of this study was to evaluate the incidence of
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women, age of 42 � 13.4) were included in the study. The duration of
disease was 12.3 � 11 years, and the EDSS score was 4.3 (�2.5).
Patients, regardless of specific urological symptoms, were referred for
urological evaluation. The outcomes of these evaluations were
compared with data from the 2009 National Oncology Register of the
Czech Republic. Results – The standardized incidence ratio (SIR) for
the whole MS study population was 38.8 (95% CI 12.6–90.6). This
incidence of urological malignancies in the MS study population was
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population, representing a statistically significant increase over that of
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determined by active screening is significantly higher than that found
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Introduction

Multiple sclerosis (MS) is an immune-mediated
disease of the central nervous system with a vari-
able course and rate of progression. MS is the
most common immune-mediated disease in Eur-
ope, with a prevalence of 30–150/100,000 people
(1). The currently employed immunosuppressive
(IS) and immunomodulative (IM) therapies have
proven effective in lowering the risk for disease
exacerbation and disability, thereby improving
quality of life for those affected (2). It is theoreti-
cally possible that alteration of the immune sys-
tem (by the therapeutic medications or the
disease itself) could lead to an increased incidence
of malignancy in patients with MS, but the litera-
ture on the subject is inconclusive. Increased can-
cer risk has been documented in patients
suffering from various autoimmune diseases, as
well as those using systemic IS and IM therapies

following allotransplantation, but the specific risk
of malignancy as it pertains to MS has not been
conclusively addressed (3). The most prevailing
opinion is that MS does not lead to an overall
increase in the cancer risk. A population-based
study by Nielsen et al. (4) documented a 16%
overall reduction in cancer risk in men with MS,
specifically citing malignancies of the digestive,
respiratory and genital organs. The goal of this
study was to evaluate the incidence of urogenital
malignancies in patients with MS using active
screening.

Materials and methods

We have conducted an active screening study of
patients with MS who presented to a single, ter-
tiary referral centre for diagnosis and treatment
of the disease. The study was approved by an
Institutional Review Board of the University
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disease, were included in our study group. Even
using this relatively small sample size, we were
able to identify cases of urological cancer before
they presented with symptoms. All five cancers
that we identified were diagnosed in asymptomatic
patients, whose malignancies would not otherwise
have been discovered at this stage. We therefore
believe that our data provide a much more accu-
rate picture of the true incidence of urological
cancer among patients with MS. Due to the low
number of identified cancers, we were unable to
come to a conclusion regarding the effect of IS
and/or IM therapies, as well as the correlation
between disease stage and incidence of urological
malignancy. It is still unclear whether the use of
azathioprine increases the risk of cancer develop-
ment.

Confavreux et al. (11) suggested that there is a
dose–response relationship between cancer risk
and long-term treatment with azathioprine. This
study did not observe an increased risk of cancer
during the first years of treatment. However, they
did observe an increased risk after approximately
10 years of continuous treatment (or a cumula-
tive dose above 600 g). In our study, three of five
patients with detected cancer were treated with
azathioprine in the MS group. Their cumulative
dose was 18, 78 and 122 g, with a total exposure
time of 12, 81 and 52 months respectively.
According to the results from this study, which
document the incidence of urological cancer in a
group of patients with MS to be 38 times higher
than that of the general population, further
research, including larger studies to address this
correlation, is warranted.

Conclusion

The incidence of urological cancer in patients suf-
fering from MS as determined by active screening
is significantly higher than that found in the
healthy population. This study points out the
need for further investigation as to the cause and
warrants that increased attention be given to

possible early signs of these diseases, such as
microscopic haematuria.
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in these immune-compromised patients. A study
performed by Lebrun et al. in 2011 did not iden-
tify an increased risk of malignancy in patients
with MS, but the authors did conclude that
patients receiving IS therapy had a 300% increase
in cancer risk compared to those receiving alterna-
tive treatments. This same study reported that in
patients with MS receiving IS therapy, urogenital
malignancies are the fourth most common cancer
(7). These findings are further supported by Ach-
iron et al., who concluded that MS patients who
did not receive IS or IM therapy had a lower risk
of developing cancer than that of the general

healthy population. These authors point to the
possibility that IS or IM therapy could eliminate
the immunoprotective effect of MS (8). Both of
the aforementioned studies presented data that
was extracted from oncologic registers, meaning
that only the patients who were symptomatic were
included in their analyses. Our study focused on
the incidence of urological malignancies in all
patients with MS. We performed active screening
using the algorithm outlined by the European
Association of Urology Guidelines (9, 10). All
patients with MS, including those who did not
present with symptoms of lower urinary tract

Table 1 Characteristics of patients with MS with urogenital cancer

Patient
Female

58 years old
Female

46 years old
Female

65 years old
Female

46 years old
Male

35 years old

Tumour type C 67 C 67 C 67 C 64 C 64
Tumour histology Moderately differentiated

urothelial carcinoma
Moderately differentiated
urothelial carcinoma

Muscle- invasive poorly
differentiated urothelial
carcinoma

Moderately differentiated
renal cell carcinoma

Well-differentiated
renal cell carcinoma

MS characteristics
MS course Secondary

progressive
Secondary
progressive

Secondary
progressive

Primary
progressive

Relapsing-remitting

Time since first
symptoms (years)

20 6 32 12 12

Time since MS diagnosis (years) 10 6 32 12 12
EDSS 7 7 6.5 7 3

MS treatment
Corticosteroids Yes Yes Yes Yes Yes
Azatioprine Yes No Yes Yes No
Mitoxantron Yes Yes No No No
Interferon No No No No Yes
Glatiramer acetate No No No No Yes
Immunoglobulins No No No No No

Table 2 Age-specific incidence of the urogenital tumours (C64 + C67) in the patients with MS and general population

Age

Study population General population

Number of MS
patients (n)

Distribution of MS
patients (age groups) (%)

Number of tumours/
age group (n)

Tumour
incidence/100,000

Tumour
incidence/100,000

Expected frequency
of tumours

0–4 0 0 0 0 1.57 0
5–9 0 0 0 0 0.41 0
10–14 0 0 0 0 0.12 0
15–19 16 3.23 0 0 0.18 0.000029
20–24 34 6.87 0 0 0.38 0.000129
25–29 55 11.11 0 0 0.77 0.000424
30–34 48 9.7 1 2083.3 1.76 0.000845
35–39 71 14.34 0 0 4.47 0.003174
40–44 58 11.72 0 0 10.3 0.005974
45–49 63 12.73 2 3174.6 22.1 0.013923
50–54 60 12.12 0 0 40.56 0.024336
55–59 44 8.89 1 2272.7 63.78 0.028063
60–64 25 5.05 1 4000 94.33 0.023583
65–69 11 2.22 0 0 124.21 0.013663
70–74 3 0.61 0 0 150.81 0.004524
75–79 4 0.81 0 0 161.75 0.00647
80–84 1 0.2 0 0 160.09 0.001601
85+ 2 0.4 0 0 143.38 0.002868
Total 495 100 5 0.129605
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rate picture of the true incidence of urological
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10 years of continuous treatment (or a cumula-
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time of 12, 81 and 52 months respectively.
According to the results from this study, which
document the incidence of urological cancer in a
group of patients with MS to be 38 times higher
than that of the general population, further
research, including larger studies to address this
correlation, is warranted.

Conclusion

The incidence of urological cancer in patients suf-
fering from MS as determined by active screening
is significantly higher than that found in the
healthy population. This study points out the
need for further investigation as to the cause and
warrants that increased attention be given to
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in these immune-compromised patients. A study
performed by Lebrun et al. in 2011 did not iden-
tify an increased risk of malignancy in patients
with MS, but the authors did conclude that
patients receiving IS therapy had a 300% increase
in cancer risk compared to those receiving alterna-
tive treatments. This same study reported that in
patients with MS receiving IS therapy, urogenital
malignancies are the fourth most common cancer
(7). These findings are further supported by Ach-
iron et al., who concluded that MS patients who
did not receive IS or IM therapy had a lower risk
of developing cancer than that of the general

healthy population. These authors point to the
possibility that IS or IM therapy could eliminate
the immunoprotective effect of MS (8). Both of
the aforementioned studies presented data that
was extracted from oncologic registers, meaning
that only the patients who were symptomatic were
included in their analyses. Our study focused on
the incidence of urological malignancies in all
patients with MS. We performed active screening
using the algorithm outlined by the European
Association of Urology Guidelines (9, 10). All
patients with MS, including those who did not
present with symptoms of lower urinary tract
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Abstract

Background: To evaluate pancreatic tumor motion and its dynamics during respiration.

Methods and materials: This retrospective study includes 20 patients with unresectable pancreatic cancer who
were treated with stereotactic ablative radiotherapy. An online respiratory tumor tracking system was used.
Periodical maximum and minimum tumor positions with respiration in superior-inferior (SI), latero-lateral (LL), and
anterior-posterior (AP) directions were collected for tumor motion evaluation. The predictability of tumor motion in
each axis, based on reference measurement, was analyzed.

Results: The use of a 20-mm and 5-mm constant margins for SI and LL/AP directions, avoids target underdosage,
without the need for reference measurement. Pearson’s correlation coefficient indicated only a modest correlation
between reference and subsequent measurements in the SI direction (r = 0.50) and no correlation in LL (r = 0.17)
and AP (r = 0.35) directions. When margins based on the reference measurement of respiratory tumor motion
are used, then 30% of patients have a risk zone of underdosage >3 mm (in average). ITV (internal target volume)
optimization based on the reference measurement is possible, but allows only modest margin reduction (approximately
from 20 mm to 16-17 mm) in SI direction and no reduction in AP and LL directions.

Conclusion: Our results support the use of 20-mm margin in the SI direction and 5-mm margins in the LL and AP
directions to account for respiratory motion without reference measurement. Single measurement of tumor motion
allows only modest margin reduction. Further margin reduction is only possible when there is on-line tumor motion
control according to internal markers.

Keywords: Pancreatic cancer, Tumor motion, Internal target volume

Background
Pancreatic carcinoma is a leading cause of cancer-related
mortality. Although surgery is the standard treatment of
pancreatic cancer, only 20% of patients are diagnosed with
resectable disease [1]. The outcomes after chemoradiation
for unresectable pancreatic cancer are poor, mainly be-
cause commonly used doses are not lethal for adenocarcin-
oma. The irradiated volume is correlated with significant
gastrointestinal toxicity [2]. Moreover, dose escalation is
not possible without exceeding normal tissue dose con-
straints while including regional lymph nodes [3]. The re-
duction of the conformal fields to include only the gross

tumor volume (GTV) plus margins to account for micro-
scopic disease (clinical target volume, CTV), tumor motion
(internal target volume, ITV) and treatment setup, (plan-
ning target volume, PTV) results in better tolerance [4-6].
The recently published American-French Consensus pro-
poses that PTV includes the GTV, with a shaped aperture
margin of 15 to 20 mm in LL and AP directions and a
margin of 20 to 30 mm in the SI direction, to take into ac-
count microscopic spreading, respiratory movements and
set-up margin [7].
Performance of four-dimensional computed tomog-

raphy (4D-CT) simulation with the creation of an ITV
might reduce the margins used to account for respiration
[8]. Controversy exists regarding whether one measure-
ment of tumor motion can predict future movement
[9,10]. Excessive volume reduction can lead to excursions
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are used, then 30% of patients have a risk zone of underdosage >3 mm (in average). ITV (internal target volume)
optimization based on the reference measurement is possible, but allows only modest margin reduction (approximately
from 20 mm to 16-17 mm) in SI direction and no reduction in AP and LL directions.

Conclusion: Our results support the use of 20-mm margin in the SI direction and 5-mm margins in the LL and AP
directions to account for respiratory motion without reference measurement. Single measurement of tumor motion
allows only modest margin reduction. Further margin reduction is only possible when there is on-line tumor motion
control according to internal markers.

Keywords: Pancreatic cancer, Tumor motion, Internal target volume

Background
Pancreatic carcinoma is a leading cause of cancer-related
mortality. Although surgery is the standard treatment of
pancreatic cancer, only 20% of patients are diagnosed with
resectable disease [1]. The outcomes after chemoradiation
for unresectable pancreatic cancer are poor, mainly be-
cause commonly used doses are not lethal for adenocarcin-
oma. The irradiated volume is correlated with significant
gastrointestinal toxicity [2]. Moreover, dose escalation is
not possible without exceeding normal tissue dose con-
straints while including regional lymph nodes [3]. The re-
duction of the conformal fields to include only the gross

tumor volume (GTV) plus margins to account for micro-
scopic disease (clinical target volume, CTV), tumor motion
(internal target volume, ITV) and treatment setup, (plan-
ning target volume, PTV) results in better tolerance [4-6].
The recently published American-French Consensus pro-
poses that PTV includes the GTV, with a shaped aperture
margin of 15 to 20 mm in LL and AP directions and a
margin of 20 to 30 mm in the SI direction, to take into ac-
count microscopic spreading, respiratory movements and
set-up margin [7].
Performance of four-dimensional computed tomog-

raphy (4D-CT) simulation with the creation of an ITV
might reduce the margins used to account for respiration
[8]. Controversy exists regarding whether one measure-
ment of tumor motion can predict future movement
[9,10]. Excessive volume reduction can lead to excursions
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outside the designated PTV margin, resulting in underdo-
sage of the target. On the other hand, larger margins will
lead to unnecessary irradiation of organs at risk (OARs).
In this study we analyzed pancreatic tumor motion in

detail during a period of >3 h for each case and evalu-
ated the application of several compensatory mecha-
nisms to avoid systemic errors.

Materials and methods
This retrospective study includes 20 patients with unre-
sectable pancreatic cancer (11 women, 9 men) who were
treated between December 2011 and August 2012. We
used the CyberKnife® Robotic Radiosurgery System and
Synchrony respiratory tracking system (Accuray Inc.,
Sunnyvale, CA). Plans were designed to cover 95% of
PTV (CTV based on CT/MRI registration during re-
laxed exhale + 3-mm safety margin) with the prescribed
dose. A total of 20 tumors were treated with three frac-
tions of 10 Gy every other day. In total, 60 fractions
were analyzed. Four gold markers (fiducials) were im-
planted percutaneously under the CT control (each fi-
ducial within 30 mm from tumor center and fiducial
constellation centroid within 10 mm of the tumor cen-
ter). It is assumed that motion of the fiducial’s center
of mass (COM) closely approximates to the motion
of the tumor’s COM. Constrains for OARs were
set: 10 ml < 21Gy, 5 ml < 15Gy, 700 ml < 17Gy and
0,25 ml < 18Gy for stomach, duodenum, liver and spinal
cord respectively. Patients were asked to breathe nor-
mally during the irradiation.

Tumor motion detection
The Synchrony® Respiratory Tracking System [11] re-
cords the breathing light signal from external markers
on the chest and relates this signal to the X-ray coordi-
nates of internal markers. The system calculates model-
ling error and an adaptive algorithm is used for online
estimation of internal/external marker correlation error
during the entire session (image frequency > 1 per mi-
nute). The geometrical coordinates representing position
of the fiducials in SI, LL and AP directions in time are
extracted from the treatment X-ray images to “log” files.
This method has been proven to have high accuracy re-
garding the evaluation of tumor motion [12].
Reference measurement was calculated prior to treat-

ment (in the day of planning CT) from the correlation
model, based on the average value of tumor motion am-
plitudes within 2-5 minutes (at least 8 X-ray images to
make correlation model, 5 X-ray images for confirm-
ation of correlation model stability) or using constant
upper/lower margins from American – French consen-
sus. All CyberKnife treatments involve an initial intra-
fraction alignment step (checking the position of both
spine structures and fiducial markers), followed by

continuous intrafraction respiratory motion monitoring
and determination [11]. According to the patient’s pre-
cise setup (spine alignment with error less than 1 mm),
no other data corrections were needed. Before each frac-
tion, the correlation model must have been created. The
analyzed data covered 95% of the total treatment time.
Over 5000 positions of COM were recorded during the
respiration cycles; approximately 800 of these, repre-
senting the maximum or minimum amplitude of tumor
motion (periodical expiration or inspiration peak), were
used for analysis.

Tumor motion analysis
To evaluate possible margins, under/overestimation of
the tumor motion based on the reference measurement,
we have derived the following formulas:

TAU ¼
Xu

j¼1
xj−xmargin
� �: tj

t1 þ t2 þ…tn

TAO ¼
Xo

j¼1
xmargin−xj
� �: tj

t1 þ t2 þ…tn

Where:
TAU - the time averaged margin underestimation,
TAO - the time averaged margin overestimation,
xmargin - the margin used for ITV determination (value

from reference measurement or predefined value from
American- French consensus),
xj - the periodical tumor motion amplitude during the

j-th portion of treatment,
tj - the duration of the j-th portion of treatment

(period with stable correlation model),
t1 + t2 +…tn – the duration of the whole treatment

(n is number of correlation models),
u - the number of portions of the treatment with

underestimated margins,
o - the number of portions of the treatment with over-

estimated margins.
We used regression analysis to evaluate whether one

or more measurements of tumor motion can adequately
represent the motion of pancreatic tumors and to de-
scribe intra- and interfractional variation of tumor mo-
tion. We used linear regression function for modeling of
influence of the reference and subsequent measurements
in the SI direction. The linear function has the form
y = b0 + b1*x, where b0 equals a constant of the function
(intercept on the vertical axis), b1 equals the slope of
the linear function, x represents the first reference meas-
urement and y represents subsequent measurements
(Figure 1A). Our margin optimization uses the shift of
the linear regression line. This approach was selected
in order to lower the TAO when TAU is predefined
(the same as in the American-French approach). Our
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new approach respects individual patient amplitudes of
tumor movements caused by respiration, and enables
the setting of margins of radiation to individual patients
based on their reference measurement. The shift of the
linear regression line along the vertical axis is made
experimentally in order to find TAU nearest to the pre-
defined value. The constant part of equation (b0) is
changed by the shift, while the slope (which is defined
by the function) remains constant. TAO is calculated
from the formula afterwards.

Statistical analysis
Statistical analysis was performed using STATISTICA 10
software (Statsoft, Tulsa, OK). We used the Test for Dif-
ference Between Two Correlation or Regression Coeffi-
cients to distinguish between males and females, and the
Test for Difference Between Two Regression Coefficients
to distinguish between the slope of influence of respir-
ation amplitudes on the reference measurement.

Results
The amplitude of COM motion during respiration varied
widely among patients (range 7.3-27.3 mm in SI direc-
tion) and could vary intra-fractionally with a variation
coefficient greater than 25%, for 25% of patients; more-
over, the change of the tumor movement could be seen
unexpectedly.

Margins to account respiration without a reference
measurement
Using a margin from the upper limit (20 mm) for the SI
direction (considered in the American-French consen-
sus) resulted in low average TAU, and only one tumor
has been presented with TAU >3 mm. Unfortunately,
the use of this margin caused TAO greater than 8 mm,
on average (Table 1). When a margin from the lower
limit (10 mm) for the SI direction was used, the risk

zone of TAU was >3 mm; moreover, 8 out of 20 tumors
(40%) can be missed by >3 mm (range 3.5-13 mm).
Results were different for the LL and AP directions;

the use of a margin close to the lower range of recom-
mendation (5 mm) generated low TAU and TAO. When

Figure 1 Regression analysis with equations for SI (A), LL (B), and AP (C) directions. Pearson’s correlation coefficient was 0.501 (p = 0.000),
0.1719 (p = 0.0225), and 0.3461 (p = 0.000) for SI, LL, and AP, respectively. Same and similar values are overlapping. 1A: The lowest line (y =
5,8732 + 0,4064*x) is the result of regression analysis. The upper line (y = 13 + 0,4064*x) is the result of TAU and TAO optimization.

Table 1 Pancreas movement in SI direction during three
fractions, TAO and TAU for lower and upper limit for SI
direction considered in the American-French consensus

Superior- Inferior

Motion (mm) Margin
10mm

Margin
20mm

Patient Max Mean Std TAU TAO TAU TAO

1 19.1 10.7 7.0 4.3 2.5 0.0 8.2

2 11.0 8.5 2.0 0.3 0.8 0.0 10.9

3 10.8 7.0 2.2 0.2 2.4 0.0 13.0

4 7.3 4.8 1.6 0.0 4.6 0.0 14.6

5 25.3 17.8 5.1 8.8 0.0 0.7 2.0

6 13.7 6.5 3.5 1.6 1.3 0.0 9.6

7 13.8 9.3 2.6 0.6 0.6 0.0 9.9

8 26.6 16.9 4.6 9.9 0.0 1.8 1.9

9 24.3 9.8 3.8 1.1 1.0 0.3 10.2

10 17.0 9.8 6.4 2.0 4.0 0.0 12.0

11 14.6 9.2 3.0 0.8 1.6 0.0 10.7

12 21.7 11.7 3.9 3.5 0.2 0.3 6.9

13 27.3 23.4 2.2 13.0 0.0 3.6 0.7

14 23.7 17.1 3.6 7.6 0.0 0.5 2.8

15 10.3 7.1 1.8 0.1 2.6 0.0 12.6

16 8.9 5.3 2.1 0.0 4.1 0.0 14.1

17 26.1 17.6 4.4 10.2 0.0 1.9 1.7

18 8.5 6.8 1.5 0.0 2.8 0.0 12.8

19 25.2 17.5 4.3 7.3 0.0 0.2 2.5

20 7.9 5.2 1.5 0.0 3.8 0.0 13.8

Mean (range) 17.2 (7.3-27.3) 11.1 (4.8-23.4) 3.6 1.6 0.5 8.5
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outside the designated PTV margin, resulting in underdo-
sage of the target. On the other hand, larger margins will
lead to unnecessary irradiation of organs at risk (OARs).
In this study we analyzed pancreatic tumor motion in

detail during a period of >3 h for each case and evalu-
ated the application of several compensatory mecha-
nisms to avoid systemic errors.

Materials and methods
This retrospective study includes 20 patients with unre-
sectable pancreatic cancer (11 women, 9 men) who were
treated between December 2011 and August 2012. We
used the CyberKnife® Robotic Radiosurgery System and
Synchrony respiratory tracking system (Accuray Inc.,
Sunnyvale, CA). Plans were designed to cover 95% of
PTV (CTV based on CT/MRI registration during re-
laxed exhale + 3-mm safety margin) with the prescribed
dose. A total of 20 tumors were treated with three frac-
tions of 10 Gy every other day. In total, 60 fractions
were analyzed. Four gold markers (fiducials) were im-
planted percutaneously under the CT control (each fi-
ducial within 30 mm from tumor center and fiducial
constellation centroid within 10 mm of the tumor cen-
ter). It is assumed that motion of the fiducial’s center
of mass (COM) closely approximates to the motion
of the tumor’s COM. Constrains for OARs were
set: 10 ml < 21Gy, 5 ml < 15Gy, 700 ml < 17Gy and
0,25 ml < 18Gy for stomach, duodenum, liver and spinal
cord respectively. Patients were asked to breathe nor-
mally during the irradiation.

Tumor motion detection
The Synchrony® Respiratory Tracking System [11] re-
cords the breathing light signal from external markers
on the chest and relates this signal to the X-ray coordi-
nates of internal markers. The system calculates model-
ling error and an adaptive algorithm is used for online
estimation of internal/external marker correlation error
during the entire session (image frequency > 1 per mi-
nute). The geometrical coordinates representing position
of the fiducials in SI, LL and AP directions in time are
extracted from the treatment X-ray images to “log” files.
This method has been proven to have high accuracy re-
garding the evaluation of tumor motion [12].
Reference measurement was calculated prior to treat-

ment (in the day of planning CT) from the correlation
model, based on the average value of tumor motion am-
plitudes within 2-5 minutes (at least 8 X-ray images to
make correlation model, 5 X-ray images for confirm-
ation of correlation model stability) or using constant
upper/lower margins from American – French consen-
sus. All CyberKnife treatments involve an initial intra-
fraction alignment step (checking the position of both
spine structures and fiducial markers), followed by

continuous intrafraction respiratory motion monitoring
and determination [11]. According to the patient’s pre-
cise setup (spine alignment with error less than 1 mm),
no other data corrections were needed. Before each frac-
tion, the correlation model must have been created. The
analyzed data covered 95% of the total treatment time.
Over 5000 positions of COM were recorded during the
respiration cycles; approximately 800 of these, repre-
senting the maximum or minimum amplitude of tumor
motion (periodical expiration or inspiration peak), were
used for analysis.

Tumor motion analysis
To evaluate possible margins, under/overestimation of
the tumor motion based on the reference measurement,
we have derived the following formulas:

TAU ¼
Xu

j¼1
xj−xmargin
� �: tj

t1 þ t2 þ…tn

TAO ¼
Xo

j¼1
xmargin−xj
� �: tj

t1 þ t2 þ…tn

Where:
TAU - the time averaged margin underestimation,
TAO - the time averaged margin overestimation,
xmargin - the margin used for ITV determination (value

from reference measurement or predefined value from
American- French consensus),
xj - the periodical tumor motion amplitude during the

j-th portion of treatment,
tj - the duration of the j-th portion of treatment

(period with stable correlation model),
t1 + t2 +…tn – the duration of the whole treatment

(n is number of correlation models),
u - the number of portions of the treatment with

underestimated margins,
o - the number of portions of the treatment with over-

estimated margins.
We used regression analysis to evaluate whether one

or more measurements of tumor motion can adequately
represent the motion of pancreatic tumors and to de-
scribe intra- and interfractional variation of tumor mo-
tion. We used linear regression function for modeling of
influence of the reference and subsequent measurements
in the SI direction. The linear function has the form
y = b0 + b1*x, where b0 equals a constant of the function
(intercept on the vertical axis), b1 equals the slope of
the linear function, x represents the first reference meas-
urement and y represents subsequent measurements
(Figure 1A). Our margin optimization uses the shift of
the linear regression line. This approach was selected
in order to lower the TAO when TAU is predefined
(the same as in the American-French approach). Our
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new approach respects individual patient amplitudes of
tumor movements caused by respiration, and enables
the setting of margins of radiation to individual patients
based on their reference measurement. The shift of the
linear regression line along the vertical axis is made
experimentally in order to find TAU nearest to the pre-
defined value. The constant part of equation (b0) is
changed by the shift, while the slope (which is defined
by the function) remains constant. TAO is calculated
from the formula afterwards.

Statistical analysis
Statistical analysis was performed using STATISTICA 10
software (Statsoft, Tulsa, OK). We used the Test for Dif-
ference Between Two Correlation or Regression Coeffi-
cients to distinguish between males and females, and the
Test for Difference Between Two Regression Coefficients
to distinguish between the slope of influence of respir-
ation amplitudes on the reference measurement.

Results
The amplitude of COM motion during respiration varied
widely among patients (range 7.3-27.3 mm in SI direc-
tion) and could vary intra-fractionally with a variation
coefficient greater than 25%, for 25% of patients; more-
over, the change of the tumor movement could be seen
unexpectedly.

Margins to account respiration without a reference
measurement
Using a margin from the upper limit (20 mm) for the SI
direction (considered in the American-French consen-
sus) resulted in low average TAU, and only one tumor
has been presented with TAU >3 mm. Unfortunately,
the use of this margin caused TAO greater than 8 mm,
on average (Table 1). When a margin from the lower
limit (10 mm) for the SI direction was used, the risk

zone of TAU was >3 mm; moreover, 8 out of 20 tumors
(40%) can be missed by >3 mm (range 3.5-13 mm).
Results were different for the LL and AP directions;

the use of a margin close to the lower range of recom-
mendation (5 mm) generated low TAU and TAO. When

Figure 1 Regression analysis with equations for SI (A), LL (B), and AP (C) directions. Pearson’s correlation coefficient was 0.501 (p = 0.000),
0.1719 (p = 0.0225), and 0.3461 (p = 0.000) for SI, LL, and AP, respectively. Same and similar values are overlapping. 1A: The lowest line (y =
5,8732 + 0,4064*x) is the result of regression analysis. The upper line (y = 13 + 0,4064*x) is the result of TAU and TAO optimization.

Table 1 Pancreas movement in SI direction during three
fractions, TAO and TAU for lower and upper limit for SI
direction considered in the American-French consensus

Superior- Inferior

Motion (mm) Margin
10mm

Margin
20mm

Patient Max Mean Std TAU TAO TAU TAO

1 19.1 10.7 7.0 4.3 2.5 0.0 8.2

2 11.0 8.5 2.0 0.3 0.8 0.0 10.9

3 10.8 7.0 2.2 0.2 2.4 0.0 13.0

4 7.3 4.8 1.6 0.0 4.6 0.0 14.6

5 25.3 17.8 5.1 8.8 0.0 0.7 2.0

6 13.7 6.5 3.5 1.6 1.3 0.0 9.6

7 13.8 9.3 2.6 0.6 0.6 0.0 9.9

8 26.6 16.9 4.6 9.9 0.0 1.8 1.9

9 24.3 9.8 3.8 1.1 1.0 0.3 10.2

10 17.0 9.8 6.4 2.0 4.0 0.0 12.0

11 14.6 9.2 3.0 0.8 1.6 0.0 10.7

12 21.7 11.7 3.9 3.5 0.2 0.3 6.9

13 27.3 23.4 2.2 13.0 0.0 3.6 0.7

14 23.7 17.1 3.6 7.6 0.0 0.5 2.8

15 10.3 7.1 1.8 0.1 2.6 0.0 12.6

16 8.9 5.3 2.1 0.0 4.1 0.0 14.1

17 26.1 17.6 4.4 10.2 0.0 1.9 1.7

18 8.5 6.8 1.5 0.0 2.8 0.0 12.8

19 25.2 17.5 4.3 7.3 0.0 0.2 2.5

20 7.9 5.2 1.5 0.0 3.8 0.0 13.8

Mean (range) 17.2 (7.3-27.3) 11.1 (4.8-23.4) 3.6 1.6 0.5 8.5
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a higher limit (10 mm) was used, only a very small im-
provement of TAU was calculated, and TAO increased
unnecessarily (Tables 2 and 3).

Margins to account respiration with a reference
measurement
Pearson’s correlation coefficient indicated a modest correl-
ation in the SI direction (Figure 1A) and very poor corre-
lations in the LL and AP directions (Figure 1B, C). Given
these results, we could not hypothesize any way to predict
margins that would account for motions in the LL and AP
directions based on reference measurements.
Using margins in the SI direction based on the reference

measurement of respiratory tumor motion allowed us to
avoid overdosage, with the average geometrical miss
better than 3 mm (Table 4). However, 30% of patients
had a risk zone of underdosage that measured >3 mm
(range 3.6 – 7.4 mm)
Closer evaluation of the results clearly revealed the seg-

regation of our patients into two groups, one with move-
ment more than 15 mm, and the second with movement

less than 15 mm in the SI direction (Figure 1A). To keep
TAO and TAU as low as possible for patients with both
types of breathing patterns, ITV margins had to be ad-
justed accordingly: 15 mm for shallow breathing and
20 mm for deep breathing (Table 4). Similar segregation
was not observed for LL or AP directions (Figure 1B, C).
For the SI direction, we derived a “regression model”

that added an extra margin to those acquired from the
reference measurement (Figure 1A). As the results were
far from optimal (only 2-3 mm margin reduction com-
pared to a constant margin without reference measure-
ment), we evaluated patient’s variability more closely.
Women and men are known to favor different types of
breathing (chest vs. abdominal). Our results did not indi-
cate any significant difference regarding tumor motion
amplitudes (Figure 2A-C) for all three directions, while
the tumor motion prediction was higher for men, espe-
cially in the SI direction (Test for Difference Between
Two Correlation Coefficients, p = 0.0000; Test for Differ-
ence Between Two Regression Coefficients, p = 0.0001)

Table 2 Pancreas movement in LL direction during three
fractions, TAO and TAU for lower and upper limit for LL
direction considered in the American-French consensus

Latero-Lateral

Motion (mm) Margin
5mm

Margin
10mm

Patient Max Mean Std TAU TAO TAU TAO

1 3.5 2.0 1.4 0.0 2.9 0.0 7.9

2 3.9 2.7 1.1 0.0 2.3 0.0 7.3

3 6.1 4.8 0.9 0.3 0.5 0.0 5.4

4 6.5 2.6 1.9 0.2 2.3 0.0 7.1

5 7.9 4.7 2.2 0.6 1.1 0.0 5.5

6 7.7 1.9 2.4 0.9 0.9 0.0 5.5

7 4.2 2.1 1.5 0.0 3.2 0.0 8.3

8 9.1 5.5 2.3 1.9 0.4 0.0 3.5

9 5.0 1.9 1.5 0.0 2.7 0.0 7.7

10 8.7 4.0 2.1 0.2 2.2 0.0 7.0

11 3.2 1.8 0.9 0.0 2.9 0.0 7.9

12 8.6 6.0 2.0 2.2 0.1 0.0 2.9

13 8.3 6.7 1.8 1.8 0.3 0.0 3.5

14 12.1 4.8 2.4 0.9 1.1 0.0 5.1

15 2.2 1.8 0.3 0.0 3.2 0.0 8.2

16 2.9 1.8 0.9 0.0 3.0 0.0 8.0

17 8.1 4.3 2.2 0.8 0.9 0.0 5.1

18 2.8 2.0 0.6 0.0 2.9 0.0 7.9

19 5.7 2.0 1.9 0.2 2.2 0.0 7.0

20 8.3 4.2 2.2 1.1 1.0 0.0 4.8

Mean (range) 6.2 (6.5-8.3) 3.4 (2.6-6.7) 0.5 1.8 0.0 6.3

Table 3 Pancreas movement in AP direction during three
fractions, TAO and TAU for lower and upper limit for AP
direction considered in the American-French consensus

Anterior-Posterior

Motion (mm) Margin
5mm

Margin
10mm

Patient Max Mean Std TAU TAO TAU TAO

1 6.0 3.0 1.6 0.2 1.7 0.0 6.4

2 6.9 4.8 1.6 0.7 0.5 0.0 4.8

3 4.3 3.1 0.8 0.0 2.1 0.0 7.1

4 5.9 2.9 1.9 0.3 2.1 0.0 6.9

5 9.8 5.9 2.6 1.5 0.1 0.0 3.7

6 9.5 4.7 2.9 0.4 0.1 0.0 3.2

7 4.9 3.3 1.2 0.0 2.1 0.0 7.1

8 7.4 4.9 1.5 0.9 0.3 0.0 4.5

9 4.3 1.3 1.1 0.0 3.4 0.0 8.4

10 6.0 4.3 1.5 0.4 1.3 0.0 5.9

11 2.4 1.4 0.6 0.0 3.6 0.0 8.6

12 9.0 5.6 1.8 1.3 0.3 0.0 4.0

13 9.5 8.2 1.2 2.8 0.0 0.0 2.2

14 7.4 4.6 1.4 0.4 0.9 0.0 5.5

15 2.8 2.2 0.4 0.0 2.7 0.0 7.7

16 3.4 0.9 0.8 0.0 4.1 0.0 9.1

17 11.9 5.6 3.0 2.7 0.4 0.5 3.2

18 3.9 2.8 0.8 0.0 2.2 0.0 7.2

19 5.9 3.8 1.2 0.3 1.0 0.0 5.7

20 3.5 2.4 0.7 0.0 2.8 0.0 7.8

Mean (range) 6.2 (5.9-9.5) 3.8 (2.9-8.2) 0.6 1.6 0.0 5.9
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a higher limit (10 mm) was used, only a very small im-
provement of TAU was calculated, and TAO increased
unnecessarily (Tables 2 and 3).

Margins to account respiration with a reference
measurement
Pearson’s correlation coefficient indicated a modest correl-
ation in the SI direction (Figure 1A) and very poor corre-
lations in the LL and AP directions (Figure 1B, C). Given
these results, we could not hypothesize any way to predict
margins that would account for motions in the LL and AP
directions based on reference measurements.
Using margins in the SI direction based on the reference

measurement of respiratory tumor motion allowed us to
avoid overdosage, with the average geometrical miss
better than 3 mm (Table 4). However, 30% of patients
had a risk zone of underdosage that measured >3 mm
(range 3.6 – 7.4 mm)
Closer evaluation of the results clearly revealed the seg-

regation of our patients into two groups, one with move-
ment more than 15 mm, and the second with movement

less than 15 mm in the SI direction (Figure 1A). To keep
TAO and TAU as low as possible for patients with both
types of breathing patterns, ITV margins had to be ad-
justed accordingly: 15 mm for shallow breathing and
20 mm for deep breathing (Table 4). Similar segregation
was not observed for LL or AP directions (Figure 1B, C).
For the SI direction, we derived a “regression model”

that added an extra margin to those acquired from the
reference measurement (Figure 1A). As the results were
far from optimal (only 2-3 mm margin reduction com-
pared to a constant margin without reference measure-
ment), we evaluated patient’s variability more closely.
Women and men are known to favor different types of
breathing (chest vs. abdominal). Our results did not indi-
cate any significant difference regarding tumor motion
amplitudes (Figure 2A-C) for all three directions, while
the tumor motion prediction was higher for men, espe-
cially in the SI direction (Test for Difference Between
Two Correlation Coefficients, p = 0.0000; Test for Differ-
ence Between Two Regression Coefficients, p = 0.0001)

Table 2 Pancreas movement in LL direction during three
fractions, TAO and TAU for lower and upper limit for LL
direction considered in the American-French consensus

Latero-Lateral

Motion (mm) Margin
5mm

Margin
10mm

Patient Max Mean Std TAU TAO TAU TAO

1 3.5 2.0 1.4 0.0 2.9 0.0 7.9

2 3.9 2.7 1.1 0.0 2.3 0.0 7.3

3 6.1 4.8 0.9 0.3 0.5 0.0 5.4

4 6.5 2.6 1.9 0.2 2.3 0.0 7.1

5 7.9 4.7 2.2 0.6 1.1 0.0 5.5

6 7.7 1.9 2.4 0.9 0.9 0.0 5.5

7 4.2 2.1 1.5 0.0 3.2 0.0 8.3

8 9.1 5.5 2.3 1.9 0.4 0.0 3.5

9 5.0 1.9 1.5 0.0 2.7 0.0 7.7

10 8.7 4.0 2.1 0.2 2.2 0.0 7.0

11 3.2 1.8 0.9 0.0 2.9 0.0 7.9

12 8.6 6.0 2.0 2.2 0.1 0.0 2.9

13 8.3 6.7 1.8 1.8 0.3 0.0 3.5

14 12.1 4.8 2.4 0.9 1.1 0.0 5.1

15 2.2 1.8 0.3 0.0 3.2 0.0 8.2

16 2.9 1.8 0.9 0.0 3.0 0.0 8.0

17 8.1 4.3 2.2 0.8 0.9 0.0 5.1

18 2.8 2.0 0.6 0.0 2.9 0.0 7.9

19 5.7 2.0 1.9 0.2 2.2 0.0 7.0

20 8.3 4.2 2.2 1.1 1.0 0.0 4.8

Mean (range) 6.2 (6.5-8.3) 3.4 (2.6-6.7) 0.5 1.8 0.0 6.3

Table 3 Pancreas movement in AP direction during three
fractions, TAO and TAU for lower and upper limit for AP
direction considered in the American-French consensus

Anterior-Posterior

Motion (mm) Margin
5mm

Margin
10mm

Patient Max Mean Std TAU TAO TAU TAO

1 6.0 3.0 1.6 0.2 1.7 0.0 6.4

2 6.9 4.8 1.6 0.7 0.5 0.0 4.8

3 4.3 3.1 0.8 0.0 2.1 0.0 7.1

4 5.9 2.9 1.9 0.3 2.1 0.0 6.9

5 9.8 5.9 2.6 1.5 0.1 0.0 3.7

6 9.5 4.7 2.9 0.4 0.1 0.0 3.2

7 4.9 3.3 1.2 0.0 2.1 0.0 7.1

8 7.4 4.9 1.5 0.9 0.3 0.0 4.5

9 4.3 1.3 1.1 0.0 3.4 0.0 8.4

10 6.0 4.3 1.5 0.4 1.3 0.0 5.9

11 2.4 1.4 0.6 0.0 3.6 0.0 8.6

12 9.0 5.6 1.8 1.3 0.3 0.0 4.0

13 9.5 8.2 1.2 2.8 0.0 0.0 2.2

14 7.4 4.6 1.4 0.4 0.9 0.0 5.5

15 2.8 2.2 0.4 0.0 2.7 0.0 7.7

16 3.4 0.9 0.8 0.0 4.1 0.0 9.1

17 11.9 5.6 3.0 2.7 0.4 0.5 3.2

18 3.9 2.8 0.8 0.0 2.2 0.0 7.2

19 5.9 3.8 1.2 0.3 1.0 0.0 5.7

20 3.5 2.4 0.7 0.0 2.8 0.0 7.8

Mean (range) 6.2 (5.9-9.5) 3.8 (2.9-8.2) 0.6 1.6 0.0 5.9
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(Figure 2D; Table 4). Unfortunately, only modest margin
reduction (1 mm) was seen.

Correlation between internal and external markers during
respiration
To get correlation error less than 3 mm (median
1.53 mm, range 0.01-3.09 mm), we had to establish more
than 3 correlation models per treatment (median 9.5
times, range 4-18) whenever we observed a correlation
error between internal and external markers greater than
3 mm. The median duration of one model was 19 min
(range 1-87 min). 10 out of 20 patients (50%) were pre-
sented with low stability between internal and external
markers and more than 9 models had to been done per
treatment (3 fractions).

Discussion
The treatment response of pancreatic tumors to radio-
therapy treatment remains poor. Given the strong radio-
resistance of adenocarcinomas, dose escalation is needed
but it is not possible without margin reduction [3-6].
In the present study, tumor motion was greatest in the

SI direction, in agreement with data from other institu-
tions [2,9,10,13,14]. According to our measurements (20

patients, monitoring time 4676 min), the mean respiration
amplitude between inhalation and exhalation was 11 mm
(range 5-23 mm), which appears to be comparable to pre-
viously published results from larger studies. Bussels et al.
obtained their data by using dynamic MRI to quantify
pancreatic motion in 12 patients; instead of placing fidu-
cials, they acquired one image every second for 1 min.
They observed a larger degree of movement in the SI dir-
ection: 24 mm ±16 mm [15,16] compared to our result
(1 minute of monitoring seems to be short and MRI
tumor detection could be less precise). Although smaller
tumor motion amplitudes have also been presented, those
studies are based on a much smaller number of measure-
ments [10,13,14]. Murphy et al. reported the results of
only one patient imaged fluoroscopically for 1 min; the pa-
tient had three gold fiducials sutured into the tumor, and
the maximal SI movement was 6 mm with breathing (13).
Gierga et al. published a study of six patients who also
underwent invasive marker placement and were observed
fluoroscopically for 30 sec. The range of average SI mo-
tions was 4.4–12 mm (14). Hallman et al. concluded that
the mean COM motion for pancreatic tumors was 5 mm
(standard deviation 1 mm), with a range of 3 to 7 mm
(10). We observed mean tumor motion of approximately

Figure 2 Tumor motion amplitudes and variability of prediction for men and women. We observed no significant difference between men
and women regarding tumor motion amplitudes in all three directions: SI p = 0.056 (A); LL p = 0.549 (B); and AP p = 0.052 (C). Variability of
prediction for the SI direction (D), men: y = 2.2008 + 0.7015*x; r = 0.7285; p = 0.0000; and women: y = 9.4583 + 0.1804*x; r = 0.2695; p = 0.0163. Test
for difference between two correlation coefficients, p = 0.0000. Test for difference between two regression coefficients, p = 0.0001. LL direction
(E), men: y = 1.7543 + 0.4717*x; r = 0.4572; p = 0.000; and women: y = 4.6229-0.2843*x; r = -0.2505; p = 0.026. Test for difference between two
correlation coefficients, p = 0.0000. Test for difference between two regression coefficients, p = 0.0001. AP direction (F), men: y = 1.8117 + 0.346*x;
r = 0.4538; p = 0.0000; and women: y = 2.7144 + 0.261*x; r = 0.1993; p = 0.0802. Test for difference between two correlation coefficients, p = 0.07.
Test for difference between two regression coefficients, p = 0.57.
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3 mm (range 3-7 mm) and 4 mm (range 3-8 mm) in the
LL and AP directions respectively, which supports the rec-
ommendation for asymmetrical margins as published by
Goldstein et al. [9].
To the best of our knowledge, this is the first study to

quantify under- or overestimation of tumor motion during
a longer time period. With the use of TAO and TAU, we
were able to derive margins for the optimization of under-
dosage and overdosage. Our analysis clearly shows the
feasibility of the concept of larger margin (20 mm) consid-
ered by the American-French consensus [7] for the SI dir-
ection, and lower (5 mm) for the LL and AP directions to
account respiration. The use of smaller margins in the SI
direction would cause an average underdosage zone of ap-
proximately 3 mm; moreover, 40% of patients would have
an average geometrical miss of >3 mm. Abdominal com-
pression might be useful [17] to minimize tumor motion,
especially for the 50% of patients that presented with an
average tumor motion of >15 mm. Limitations of our
study could be using the tumor tracking system to simu-
late reference measurement instead of 4DCT and short
time of monitoring (3 fractions in 1 week compared to
5 weeks of fractionated radiotherapy).
Planning 4D-CT is commonly used to customize the

internal margin in patients with abdominal tumors [8].
Our results show that the motion of pancreatic tumors
is modestly predictable with respiration in the SI direc-
tion (correlation coefficient r = 0.50) and unpredictable
in the LL (r = 0.17) and AP (r = 0.35) directions when de-
rived from the reference measurement. Margins based
on the reference measurement of tumor motion avoid
overdosage with an average geometrical miss of <3 mm
in our group. However, 30% of patients have a risk zone
of underdosage >3 mm caused by inter-/intrafractional
changes of breathing pattern, that seems unacceptable.
When Minn et al. [18] compared the planning of 4D-CT
motion with intrafractional motion measured in a
single-fraction respiratory tracking radiotherapy; they
found that the geometrical miss could exceed 10% for 16
out of 20 patients. Compared with our results, they
found an additional modest correlation for the AP direc-
tion. However, only the average value from all conse-
quential measurement points was used, compared to our
approach assessing the correlation between reference
and subsequent measurements [18]. In a study of four
pancreatic tumors monitored during 38 fractions, Ge
et al. concluded that the motion measured with 4D-CT
did not adequately represent actual motion during radi-
ation therapy. The 4D-CT disagreed with 95% of the
fractions, 55% of which were underestimated and 40% of
which were overestimated [19]. Cai et al. found that
gated internal volume based on 4D-CT could underesti-
mate tumor motion in respiratory-gated therapy, mainly
because of breathing variability [20]. James et al. found

that the instability of internal target volume varied from
46% to 127% [21].
Our results are not in compliance with recommenda-

tions for the use of 4D-CT [9,10]. Goldstein et al. ob-
served that the volumes and excursions were relatively
unchanged during the treatment course, obviating the
need for re-planning during treatment [9]. However, the
monitoring time was short, only two measurements were
taken for 50% of patients, and inter-/intrafractional vari-
ability may have remained hidden; the duration of few
breaths could not represent the entire treatment time.
Hallman et al. recommend using respiratory gating to-
wards the end of exhalation, which might substantially
reduce the range of motion. They found an average shift
of 5 mm (range 3-7 mm) for SI direction [10]. Abdom-
inal motion was determined by one respiratory cycle,
which could be a limitation of this study.
We have derived two methods of ITV optimization

based on the reference measurement. Our algorithms
allow us to reduce the margin (approximately from
20 mm to 17 mm for women and from 20 mm to 16 mm
for men) in the SI direction, compared with the use of
constant margins without reference measurement. No
additional risk of underdosage was found. Our preliminary
results showed much better prediction capability for men
than for women, resulting in a smaller ITV and lower risk
of overdosage for men. The amplitude analysis has not
shown any significant difference between men and women
(Figure 2A-C). Even after detailed analysis, the predict-
ability of movement in both the LL and AP directions
remains poor. Moreover, we have detected occasional
unpredictable COM shifts caused by intestinal and duo-
denal peristalsis; therefore, another extra margin might
be added.
Finally, we had to create approximately 200 correlation

models with median duration of 19 min (range 1-
87 min) to obtain good correlation between tumor mo-
tion and skin markers (error smaller than 3 mm). This
finding is in agreement with the results of Feng et al.,
who demonstrated poor correlation between the tumor
position and the abdominal wall and diaphragm. Poor
reproducibility in breathing pattern has also been shown
[16]. These additional uncertainties should be accounted
for when image guidance with external markers (without
fiducials) is used.

Conclusion
Our results support the use of a 20-mm margin in the
SI direction and a 5-mm margin in the LL and AP direc-
tions to account respiratory motion without a reference
measurement. ITV optimization, based on the reference
measurement, allows a small margin reduction in the SI
direction (approximately from 20 mm to 16-17 mm) and
no margin reduction in the LL/AP directions, with no
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(Figure 2D; Table 4). Unfortunately, only modest margin
reduction (1 mm) was seen.

Correlation between internal and external markers during
respiration
To get correlation error less than 3 mm (median
1.53 mm, range 0.01-3.09 mm), we had to establish more
than 3 correlation models per treatment (median 9.5
times, range 4-18) whenever we observed a correlation
error between internal and external markers greater than
3 mm. The median duration of one model was 19 min
(range 1-87 min). 10 out of 20 patients (50%) were pre-
sented with low stability between internal and external
markers and more than 9 models had to been done per
treatment (3 fractions).

Discussion
The treatment response of pancreatic tumors to radio-
therapy treatment remains poor. Given the strong radio-
resistance of adenocarcinomas, dose escalation is needed
but it is not possible without margin reduction [3-6].
In the present study, tumor motion was greatest in the

SI direction, in agreement with data from other institu-
tions [2,9,10,13,14]. According to our measurements (20

patients, monitoring time 4676 min), the mean respiration
amplitude between inhalation and exhalation was 11 mm
(range 5-23 mm), which appears to be comparable to pre-
viously published results from larger studies. Bussels et al.
obtained their data by using dynamic MRI to quantify
pancreatic motion in 12 patients; instead of placing fidu-
cials, they acquired one image every second for 1 min.
They observed a larger degree of movement in the SI dir-
ection: 24 mm ±16 mm [15,16] compared to our result
(1 minute of monitoring seems to be short and MRI
tumor detection could be less precise). Although smaller
tumor motion amplitudes have also been presented, those
studies are based on a much smaller number of measure-
ments [10,13,14]. Murphy et al. reported the results of
only one patient imaged fluoroscopically for 1 min; the pa-
tient had three gold fiducials sutured into the tumor, and
the maximal SI movement was 6 mm with breathing (13).
Gierga et al. published a study of six patients who also
underwent invasive marker placement and were observed
fluoroscopically for 30 sec. The range of average SI mo-
tions was 4.4–12 mm (14). Hallman et al. concluded that
the mean COM motion for pancreatic tumors was 5 mm
(standard deviation 1 mm), with a range of 3 to 7 mm
(10). We observed mean tumor motion of approximately

Figure 2 Tumor motion amplitudes and variability of prediction for men and women. We observed no significant difference between men
and women regarding tumor motion amplitudes in all three directions: SI p = 0.056 (A); LL p = 0.549 (B); and AP p = 0.052 (C). Variability of
prediction for the SI direction (D), men: y = 2.2008 + 0.7015*x; r = 0.7285; p = 0.0000; and women: y = 9.4583 + 0.1804*x; r = 0.2695; p = 0.0163. Test
for difference between two correlation coefficients, p = 0.0000. Test for difference between two regression coefficients, p = 0.0001. LL direction
(E), men: y = 1.7543 + 0.4717*x; r = 0.4572; p = 0.000; and women: y = 4.6229-0.2843*x; r = -0.2505; p = 0.026. Test for difference between two
correlation coefficients, p = 0.0000. Test for difference between two regression coefficients, p = 0.0001. AP direction (F), men: y = 1.8117 + 0.346*x;
r = 0.4538; p = 0.0000; and women: y = 2.7144 + 0.261*x; r = 0.1993; p = 0.0802. Test for difference between two correlation coefficients, p = 0.07.
Test for difference between two regression coefficients, p = 0.57.
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3 mm (range 3-7 mm) and 4 mm (range 3-8 mm) in the
LL and AP directions respectively, which supports the rec-
ommendation for asymmetrical margins as published by
Goldstein et al. [9].
To the best of our knowledge, this is the first study to

quantify under- or overestimation of tumor motion during
a longer time period. With the use of TAO and TAU, we
were able to derive margins for the optimization of under-
dosage and overdosage. Our analysis clearly shows the
feasibility of the concept of larger margin (20 mm) consid-
ered by the American-French consensus [7] for the SI dir-
ection, and lower (5 mm) for the LL and AP directions to
account respiration. The use of smaller margins in the SI
direction would cause an average underdosage zone of ap-
proximately 3 mm; moreover, 40% of patients would have
an average geometrical miss of >3 mm. Abdominal com-
pression might be useful [17] to minimize tumor motion,
especially for the 50% of patients that presented with an
average tumor motion of >15 mm. Limitations of our
study could be using the tumor tracking system to simu-
late reference measurement instead of 4DCT and short
time of monitoring (3 fractions in 1 week compared to
5 weeks of fractionated radiotherapy).
Planning 4D-CT is commonly used to customize the

internal margin in patients with abdominal tumors [8].
Our results show that the motion of pancreatic tumors
is modestly predictable with respiration in the SI direc-
tion (correlation coefficient r = 0.50) and unpredictable
in the LL (r = 0.17) and AP (r = 0.35) directions when de-
rived from the reference measurement. Margins based
on the reference measurement of tumor motion avoid
overdosage with an average geometrical miss of <3 mm
in our group. However, 30% of patients have a risk zone
of underdosage >3 mm caused by inter-/intrafractional
changes of breathing pattern, that seems unacceptable.
When Minn et al. [18] compared the planning of 4D-CT
motion with intrafractional motion measured in a
single-fraction respiratory tracking radiotherapy; they
found that the geometrical miss could exceed 10% for 16
out of 20 patients. Compared with our results, they
found an additional modest correlation for the AP direc-
tion. However, only the average value from all conse-
quential measurement points was used, compared to our
approach assessing the correlation between reference
and subsequent measurements [18]. In a study of four
pancreatic tumors monitored during 38 fractions, Ge
et al. concluded that the motion measured with 4D-CT
did not adequately represent actual motion during radi-
ation therapy. The 4D-CT disagreed with 95% of the
fractions, 55% of which were underestimated and 40% of
which were overestimated [19]. Cai et al. found that
gated internal volume based on 4D-CT could underesti-
mate tumor motion in respiratory-gated therapy, mainly
because of breathing variability [20]. James et al. found

that the instability of internal target volume varied from
46% to 127% [21].
Our results are not in compliance with recommenda-

tions for the use of 4D-CT [9,10]. Goldstein et al. ob-
served that the volumes and excursions were relatively
unchanged during the treatment course, obviating the
need for re-planning during treatment [9]. However, the
monitoring time was short, only two measurements were
taken for 50% of patients, and inter-/intrafractional vari-
ability may have remained hidden; the duration of few
breaths could not represent the entire treatment time.
Hallman et al. recommend using respiratory gating to-
wards the end of exhalation, which might substantially
reduce the range of motion. They found an average shift
of 5 mm (range 3-7 mm) for SI direction [10]. Abdom-
inal motion was determined by one respiratory cycle,
which could be a limitation of this study.
We have derived two methods of ITV optimization

based on the reference measurement. Our algorithms
allow us to reduce the margin (approximately from
20 mm to 17 mm for women and from 20 mm to 16 mm
for men) in the SI direction, compared with the use of
constant margins without reference measurement. No
additional risk of underdosage was found. Our preliminary
results showed much better prediction capability for men
than for women, resulting in a smaller ITV and lower risk
of overdosage for men. The amplitude analysis has not
shown any significant difference between men and women
(Figure 2A-C). Even after detailed analysis, the predict-
ability of movement in both the LL and AP directions
remains poor. Moreover, we have detected occasional
unpredictable COM shifts caused by intestinal and duo-
denal peristalsis; therefore, another extra margin might
be added.
Finally, we had to create approximately 200 correlation

models with median duration of 19 min (range 1-
87 min) to obtain good correlation between tumor mo-
tion and skin markers (error smaller than 3 mm). This
finding is in agreement with the results of Feng et al.,
who demonstrated poor correlation between the tumor
position and the abdominal wall and diaphragm. Poor
reproducibility in breathing pattern has also been shown
[16]. These additional uncertainties should be accounted
for when image guidance with external markers (without
fiducials) is used.

Conclusion
Our results support the use of a 20-mm margin in the
SI direction and a 5-mm margin in the LL and AP direc-
tions to account respiratory motion without a reference
measurement. ITV optimization, based on the reference
measurement, allows a small margin reduction in the SI
direction (approximately from 20 mm to 16-17 mm) and
no margin reduction in the LL/AP directions, with no
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additional risk of underdosage when compared with the
use of constant margins. Further margin reduction is
only possible when there is on-line tumor motion con-
trol according to internal markers.
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Abstract
Background Because dacryoliths occur at low frequency, few
studies have focused on their composition. We aimed to
present findings from morphological, chemical, and
mineralogic analysis of 86 dacryoliths.
Methods We studied 86 dacryoliths obtained during 832
dacryocystorhinostomies (DCR) performed for postsaccal
obstruction. We examined the samples with atomic infrared
spectrometry (80 samples), amino acid analysis (17 samples),
scanning electron microscopy, and an electron microprobe
with an energy dispersive detector (seven samples).
Results Dacryoliths were found in 86/832 DCRs (10.3 %),
mostly in patients with primary acquired nasolacrimal duct
obstruction. All the dacryoliths were soft, composed of
organic material, including proteins and mucoproteins, with
approximately 20 % amino acid content. There were no
“hard” dacryoliths composed of calcium phosphate. The
stones were composed of lobes and lobules built on an
amorphous core material with small cavities, probably as a
result of various chemical processes that produced a gaseous

product. The most frequent elements found in inorganic
inclusions were silicon, magnesium, sulfur, potassium,
calcium, sodium, and chlorine. Also, some particles had high
contents of bismuth, titanium, iron, and organic fibers. The
fibers found in the core of dacryoliths suggested a potential
origin from cotton swabs used in cosmetics.
Conclusion Dacryoliths are composed almost exclusively of
organic material, including proteins and mucoproteins, with
approximately 20 % amino acid content.

Keywords Dacryolith . Dacryocystorhinostomy .

Composition . Chemical analysis . Infrared spectrometry .

Scanning electronmicroscopy . Elemental analysis

Introduction

It is not unusual to find a stone in the lacrimal sac during
dacryocystorhinostomy (DCR). Although patients with
dacryolithiasis often have a history of long-term intermittent
epiphora, lacrimal sac distention, and/or partial obstruction of
the nasolacrimal duct (NLD), dacryoliths are often only detected
during DCR. The incidence of dacryoliths has not been
evaluated in the general population; the incidence of dacryoliths
in the lacrimal sac of patients that undergo DCR ranges from
6.0–18.0 % [1–3]. Most published studies on dacryoliths have
included quite a small number of samples [4–6].

Canalicular concretions have long been associated with
canaliculitis caused by actinomycotic infection. Despite
recent, significant progress, we lack understanding of the
pathophysiology of lacrimal sac dacryoliths [1–3]. Several
predisposing factors have been suggested to contribute to the
mechanism that gives rise to dacryolith formation. These
factors include age (under 50 years old), sex (increased
frequency in females), cigarette smoking, and previous
occurrence of chronic dacryocystitis and primary acquired
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nasolacrimal duct obstruction (PANDO) [1–3, 5, 7]. Recent
analyses have shown that dacryolith development may be
related to lacrimal sac epithelial and NLD production of a
broad spectrum of mucins and expression of two peptide
members of the trefoil factor family (TFF), TFF1 and TFF3
[1, 8, 9]. Because dacryoliths occur at low frequency, few
studies have focused on their composition.

In this study, we aimed to present findings from
morphological, chemical, and mineralogic analysis of 86
dacryoliths.

Materials and methods

A total of 967 primary EDCRs were performed at the
Department of Otorhinolaryngology of the University Hospital
of Ostrava and at the Department of Otorhinolaryngology of the
Frydek–Mistek City Hospital between 1994 and April 2012.
Only endonasal dacryocystorhinostomies (EDCRs) performed
for postsaccal stenosis/obstruction (832 procedures) were
included in the study. Exclusion criteria were presaccal
obstruction treatment, revision EDCRs, and incomplete
follow-ups. The indication for EDCRs were made
preoperatively according to the history, clinical examination
with syringing of the lacrimal system, and diagnostic probing
and dacryocystography in some cases.

The study was performed in accordance with the
Declaration of Helsinki, Good Clinical Practice, and
applicable regulatory requirements. Written consent was
obtained from all patients before the initiation of surgery and
dacryolith analysis.

Among the group of 832 EDCRs, 86 stones of the lacrimal
sac (dacryoliths) were found, including 61/86 (70.9 %) in
women and 25/86 (29.1 %) in men. Clinical information
was obtained from patient medical records, including the
involved side, the etiology of the nasolacrimal duct (NLD)
obstruction, the outcome of EDCR at 1 year after surgery,
the size of the dacryolith, and data from dacryolith
analysis. The association with cigarette smoking was
not studied due to lack of relevant information. For the
chemical and morphologic analysis, the infrared spectrometry,
chemical amino acid analysis, and scanning electron
microscopy were used. The culture examination as well as
histology were not performed.

Infrared spectroscopy

We examined the dacryoliths with Fourier transform infrared
spectrometry (FTIR; IMPACT 410, fy Nicolet) using KBr
pellets. Evaluations were performed with OMNIC software,
and the obtained spectra were compared with a library of
spectra from kidney stones.

Amino acids analysis

Proteins in the samples (≤ 20 mg) were hydrolyzed with
hydrochloric acid [1, 2]. Then, 1 ml of distilled water was
added, the solution was filtered, then evaporated at 90 °C
under nitrogen, and the residue was dissolved in 2 ml of 1 %
aqueous NaOH. An aliquot (∼0.5 mg of the initial sample)
was transferred to another tube, the volume adjusted to ±
100 μl with 1 % NaOH, and a derivatization was performed
with ethyl chloroformate (4). Next, we performed gas
chromatography in tandem with mass spectrometry with a
7890A and MSD5975C (Agilent), equipped with a 30-m,
VF-17 ms capillary column (0.25 mm×0.15 μm; CP8981
from HPST, Praque). Samples were run at temperatures
ramped from 60 to 300 °C at a rate of 6 °C /min; split injection
(10:1) was employed. We performed electron impact (EI)
mass spectrometry detection at 70 eV at temperatures of
230 °C for the ion source, 250 °C for the transfer line, and
150 °C for the quad. We performed full-scan analyses with a
helium-carrier gas flow of 1.2 ml/min.

Imaging and morphological analysis

Morphological analyses were performed with a scanning
electron microscope (QUANTA FEG 450, FEI Company,
Redmond, WA, USA). An electron microprobe with an
energy dispersive detector (EDS) was used for the elemental
analysis of the organic matrix of the stone and for the analysis
of fine inorganic particulates in the stone.

Statistical analysis

For statistical analysis, we calculated binomial confidence
intervals (CI) for the success rates at the 95 % CI. The two-
sample t -test and χ2 test were used to evaluate differences in
age, sex, and surgical success between groups I and II;
p <0.05 was considered statistically significant.

60
49

58

91

153

189

146

2
13

27 26
10 6 2

0

40

80

120

160

200

<=20 21-30 31-40 41-50 51-60 61-70 >70 age (years)

n
u

m
b

er

without dacryolith

with dacryolith

Fig. 1 Distribution of EDCRs (n =832) with dacryoliths (86 procedures)
and without dacryoliths (746 procedures) in different age groups

524 Graefes Arch Clin Exp Ophthalmol (2014) 252:523–529

28 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014



OCULOPLASTICS AND ORBIT

Lacrimal sac dacryoliths (86 samples): chemical
and mineralogic analyses

Pavel Komínek & Šárka Doškářová & Zdeněk Švagera &

Karel Lach & Stanislav Červenka & Karol Zeleník &

Petr Matoušek

Received: 11 April 2013 /Revised: 2 October 2013 /Accepted: 8 October 2013 /Published online: 30 October 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Background Because dacryoliths occur at low frequency, few
studies have focused on their composition. We aimed to
present findings from morphological, chemical, and
mineralogic analysis of 86 dacryoliths.
Methods We studied 86 dacryoliths obtained during 832
dacryocystorhinostomies (DCR) performed for postsaccal
obstruction. We examined the samples with atomic infrared
spectrometry (80 samples), amino acid analysis (17 samples),
scanning electron microscopy, and an electron microprobe
with an energy dispersive detector (seven samples).
Results Dacryoliths were found in 86/832 DCRs (10.3 %),
mostly in patients with primary acquired nasolacrimal duct
obstruction. All the dacryoliths were soft, composed of
organic material, including proteins and mucoproteins, with
approximately 20 % amino acid content. There were no
“hard” dacryoliths composed of calcium phosphate. The
stones were composed of lobes and lobules built on an
amorphous core material with small cavities, probably as a
result of various chemical processes that produced a gaseous

product. The most frequent elements found in inorganic
inclusions were silicon, magnesium, sulfur, potassium,
calcium, sodium, and chlorine. Also, some particles had high
contents of bismuth, titanium, iron, and organic fibers. The
fibers found in the core of dacryoliths suggested a potential
origin from cotton swabs used in cosmetics.
Conclusion Dacryoliths are composed almost exclusively of
organic material, including proteins and mucoproteins, with
approximately 20 % amino acid content.
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Introduction

It is not unusual to find a stone in the lacrimal sac during
dacryocystorhinostomy (DCR). Although patients with
dacryolithiasis often have a history of long-term intermittent
epiphora, lacrimal sac distention, and/or partial obstruction of
the nasolacrimal duct (NLD), dacryoliths are often only detected
during DCR. The incidence of dacryoliths has not been
evaluated in the general population; the incidence of dacryoliths
in the lacrimal sac of patients that undergo DCR ranges from
6.0–18.0 % [1–3]. Most published studies on dacryoliths have
included quite a small number of samples [4–6].

Canalicular concretions have long been associated with
canaliculitis caused by actinomycotic infection. Despite
recent, significant progress, we lack understanding of the
pathophysiology of lacrimal sac dacryoliths [1–3]. Several
predisposing factors have been suggested to contribute to the
mechanism that gives rise to dacryolith formation. These
factors include age (under 50 years old), sex (increased
frequency in females), cigarette smoking, and previous
occurrence of chronic dacryocystitis and primary acquired
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nasolacrimal duct obstruction (PANDO) [1–3, 5, 7]. Recent
analyses have shown that dacryolith development may be
related to lacrimal sac epithelial and NLD production of a
broad spectrum of mucins and expression of two peptide
members of the trefoil factor family (TFF), TFF1 and TFF3
[1, 8, 9]. Because dacryoliths occur at low frequency, few
studies have focused on their composition.

In this study, we aimed to present findings from
morphological, chemical, and mineralogic analysis of 86
dacryoliths.

Materials and methods

A total of 967 primary EDCRs were performed at the
Department of Otorhinolaryngology of the University Hospital
of Ostrava and at the Department of Otorhinolaryngology of the
Frydek–Mistek City Hospital between 1994 and April 2012.
Only endonasal dacryocystorhinostomies (EDCRs) performed
for postsaccal stenosis/obstruction (832 procedures) were
included in the study. Exclusion criteria were presaccal
obstruction treatment, revision EDCRs, and incomplete
follow-ups. The indication for EDCRs were made
preoperatively according to the history, clinical examination
with syringing of the lacrimal system, and diagnostic probing
and dacryocystography in some cases.

The study was performed in accordance with the
Declaration of Helsinki, Good Clinical Practice, and
applicable regulatory requirements. Written consent was
obtained from all patients before the initiation of surgery and
dacryolith analysis.

Among the group of 832 EDCRs, 86 stones of the lacrimal
sac (dacryoliths) were found, including 61/86 (70.9 %) in
women and 25/86 (29.1 %) in men. Clinical information
was obtained from patient medical records, including the
involved side, the etiology of the nasolacrimal duct (NLD)
obstruction, the outcome of EDCR at 1 year after surgery,
the size of the dacryolith, and data from dacryolith
analysis. The association with cigarette smoking was
not studied due to lack of relevant information. For the
chemical and morphologic analysis, the infrared spectrometry,
chemical amino acid analysis, and scanning electron
microscopy were used. The culture examination as well as
histology were not performed.

Infrared spectroscopy

We examined the dacryoliths with Fourier transform infrared
spectrometry (FTIR; IMPACT 410, fy Nicolet) using KBr
pellets. Evaluations were performed with OMNIC software,
and the obtained spectra were compared with a library of
spectra from kidney stones.

Amino acids analysis

Proteins in the samples (≤ 20 mg) were hydrolyzed with
hydrochloric acid [1, 2]. Then, 1 ml of distilled water was
added, the solution was filtered, then evaporated at 90 °C
under nitrogen, and the residue was dissolved in 2 ml of 1 %
aqueous NaOH. An aliquot (∼0.5 mg of the initial sample)
was transferred to another tube, the volume adjusted to ±
100 μl with 1 % NaOH, and a derivatization was performed
with ethyl chloroformate (4). Next, we performed gas
chromatography in tandem with mass spectrometry with a
7890A and MSD5975C (Agilent), equipped with a 30-m,
VF-17 ms capillary column (0.25 mm×0.15 μm; CP8981
from HPST, Praque). Samples were run at temperatures
ramped from 60 to 300 °C at a rate of 6 °C /min; split injection
(10:1) was employed. We performed electron impact (EI)
mass spectrometry detection at 70 eV at temperatures of
230 °C for the ion source, 250 °C for the transfer line, and
150 °C for the quad. We performed full-scan analyses with a
helium-carrier gas flow of 1.2 ml/min.

Imaging and morphological analysis

Morphological analyses were performed with a scanning
electron microscope (QUANTA FEG 450, FEI Company,
Redmond, WA, USA). An electron microprobe with an
energy dispersive detector (EDS) was used for the elemental
analysis of the organic matrix of the stone and for the analysis
of fine inorganic particulates in the stone.

Statistical analysis

For statistical analysis, we calculated binomial confidence
intervals (CI) for the success rates at the 95 % CI. The two-
sample t -test and χ2 test were used to evaluate differences in
age, sex, and surgical success between groups I and II;
p <0.05 was considered statistically significant.
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Results

We evaluated a total of 832 EDCRs, performed for the
treatment of postsaccal obstructions in 1994–2012.

Dacryoliths were found in 86/832 procedures (10.3 %); 76
patients had unilateral and five patients had bilateral
procedures. The most common initial cause of the obstruction
was PANDO for patients with or without dacryolithiasis.

The group with dacryoliths (group I) had an average age of
41.2 years (range 16–74 years, median=41, SD=12.6 ); the
group without dacryoliths (group II) had an average age of
53.7 years (range 3 months–90 years; median=41, SD=20.1;
p <0.001). EDCRs were performed significantly more
frequently in individuals aged 31–50 years old in group I,
and in patients aged 51–70 years old in group II (Fig. 1). There
was no significant difference in the female-to-male ratio in the
two groups (2.3:1 group I; 2.4:1 group II; p =0.834). EDCR
achieved complete improvement and resolution of symptoms

significantly more frequently in group I (86/86; 100.0 %) than
in group II (678/746; 90.9 %; 95 % CI: 88.6 % – 92.9 %).

In all cases, the dacryoliths were yellowish or light
brownish in color. Macroscopically, the dacryoliths took on
the shape of the internal lumen of the main lacrimal sac cavity
or the upper nasolacrimal duct (Fig. 2). The stone surfaces
were typically roughened and mostly ridged, with notches
caused by the lacrimal sac mucosa. The dacryolith sizes
ranged from 3 to 14 mm (mean 7.0 mm) in length, and 3 to
9 mm (mean 5.0 mm) wide. All stones were composed of soft,
spongy, semi-solid tissue, with no hard substance. In one case,

Fig. 2 Dacryoliths take on the shape of the internal lumen of the main
lacrimal sac cavity and the upper nasolacrimal duct

Fig. 3 Scanning electron micrograph of the dacryolith surface shows a
lobular structure

Fig. 4 Scanning electron micrograph of a dacryolith shows an
amorphous matrix with small cavities

Fig. 5 Scanning electron micrograph of a dacryolith with an organic
microfiber at the center of the matrix.White particles represent inorganic
particles (some are marked with an arrow)
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Fig. 6 Elemental analyses of the
organic matrix of a dacryolith with
a scanning electron microscope
and electron microprobe with an
energy dispersive detector. a
Inorganic particles in the matrix
appear as white dots (iron = arrow
1 , bismuth = arrow 2). b A
dacryolith with a high proportion
of bismuth. c A dacryolith with a
high proportion of iron
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the dacryolith had a hard core coveredwith soft spongymaterial;
the nidus (core) was composed of grass seed (confirmed
histologically), but the matrix around the nidus had the same
composition as the other stones and contained no fungal hyphae.
Overall, 80 dacryoliths were examined with FTIR. The spectra
of all samples demonstrated that the stones consisted of protein.
No stones showed bands consistent with phosphate, oxalate, or
cholesterol. A chemical analysis of 17 samples revealed that the
stones had, on average, 19.8 % amino acid content. The most
common amino acids found were leucine (2.8 %), glutamic acid
(2.5 %), aspartic acid (1.6 %), and alanine (1.6 %). Other amino
acids were present at less than 1 %.

Scanning electron microscopy of seven dacryoliths (four
from females, three from males) showed very similar surface
structures. Dacryoliths were composed of lobes and lobules
built on an amorphous core material; in the solid, amorphous,
organic matrix, inorganic particles of different composition
were unevenly, sparsely dispersed. The matrix of the samples
contained many small cavities (Figs. 3 and 4). Three samples
(three females) exhibited organic fibers, visible in the center of
the dacryoliths (Fig. 5).

The most frequent inorganic particles (>90 % of all
investigated) were silicates of magnesium. Minor amounts
of potassium, sodium, sulfur, and chlorine were observed.
Inorganic particles were also found with higher levels of
calcium and phosphorus; these corresponded to the presence
of fine phosphate particles. Inorganic inclusions were
predominantly in the size range of <1 to 10 μm. In one case
(a female with organic fibers in dacryolith) the inorganic
particles were found to have high contents of bismuth,
titanium, and iron (Fig. 6 a,b,c).

A quantitative, elemental analysis of the organic
amorphous matrix showed that the predominant elements
were, as expected, carbon and oxygen (hydrogen content
was not evaluable with EDS). In addition, minor elements
were detected, including sulfur, phosphorus, chlorine, and
sodium (Table 1). Sulfur was mostly present only in the
organic matrix, and calcium was mostly bound to the
phosphorus (calcium phosphate).

Discussion

The incidence of dacryoliths has not been established in the
general population. Most published studies on dacryoliths
included quite small numbers [4–6]. Among patients

undergoing EDCR, dacryoliths are observed in approximately
in 6.0–18 % of cases [1, 2]. In the present study, probably the
largest in current literature, dacryolithiasis was observed in
10.3 % of patients (predominantly women) that underwent
EDCR.

Dacryoliths develop most frequently in PANDO [1–3, 10].
Though the pathophysiology of the stones was unclear, there
seemed to be a relationship between stones and chronic
dacryocystitis with stagnation secondary to nasolacrimal
stenosis, and it is difficult to determine clearly whether
dacryocystitis or dacryolithiasis was the primary driver in
the development process [3, 10]. Some studies have described
morphological characteristics consistent with fungus or
hyphae-like structures [5, 11]. Although it seems that fungi
may accentuate the process of the dacryolith formation,
unfortunately there is lack of relevant information on the
culture of lacrimal sac stones in literature, further research is
needed. We did not examine culture to detect fungi, and did
not perform a microscopic analysis to investigate presence of
fungi in the dacryoliths.

Few studies have analyzed the composition of lacrimal
system stones [12]. At first glance, it might be expected that
lacrimal sac dacryoliths would have compositions similar to
that of stones that form in other parts of the human body
(rhinoliths, sialoliths, etc.), which consist mainly of inorganic
calcium compounds [13]. However, in reality, they are quite
different. Veirs described two types of dacryoliths; those with
and those without amino acid content. Hard stones, composed
mostly of calcium, have only been mentioned in some papers
[3, 7, 10]. Cassotis studied a lacrimal stone in a horse; that
calculus primarily comprised carbonate hydroxylapatite with
a minor constituent of NaCl halite [14]. In the present study,
we did not observe any “hard“ stones that comprised mainly
calcium phosphate composites. All the stones in this study
comprised predominantly proteins (mucoproteins), as shown
by FTIR. This was consistent with several previous studies [4,
5, 12, 15]. In a study by Iliadelis et al., dacryoliths were
mainly composed of organic material (99.53 to 99.85 %) [4].

Some dacryoliths include various cells and cellular debris,
like epithelial cells, neutrophils, T and B lymphocytes,
macrophages, and cellular debris [3, 4, 6]. Those cells or
debris may have formed the basis of the dacryolith, such as
the eyelash observed by Barath et al. or the grass seed
observed in the present study [1, 16]. Lew et al. suggested
that lacrimal fluid from patients with dacryoliths contained
less lysozyme and calcium than normal lacrimal fluid [17].

Table 1 Elemental analysis of dacryolith organic matrices, performed with a scanning electron microscope and an energy dispersive detector

Element (proportion by weight : %) Carbon Oxygen Sodium Magnesium Aluminum Phosphorus Sulfur Chlorine Calcium

Sample 1 75.06 19.96 1.19 0.26 0.25 0.30 2.12 0.43 0.42

Sample 2 70.77 20.69 0.74 0.31 1.78 0.20 4.10 0.85 0.40
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Paulsen et al. found that dacryoliths were composed mostly
of proteins and mucoproteins produced by the epithelium of the
lacrimal sac and the NLD [1, 8, 9]. In their studies, a broad
spectrum of mucins and TFF peptides (TFF1 and TFF3) were
identified. They suggested that these proteins probably played a
role in dacryolithogenesis. TFF-containing dacryoliths consisted
of ∼40 % amino acids, and had several well-conserved features.
Their reported dacryolith composition corresponded well with
results from the present study; our amino acid analysis showed
that amino acids accounted for 19.8 % of the dacryolith weight.

Chemically, mucins are large, extracellular glycoproteins
with molecular weights ranging from 0.5 to 20 MDa. They are
highly glycosylated, typically consisting of 80 % carbohydrates.
Although we did not analyze mucoproteins in our study, we
confirmed their dominant presence in dacryoliths with the
electron microprobe EDS. This revealed that carbon (80 %)
was the main constituent of dacryoliths. In contrast, inorganic
material was detected to a much lesser extent.

Our imaging and morphological analysis with the scanning
electron microscope were very interesting. We found that the
surface of dacryoliths was composed of lobes and lobules
built on an amorphous material and many small, different-
sized cavities were observed in the core material of soft
dacryoliths. This type of cavity is typically formed as a result
of various chemical or biochemical processes that produce
gas. We could not clearly determine whether the cavities were
a product of processes in the lacrimal sac or whether they were
artifacts that developed, either after removing the sac or in the
period between the operation and the examination.

The scanning electron microscope images of the solid,
amorphous organic matrix showed unevenly, sparsely dispersed
inorganic particles of different compositions. The most frequent
inorganic particle (>90 % of all investigated) was composed of
magnesium silicate, and ranged from <1 μm to about 10 μm in
diameter. Phosphorus occurred predominantly in calcium
phosphate. In three samples of females, we also observed very
small organic fibers in the core material in addition to particles
that contained bismuth, titanium, and iron in the surrounding
matrix. These findings suggested that inorganic particles from
various cosmetic products may gradually move down the tear
duct and, in susceptible individuals, may cause an inflammatory
reaction [3]. This notion was supported by the finding in the
literature that dacryolithiasis affects mostly women [3].

Conclusion

This study of 86 dacryoliths confirmed that stones formed in the
lacrimal sac are soft, composed almost exclusively of organic
solid amorphous organic matrix, and consist of proteins and
mucoproteins. This composition of dacryoliths corresponded
with an amino acid analysis, which demonstrated that amino
acids accounted for 19.8 % of dacryolith weight. The presence

of small organic fibers in the core of some samples and the high
content of particles that contained bismuth and titanium in one
sample suggested that some dacryoliths may have originated
from cosmetics and beauty aids. No hard dacryoliths composed
of calcium phosphate were found in the present study.

The culture of dacryoliths was not examined in the study.
Nevertheless, fungi seem to play an important role in the process
of dacryolith formation, and further studies dealing with culture
and/or histology of the lacrimal sac dacryoliths are needed.
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the dacryolith had a hard core coveredwith soft spongymaterial;
the nidus (core) was composed of grass seed (confirmed
histologically), but the matrix around the nidus had the same
composition as the other stones and contained no fungal hyphae.
Overall, 80 dacryoliths were examined with FTIR. The spectra
of all samples demonstrated that the stones consisted of protein.
No stones showed bands consistent with phosphate, oxalate, or
cholesterol. A chemical analysis of 17 samples revealed that the
stones had, on average, 19.8 % amino acid content. The most
common amino acids found were leucine (2.8 %), glutamic acid
(2.5 %), aspartic acid (1.6 %), and alanine (1.6 %). Other amino
acids were present at less than 1 %.

Scanning electron microscopy of seven dacryoliths (four
from females, three from males) showed very similar surface
structures. Dacryoliths were composed of lobes and lobules
built on an amorphous core material; in the solid, amorphous,
organic matrix, inorganic particles of different composition
were unevenly, sparsely dispersed. The matrix of the samples
contained many small cavities (Figs. 3 and 4). Three samples
(three females) exhibited organic fibers, visible in the center of
the dacryoliths (Fig. 5).

The most frequent inorganic particles (>90 % of all
investigated) were silicates of magnesium. Minor amounts
of potassium, sodium, sulfur, and chlorine were observed.
Inorganic particles were also found with higher levels of
calcium and phosphorus; these corresponded to the presence
of fine phosphate particles. Inorganic inclusions were
predominantly in the size range of <1 to 10 μm. In one case
(a female with organic fibers in dacryolith) the inorganic
particles were found to have high contents of bismuth,
titanium, and iron (Fig. 6 a,b,c).

A quantitative, elemental analysis of the organic
amorphous matrix showed that the predominant elements
were, as expected, carbon and oxygen (hydrogen content
was not evaluable with EDS). In addition, minor elements
were detected, including sulfur, phosphorus, chlorine, and
sodium (Table 1). Sulfur was mostly present only in the
organic matrix, and calcium was mostly bound to the
phosphorus (calcium phosphate).

Discussion

The incidence of dacryoliths has not been established in the
general population. Most published studies on dacryoliths
included quite small numbers [4–6]. Among patients

undergoing EDCR, dacryoliths are observed in approximately
in 6.0–18 % of cases [1, 2]. In the present study, probably the
largest in current literature, dacryolithiasis was observed in
10.3 % of patients (predominantly women) that underwent
EDCR.

Dacryoliths develop most frequently in PANDO [1–3, 10].
Though the pathophysiology of the stones was unclear, there
seemed to be a relationship between stones and chronic
dacryocystitis with stagnation secondary to nasolacrimal
stenosis, and it is difficult to determine clearly whether
dacryocystitis or dacryolithiasis was the primary driver in
the development process [3, 10]. Some studies have described
morphological characteristics consistent with fungus or
hyphae-like structures [5, 11]. Although it seems that fungi
may accentuate the process of the dacryolith formation,
unfortunately there is lack of relevant information on the
culture of lacrimal sac stones in literature, further research is
needed. We did not examine culture to detect fungi, and did
not perform a microscopic analysis to investigate presence of
fungi in the dacryoliths.

Few studies have analyzed the composition of lacrimal
system stones [12]. At first glance, it might be expected that
lacrimal sac dacryoliths would have compositions similar to
that of stones that form in other parts of the human body
(rhinoliths, sialoliths, etc.), which consist mainly of inorganic
calcium compounds [13]. However, in reality, they are quite
different. Veirs described two types of dacryoliths; those with
and those without amino acid content. Hard stones, composed
mostly of calcium, have only been mentioned in some papers
[3, 7, 10]. Cassotis studied a lacrimal stone in a horse; that
calculus primarily comprised carbonate hydroxylapatite with
a minor constituent of NaCl halite [14]. In the present study,
we did not observe any “hard“ stones that comprised mainly
calcium phosphate composites. All the stones in this study
comprised predominantly proteins (mucoproteins), as shown
by FTIR. This was consistent with several previous studies [4,
5, 12, 15]. In a study by Iliadelis et al., dacryoliths were
mainly composed of organic material (99.53 to 99.85 %) [4].

Some dacryoliths include various cells and cellular debris,
like epithelial cells, neutrophils, T and B lymphocytes,
macrophages, and cellular debris [3, 4, 6]. Those cells or
debris may have formed the basis of the dacryolith, such as
the eyelash observed by Barath et al. or the grass seed
observed in the present study [1, 16]. Lew et al. suggested
that lacrimal fluid from patients with dacryoliths contained
less lysozyme and calcium than normal lacrimal fluid [17].

Table 1 Elemental analysis of dacryolith organic matrices, performed with a scanning electron microscope and an energy dispersive detector
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Paulsen et al. found that dacryoliths were composed mostly
of proteins and mucoproteins produced by the epithelium of the
lacrimal sac and the NLD [1, 8, 9]. In their studies, a broad
spectrum of mucins and TFF peptides (TFF1 and TFF3) were
identified. They suggested that these proteins probably played a
role in dacryolithogenesis. TFF-containing dacryoliths consisted
of ∼40 % amino acids, and had several well-conserved features.
Their reported dacryolith composition corresponded well with
results from the present study; our amino acid analysis showed
that amino acids accounted for 19.8 % of the dacryolith weight.

Chemically, mucins are large, extracellular glycoproteins
with molecular weights ranging from 0.5 to 20 MDa. They are
highly glycosylated, typically consisting of 80 % carbohydrates.
Although we did not analyze mucoproteins in our study, we
confirmed their dominant presence in dacryoliths with the
electron microprobe EDS. This revealed that carbon (80 %)
was the main constituent of dacryoliths. In contrast, inorganic
material was detected to a much lesser extent.

Our imaging and morphological analysis with the scanning
electron microscope were very interesting. We found that the
surface of dacryoliths was composed of lobes and lobules
built on an amorphous material and many small, different-
sized cavities were observed in the core material of soft
dacryoliths. This type of cavity is typically formed as a result
of various chemical or biochemical processes that produce
gas. We could not clearly determine whether the cavities were
a product of processes in the lacrimal sac or whether they were
artifacts that developed, either after removing the sac or in the
period between the operation and the examination.

The scanning electron microscope images of the solid,
amorphous organic matrix showed unevenly, sparsely dispersed
inorganic particles of different compositions. The most frequent
inorganic particle (>90 % of all investigated) was composed of
magnesium silicate, and ranged from <1 μm to about 10 μm in
diameter. Phosphorus occurred predominantly in calcium
phosphate. In three samples of females, we also observed very
small organic fibers in the core material in addition to particles
that contained bismuth, titanium, and iron in the surrounding
matrix. These findings suggested that inorganic particles from
various cosmetic products may gradually move down the tear
duct and, in susceptible individuals, may cause an inflammatory
reaction [3]. This notion was supported by the finding in the
literature that dacryolithiasis affects mostly women [3].

Conclusion

This study of 86 dacryoliths confirmed that stones formed in the
lacrimal sac are soft, composed almost exclusively of organic
solid amorphous organic matrix, and consist of proteins and
mucoproteins. This composition of dacryoliths corresponded
with an amino acid analysis, which demonstrated that amino
acids accounted for 19.8 % of dacryolith weight. The presence

of small organic fibers in the core of some samples and the high
content of particles that contained bismuth and titanium in one
sample suggested that some dacryoliths may have originated
from cosmetics and beauty aids. No hard dacryoliths composed
of calcium phosphate were found in the present study.

The culture of dacryoliths was not examined in the study.
Nevertheless, fungi seem to play an important role in the process
of dacryolith formation, and further studies dealing with culture
and/or histology of the lacrimal sac dacryoliths are needed.
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Abstract—Diagnosis of Parkinson’s disease (PD) can be difficult in the early stages of the disease. The aim of the
study described here was to assess the correlation between transcranial sonography (TCS) and 123I-FP-CIT ([123I]
ioflupane, N-u-fluoropropyl-2b-carbomethoxy-3b-(4-[123I]iodophenyl)nortropane) SPECT (single photon emis-
sion computed tomography) findings and the diagnosis of PD. A total of 49 patients were enrolled in the study:
29 patients with PD, 7 patients with other parkinsonian syndromes, 11 patients with essential tremor and 2 with
psychogenic movement disorder. Substantia nigra echogenicity was measured using TCS. SPECTwas performed
using DaTSCAN ([123I]ioflupane). TCS and SPECT findings were correlated in 84% of patients, with k 5 0.62
(95% confidence interval: 0.38–0.86). TCS-measured substantia nigra echogenicity and SPECT-measured striatal
binding ratio were negatively correlated (r 5 –0.326, p 5 0.003). TCS/SPECT sensitivity, specificity and positive
and negative predictive values for the diagnosis of PD were 89.7%/96.6%, 60.0%/70.0%, 76.5%/82.4% and
80.0%/93.3%, respectively. Both positive TCS and SPECT findings correlated significantly with the diagnosis of
PD (k5 0.52, 95% confidence interval: 0.27–0.76, and k5 0.69, 95% confidence interval: 0.49–0.90, respectively).
(E-mail: petrabartova@seznam.cz) � 2014 World Federation for Ultrasound in Medicine & Biology.

Key Words: Parkinson’s disease, Parkinsonian syndromes, Substantia nigra, Transcranial sonography, Single
photon emission computed tomography, [123I]ioflupane.

INTRODUCTION

The diagnosis of Parkinson’s disease (PD) and its differen-
tial diagnosis from other parkinsonian syndromes (PS),
essential tremor (ET) and psychogenic movement
disorders (PMD) can be difficult, especially in the early
stages of the disease (Hughes et al. 1992). Well-
established diagnostic criteria based on clinical experience
are commonly used for diagnosis of PD, multiple system
atrophy (MSA), progressive supranuclear palsy (PSP),
vascular parkinsonism and ET (Bain et al. 2000; Gilman
et al. 1998; Hughes et al. 1992, 2002; Litvan et al. 1996).
Differential diagnosis is important not only for prognosis,
but also for themedical treatment of these various diseases.

Neuroimaging methods such as transcranial sonog-
raphy (TCS) and single photon emission computed
tomography (SPECT) may be used to improve diagnostic
accuracy (Spiegel et al. 2006; Vlaar et al. 2008b).
Nevertheless, differential diagnosis remains difficult.

Transcranial sonography is a tolerable, non-invasive
diagnostic method that is used to detect structural
changes in the substantia nigra (SN). Recent studies
have reported elevated SN echogenicity in at least 90%
of PD patients, with border enlargements between 0.20
and 0.25 cm2 depending on the specific ultrasound system
used (Walter et al. 2002). This enables differentiation of
patients with PD from healthy patients and patients
with ET, in whom a hyper-echogenic enlarged SN is
detectable in only 8%–14% (Berg et al. 1999). The sensi-
tivity and specificity of TCS can reach .90% (Brooks
2010; Vlaar et al. 2009). TCS assessment of SN
echogenicity and area, together with evaluation of other
brain structures, may also be helpful in the differential
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INTRODUCTION

The diagnosis of Parkinson’s disease (PD) and its differen-
tial diagnosis from other parkinsonian syndromes (PS),
essential tremor (ET) and psychogenic movement
disorders (PMD) can be difficult, especially in the early
stages of the disease (Hughes et al. 1992). Well-
established diagnostic criteria based on clinical experience
are commonly used for diagnosis of PD, multiple system
atrophy (MSA), progressive supranuclear palsy (PSP),
vascular parkinsonism and ET (Bain et al. 2000; Gilman
et al. 1998; Hughes et al. 1992, 2002; Litvan et al. 1996).
Differential diagnosis is important not only for prognosis,
but also for themedical treatment of these various diseases.

Neuroimaging methods such as transcranial sonog-
raphy (TCS) and single photon emission computed
tomography (SPECT) may be used to improve diagnostic
accuracy (Spiegel et al. 2006; Vlaar et al. 2008b).
Nevertheless, differential diagnosis remains difficult.

Transcranial sonography is a tolerable, non-invasive
diagnostic method that is used to detect structural
changes in the substantia nigra (SN). Recent studies
have reported elevated SN echogenicity in at least 90%
of PD patients, with border enlargements between 0.20
and 0.25 cm2 depending on the specific ultrasound system
used (Walter et al. 2002). This enables differentiation of
patients with PD from healthy patients and patients
with ET, in whom a hyper-echogenic enlarged SN is
detectable in only 8%–14% (Berg et al. 1999). The sensi-
tivity and specificity of TCS can reach .90% (Brooks
2010; Vlaar et al. 2009). TCS assessment of SN
echogenicity and area, together with evaluation of other
brain structures, may also be helpful in the differential
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diagnosis of PD and atypical PS, in addition to clinical
examination and paraclinical, neuroimaging and genetic
methods (Walter et al. 2007a). On the other hand,
elevated SN echogenicity was recently reported to have
a sensitivity of only 40% and a specificity of 61% for
the diagnosis of PD at early stages when examining
only patients with parkinsonism (Bouwmans et al.
2013). Moreover, the sonographer’s experience and the
quality of the bone window influence TCS usage, repre-
senting further limitations (Skoloudik et al. 2007).

Single photon emission computed tomography using
123I-FP-CIT (N-u-fluoropropyl-2b-carbomethoxy-3b-(4-
[123I]iodophenyl)nortropane) or 123I-b-CIT as a tracer of
striatal dopamine transporters (DATs) is able to detect a
pre-synaptic lesion of the nigrostriatal system. Decreased
DAT densities have been observed in the putamen and
caudate nucleus in PD patients, closely paralleling losses
of dopamine. 123I-ß-CIT SPECT studies performed in
PD patients confirmed the relative selective loss of DAT
in the putamen. The pre-synaptic dopaminergic system is
not affected in healthy patients and patients with ET, and
123I-FP-CIT SPECT is highly sensitive in differentiation
between ETand PD, even during the early stages of the dis-
ease, with sensitivity and specificity.90% (Benamer et al.
2000a; Brooks 2010; Doepp et al. 2008; Spiegel et al.
2006). However, 123I-FP-CIT SPECT results can even be
negative in the early stages of PD, especially in patients
in whom resting tremor is dominant (Benamer et al.
2000a; Doepp et al. 2008; Schillaci et al. 2011). 123I-FP-
CIT SPECT has also been used in several studies to
differentiate PD from other PS (Pirker et al. 2002; Vlaar
et al. 2007, 2008a, 2008b). Nevertheless, the uptake of
these radiotracers has been reported to be reduced in
patients with PS, such as MSA and PSP, with moderate
to high sensitivity (80%–100%) but low specificity
(0–46%) (Marshall et al. 2009; Pirker et al. 2002; Vlaar
et al. 2007). High cost, poor availability and semi-
invasiveness (mainly because of the radiation load) are
the main limitations of SPECT.

One may suppose that agreement between TCS and
SPECT findings in patients with movement disorders
may be high. Nevertheless, the results of studies that
have compared TCS-measured SN area and SPECT-
measured binding ratio have been conflicting (Doepp
et al. 2008; Spiegel et al. 2006; Weise et al. 2009).

The aim of this study was to assess the correlation
between TCS and SPECT findings in patients with
movement disorders (PD, other PS, ET and PMD).

METHODS

Patients
All consecutive patients presenting with symptoms

of parkinsonism or isolated tremor at their first visit to

our neurology outpatient clinic over a 3-y period who
met the inclusion criteria were enrolled. Inclusion criteria
were: (i) a suspected clinical diagnosis of PD (based on the
diagnostic criteria of the Parkinson’s Disease Society
Brain Bank of the United Kingdom) (Hughes et al.
1992, 2002), ET (criteria for the diagnosis of ET) (Bain
et al. 2000), MSA (consensus statement on the diagnosis
of MSA) (Gilman et al. 1998), PSP (clinical research
criteria for the diagnosis of PSP) (Litvan et al. 1996) or
PMD (classification system of Williams et al. [1995]
andDiagnostic and StatisticsManual ofMental Disorders
[American Psychiatric Association 2000]); (ii) age of 30–
75 y; and (iii) signed informed consent. The study was
conducted in accordance with the Helsinki Declaration
of 1975 (as revised in 2004 and 2008) and was approved
by the local ethics committee. Patients with a clinical his-
tory of stroke were excluded, as were patients with
ischemic infarction in the basal ganglia, hydrocephalus
or a tumor identified by brain magnetic resonance imag-
ing. Patients with disorders that affected the uptake of
123I-FP-CIT (those with vascular parkinsonism and other
identifiable possible causes of secondary parkinsonism,
including psychiatric disorders, and a history of intake
of neuroleptics, tricyclic antidepressants, other serotonin
re-uptake inhibitors, reserpine, clonidine, amphetamines
and phenopropanolamine) or who had an insufficient tem-
poral bone window or an allergy to iodine were excluded.

Part III of the Unified Parkinson’s Rating Scale
(UPDRS) was performed on all patients in the ‘‘off’’ state.
The Hoehn–Yahr stage was determined in PD and MSA
patients. Medication, especially L-DOPA and dopamine
agonists, and duration of disease symptoms were re-
corded for all patients.

Brain CTandmagnetic resonance imaging were per-
formed on all patients within 1 mo of clinical examina-
tion. TCS and SPECT were performed on all patients
within 2 mo of clinical examination. Selegiline therapy
was discontinued 2 d before SPECT evaluation.

Transcranial sonography
A 2- to 4-MHz phased P4-2 array probe (HDI 5000,

Philips, Bothell, WA, USA) was used for TCS examina-
tion. The examination was performed through a temporal
bone window with a penetration depth of 15 cm, dynamic
range of 50 dB, tissue index of 1.9 and mechanical index
of 1.3. A butterfly-shaped structure of the mesencephalic
brainstem and the region of the SN were imaged as
clearly as possible from the transverse plane. First the
right and then the left temporal bone windows were
imaged, and both images were anonymized, encoded
and saved in jpg format. Only the ipsilateral SN was
evaluated. All examinations were performed by an expe-
rienced sonographer (D.S.) with more than 10 y of clin-
ical experience. The sonographer was blinded to the
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patient’s diagnosis, but not to the movement disorder
symptoms. Subsequently, SN area measurement using
the VistaMatrix program (SkillCrest, Chicago, IL,
USA) was evaluated in all images by a blinded rater
(P.B.). This method, including intra-rater and inter-rater
variability, has been described in more detail previously
(B�artov�a et al. 2010; Skoloudik et al. 2007). On the
basis of results of previous studies, an SN echogenic
area .0.25 cm2 was classified as pathologic (Figure 1)
(B�artov�a et al. 2010; Skoloudik et al. 2007).

123I-FP-CIT SPECT investigation
Single photon emission computed tomography evalu-

ation of basal ganglia was performed using the DAT ligand
[123I]ioflupane (N-u-fluoropropyl-2b-carbomethoxy-3b-
(4-[123I]iodophenyl)nortropane, DaTSCAN, Amersham
Health, London, UK) within 2 mo of clinical examination.
Radiotracer with an activity of 185 MBq was injected
intravenously by a nuclear medicine specialist 3.5–4 h
before acquisition. SPECT was performed with a dual-
head variable-angle gamma camera (Symbia T2, Siemens,
The Hague, The Netherlands) equipped with low-energy
high-resolution collimators, with a 128 3 128 matrix and
a total of 128 frames at 40 s per view. SPECT slices were
created using Esoft 2000 application package software
(Siemens, Erlangen, Germany), filtered backprojection
(FBP) reconstruction with Chang’s attenuation correction
(coefficient 5 11 cm21) and implementation of a Butter-
worth filter (cutoff 0.40, order 5). The slices were assessed

visually, with normal findings defined as grade 0 and path-
ologic findings defined as grades 1–3 (Table 1, Figure 1).

Semiquantitative analysis was performed for the
correlation with TCS findings by calculating the specific
binding ratios of both the caudate nucleus and putamen.
The region of interest for non-specific binding of the
tracer was taken from the occipital lobe (Koch et al.
2005). The ratios were processed statistically. Reference
values obtained from healthy volunteers were used for the
acquisition and reconstruction parameters; the ratio was
3.64 6 0.56 for the caudate nucleus and 3.02 6 0.56
for the putamen. Scans were analyzed by a specialist
blinded to the clinical diagnosis.

Statistics
A Shapiro–Wilk test was used to test the correspon-

dence of the calculated parameters to a normal distribution.
Data with a normal distribution are reported as
means 6 standard deviations. All parameters not fitting a
normal distribution are presented as means, medians and
interquartile ranges; the non-parametric Kruskal–Wallis
test was used for comparison. Agreement, Cohen’s k and
agreement coefficient 1were determinedwhen statistically
assessing the correlation between TCS and SPECT
findings. Spearman’s correlation coefficient was used for
correlation between TCS-measured SN echogenicity and
SPECT-measured striatal binding ratio, and between the
results of both methods and age and disease symptom
duration. The sensitivity, specificity and positive predictive
and negative predictive values for TCS and SPECT were

Table 1. Pre-synaptic radiotracer [123I]ioflupane single photon emission computed tomography (123I-FP-CIT SPECT) visual
evaluation grading

Grade Specification

0 5 normal Symmetric tracer uptake in the putamen and caudate nucleus bilaterally
1 5 abnormal Asymmetric unilateral reduction in visualization of the putamen in one hemisphere
2 5 abnormal Bilateral reduction in visualization of the putamen, with preserved deposition of radiotracer in the caudate nucleus bilaterally
3 5 abnormal Considerably reduced accumulation of radiotracer affecting both the putamen and caudate nucleus

Fig. 1. Patient with Parkinson’s disease. (a) Detection of pathologic visual grade 2 with striatal binding ratio 1.76 by [123I]
ioflupane single photon emission computed tomography. (b) Detection of pathologic finding of substantia nigra with

0.34-cm2 echogenic area by transcranial sonography.
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diagnosis of PD and atypical PS, in addition to clinical
examination and paraclinical, neuroimaging and genetic
methods (Walter et al. 2007a). On the other hand,
elevated SN echogenicity was recently reported to have
a sensitivity of only 40% and a specificity of 61% for
the diagnosis of PD at early stages when examining
only patients with parkinsonism (Bouwmans et al.
2013). Moreover, the sonographer’s experience and the
quality of the bone window influence TCS usage, repre-
senting further limitations (Skoloudik et al. 2007).

Single photon emission computed tomography using
123I-FP-CIT (N-u-fluoropropyl-2b-carbomethoxy-3b-(4-
[123I]iodophenyl)nortropane) or 123I-b-CIT as a tracer of
striatal dopamine transporters (DATs) is able to detect a
pre-synaptic lesion of the nigrostriatal system. Decreased
DAT densities have been observed in the putamen and
caudate nucleus in PD patients, closely paralleling losses
of dopamine. 123I-ß-CIT SPECT studies performed in
PD patients confirmed the relative selective loss of DAT
in the putamen. The pre-synaptic dopaminergic system is
not affected in healthy patients and patients with ET, and
123I-FP-CIT SPECT is highly sensitive in differentiation
between ETand PD, even during the early stages of the dis-
ease, with sensitivity and specificity.90% (Benamer et al.
2000a; Brooks 2010; Doepp et al. 2008; Spiegel et al.
2006). However, 123I-FP-CIT SPECT results can even be
negative in the early stages of PD, especially in patients
in whom resting tremor is dominant (Benamer et al.
2000a; Doepp et al. 2008; Schillaci et al. 2011). 123I-FP-
CIT SPECT has also been used in several studies to
differentiate PD from other PS (Pirker et al. 2002; Vlaar
et al. 2007, 2008a, 2008b). Nevertheless, the uptake of
these radiotracers has been reported to be reduced in
patients with PS, such as MSA and PSP, with moderate
to high sensitivity (80%–100%) but low specificity
(0–46%) (Marshall et al. 2009; Pirker et al. 2002; Vlaar
et al. 2007). High cost, poor availability and semi-
invasiveness (mainly because of the radiation load) are
the main limitations of SPECT.

One may suppose that agreement between TCS and
SPECT findings in patients with movement disorders
may be high. Nevertheless, the results of studies that
have compared TCS-measured SN area and SPECT-
measured binding ratio have been conflicting (Doepp
et al. 2008; Spiegel et al. 2006; Weise et al. 2009).

The aim of this study was to assess the correlation
between TCS and SPECT findings in patients with
movement disorders (PD, other PS, ET and PMD).

METHODS

Patients
All consecutive patients presenting with symptoms

of parkinsonism or isolated tremor at their first visit to

our neurology outpatient clinic over a 3-y period who
met the inclusion criteria were enrolled. Inclusion criteria
were: (i) a suspected clinical diagnosis of PD (based on the
diagnostic criteria of the Parkinson’s Disease Society
Brain Bank of the United Kingdom) (Hughes et al.
1992, 2002), ET (criteria for the diagnosis of ET) (Bain
et al. 2000), MSA (consensus statement on the diagnosis
of MSA) (Gilman et al. 1998), PSP (clinical research
criteria for the diagnosis of PSP) (Litvan et al. 1996) or
PMD (classification system of Williams et al. [1995]
andDiagnostic and StatisticsManual ofMental Disorders
[American Psychiatric Association 2000]); (ii) age of 30–
75 y; and (iii) signed informed consent. The study was
conducted in accordance with the Helsinki Declaration
of 1975 (as revised in 2004 and 2008) and was approved
by the local ethics committee. Patients with a clinical his-
tory of stroke were excluded, as were patients with
ischemic infarction in the basal ganglia, hydrocephalus
or a tumor identified by brain magnetic resonance imag-
ing. Patients with disorders that affected the uptake of
123I-FP-CIT (those with vascular parkinsonism and other
identifiable possible causes of secondary parkinsonism,
including psychiatric disorders, and a history of intake
of neuroleptics, tricyclic antidepressants, other serotonin
re-uptake inhibitors, reserpine, clonidine, amphetamines
and phenopropanolamine) or who had an insufficient tem-
poral bone window or an allergy to iodine were excluded.

Part III of the Unified Parkinson’s Rating Scale
(UPDRS) was performed on all patients in the ‘‘off’’ state.
The Hoehn–Yahr stage was determined in PD and MSA
patients. Medication, especially L-DOPA and dopamine
agonists, and duration of disease symptoms were re-
corded for all patients.

Brain CTandmagnetic resonance imaging were per-
formed on all patients within 1 mo of clinical examina-
tion. TCS and SPECT were performed on all patients
within 2 mo of clinical examination. Selegiline therapy
was discontinued 2 d before SPECT evaluation.

Transcranial sonography
A 2- to 4-MHz phased P4-2 array probe (HDI 5000,

Philips, Bothell, WA, USA) was used for TCS examina-
tion. The examination was performed through a temporal
bone window with a penetration depth of 15 cm, dynamic
range of 50 dB, tissue index of 1.9 and mechanical index
of 1.3. A butterfly-shaped structure of the mesencephalic
brainstem and the region of the SN were imaged as
clearly as possible from the transverse plane. First the
right and then the left temporal bone windows were
imaged, and both images were anonymized, encoded
and saved in jpg format. Only the ipsilateral SN was
evaluated. All examinations were performed by an expe-
rienced sonographer (D.S.) with more than 10 y of clin-
ical experience. The sonographer was blinded to the
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patient’s diagnosis, but not to the movement disorder
symptoms. Subsequently, SN area measurement using
the VistaMatrix program (SkillCrest, Chicago, IL,
USA) was evaluated in all images by a blinded rater
(P.B.). This method, including intra-rater and inter-rater
variability, has been described in more detail previously
(B�artov�a et al. 2010; Skoloudik et al. 2007). On the
basis of results of previous studies, an SN echogenic
area .0.25 cm2 was classified as pathologic (Figure 1)
(B�artov�a et al. 2010; Skoloudik et al. 2007).

123I-FP-CIT SPECT investigation
Single photon emission computed tomography evalu-

ation of basal ganglia was performed using the DAT ligand
[123I]ioflupane (N-u-fluoropropyl-2b-carbomethoxy-3b-
(4-[123I]iodophenyl)nortropane, DaTSCAN, Amersham
Health, London, UK) within 2 mo of clinical examination.
Radiotracer with an activity of 185 MBq was injected
intravenously by a nuclear medicine specialist 3.5–4 h
before acquisition. SPECT was performed with a dual-
head variable-angle gamma camera (Symbia T2, Siemens,
The Hague, The Netherlands) equipped with low-energy
high-resolution collimators, with a 128 3 128 matrix and
a total of 128 frames at 40 s per view. SPECT slices were
created using Esoft 2000 application package software
(Siemens, Erlangen, Germany), filtered backprojection
(FBP) reconstruction with Chang’s attenuation correction
(coefficient 5 11 cm21) and implementation of a Butter-
worth filter (cutoff 0.40, order 5). The slices were assessed

visually, with normal findings defined as grade 0 and path-
ologic findings defined as grades 1–3 (Table 1, Figure 1).

Semiquantitative analysis was performed for the
correlation with TCS findings by calculating the specific
binding ratios of both the caudate nucleus and putamen.
The region of interest for non-specific binding of the
tracer was taken from the occipital lobe (Koch et al.
2005). The ratios were processed statistically. Reference
values obtained from healthy volunteers were used for the
acquisition and reconstruction parameters; the ratio was
3.64 6 0.56 for the caudate nucleus and 3.02 6 0.56
for the putamen. Scans were analyzed by a specialist
blinded to the clinical diagnosis.

Statistics
A Shapiro–Wilk test was used to test the correspon-

dence of the calculated parameters to a normal distribution.
Data with a normal distribution are reported as
means 6 standard deviations. All parameters not fitting a
normal distribution are presented as means, medians and
interquartile ranges; the non-parametric Kruskal–Wallis
test was used for comparison. Agreement, Cohen’s k and
agreement coefficient 1were determinedwhen statistically
assessing the correlation between TCS and SPECT
findings. Spearman’s correlation coefficient was used for
correlation between TCS-measured SN echogenicity and
SPECT-measured striatal binding ratio, and between the
results of both methods and age and disease symptom
duration. The sensitivity, specificity and positive predictive
and negative predictive values for TCS and SPECT were

Table 1. Pre-synaptic radiotracer [123I]ioflupane single photon emission computed tomography (123I-FP-CIT SPECT) visual
evaluation grading

Grade Specification

0 5 normal Symmetric tracer uptake in the putamen and caudate nucleus bilaterally
1 5 abnormal Asymmetric unilateral reduction in visualization of the putamen in one hemisphere
2 5 abnormal Bilateral reduction in visualization of the putamen, with preserved deposition of radiotracer in the caudate nucleus bilaterally
3 5 abnormal Considerably reduced accumulation of radiotracer affecting both the putamen and caudate nucleus

Fig. 1. Patient with Parkinson’s disease. (a) Detection of pathologic visual grade 2 with striatal binding ratio 1.76 by [123I]
ioflupane single photon emission computed tomography. (b) Detection of pathologic finding of substantia nigra with

0.34-cm2 echogenic area by transcranial sonography.
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evaluated. All data were analyzed using SPSS Version 15
statistical software (SPSS, Chicago, IL, USA).

RESULTS

Forty-nine (32 males and 17 females, ages 26–73 y,
mean 6 SD: 56.1 6 9.1 y) of the 53 selected patients
were included in the study: 29 PD patients, 7 PS patients,
11 ET patients and 2 PMD patients. Three other patients
were excluded because of an insufficient temporal bone
window and one patient because of an allergy to iodine.
Demographic data of the study patients are summarized
in Table 2. The duration of clinical symptoms was 6–
48 mo (22.96 6 13.93 mo).

Twenty-six (89.7 %) PD patients had positive TCS
(SN area . 0.25 cm2) and SPECT (visual grades 1–3)
results. Ten patients (76.9 %) with ET had negative
TCS and SPECT results. Complete results are summa-
rized in Table 3.

Transcranial sonography and SPECT findings were
correlated in 84% of all patients, with k5 0.62 (95% con-
fidence interval [CI]: 0.38–0.86) and agreement coeffi-
cient 1 (AC1) 5 0.61 (p , 0.001). There was
agreement between the clinical diagnosis and TCS find-
ings in 90% of the patients and between the clinical diag-
nosis and SPECT findings in 97% of the patients.

Both positive TCS and SPECT findings significantly
correlated with the diagnosis of PD, with k 5 0.52 (95%
CI: 0.27–0.76) and AC15 0.59 (p, 0.001) and k5 0.69

(95% CI: 0.49–0.90) and AC1 5 0.74 (p , 0.001),
respectively. TCS-measured SN echogenicity and
SPECT-measured striatal binding ratio were significantly
negatively correlated, with a Spearman’s correlation co-
efficient of –0.326 (p5 0.003) (Fig. 2). TCS and SPECT
sensitivity, specificity and predictive values for PD diag-
nosis are listed in Table 4.

Transcranial sonography-measured SN echogenicity
did not correlate with patient age (r 5 0.021, p 5 0.85)
or disease symptom duration (r 5 0.004, p 5 0.97).
SPECT-measured striatal binding ratio correlated signifi-
cantly only with patient age (r 5 –0.359, p 5 0.001) and
not with symptom duration (r 5 0.032, p 5 0.78).

DISCUSSION

Results of the present study indicated high agreement
between TCS and SPECT findings in patients with
movement disorders. Twenty-six (89.7%) PD patients had
positive findings in both TCS and SPECT examinations.
On the contrary, only 1 (3.4%) patient had negative findings
with both methods. Moreover, TCS-measured hyper-echo-
genic SN areas and SPECT-measured striatal binding ratios
were significantly inversely correlated, with a correlation
coefficient r5 –0.326.

Our findings are in concordance with the results of a
previous study conducted by Weise et al. (2009), who
found an inverse correlation between TCS-measured
SN areas and the activity of pre-synaptic striatal

Table 2. Patient demographic and clinical data

Parkinson’s disease Essential tremor PMD

Atypical parkinsonian syndromes

MSA PSP

Number of patients 29 11 2 5 2
Age* 56.9 6 10.3 55.5 6 6.2 50 6 11.3 52.6 6 7.6 62.5 6 3.5
Male gender* 19 (65.5%) 7 (63.6%) 0 4 (80.0%) 2 (100%)
UPDRS-III
Mean 6 SD (range) 24.87 6 9.6 (12–47) 5.82 6 1.25 (2–8) 13.5 6 2.12 (12–15) 41.6 6 7.6 (32–49) 37 6 2.83 (35–39)

Hoehn–Yahr scale
Median (range) 2 (1–3) 1.5 (1–2) 3 (2.5–3) 2.75 (2.5–3)
Interquartile range 1–2 NA 1.25–1.75 2.5–3 2.63–2.88

L-DOPA therapy* 19 (65.5%) 0 (0%) 1 (50.0%) 3 (60.0%) 1 (50.0%)
DA agonist therapy* 15 (51.7%) 0 (0%) 1 (50.0%) 2 (40.0%) 1 (50.0%)
Disease duration (mo)
Mean 6 SD (range) 18.67 6 12.2 (6–48) 39.18 6 9.64 (24–48) 10.0 6 2.83 (8–12) 19.2 6 6.72 (12–28) 15.0 6 4.24 (12–18)

Tremor
Bilateral* 19 (65.5%) 5 (45.5%) 0 (0%) 2 (40.0%) 1 (50.0%)
Unilateral* 10 (34.5%) 6 (54.5%) 2 (100%) 3 (60.0%) 0 (0%)

Tremor
Resting* 29 (100%) 7 (63.6%) 2 (100%) 5 (100%) 1 (50.0%)
Postural tremor* 6 (20.7%) 11 (100%) 1 (50.0%) 2 (40.0%) 1 (50.0%)
Resting and postural* 6 (20.7%) 7 (63.6%) 1 (50.0%) 2 (40.0%) 1 (50.0%)

Hypokinesia* 29 (100%) 4 (36.4%) 2 (100%) 5 (100%) 2 (100%)
Rigidity* 29 (100%) 3 (27.3%) 2 (100%) 5 (100%) 2 (100%)
Postural instability* 15 (51.7%) 0 (0%) 1 (50.0%) 5 (100%) 2 (100%)

MSA 5 multiple system atrophy; NA 5 not applicable; PMD 5 psychogenic movement disorders; PSP 5 progressive supranuclear palsy;
SD 5 standard deviation; UPDRS 5 Unified Parkinson’s Rating Scale.
* Values are expressed as the mean 6 standard deviation or n (%), unless marked otherwise.
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dopamine re-uptake transporters, assessed in the same pa-
tients by 123I-FP-CIT SPECTwith r 5 –0.417. These re-
sults appear to contrast with the findings presented by
Spiegel et al. (2006) and Doepp et al. (2008), in which
a correlation between the size of the echogenic SN area
and 123I-FP-CIT SPECT binding in PD patients was not
found. Weise et al. (2009) hypothesized that in these
studies, several patients did not actually suffer from PD,
and therefore, a correlation between the echogenic SN
area and dopamine re-uptake transporter activity might
be more difficult to detect or absent. Nevertheless, in
the present study, TCS and SPECT findings were corre-
lated not only in PD patients, but also in patients with
MSA, PSP, vascular parkinsonism, ET and PMD. This
implies that more studies are needed to confirm the rela-
tionship between TCS and SPECT findings.

Results of 31 different clinical studies with a total of
1167 PD patients examined by TCS indicated increased
SN echogenicity in approximately 90% of the patients,
with sensitivity reaching .90 % (Brooks 2010; Vlaar

et al. 2009). Also in our study, the sensitivity of TCS
for diagnosis of PD was 89.7%. Nevertheless, in the
recently published prospective study including 196
consecutive patients referred with unclear parkinsonism
and with determination of a final diagnosis after 2 y,
TCS sensitivity for the diagnosis PD was only 40%
(Bouwmans et al. 2013). The lower specificity of TCS re-
ported in our study is similar to that reported by
Bouwmans et al. (2013): 60% and 61%, respectively.
However, in other previously published studies, speci-
ficity ranged between 80% and 92%, for example, 82%
as reported by Vlaar et al. (2008b). This may be explained
by the different patient populations in the studies
mentioned. For example, the specificity was higher
(about 92%) in a control group consisting of healthy pa-
tients as compared with a control group consisting of pa-
tients with other movement disorders, as in our study
(Doepp et al. 2008; Vlaar et al. 2008b).

An enlarged and hyper-echogenic SN on TCS exam-
ination was not specific for PD. The incidence of a path-
ologic SN on TCS in patients with atypical parkinsonian
syndromes (APS) was considerably lower than that in
patients with PD. Yet there was great variation between
studies, and results also depended on the APS subtype
(Vlaar et al. 2009). A hyper-echogenic enlarged SN
was detected in 6%–43% of the patients with MSA,

Fig. 2. Correlation between bilateral substantia nigra (SN)
echogenicity measured by transcranial sonography and striatal
uptake measured by [123I]ioflupane single photon emission

computed tomography (FP-CIT SPECT) in 49 patients.

Table 4. Sensitivity, specificity and predictive values of
transcranial sonography and123I-FP-CIT SPECT in the

diagnosis of Parkinson’s disease

Transcranial sonography 123I-FP-CIT SPECT

Mean 95% CI Mean 95% CI

Sensitivity 89.7% 72.7–97.8 96.6% 82.2–99.9
Specificity 60.1% 36.1–80.9 70.0% 45.7–88.1
Positive predictive

value
76.5% 58.8–89.3 82.4% 65.5–93.2

Negative predictive
value

80.0% 51.9–95.7 93.3% 68.1–99.8

CI 5 confidence interval, 123I-FP-CIT SPECT5 [123I]ioflupane sin-
gle photon emission computed tomography.

Table 3. 123I-FP-CIT SPECT and transcranial sonography evaluations in patient subgroups

Diagnosis

123I-FP-CIT SPECT Transcranial sonography

Striatal binding ratio Positive Negative SN area Positive Negative

Parkinson’s disease* 1.65 6 0.80 28 (96.6%) 1 (3.4%) 0.30 6 0.09 26 (89.6%) 3 (10.4%)
Essential tremor* 2.56 6 0.76 1 (9.1%) 10 (90.9%) 0.18 6 0.09 2 (18.2%) 9 (81.8%)
PMD* 1.21 6 0.50 0 (0%) 2 (100%) 0.24 6 0.10 0 (0%) 2 (100%)
Atypical parkinsonian syndromes
MSA* 1.64 6 0.15 3 (60.0 %) 2 (40%) 0.33 6 0.07 5 (100%) 0 (0%)
PSP* 1.93 6 0.44 2 (100%) 0 (0%) 0.22 6 0.12? 1 (50.0%) 1 (50.0%)

123I-FP-CIT SPECT5 [123I]ioflupane single photon emission computed tomography; MSA5multiple system atrophy; PMD5 psychogenic move-
ment disorders; PSP 5 progressive supranuclear palsy; SN 5 substantia nigra.
* Values are expressed as the mean 6 standard deviation or n (%).
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evaluated. All data were analyzed using SPSS Version 15
statistical software (SPSS, Chicago, IL, USA).

RESULTS

Forty-nine (32 males and 17 females, ages 26–73 y,
mean 6 SD: 56.1 6 9.1 y) of the 53 selected patients
were included in the study: 29 PD patients, 7 PS patients,
11 ET patients and 2 PMD patients. Three other patients
were excluded because of an insufficient temporal bone
window and one patient because of an allergy to iodine.
Demographic data of the study patients are summarized
in Table 2. The duration of clinical symptoms was 6–
48 mo (22.96 6 13.93 mo).

Twenty-six (89.7 %) PD patients had positive TCS
(SN area . 0.25 cm2) and SPECT (visual grades 1–3)
results. Ten patients (76.9 %) with ET had negative
TCS and SPECT results. Complete results are summa-
rized in Table 3.

Transcranial sonography and SPECT findings were
correlated in 84% of all patients, with k5 0.62 (95% con-
fidence interval [CI]: 0.38–0.86) and agreement coeffi-
cient 1 (AC1) 5 0.61 (p , 0.001). There was
agreement between the clinical diagnosis and TCS find-
ings in 90% of the patients and between the clinical diag-
nosis and SPECT findings in 97% of the patients.

Both positive TCS and SPECT findings significantly
correlated with the diagnosis of PD, with k 5 0.52 (95%
CI: 0.27–0.76) and AC15 0.59 (p, 0.001) and k5 0.69

(95% CI: 0.49–0.90) and AC1 5 0.74 (p , 0.001),
respectively. TCS-measured SN echogenicity and
SPECT-measured striatal binding ratio were significantly
negatively correlated, with a Spearman’s correlation co-
efficient of –0.326 (p5 0.003) (Fig. 2). TCS and SPECT
sensitivity, specificity and predictive values for PD diag-
nosis are listed in Table 4.

Transcranial sonography-measured SN echogenicity
did not correlate with patient age (r 5 0.021, p 5 0.85)
or disease symptom duration (r 5 0.004, p 5 0.97).
SPECT-measured striatal binding ratio correlated signifi-
cantly only with patient age (r 5 –0.359, p 5 0.001) and
not with symptom duration (r 5 0.032, p 5 0.78).

DISCUSSION

Results of the present study indicated high agreement
between TCS and SPECT findings in patients with
movement disorders. Twenty-six (89.7%) PD patients had
positive findings in both TCS and SPECT examinations.
On the contrary, only 1 (3.4%) patient had negative findings
with both methods. Moreover, TCS-measured hyper-echo-
genic SN areas and SPECT-measured striatal binding ratios
were significantly inversely correlated, with a correlation
coefficient r5 –0.326.

Our findings are in concordance with the results of a
previous study conducted by Weise et al. (2009), who
found an inverse correlation between TCS-measured
SN areas and the activity of pre-synaptic striatal

Table 2. Patient demographic and clinical data

Parkinson’s disease Essential tremor PMD

Atypical parkinsonian syndromes

MSA PSP

Number of patients 29 11 2 5 2
Age* 56.9 6 10.3 55.5 6 6.2 50 6 11.3 52.6 6 7.6 62.5 6 3.5
Male gender* 19 (65.5%) 7 (63.6%) 0 4 (80.0%) 2 (100%)
UPDRS-III
Mean 6 SD (range) 24.87 6 9.6 (12–47) 5.82 6 1.25 (2–8) 13.5 6 2.12 (12–15) 41.6 6 7.6 (32–49) 37 6 2.83 (35–39)

Hoehn–Yahr scale
Median (range) 2 (1–3) 1.5 (1–2) 3 (2.5–3) 2.75 (2.5–3)
Interquartile range 1–2 NA 1.25–1.75 2.5–3 2.63–2.88

L-DOPA therapy* 19 (65.5%) 0 (0%) 1 (50.0%) 3 (60.0%) 1 (50.0%)
DA agonist therapy* 15 (51.7%) 0 (0%) 1 (50.0%) 2 (40.0%) 1 (50.0%)
Disease duration (mo)
Mean 6 SD (range) 18.67 6 12.2 (6–48) 39.18 6 9.64 (24–48) 10.0 6 2.83 (8–12) 19.2 6 6.72 (12–28) 15.0 6 4.24 (12–18)

Tremor
Bilateral* 19 (65.5%) 5 (45.5%) 0 (0%) 2 (40.0%) 1 (50.0%)
Unilateral* 10 (34.5%) 6 (54.5%) 2 (100%) 3 (60.0%) 0 (0%)

Tremor
Resting* 29 (100%) 7 (63.6%) 2 (100%) 5 (100%) 1 (50.0%)
Postural tremor* 6 (20.7%) 11 (100%) 1 (50.0%) 2 (40.0%) 1 (50.0%)
Resting and postural* 6 (20.7%) 7 (63.6%) 1 (50.0%) 2 (40.0%) 1 (50.0%)

Hypokinesia* 29 (100%) 4 (36.4%) 2 (100%) 5 (100%) 2 (100%)
Rigidity* 29 (100%) 3 (27.3%) 2 (100%) 5 (100%) 2 (100%)
Postural instability* 15 (51.7%) 0 (0%) 1 (50.0%) 5 (100%) 2 (100%)

MSA 5 multiple system atrophy; NA 5 not applicable; PMD 5 psychogenic movement disorders; PSP 5 progressive supranuclear palsy;
SD 5 standard deviation; UPDRS 5 Unified Parkinson’s Rating Scale.
* Values are expressed as the mean 6 standard deviation or n (%), unless marked otherwise.

2368 Ultrasound in Medicine and Biology Volume 40, Number 10, 2014

Author's personal copy

dopamine re-uptake transporters, assessed in the same pa-
tients by 123I-FP-CIT SPECTwith r 5 –0.417. These re-
sults appear to contrast with the findings presented by
Spiegel et al. (2006) and Doepp et al. (2008), in which
a correlation between the size of the echogenic SN area
and 123I-FP-CIT SPECT binding in PD patients was not
found. Weise et al. (2009) hypothesized that in these
studies, several patients did not actually suffer from PD,
and therefore, a correlation between the echogenic SN
area and dopamine re-uptake transporter activity might
be more difficult to detect or absent. Nevertheless, in
the present study, TCS and SPECT findings were corre-
lated not only in PD patients, but also in patients with
MSA, PSP, vascular parkinsonism, ET and PMD. This
implies that more studies are needed to confirm the rela-
tionship between TCS and SPECT findings.

Results of 31 different clinical studies with a total of
1167 PD patients examined by TCS indicated increased
SN echogenicity in approximately 90% of the patients,
with sensitivity reaching .90 % (Brooks 2010; Vlaar

et al. 2009). Also in our study, the sensitivity of TCS
for diagnosis of PD was 89.7%. Nevertheless, in the
recently published prospective study including 196
consecutive patients referred with unclear parkinsonism
and with determination of a final diagnosis after 2 y,
TCS sensitivity for the diagnosis PD was only 40%
(Bouwmans et al. 2013). The lower specificity of TCS re-
ported in our study is similar to that reported by
Bouwmans et al. (2013): 60% and 61%, respectively.
However, in other previously published studies, speci-
ficity ranged between 80% and 92%, for example, 82%
as reported by Vlaar et al. (2008b). This may be explained
by the different patient populations in the studies
mentioned. For example, the specificity was higher
(about 92%) in a control group consisting of healthy pa-
tients as compared with a control group consisting of pa-
tients with other movement disorders, as in our study
(Doepp et al. 2008; Vlaar et al. 2008b).

An enlarged and hyper-echogenic SN on TCS exam-
ination was not specific for PD. The incidence of a path-
ologic SN on TCS in patients with atypical parkinsonian
syndromes (APS) was considerably lower than that in
patients with PD. Yet there was great variation between
studies, and results also depended on the APS subtype
(Vlaar et al. 2009). A hyper-echogenic enlarged SN
was detected in 6%–43% of the patients with MSA,

Fig. 2. Correlation between bilateral substantia nigra (SN)
echogenicity measured by transcranial sonography and striatal
uptake measured by [123I]ioflupane single photon emission

computed tomography (FP-CIT SPECT) in 49 patients.

Table 4. Sensitivity, specificity and predictive values of
transcranial sonography and123I-FP-CIT SPECT in the

diagnosis of Parkinson’s disease

Transcranial sonography 123I-FP-CIT SPECT

Mean 95% CI Mean 95% CI

Sensitivity 89.7% 72.7–97.8 96.6% 82.2–99.9
Specificity 60.1% 36.1–80.9 70.0% 45.7–88.1
Positive predictive

value
76.5% 58.8–89.3 82.4% 65.5–93.2

Negative predictive
value

80.0% 51.9–95.7 93.3% 68.1–99.8

CI 5 confidence interval, 123I-FP-CIT SPECT5 [123I]ioflupane sin-
gle photon emission computed tomography.

Table 3. 123I-FP-CIT SPECT and transcranial sonography evaluations in patient subgroups

Diagnosis

123I-FP-CIT SPECT Transcranial sonography

Striatal binding ratio Positive Negative SN area Positive Negative

Parkinson’s disease* 1.65 6 0.80 28 (96.6%) 1 (3.4%) 0.30 6 0.09 26 (89.6%) 3 (10.4%)
Essential tremor* 2.56 6 0.76 1 (9.1%) 10 (90.9%) 0.18 6 0.09 2 (18.2%) 9 (81.8%)
PMD* 1.21 6 0.50 0 (0%) 2 (100%) 0.24 6 0.10 0 (0%) 2 (100%)
Atypical parkinsonian syndromes
MSA* 1.64 6 0.15 3 (60.0 %) 2 (40%) 0.33 6 0.07 5 (100%) 0 (0%)
PSP* 1.93 6 0.44 2 (100%) 0 (0%) 0.22 6 0.12? 1 (50.0%) 1 (50.0%)

123I-FP-CIT SPECT5 [123I]ioflupane single photon emission computed tomography; MSA5multiple system atrophy; PMD5 psychogenic move-
ment disorders; PSP 5 progressive supranuclear palsy; SN 5 substantia nigra.
* Values are expressed as the mean 6 standard deviation or n (%).
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0–39% of the patients with PSP and 88% of the patients
with corticobasal degeneration (B�artov�a et al. 2007;
Vlaar et al. 2009; Walter et al. 2002, 2003). The high
positivity of TCS findings in our patients with MSA (in
all five patients) and PSP (in one of the two patients)
may be influenced by the small numbers of patients in
particular subgroups. In our previous study, a hyper-
echogenic enlarged SN was detected in 43% of the
MSA patients (B�artov�a et al. 2007). In concordance
with published study results, the sensitivity of TCS in
the present study was lower than the sensitivity of SPECT
(Doepp et al. 2008; Vlaar et al. 2007).

The dopamine transporter tracer 123I-FP-CIT appears
to be a very goodmarker of dopamine pre-synaptic activity
in the brain (Kish et al. 1988; Verhoeff 2001). Its uptake in
the basal ganglia is high (the ratio between specific and
non-displaceable tracer uptake in striatum is about 6),
allowing accurate estimates of the radioactivity concentra-
tion in the basal ganglia (Verhoeff 2001). In idiopathic PD,
reduced striatal 123 I-FP-CIT SPECT density is caused by a
reduction in the number of neurons projecting from the
substantia nigra to the striatum (Kish et al. 1988;
Verhoeff 2001). The number of DATs per neuron may
also be lower than normal because of the attempt to
increase the amount of synaptic dopamine by reducing
the re-uptake (Kish et al. 1988). Many studies have
reported that 123I-b-CIT SPECT is helpful in PD diagnosis
and has a high sensitivity (Doepp et al. 2008; Pirker et al.
2002; Vlaar et al. 2007).

In recent studies, 123I-FP-CIT SPECT revealed
damage to the nigrostriatal system in 70% of patients
with pathologic SN hyper-echogenicity and olfactory
dysfunction and in 90% of patients with pathologic SN
hyper-echogenicity and mild PD (Hoehn–Yahr stage I)
(Sommer et al. 2004; Spiegel et al. 2006). Normal
SPECT scans in 5%–10% of clinically definitive PD
patients may be explained by the disease stage of
patients (Benamer et al. 2000a; Vlaar et al. 2007; Pirker
et al. 2002). Previous 123I-FP-CIT SPECT investigations
also revealed some false-negative results, and the re-
ported sensitivity ranged between 87% and 97%
(Bouwmans et al. 2013; Doepp et al. 2008). Vlaar et al.
(2008a) reported abnormal 123I-FP-CIT SPECT results
in 7 of 9 MSA patients, as well as in 4 of 6 PSP patients.
Also, in our study, 3 of the 5 MSA patients and all PSP
patients had a positive 123I-FP-CIT SPECT result. The
SPECT specificity obtained in our study is comparable
to that reported by Bouwmans et al. (2013): 70% and
68%, respectively.

Only the SPECT-measured striatal binding ratio
correlated significantly with patient age, but the agreement
was only fair. This finding is in concordance with Booij
et al. (2001). In our study, and also in other studies, no cor-
relation was found between TCS-measured SN echogenic-

ity and patient age (Berg et al. 1999; Walter et al. 2007b).
Controversial results were published in studies correlating
both SPECT-measured striatal binding ratios and TCS-
measured SN echogenicities and disease symptom dura-
tions (Benamer et al. 2000b; Walter et al. 2007b). No
such correlations were observed in the present study.

Therefore, one can hypothesize that SN hyper-
echogenicity can be regarded as a risk marker for PD.
On the contrary, abnormal SPECT findings, as a marker
of a pre-motor lesion, represent a sign of an already
ongoing neurodegenerative process. Thus, it is difficult
to compare TCS and SPECT findings in these subgroups
of patients cross-sectionally, because PD may develop
later in individuals with ET and SN hyper-echogenicity.

Some limitations of the present study should be
mentioned. The main limitations of TCS examination are
the insufficient bone window and the dependence on so-
nographer experience (Skoloudik et al. 2007; Walter
et al. 2007a). The former means this method would be
less useful in common clinical practice. The latter can be
overcome in future studies with the use of high-end sono-
graphic machines with fusion imaging technology and
automatic detection of SN features (Verhoeff 2001; Vlaar
2007). The small numbers of patients in the subgroups,
especially in the APS group, represent another limitation
of the present study. It is well known that both SPECT
and TCS are helpful in the differential diagnosis of PD
and essential tremor, but not really useful in the
differential diagnosis of PD and APS (Vlaar et al. 2007).
Thus, the results of the study are dependent on the number
of individuals included per subgroup.

Finally, an important fact is that TCS reveals the
morphologic changes of brain structures and SPECT eval-
uates the functional impairment of neurotransmission.
Some movement disorders differ only in structural pathol-
ogy, and others differ in changes in particular neurotrans-
mitter dysfunction. Therefore, a combination of SPECT
and TCS examinations should be helpful in the diagnosis
of PD and differential diagnosis of PD and APS.

CONCLUSIONS

The present study revealed a high correlation be-
tween TCS and SPECT findings in movement disorder
patients, with a fair correlation between TCS-measured
SN echogenic area as a marker of the morphologic
changes and SPECT-measured striatal binding ratio as a
marker of the functional impairment of neurotransmis-
sion in patients with parkinsonism. The sensitivity, spec-
ificity, positive predictive values and negative predictive
values were similar for both methods. The combined
use of TCS, as a non-invasive method, and SPECT may
improve diagnosis, particularly in patients with an un-
clear diagnosis.
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0–39% of the patients with PSP and 88% of the patients
with corticobasal degeneration (B�artov�a et al. 2007;
Vlaar et al. 2009; Walter et al. 2002, 2003). The high
positivity of TCS findings in our patients with MSA (in
all five patients) and PSP (in one of the two patients)
may be influenced by the small numbers of patients in
particular subgroups. In our previous study, a hyper-
echogenic enlarged SN was detected in 43% of the
MSA patients (B�artov�a et al. 2007). In concordance
with published study results, the sensitivity of TCS in
the present study was lower than the sensitivity of SPECT
(Doepp et al. 2008; Vlaar et al. 2007).

The dopamine transporter tracer 123I-FP-CIT appears
to be a very goodmarker of dopamine pre-synaptic activity
in the brain (Kish et al. 1988; Verhoeff 2001). Its uptake in
the basal ganglia is high (the ratio between specific and
non-displaceable tracer uptake in striatum is about 6),
allowing accurate estimates of the radioactivity concentra-
tion in the basal ganglia (Verhoeff 2001). In idiopathic PD,
reduced striatal 123 I-FP-CIT SPECT density is caused by a
reduction in the number of neurons projecting from the
substantia nigra to the striatum (Kish et al. 1988;
Verhoeff 2001). The number of DATs per neuron may
also be lower than normal because of the attempt to
increase the amount of synaptic dopamine by reducing
the re-uptake (Kish et al. 1988). Many studies have
reported that 123I-b-CIT SPECT is helpful in PD diagnosis
and has a high sensitivity (Doepp et al. 2008; Pirker et al.
2002; Vlaar et al. 2007).

In recent studies, 123I-FP-CIT SPECT revealed
damage to the nigrostriatal system in 70% of patients
with pathologic SN hyper-echogenicity and olfactory
dysfunction and in 90% of patients with pathologic SN
hyper-echogenicity and mild PD (Hoehn–Yahr stage I)
(Sommer et al. 2004; Spiegel et al. 2006). Normal
SPECT scans in 5%–10% of clinically definitive PD
patients may be explained by the disease stage of
patients (Benamer et al. 2000a; Vlaar et al. 2007; Pirker
et al. 2002). Previous 123I-FP-CIT SPECT investigations
also revealed some false-negative results, and the re-
ported sensitivity ranged between 87% and 97%
(Bouwmans et al. 2013; Doepp et al. 2008). Vlaar et al.
(2008a) reported abnormal 123I-FP-CIT SPECT results
in 7 of 9 MSA patients, as well as in 4 of 6 PSP patients.
Also, in our study, 3 of the 5 MSA patients and all PSP
patients had a positive 123I-FP-CIT SPECT result. The
SPECT specificity obtained in our study is comparable
to that reported by Bouwmans et al. (2013): 70% and
68%, respectively.

Only the SPECT-measured striatal binding ratio
correlated significantly with patient age, but the agreement
was only fair. This finding is in concordance with Booij
et al. (2001). In our study, and also in other studies, no cor-
relation was found between TCS-measured SN echogenic-

ity and patient age (Berg et al. 1999; Walter et al. 2007b).
Controversial results were published in studies correlating
both SPECT-measured striatal binding ratios and TCS-
measured SN echogenicities and disease symptom dura-
tions (Benamer et al. 2000b; Walter et al. 2007b). No
such correlations were observed in the present study.

Therefore, one can hypothesize that SN hyper-
echogenicity can be regarded as a risk marker for PD.
On the contrary, abnormal SPECT findings, as a marker
of a pre-motor lesion, represent a sign of an already
ongoing neurodegenerative process. Thus, it is difficult
to compare TCS and SPECT findings in these subgroups
of patients cross-sectionally, because PD may develop
later in individuals with ET and SN hyper-echogenicity.

Some limitations of the present study should be
mentioned. The main limitations of TCS examination are
the insufficient bone window and the dependence on so-
nographer experience (Skoloudik et al. 2007; Walter
et al. 2007a). The former means this method would be
less useful in common clinical practice. The latter can be
overcome in future studies with the use of high-end sono-
graphic machines with fusion imaging technology and
automatic detection of SN features (Verhoeff 2001; Vlaar
2007). The small numbers of patients in the subgroups,
especially in the APS group, represent another limitation
of the present study. It is well known that both SPECT
and TCS are helpful in the differential diagnosis of PD
and essential tremor, but not really useful in the
differential diagnosis of PD and APS (Vlaar et al. 2007).
Thus, the results of the study are dependent on the number
of individuals included per subgroup.

Finally, an important fact is that TCS reveals the
morphologic changes of brain structures and SPECT eval-
uates the functional impairment of neurotransmission.
Some movement disorders differ only in structural pathol-
ogy, and others differ in changes in particular neurotrans-
mitter dysfunction. Therefore, a combination of SPECT
and TCS examinations should be helpful in the diagnosis
of PD and differential diagnosis of PD and APS.

CONCLUSIONS

The present study revealed a high correlation be-
tween TCS and SPECT findings in movement disorder
patients, with a fair correlation between TCS-measured
SN echogenic area as a marker of the morphologic
changes and SPECT-measured striatal binding ratio as a
marker of the functional impairment of neurotransmis-
sion in patients with parkinsonism. The sensitivity, spec-
ificity, positive predictive values and negative predictive
values were similar for both methods. The combined
use of TCS, as a non-invasive method, and SPECT may
improve diagnosis, particularly in patients with an un-
clear diagnosis.
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according to the need for postnatal therapy. Design. Prospective cohort study.

Setting. University referral center. Sample. Twenty-three fetuses from singleton

alloimmunized pregnancies. Methods. Serial measurements of MCA PSV were

performed. After delivery, newborns were grouped by the need for postnatal

management into mild hemolytic disease, which required no or only photothera-

py (n = 14, group 1), and moderate hemolytic disease, where postnatal top-up or

exchange transfusions were required (n = 9, group 2). Main outcome

measures. Serial Doppler MCA PSV data transformed to multiples of the median,

analyzed with linear regression and exponential models. Results. We performed

83 measurements in group 1: 3-8 per fetus; mean GA at inclusion, 23 weeks and

65 measurements in group 2: 4-15 per fetus; mean GA at inclusion, 22 weeks.

The estimated mean slopes of the MCA PSVs increased with the degree of post-

natal therapy required (group 1: MCA PSV = 0.003 GA + 1.298; group 2: MCA

PSV = 0.035 GA + 0.436). The relative average increments (RAI) were 4.7% and

7.1%, respectively. The two groups exhibited significant differences in mean slope

and RAI (p<0.05). Conclusions. Fetuses that required postnatal transfusions due

to hemolytic disease showed an enhanced progressive increase in MCA PSVs

compared to those without transfusion requirement. This information might

enable their identification during pregnancy.

Abbreviations: AAI, absolute average increment; GA, gestational age; HDN,

hemolytic disease of newborns; MCA, middle cerebral artery; MoM, multiples

of the median; PSV, peak systolic velocity; RAI, relative average increment.
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correlation between the MCA PSV and fetal hemoglobin

levels (4–8). In mild fetal anemia, there is very little or

no increment in blood velocity in the MCA; however, in

moderate and severe fetal anemia, the MCA blood veloc-

ity increases and the detection accuracy of anemia

improves. When anemia becomes very severe (hemoglo-

bin levels of 10–30 g/L), the velocity does not increase

further (7). A single MCA PSV measurement below 1.5

multiples of the median (MoM) of the Mari nomogram

cannot reassure the investigator about the future well-

being of fetuses at risk of hemolytic disease, as it does

not describe how rapidly the anemia develops (9). There-

fore, serial measurements are necessary. Nevertheless,

70% of fetuses at risk of anemia due to red blood cell al-

loimmunization of the mother will either have no anemia

or will become only mildly anemic during the pregnancy

and will therefore not require transfusion (2). To our

knowledge, only one previous retrospective study ana-

lyzed longitudinal measurements (9). There it was dem-

onstrated that by examining the slope of the values over

time, instead of individual values, one could detect in

advance which fetuses were at risk of developing anemia.

The objective of the present study was to describe the

longitudinal trends in MCA PSV Doppler measurements

in fetuses diagnosed with mild or moderate hemolytic

disease postnatally, and managed according to the degree

of disease and to determine whether fetuses that will

postnatally require top-up or exchange transfusions could

be noninvasively identified during pregnancy.

Material and methods

The data were prospectively collected at the tertiary care

center at the Department of Obstetrics and Gynecology,

University Hospital Ostrava, Ostrava, Czech Republic. We

included fetuses with red blood cell maternal alloimmuni-

zation clinically relevant antibodies in significant titer

(D ≥ 1:32, Kell ≥ 1:8, other non-D antibodies ≥ 1:32). In

one case, prenatal fetal genotyping was performed from

free-fetal DNA isolated from the mother; in the remaining

cases, the neonatal blood group phenotype was identified

after birth. All fetuses underwent a detailed prenatal ultra-

sound evaluation. The expected date of delivery was estab-

lished by first trimester crown–rump length. All fetuses

were followed up with a minimum of three or more serial

MCA PSV measurements. The first three measurements

were done weekly. When the MCA PSV was <1.5 MoM

and the slope of the MCA PSV did not indicate that it

would cross 1.5 MoM within the next 2–3 weeks, we

extended the interval to 2–3 weeks. Apart from that, the

levels of antibodies were monitored every second to fourth

week depending on the antibody titer. During every visit a

basic ultrasound scan was performed. The decision about

delivery was based on the consensus of at least two special-

ists in maternal fetal medicine depending on cardiotoco-

gram, PSV and biophysical profile. Two sonographers

performed the measurements on one ultrasonographic

machine (Voluson E8 BT08; General Electric, GE Health-

care Technologies, Wauwatosa, WI, USA).

The MCA PSV was evaluated with the standardized

technique, previously described by Mari et al. (10). In

brief, a transverse section of the brain, which included

the thalamus and the cavum septi pellucidi, was identified

during a period of fetal rest, and the circle of Willis was

imaged with color Doppler ultrasonography. The MCA

proximal to the transducer was enlarged until it occupied

more than 50% of the image, and could be visualized

over its entire length; the sample volume (1 mm) was

superimposed on the MCA, 2 mm after its origin from

the internal carotid artery. The angle between the direc-

tion of blood flow and the ultrasound beam was main-

tained as closely as possible to 0°, and when uniform

waveforms (between 15 and 30) were recorded, the high-

est point of the waveform (the PSV) was measured.

All newborns underwent clinical examination. Neonatal

blood counts from the umbilical vein were performed

immediately after delivery. Hemolytic disease of newborns

(HDN) was confirmed by positive Coombs test, anemia

and/or elevated bilirubin at birth or its sharp rise within

24 hours of birth. Further management and treatment

indications were performed according to the American

Academy of Pediatrics guidelines and the Czech Society

of Neonatology guidelines (11,12). The newborns were

later assigned to one of two groups: group 1 required no

therapy or phototherapy only (mild HDN); group 2

required a postnatal top-up or exchange transfusion

(moderate HDN).

Data analysis

Two types of the mathematical analyses were performed

for both groups, based on an exponential model and a

linear model. Serial Doppler measurements of MCA PSV

from individual fetuses were analyzed with the exponen-

tial model ([MCA PSV] = K.eRAI.GA), where K is a pro-

portional parameter, RAI is the relative average increment

and GA is gestational age. The data were fitted with the

model to determine the rate of change. From these data,

the RAI in the MCA PSV as a function of GA was calcu-

lated for the two groups. The mean RAI in the MCA PSV

as function of GA was calculated for each group with the

confidence interval (CI), and exponential trends were

modeled.

The measurements from individual fetuses were analyzed

with a simple linear regression model ([MCA PSV] =
AAI.GA + L), where L is a proportional parameter and
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AAI (absolute average increment) represents the mean rate

of change in the MCA PSV (mean slope). The mean slope

of the MCA PSV as a function of GA was calculated for

each group,and longitudinal trends were modeled.

Differences between and within the groups were evalu-

ated with the Mann–Whitney U-test for independent

samples. The values of MCA PSV were expressed in units

of MoM, according to Mari et al. (2). A p-value <0.05
indicated statistical significance. MEDCALC software

(Version 12.7.5.0; MedCalc Software, Mariakerke, Bel-

gium) and OFFICE EXCEL 2007 (Microsoft Corporation,

Redmond, WA, USA) were used for calculations and

trend modeling.

Results

A total of 148 measurements were performed on 23

fetuses. Group 1 (mild HDN) included 14 fetuses with 83

Table 1. Maternal and neonatal clinical characteristics in groups with different degrees of hemolytic disease of newborn.

Parameter

Mild HDN

(n = 14)

Moderate HDN

(n = 9) p-valuea

Maternal age (years) 29 (22–41) 32 (27–38) 0.33

Parity 2 (1–7) 2 (2–5) 0.49

Gestational age at inclusion (weeks) 21.5 (18–32) 22 (18–29) 0.59

Gestational age at delivery (weeks) 38 (35–41) 36 (34–37) 0.01

Birthweight (g) 3090 (2500–3800) 2450 (1950–3420) 0.01

Number of measurements 6.5 (3–8) 7 (4–15) 0.42

Hemoglobin UV (g/L) 152 (121–179) 116 (97–173) <0.01

Total bilirubin UV (lmol/L) 39.9 (27.2–54.9) 78.8 (58.1–107.4) <0.01

Reticulocytes UV (%) 3.8 (1.3–7.6) 4.6 (0.2–11.3) 0.12

Neonatal intensive care unit (days) 0 (0–6) 6 (2–23) <0.01

Phototherapy (hours) 0 (0–316) 201 (107–399) <0.01

Neonates who received transfusions 0 9 –

Data represent the median (range).

HDN, hemolytic disease of newborn; UV, umbilical vein.
aMann–Whitney U-test for independent samples.
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Figure 1. Serial Doppler measurements of the middle cerebral artery peak systolic velocity (MCA PSV) increased exponentially as a function of

gestational age (GA). Each heavy line represents the average exponential fit to data from fetuses with either mild hemolytic disease of the

newborn (continuous line, MCA PSV = Ke0.047.GA) or moderate hemolytic disease of the newborn (heavy dashed line, MCA PSV = Ke0.071.GA).

Only the exponential lines that were fitted to at least three serial measurements were included in the average lines shown. The dotted lines

represent the confidence limits.

ª 2014 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 93 (2014) 1059–1064 1061

O. Simetka et al. MCA PSV changes in fetuses with HDN

46 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014



correlation between the MCA PSV and fetal hemoglobin

levels (4–8). In mild fetal anemia, there is very little or

no increment in blood velocity in the MCA; however, in

moderate and severe fetal anemia, the MCA blood veloc-

ity increases and the detection accuracy of anemia

improves. When anemia becomes very severe (hemoglo-

bin levels of 10–30 g/L), the velocity does not increase

further (7). A single MCA PSV measurement below 1.5

multiples of the median (MoM) of the Mari nomogram

cannot reassure the investigator about the future well-

being of fetuses at risk of hemolytic disease, as it does

not describe how rapidly the anemia develops (9). There-

fore, serial measurements are necessary. Nevertheless,

70% of fetuses at risk of anemia due to red blood cell al-

loimmunization of the mother will either have no anemia

or will become only mildly anemic during the pregnancy

and will therefore not require transfusion (2). To our

knowledge, only one previous retrospective study ana-

lyzed longitudinal measurements (9). There it was dem-

onstrated that by examining the slope of the values over

time, instead of individual values, one could detect in

advance which fetuses were at risk of developing anemia.

The objective of the present study was to describe the

longitudinal trends in MCA PSV Doppler measurements

in fetuses diagnosed with mild or moderate hemolytic

disease postnatally, and managed according to the degree

of disease and to determine whether fetuses that will

postnatally require top-up or exchange transfusions could

be noninvasively identified during pregnancy.

Material and methods

The data were prospectively collected at the tertiary care

center at the Department of Obstetrics and Gynecology,

University Hospital Ostrava, Ostrava, Czech Republic. We

included fetuses with red blood cell maternal alloimmuni-

zation clinically relevant antibodies in significant titer

(D ≥ 1:32, Kell ≥ 1:8, other non-D antibodies ≥ 1:32). In

one case, prenatal fetal genotyping was performed from

free-fetal DNA isolated from the mother; in the remaining

cases, the neonatal blood group phenotype was identified

after birth. All fetuses underwent a detailed prenatal ultra-

sound evaluation. The expected date of delivery was estab-

lished by first trimester crown–rump length. All fetuses

were followed up with a minimum of three or more serial

MCA PSV measurements. The first three measurements

were done weekly. When the MCA PSV was <1.5 MoM

and the slope of the MCA PSV did not indicate that it

would cross 1.5 MoM within the next 2–3 weeks, we

extended the interval to 2–3 weeks. Apart from that, the

levels of antibodies were monitored every second to fourth

week depending on the antibody titer. During every visit a

basic ultrasound scan was performed. The decision about

delivery was based on the consensus of at least two special-

ists in maternal fetal medicine depending on cardiotoco-

gram, PSV and biophysical profile. Two sonographers

performed the measurements on one ultrasonographic

machine (Voluson E8 BT08; General Electric, GE Health-

care Technologies, Wauwatosa, WI, USA).

The MCA PSV was evaluated with the standardized

technique, previously described by Mari et al. (10). In

brief, a transverse section of the brain, which included

the thalamus and the cavum septi pellucidi, was identified

during a period of fetal rest, and the circle of Willis was

imaged with color Doppler ultrasonography. The MCA

proximal to the transducer was enlarged until it occupied

more than 50% of the image, and could be visualized

over its entire length; the sample volume (1 mm) was

superimposed on the MCA, 2 mm after its origin from

the internal carotid artery. The angle between the direc-

tion of blood flow and the ultrasound beam was main-

tained as closely as possible to 0°, and when uniform

waveforms (between 15 and 30) were recorded, the high-

est point of the waveform (the PSV) was measured.

All newborns underwent clinical examination. Neonatal

blood counts from the umbilical vein were performed

immediately after delivery. Hemolytic disease of newborns

(HDN) was confirmed by positive Coombs test, anemia

and/or elevated bilirubin at birth or its sharp rise within

24 hours of birth. Further management and treatment

indications were performed according to the American

Academy of Pediatrics guidelines and the Czech Society

of Neonatology guidelines (11,12). The newborns were

later assigned to one of two groups: group 1 required no

therapy or phototherapy only (mild HDN); group 2

required a postnatal top-up or exchange transfusion

(moderate HDN).

Data analysis

Two types of the mathematical analyses were performed

for both groups, based on an exponential model and a

linear model. Serial Doppler measurements of MCA PSV

from individual fetuses were analyzed with the exponen-

tial model ([MCA PSV] = K.eRAI.GA), where K is a pro-

portional parameter, RAI is the relative average increment

and GA is gestational age. The data were fitted with the

model to determine the rate of change. From these data,

the RAI in the MCA PSV as a function of GA was calcu-

lated for the two groups. The mean RAI in the MCA PSV

as function of GA was calculated for each group with the

confidence interval (CI), and exponential trends were

modeled.

The measurements from individual fetuses were analyzed

with a simple linear regression model ([MCA PSV] =
AAI.GA + L), where L is a proportional parameter and
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AAI (absolute average increment) represents the mean rate

of change in the MCA PSV (mean slope). The mean slope

of the MCA PSV as a function of GA was calculated for

each group,and longitudinal trends were modeled.

Differences between and within the groups were evalu-

ated with the Mann–Whitney U-test for independent

samples. The values of MCA PSV were expressed in units

of MoM, according to Mari et al. (2). A p-value <0.05
indicated statistical significance. MEDCALC software

(Version 12.7.5.0; MedCalc Software, Mariakerke, Bel-

gium) and OFFICE EXCEL 2007 (Microsoft Corporation,

Redmond, WA, USA) were used for calculations and

trend modeling.

Results

A total of 148 measurements were performed on 23

fetuses. Group 1 (mild HDN) included 14 fetuses with 83

Table 1. Maternal and neonatal clinical characteristics in groups with different degrees of hemolytic disease of newborn.

Parameter

Mild HDN

(n = 14)

Moderate HDN

(n = 9) p-valuea

Maternal age (years) 29 (22–41) 32 (27–38) 0.33

Parity 2 (1–7) 2 (2–5) 0.49

Gestational age at inclusion (weeks) 21.5 (18–32) 22 (18–29) 0.59

Gestational age at delivery (weeks) 38 (35–41) 36 (34–37) 0.01

Birthweight (g) 3090 (2500–3800) 2450 (1950–3420) 0.01

Number of measurements 6.5 (3–8) 7 (4–15) 0.42

Hemoglobin UV (g/L) 152 (121–179) 116 (97–173) <0.01

Total bilirubin UV (lmol/L) 39.9 (27.2–54.9) 78.8 (58.1–107.4) <0.01

Reticulocytes UV (%) 3.8 (1.3–7.6) 4.6 (0.2–11.3) 0.12

Neonatal intensive care unit (days) 0 (0–6) 6 (2–23) <0.01

Phototherapy (hours) 0 (0–316) 201 (107–399) <0.01

Neonates who received transfusions 0 9 –

Data represent the median (range).

HDN, hemolytic disease of newborn; UV, umbilical vein.
aMann–Whitney U-test for independent samples.
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Figure 1. Serial Doppler measurements of the middle cerebral artery peak systolic velocity (MCA PSV) increased exponentially as a function of

gestational age (GA). Each heavy line represents the average exponential fit to data from fetuses with either mild hemolytic disease of the

newborn (continuous line, MCA PSV = Ke0.047.GA) or moderate hemolytic disease of the newborn (heavy dashed line, MCA PSV = Ke0.071.GA).

Only the exponential lines that were fitted to at least three serial measurements were included in the average lines shown. The dotted lines

represent the confidence limits.
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measurements (range 3–8/fetus). Group 2 (moderate

HDN) included nine fetuses with 65 measurements

(range 4–15/fetus). The characteristics of the study popu-

lation are given in Table 1. All women were Caucasian.

All fetuses were delivered after 34 weeks of gestation. Red

cell alloantibodies observed in the mild HDN group

included D (n = 8), c (n = 1), E (n = 2), K (n = 2) and s

(n = 1). Those observed in the moderate HDN group

included D (n = 8) and E (n = 1). The umbilical venous

blood hemoglobin levels differed significantly between the

groups.

In the exponential model, the estimated mean average

increment for mild HDN (MCA PSV = K e 0.047.GA) was

4.7% and for moderate HDN (MCA PSV = K e 0.071.GAx)

7.1% (Figure 1). In individual cases RAI increased with

the requirement for more intense postnatal therapy and

was significantly different between fetuses with mild and

those with moderate hemolytic disease (p < 0.05).

In the linear model, the estimated mean rate of change

for both mild HDN (MCA PSV = 0.003.GA + 1.298) and

moderate HDN (MCA PSV = 0.035.GA + 0.436)

increased with the degree of required postnatal therapy.

The mean slopes were 0.3 and 3.5% for fetuses with mild

and moderate HDN, respectively (Figure 2) and were sig-

nificantly different between the two groups (p < 0.05;

Figure 3).

Discussion

This study demonstrated that the plot of at least three

serial MCA PSV measurements over time exhibited a slope

that increased with the degree of HDN. We found a signif-

icant difference in mean slope and RAI of MCA PSV

between fetuses with mild and moderate HDN. This find-

ing suggested that it may be possible to differentiate

between fetuses that develop mild HDN but require little

or no postnatal therapy and fetuses that develop moderate

HDN, which requires a top-up or exchange transfusion

0.8

1

1.2

1.4

1.6

1.8

2

2.2

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

M
CA

 P
SV

  (
M

oM
)

Gestational age (weeks)

Figure 2. Serial Doppler measurements of the middle cerebral artery peak systolic velocity (MCA PSV) observed over time were transformed to
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after delivery. This information might be useful in the

management of at-risk pregnancies, because it can identify

which fetuses will benefit from closer surveillance during

pregnancy and better planning of the delivery. For exam-

ple, identification of a fetus with mild HDN that will

require low-intensity therapy could provide a basis for

postponing the delivery, which would decrease the risk of

preterm delivery. In fact, the more advanced GA in the

mild HDN group (38 vs. 36 weeks; Table 1) reflects such a

policy.

To our knowledge, to date, only one previous retro-

spective study by Detti et al. showed that, by determining

the slope of the line joining at least three measurements,

it was possible to identify a fetus that had developed

moderate or severe anemia. They showed that the rate of

increase in MCA PSV values was greater in moderate or

severe anemia than when there was mild or no anemia

(9). In the present study, we aimed to extend that obser-

vation. Our results showed that Doppler measurements

were sufficiently sensitive to clearly distinguish between

fetuses with moderate hemolytic disease and those with

mild hemolytic disease. This finding represents a means

to determine whether a fetus will require transfusion after

delivery.

The main strengths of this study were the prospective

collection of the data, the comparatively large number of

measurements, that all measurements were performed

with one type of ultrasound machine and only two so-

nographers who used one standardized protocol. The pri-

mary weakness of the study was the limited

reproducibility of the results due to its monocentric char-

acter. Larger, multicenter studies are needed to confirm

our findings.

We support the caution stated by Detti et al. that a

single MCA PSV measurement below the cut-off point

of 1.50 MoM should not reassure the investigator about

the future well-being of a fetus at risk for anemia.

Instead of focusing on a single value, the investigator

should consider the RAI in the MCA PSV. The rate of

increase informs the investigator in advance of whether

the fetus is at risk for developing HDN, even when the

MCA PSV values are in the healthy range. Patient coun-

seling or planning the next visit can be based on the

calculated trend in the MCA PSV, and the physician can

project the approximate time that anemia is likely to

develop.

We have demonstrated that fetuses that are likely to

require postnatal transfusion due to hemolytic disease

show a more rapid increase in MCA PSV than those who

will manage without transfusions. This feature provides a

tool that can be used during the pregnancy to determine

whether the fetus will require transfusion therapy after

delivery.
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measurements (range 3–8/fetus). Group 2 (moderate

HDN) included nine fetuses with 65 measurements

(range 4–15/fetus). The characteristics of the study popu-
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after delivery. This information might be useful in the

management of at-risk pregnancies, because it can identify

which fetuses will benefit from closer surveillance during

pregnancy and better planning of the delivery. For exam-

ple, identification of a fetus with mild HDN that will

require low-intensity therapy could provide a basis for

postponing the delivery, which would decrease the risk of

preterm delivery. In fact, the more advanced GA in the

mild HDN group (38 vs. 36 weeks; Table 1) reflects such a

policy.

To our knowledge, to date, only one previous retro-

spective study by Detti et al. showed that, by determining

the slope of the line joining at least three measurements,

it was possible to identify a fetus that had developed

moderate or severe anemia. They showed that the rate of

increase in MCA PSV values was greater in moderate or

severe anemia than when there was mild or no anemia

(9). In the present study, we aimed to extend that obser-

vation. Our results showed that Doppler measurements

were sufficiently sensitive to clearly distinguish between

fetuses with moderate hemolytic disease and those with

mild hemolytic disease. This finding represents a means

to determine whether a fetus will require transfusion after

delivery.

The main strengths of this study were the prospective

collection of the data, the comparatively large number of

measurements, that all measurements were performed

with one type of ultrasound machine and only two so-

nographers who used one standardized protocol. The pri-

mary weakness of the study was the limited

reproducibility of the results due to its monocentric char-

acter. Larger, multicenter studies are needed to confirm

our findings.

We support the caution stated by Detti et al. that a

single MCA PSV measurement below the cut-off point

of 1.50 MoM should not reassure the investigator about

the future well-being of a fetus at risk for anemia.

Instead of focusing on a single value, the investigator

should consider the RAI in the MCA PSV. The rate of

increase informs the investigator in advance of whether

the fetus is at risk for developing HDN, even when the

MCA PSV values are in the healthy range. Patient coun-

seling or planning the next visit can be based on the

calculated trend in the MCA PSV, and the physician can

project the approximate time that anemia is likely to

develop.

We have demonstrated that fetuses that are likely to

require postnatal transfusion due to hemolytic disease

show a more rapid increase in MCA PSV than those who

will manage without transfusions. This feature provides a

tool that can be used during the pregnancy to determine

whether the fetus will require transfusion therapy after

delivery.
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muscle tissue is dependent on the levels of
hemoglobin and central venous oxygen saturation:
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Abstract

Background: Traumatic hemorrhagic shock resulting in tissue hypoxia is a significant cause of morbidity and
mortality in polytraumatized patients. Early identification of tissue hypoxia is possible with microdialysis. The aim of
this study was to determine the correlation between a marker of tissue hypoxia (L/P; lactate to pyruvate ratio) and
selected parameters of systemic oxygen delivery (Hb; hemoglobin) and oxygen extraction (ScvO2; central venous
oxygen saturation). We also investigated the severity of tissue hypoxia over the course of care.

Methods: Adult patients with traumatic hemorrhagic shock were enrolled in this prospective, observational study.
Microdialysis of the peripheral muscle tissue was performed. Demographic data and timeline of care were collected.
Tissue lactate, pyruvate, glycerol, glucose levels, hemoglobin, serum lactate and oxygen saturation of the central
venous blood (ScvO2) levels were also measured.

Results: The L/P ratio trend may react to changes in systemic hemoglobin levels with a delay of 7 to 10 hours,
particularly when systemic hemoglobin levels are increased by transfusion. Decrease in tissue L/P ratio may react to
increase in ScvO2 with a delay of up to 10 hours, and such a decrease may signify elimination of tissue hypoxia after
transfusion. We also observed changes in the L/P trend in the 13 hours preceding a change in the hemoglobin level.
Fluid administration, which is routinely used as a first-line treatment of hypovolemic shock, can cause hemodilution
and decreased hemoglobin. When ScvO2 decreases, increase in L/P ratio may precede the ScvO2 trend by 10 or 11
hours. An increase in the L/P ratio is an early warning sign of insufficient tissue oxygenation and should lead to
intensive observation of hemoglobin levels, ScvO2 and other hemodynamic parameters. Patients who were
treated more rapidly had lower maximal L/P values and a lower degree of tissue ischemia.

Conclusion: The L/P ratio is useful to identify tissue ischemia and can estimate the effectiveness of fluid
resuscitation. An increase in the L/P ratio is an early warning sign of inadequate tissue oxygenation and should
lead to more detailed hemodynamic and laboratory monitoring. This information cannot usually be obtained
from global markers.

Keywords: Microdialysis, Shock, Lactate, Hemoglobin
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Background
Polytrauma is the most frequent cause of death in adults
up to 40 years old, and the incidence of death by trauma
is 60-80/100,000 traumas in developed countries. A key
cause of morbidity and mortality in polytraumatized
patients is hemorrhagic shock. Hemorrhage leads to de-
creased oxygen delivery to tissues and causes severe tis-
sue hypoxia and oxygen debt, which is a core cause of
multi-organ failure [1]. Hemoglobin is one of the deter-
minants of oxygen delivery, and one of the first com-
pensatory reactions to a decrease in hemoglobin is an
increase in oxygen extraction and thus decreased central
venous oxygen saturation (ScvO2). The aim of this study
was to investigate the dependence of tissue hypoxia on
hemoglobin and ScvO2 levels.
Adequate therapy of hemorrhagic shock is guided by

the clinical status of the patient and global parameters of
circulation and metabolism. Identification of both occult
and inadequately resuscitated shock is a major clinical
problem, and occult shock can be present with normal
hemodynamics [2]. Markers for assessing the degree and
duration of shock are still controversial. Clinicians can
use heart rate, blood pressure, urine output, invasive
hemodynamic monitoring of cardiac output including
oxygen delivery and consumption, central venous oxy-
gen saturation or metabolic markers such as lactate
and base deficit to guide their therapy. Elevated blood
lactate levels are associated with increased mortality and
morbidity and can be elevated without clinical signs of
shock [3]. Shock is a state of hypoperfusion at the cellular
level that occurs when the delivery of oxygen (DO2) to
tissues falls below the tissue oxygen consumption (VO2).
Oxygen delivery is dependent on blood flow and arterial
oxygen content. An imbalance between the delivery and
consumption of oxygen leads to the development and ac-
cumulation of an oxygen debt. Different DO2 distributions
to various tissue beds may result in isolated organ ische-
mia before the occurrence of whole-body ischemia and
before the detection of elevated systemic markers of
ischemia. Decreased DO2 to critical oxygen delivery levels,
when increased oxygen extraction past the extraction limit
is not possible, causes a proportional decrease in VO2 and
the emergence of an oxygen debt. This phenomenon leads
to multi-organ dysfunction syndrome, which is a leading
cause of morbidity and mortality in trauma. Resuscitation
efforts should be focused on preventing further oxygen
debt accumulation and repayment of the current oxygen
debt. The main problem is the resolution of the emerging
oxygen debt because its origin is at the cellular level [4].
Changes at the level of the macrocirculation are preceded
by changes at the level of individual cells, the smallest
capillaries and the extracellular fluid. Neither the effective
supply of oxygen required by cells nor their ability to
utilize that oxygen are known. Timely recognition of

changes in metabolism at the cellular level may lead to
more effective treatment of patients.
Resuscitation management in polytraumatized patients

with hemorrhagic shock has been well described [5].
The major tasks are rapidly and correctly identifying
severely traumatized patients and the early identification
of patients with severe hemorrhagic shock. In addition
to vital signs, either serum lactate levels or base deficit
measurements are recommended as sensitive tests to es-
timate the extent of the shock. It is expected that lactate
levels will track the oxygen debt, but in some clinical
conditions, lactate levels may normalize without tissue
oxygen debt resolution [6]. The key issue is the type and
amount of fluid therapy that is needed to restore oxygen
delivery and repay the oxygen debt. Low-volume resuscita-
tion is recommended, including the use of vasopressors
and fluid administration, with a hemoglobin target of 7 to
9 g/dl [5]. The administration of fluids in hemorrhagic
shock can be sufficient to maintain adequate oxygen deliv-
ery to tissues but may not be high enough to dislodge clots,
leading to deterioration of the coagulation pathway and
increased blood loss. Eliminate of tissue hypoxia based
on L/P normalization could be an exact end-point for fluid
administration. Improvements in monitoring techniques
could influence outcomes in these challenging patients [7].
Capillaries and the extracellular fluid envelope cells

and form a network through which nutrients and oxygen
are distributed and metabolic products are removed. All
these molecules can be monitored by analysis of the
extracellular fluid with microdialysis. Monitoring by mi-
crodialysis could help guide the therapy of critically ill
patients [8].
Microdialysis consists of the continuous collection of

extracellular fluid with a microdialysis probe inserted
into the tissue and subsequent analysis of this dialysate
using a biochemical analyzer. The microdialysis probe,
due to its behavior and construction, imitates a blood
capillary. The probe can be inserted into any tissue. Nu-
merous studies have described its use in the liver, intes-
tines, muscle and adipose tissue [9-11]. After insertion
of the probe into the tissue, the probe comes into con-
tact with the extracellular fluid. The probe is continually
flushed with a solution of known composition at a set
perfusion speed. This process enables an exchange of
substances between the dialysis solution and the extra-
cellular fluid. The dialysate is subsequently collected into
microvials and analyzed.
The primary substances that provide information about

the degree of anaerobic metabolism and energy use in-
clude lactate, pyruvate, glycerol and glucose. The serum
lactate level is the result of both lactate production, which
occurs during ischemia or stress, and consumption, which
occurs as the lactate enters the metabolism in the form of
an energetic substrate in tissues such as the liver, heart or
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Polytrauma is the most frequent cause of death in adults
up to 40 years old, and the incidence of death by trauma
is 60-80/100,000 traumas in developed countries. A key
cause of morbidity and mortality in polytraumatized
patients is hemorrhagic shock. Hemorrhage leads to de-
creased oxygen delivery to tissues and causes severe tis-
sue hypoxia and oxygen debt, which is a core cause of
multi-organ failure [1]. Hemoglobin is one of the deter-
minants of oxygen delivery, and one of the first com-
pensatory reactions to a decrease in hemoglobin is an
increase in oxygen extraction and thus decreased central
venous oxygen saturation (ScvO2). The aim of this study
was to investigate the dependence of tissue hypoxia on
hemoglobin and ScvO2 levels.
Adequate therapy of hemorrhagic shock is guided by

the clinical status of the patient and global parameters of
circulation and metabolism. Identification of both occult
and inadequately resuscitated shock is a major clinical
problem, and occult shock can be present with normal
hemodynamics [2]. Markers for assessing the degree and
duration of shock are still controversial. Clinicians can
use heart rate, blood pressure, urine output, invasive
hemodynamic monitoring of cardiac output including
oxygen delivery and consumption, central venous oxy-
gen saturation or metabolic markers such as lactate
and base deficit to guide their therapy. Elevated blood
lactate levels are associated with increased mortality and
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level that occurs when the delivery of oxygen (DO2) to
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supply of oxygen required by cells nor their ability to
utilize that oxygen are known. Timely recognition of

changes in metabolism at the cellular level may lead to
more effective treatment of patients.
Resuscitation management in polytraumatized patients

with hemorrhagic shock has been well described [5].
The major tasks are rapidly and correctly identifying
severely traumatized patients and the early identification
of patients with severe hemorrhagic shock. In addition
to vital signs, either serum lactate levels or base deficit
measurements are recommended as sensitive tests to es-
timate the extent of the shock. It is expected that lactate
levels will track the oxygen debt, but in some clinical
conditions, lactate levels may normalize without tissue
oxygen debt resolution [6]. The key issue is the type and
amount of fluid therapy that is needed to restore oxygen
delivery and repay the oxygen debt. Low-volume resuscita-
tion is recommended, including the use of vasopressors
and fluid administration, with a hemoglobin target of 7 to
9 g/dl [5]. The administration of fluids in hemorrhagic
shock can be sufficient to maintain adequate oxygen deliv-
ery to tissues but may not be high enough to dislodge clots,
leading to deterioration of the coagulation pathway and
increased blood loss. Eliminate of tissue hypoxia based
on L/P normalization could be an exact end-point for fluid
administration. Improvements in monitoring techniques
could influence outcomes in these challenging patients [7].
Capillaries and the extracellular fluid envelope cells

and form a network through which nutrients and oxygen
are distributed and metabolic products are removed. All
these molecules can be monitored by analysis of the
extracellular fluid with microdialysis. Monitoring by mi-
crodialysis could help guide the therapy of critically ill
patients [8].
Microdialysis consists of the continuous collection of

extracellular fluid with a microdialysis probe inserted
into the tissue and subsequent analysis of this dialysate
using a biochemical analyzer. The microdialysis probe,
due to its behavior and construction, imitates a blood
capillary. The probe can be inserted into any tissue. Nu-
merous studies have described its use in the liver, intes-
tines, muscle and adipose tissue [9-11]. After insertion
of the probe into the tissue, the probe comes into con-
tact with the extracellular fluid. The probe is continually
flushed with a solution of known composition at a set
perfusion speed. This process enables an exchange of
substances between the dialysis solution and the extra-
cellular fluid. The dialysate is subsequently collected into
microvials and analyzed.
The primary substances that provide information about

the degree of anaerobic metabolism and energy use in-
clude lactate, pyruvate, glycerol and glucose. The serum
lactate level is the result of both lactate production, which
occurs during ischemia or stress, and consumption, which
occurs as the lactate enters the metabolism in the form of
an energetic substrate in tissues such as the liver, heart or
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brain. The tissue lactate level is solely the result of lactate
production. The arterial serum lactate concentration,
which is routinely monitored, reflects the condition of the
whole organism. However, normal serum lactate values do
not provide any information about the regional state of tis-
sues. Patients in shock exhibit a difference in the level of
lactate between the tissues and the blood [12]. The most
important value is the lactate/pyruvate (L/P) ratio in the
extracellular fluid, which serves as a timely marker of
emerging ischemia and allows for the monitoring of
hemorrhagic shock [13,14]. An increase in the L/P ratio
to > 25 indicates the onset of anaerobic metabolism [15].
The L/P ratio may be helpful in discriminating between
different mechanisms of hyperlactatemia and to distin-
guish the anaerobic portion of lactate production. Hyper-
lactatemia and a simultaneously elevated L/P ratio in
patients is associated with a higher mortality than hyper-
lactatemia with a normal L/P ratio. The L/P ratio is there-
fore a more complex and precise marker of ischemic
conditions [16]. When using the L/P ratio, differences in
the lactate levels between ischemic and non-ischemic tis-
sues can be distinguished [17].
Monitoring of the tissue metabolism and microcircula-

tion is a topic in many studies. The main development
of this method has been in neurocritical care, and mi-
crodialysis has become an important component of
multimodal monitoring [18]. The Brain Trauma Founda-
tion guidelines recommend tissue metabolism monitoring.
Microdialysis has been shown to be effective in septic
shock [19], but septic shock exhibits a different type of
microcirculatory dysfunction compared with hemorrhagic
shock [20]. Blood transfusion results in a decrease in the
L/P ratio in septic patients [21]. The L/P ratio may detect
organ ischemia earlier than an increase in intra-abdominal
pressure and much earlier than signs of organ failure due
to abdominal compartment syndrome [22]. Microdialysis
also allows for monitoring of the levels of pharmaceuticals
in tissues, the availability of antibiotics and chemothera-
peutics, and the immunological state of patients by analyz-
ing tissue cytokines [23-27]. Microdialysis is a sufficiently
sensitive method for monitoring anaerobic metabolism
and it positively correlates with pro-inflammatory markers
[28]. This technique can also be used during surgery or
transplantation [29]. A slight modification of the method
makes it suitable for monitoring the degree of blood per-
fusion in individual tissues through blood-flow markers,
such as ethanol [30] or urea [31-33]. Microdialysis shows
great theoretical potential for use in experimental and
clinical medicine.
The primary goal of this study was to determine the

correlation between a marker of tissue hypoxia (L/P
ratio) and selected parameters of systemic oxygen de-
livery (Hb; hemoglobin) and oxygen extraction (ScvO2;
central venous oxygen saturation). The secondary goal

was to investigate the severity of tissue hypoxia during
the course of care (pre-hospital care, care in the emergency
department and operating room care).

Methods
Polytrauma patients between 18 and 60 years of age
were enrolled in this prospective, observational study. All
the participants presented with signs of serious traumatic
hemorrhagic shock with an estimated blood loss exceeding
1 l. Monitoring was initiated as soon as possible after ad-
mission to the emergency department and always within 6
hours. The recorded parameters included demographic
data, timeline of care, hemoglobin level, ScvO2 level and
serum lactate level. A CMA 60 microdialysis probe (CMA
Microdialysis AB, Stockholm, Sweden) was placed into the
deltoid muscle. We used CMA Perfusion Fluid T1 dialysis
solution (a lactate-free Ringer solution). Perfusion was ac-
complished with a CMA 106 pump at a constant speed
of 0.3 μl/min. Subsequent analysis was performed with
the CMA Iscus Flex (CMA Microdialysis AB) analyzer
using a set of reagents for the analysis of lactate, pyruvate,
glycerol and glucose (CMA Reagent Set A). The tissue
values were analyzed in 1-hour intervals. Complete blood
count and ScvO2 were measured in 8-hour intervals, but
at least every 2 hours following the administration of
blood products, using a biochemical analyzer (Roche
Cobas b221 OMNI S). The normal tissue concentrations
of the examined metabolites are presented in Table 1. The
ethics committee University hospital Ostrava in Czech Re-
public approved the study and each of the study subjects
signed an informed consent form approved by the ethics
committee.
We used R software version 2.15.2 for the statistical

analysis. The data were divided into time intervals by
linear interpolation. A total of 30 time shifts of one hour
were assessed independently for hemoglobin and ScvO2,
resulting in 302 different models. For each model, we
tested the dependence with a t-test adjusted by the
Holm scheme for multiple comparisons. The results of
the tests are depicted in the form of a heat map. On this
map, every point represents an individual model for a
time shift of the trends in hemoglobin and ScvO2 towards
the L/P ratio. The colors represent the value of statistical
significance, with the deep red color representing statistical

Table 1 Cut-off values for the tissue concentrations of
metabolites in muscle tissue

Glucose 5 mmol/l

Lactate 2 mmol/l

Pyruvate 120 μmol/l

Lactate/Pyruvate >25

Glycerol 200 μmol/l

(Valid for flow at 0.3 μl/min and a 3-cm membrane length).
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significance of p < 0.05. We also investigated whether a
correlation existed between the duration of pre-hospital
care, the care provided in the emergency department,
the duration of surgical procedures, and the L/P ratio
(TICU = sum of prehospital care, care in the emergency
department and operative time, it is time before ICU
admission).

Results
A total of 36 patients were included in the statistical
analysis.
The correlation between the L/P ratio and its depend-

ence on the level of hemoglobin and ScvO2 in time shifts
from −15 to +15 hours is shown in Figure 1. The red areas
indicate the strongest correlation (p = 0.05). A strong cor-
relation was found between the trend of the L/P ratio and
hemoglobin from −7 to −10 hours and in the +13 hour. In
other words, the tissue L/P ratio may react to changes in
systemic hemoglobin values with a 7- to 10-hour delay.
However, it may also manifest up to 13 hours in advance.
Similar results were obtained for the ScvO2 trend, which
showed a strong correlation in hour −10 and between
hours +10 and +11.
Table 2 illustrates the times of care; the highest L/P ra-

tios and the lowest hemoglobin values in the first 12 and
24 hours; the time during which the patients had L/P

ratios > 25, 30 and 35; and the median and mean L/P ra-
tios in individual patients.
Figure 2 presents the duration of tissue ischemia with

L/P ratios exceeding 25 according to the length of care.
In the TICU ≤ 240 minutes treatment group, the median
value of the maximal L/P ratio in the first 12 resp. 24
hours was 22.9 resp. 23.55. For the group TICU > 240 mi-
nutes, the corresponding values of the maximal L/P ratio
was 30.3 in the first 12 hours and 29.15 in the first 24
hours. The duration of the period in which the L/P ratio
was > 25 was 1 hour in the faster treatment group and
7.5 hours in the group with the longer treatment duration
(p = 0.05). The severity of the trauma was comparable in
both groups (the ISS score in the TICU ≤ 240 minutes
group was 41, and it was 45 in the TICU > 240 minutes
group), and both groups had the same average age
(41 years in the TICU ≤ 240 minutes group and 39 years in
the TICU > 240 minutes group).

Discussion
If we attempt to draw clinical conclusions from the moni-
tored tissue values, it is very important to understand that
the tissue values represent the state of cells in the moni-
tored area only. The aim of this study was determine how
these values correspond to the global parameters that are
routinely measured in the intensive care unit, particularly

Figure 1 Correlation of the tissue lactate/pyruvate ratio with time shifts in hemoglobin levels (Hb) and central venous oxygen saturation
(ScvO2). Significance is indicated with colors: the areas of deep red color represent p < 0.05.
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brain. The tissue lactate level is solely the result of lactate
production. The arterial serum lactate concentration,
which is routinely monitored, reflects the condition of the
whole organism. However, normal serum lactate values do
not provide any information about the regional state of tis-
sues. Patients in shock exhibit a difference in the level of
lactate between the tissues and the blood [12]. The most
important value is the lactate/pyruvate (L/P) ratio in the
extracellular fluid, which serves as a timely marker of
emerging ischemia and allows for the monitoring of
hemorrhagic shock [13,14]. An increase in the L/P ratio
to > 25 indicates the onset of anaerobic metabolism [15].
The L/P ratio may be helpful in discriminating between
different mechanisms of hyperlactatemia and to distin-
guish the anaerobic portion of lactate production. Hyper-
lactatemia and a simultaneously elevated L/P ratio in
patients is associated with a higher mortality than hyper-
lactatemia with a normal L/P ratio. The L/P ratio is there-
fore a more complex and precise marker of ischemic
conditions [16]. When using the L/P ratio, differences in
the lactate levels between ischemic and non-ischemic tis-
sues can be distinguished [17].
Monitoring of the tissue metabolism and microcircula-

tion is a topic in many studies. The main development
of this method has been in neurocritical care, and mi-
crodialysis has become an important component of
multimodal monitoring [18]. The Brain Trauma Founda-
tion guidelines recommend tissue metabolism monitoring.
Microdialysis has been shown to be effective in septic
shock [19], but septic shock exhibits a different type of
microcirculatory dysfunction compared with hemorrhagic
shock [20]. Blood transfusion results in a decrease in the
L/P ratio in septic patients [21]. The L/P ratio may detect
organ ischemia earlier than an increase in intra-abdominal
pressure and much earlier than signs of organ failure due
to abdominal compartment syndrome [22]. Microdialysis
also allows for monitoring of the levels of pharmaceuticals
in tissues, the availability of antibiotics and chemothera-
peutics, and the immunological state of patients by analyz-
ing tissue cytokines [23-27]. Microdialysis is a sufficiently
sensitive method for monitoring anaerobic metabolism
and it positively correlates with pro-inflammatory markers
[28]. This technique can also be used during surgery or
transplantation [29]. A slight modification of the method
makes it suitable for monitoring the degree of blood per-
fusion in individual tissues through blood-flow markers,
such as ethanol [30] or urea [31-33]. Microdialysis shows
great theoretical potential for use in experimental and
clinical medicine.
The primary goal of this study was to determine the

correlation between a marker of tissue hypoxia (L/P
ratio) and selected parameters of systemic oxygen de-
livery (Hb; hemoglobin) and oxygen extraction (ScvO2;
central venous oxygen saturation). The secondary goal

was to investigate the severity of tissue hypoxia during
the course of care (pre-hospital care, care in the emergency
department and operating room care).

Methods
Polytrauma patients between 18 and 60 years of age
were enrolled in this prospective, observational study. All
the participants presented with signs of serious traumatic
hemorrhagic shock with an estimated blood loss exceeding
1 l. Monitoring was initiated as soon as possible after ad-
mission to the emergency department and always within 6
hours. The recorded parameters included demographic
data, timeline of care, hemoglobin level, ScvO2 level and
serum lactate level. A CMA 60 microdialysis probe (CMA
Microdialysis AB, Stockholm, Sweden) was placed into the
deltoid muscle. We used CMA Perfusion Fluid T1 dialysis
solution (a lactate-free Ringer solution). Perfusion was ac-
complished with a CMA 106 pump at a constant speed
of 0.3 μl/min. Subsequent analysis was performed with
the CMA Iscus Flex (CMA Microdialysis AB) analyzer
using a set of reagents for the analysis of lactate, pyruvate,
glycerol and glucose (CMA Reagent Set A). The tissue
values were analyzed in 1-hour intervals. Complete blood
count and ScvO2 were measured in 8-hour intervals, but
at least every 2 hours following the administration of
blood products, using a biochemical analyzer (Roche
Cobas b221 OMNI S). The normal tissue concentrations
of the examined metabolites are presented in Table 1. The
ethics committee University hospital Ostrava in Czech Re-
public approved the study and each of the study subjects
signed an informed consent form approved by the ethics
committee.
We used R software version 2.15.2 for the statistical

analysis. The data were divided into time intervals by
linear interpolation. A total of 30 time shifts of one hour
were assessed independently for hemoglobin and ScvO2,
resulting in 302 different models. For each model, we
tested the dependence with a t-test adjusted by the
Holm scheme for multiple comparisons. The results of
the tests are depicted in the form of a heat map. On this
map, every point represents an individual model for a
time shift of the trends in hemoglobin and ScvO2 towards
the L/P ratio. The colors represent the value of statistical
significance, with the deep red color representing statistical

Table 1 Cut-off values for the tissue concentrations of
metabolites in muscle tissue

Glucose 5 mmol/l

Lactate 2 mmol/l

Pyruvate 120 μmol/l

Lactate/Pyruvate >25

Glycerol 200 μmol/l

(Valid for flow at 0.3 μl/min and a 3-cm membrane length).

Burša and Pleva Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2014, 22:11 Page 3 of 9
http://www.sjtrem.com/content/22/1/11

significance of p < 0.05. We also investigated whether a
correlation existed between the duration of pre-hospital
care, the care provided in the emergency department,
the duration of surgical procedures, and the L/P ratio
(TICU = sum of prehospital care, care in the emergency
department and operative time, it is time before ICU
admission).

Results
A total of 36 patients were included in the statistical
analysis.
The correlation between the L/P ratio and its depend-

ence on the level of hemoglobin and ScvO2 in time shifts
from −15 to +15 hours is shown in Figure 1. The red areas
indicate the strongest correlation (p = 0.05). A strong cor-
relation was found between the trend of the L/P ratio and
hemoglobin from −7 to −10 hours and in the +13 hour. In
other words, the tissue L/P ratio may react to changes in
systemic hemoglobin values with a 7- to 10-hour delay.
However, it may also manifest up to 13 hours in advance.
Similar results were obtained for the ScvO2 trend, which
showed a strong correlation in hour −10 and between
hours +10 and +11.
Table 2 illustrates the times of care; the highest L/P ra-

tios and the lowest hemoglobin values in the first 12 and
24 hours; the time during which the patients had L/P

ratios > 25, 30 and 35; and the median and mean L/P ra-
tios in individual patients.
Figure 2 presents the duration of tissue ischemia with

L/P ratios exceeding 25 according to the length of care.
In the TICU ≤ 240 minutes treatment group, the median
value of the maximal L/P ratio in the first 12 resp. 24
hours was 22.9 resp. 23.55. For the group TICU > 240 mi-
nutes, the corresponding values of the maximal L/P ratio
was 30.3 in the first 12 hours and 29.15 in the first 24
hours. The duration of the period in which the L/P ratio
was > 25 was 1 hour in the faster treatment group and
7.5 hours in the group with the longer treatment duration
(p = 0.05). The severity of the trauma was comparable in
both groups (the ISS score in the TICU ≤ 240 minutes
group was 41, and it was 45 in the TICU > 240 minutes
group), and both groups had the same average age
(41 years in the TICU ≤ 240 minutes group and 39 years in
the TICU > 240 minutes group).

Discussion
If we attempt to draw clinical conclusions from the moni-
tored tissue values, it is very important to understand that
the tissue values represent the state of cells in the moni-
tored area only. The aim of this study was determine how
these values correspond to the global parameters that are
routinely measured in the intensive care unit, particularly

Figure 1 Correlation of the tissue lactate/pyruvate ratio with time shifts in hemoglobin levels (Hb) and central venous oxygen saturation
(ScvO2). Significance is indicated with colors: the areas of deep red color represent p < 0.05.
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hemoglobin levels and ScvO2. The microcirculation of the
peripheral muscle tissue is affected very early in patients
with serious forms of traumatic hemorrhagic shock [34].
The damage is very intense and requires a long period
of recovery [4]. Tissue values may be influenced by the
centralization of the circulation or by a stress-induced
(i.e., non-ischemic) increase in lactate [35]. The interpret-
ation of lactate values [12] and the L/P ratio [21] may also
be guided by using the studies of patients with septic
shock. In those studies, the highest tissue lactate values
preceded the highest serum lactate values by 4 hours and
the L/P ratio decreased in reaction to transfusion.
The most important parameter is the interpretation of

the lactate values, particularly the L/P ratio, which is a
generally accepted marker of ischemia [36]. Both lactate
and pyruvate are influenced in the same way by local
factors, such as the centralization of circulation that
causes hypoperfusion of the peripheral tissue. The inter-
pretation of this ratio is simpler than explaining the
trend of isolated tissue lactate. The most frequently pre-
sented threshold value for the L/P ratio in ischemia is
25. Numerous papers in the literature have taken into
consideration a higher trigger point of approximately 35
or 40 [37]. It seems that the best strategy for overtly
ischemic conditions is to use L/P values over 30.
Figure 1 demonstrates that the L/P ratio trend may

react to increase in systemic hemoglobin levels with a

delay of 7 to 10 hours. Hemoglobin is one of the main
determinants of oxygen delivery, and low values in con-
junction with hypovolemia may cause tissue hypoxia.
One of the first compensatory responses is centralization
of the circulation, followed by increased cardiac output
(especially via tachycardia) and increased oxygen extraction
(via decreased ScvO2). When the oxygen demand is higher
than the oxygen extraction limit, an oxygen debt and fur-
ther tissue ischemia will develop [38]. Normalization of
the increased L/P ratio by transfusion occurred after a
delay of the aforementioned 7 to 10 hours, which indi-
cated restoration of aerobic metabolism in the tissues
and start of redemption of the oxygen debt. Similar
changes were observed in increased ScvO2 levels with
an L/P ratio delay of up to 10 hours. Ischemia of the
peripheral muscle tissue was eliminated by a significant
time interval after transfusion.
Increase in the L/P ratio may precede the ScvO2 decrease

by 10 or 11 hours. Exceeding the limit of oxygen extraction
in tissues was reflected by the increased L/P ratio. We were
able to detect this condition in advance of the ScvO2, which
is one of main indicators for transfusion [39].
We also observed changes in the L/P trend preceding a

change in the hemoglobin level up to 13 hours in advance.
Shock and centralization of the circulation could cause
high and further increasing L/P ratios due to tissue ische-
mia. Fluid administration, which is routinely used as a

Figure 2 Duration of tissue ischemia according to the duration of the treatment period. PHC, prehospital care; E, emergency care; OT,
operation time; Totals, summary of PHC + E + OT. Duration of care in intervals on the X-axis. Duration of L/P >25 on the Y-axis (relative units).
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first-line treatment of hypovolemic shock, can cause he-
modilution and decreased hemoglobin. The development
of anemia is preceded by an increase in the L/P ratio. An
increase in the L/P ratio is an early warning sign of inad-
equate oxygenation in tissues and should lead to early
control of the hemoglobin level, ScvO2 and other factors
of oxygen delivery such as hemodynamic parameters.
Table 2 and Figure 2 show the dependence of the length

of care on the L/P ratio within the first 12 and 24 hours.
The timeline of care is divided into individual stages, i.e.,
pre-hospital care, care provided in the emergency depart-
ment, and surgical time. Patients who are treated within a
shorter time frame (TICU ≤ 240 minutes) have lower max-
imal L/P ratios and generally have a shorter duration of
tissue ischemia.

Conclusion
Microdialysis is a modern method that is on the border of
experimental and clinical practice and the values moni-
tored with this technique provide new insights into the
condition of cells in critically ill patients. We can observe
the dependence of the L/P ratio on the hemoglobin level
and ScvO2, which in turn inform us about anaerobic tissue
metabolism and allow us to alter treatment. The L/P ratio
was useful to identify tissue ischemia and could estimate
the effectiveness of fluid resuscitation. Normalization of
an elevated L/P ratio could help guide resuscitation efforts
and could be an indicator for fluid administration. An
increased L/P ratio is an early warning sign of inadequate
tissue oxygenation and should lead to more detailed
hemodynamic and laboratory monitoring. This infor-
mation cannot usually be obtained from global markers.
Microdialysis has immense potential and unlimited possi-
bilities for monitoring the various molecules in many
organs and tissues. The search for the optimal marker
of adequate resuscitation continues.
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(i.e., non-ischemic) increase in lactate [35]. The interpret-
ation of lactate values [12] and the L/P ratio [21] may also
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preceded the highest serum lactate values by 4 hours and
the L/P ratio decreased in reaction to transfusion.
The most important parameter is the interpretation of
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consideration a higher trigger point of approximately 35
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Figure 1 demonstrates that the L/P ratio trend may

react to increase in systemic hemoglobin levels with a

delay of 7 to 10 hours. Hemoglobin is one of the main
determinants of oxygen delivery, and low values in con-
junction with hypovolemia may cause tissue hypoxia.
One of the first compensatory responses is centralization
of the circulation, followed by increased cardiac output
(especially via tachycardia) and increased oxygen extraction
(via decreased ScvO2). When the oxygen demand is higher
than the oxygen extraction limit, an oxygen debt and fur-
ther tissue ischemia will develop [38]. Normalization of
the increased L/P ratio by transfusion occurred after a
delay of the aforementioned 7 to 10 hours, which indi-
cated restoration of aerobic metabolism in the tissues
and start of redemption of the oxygen debt. Similar
changes were observed in increased ScvO2 levels with
an L/P ratio delay of up to 10 hours. Ischemia of the
peripheral muscle tissue was eliminated by a significant
time interval after transfusion.
Increase in the L/P ratio may precede the ScvO2 decrease

by 10 or 11 hours. Exceeding the limit of oxygen extraction
in tissues was reflected by the increased L/P ratio. We were
able to detect this condition in advance of the ScvO2, which
is one of main indicators for transfusion [39].
We also observed changes in the L/P trend preceding a

change in the hemoglobin level up to 13 hours in advance.
Shock and centralization of the circulation could cause
high and further increasing L/P ratios due to tissue ische-
mia. Fluid administration, which is routinely used as a

Figure 2 Duration of tissue ischemia according to the duration of the treatment period. PHC, prehospital care; E, emergency care; OT,
operation time; Totals, summary of PHC + E + OT. Duration of care in intervals on the X-axis. Duration of L/P >25 on the Y-axis (relative units).
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first-line treatment of hypovolemic shock, can cause he-
modilution and decreased hemoglobin. The development
of anemia is preceded by an increase in the L/P ratio. An
increase in the L/P ratio is an early warning sign of inad-
equate oxygenation in tissues and should lead to early
control of the hemoglobin level, ScvO2 and other factors
of oxygen delivery such as hemodynamic parameters.
Table 2 and Figure 2 show the dependence of the length

of care on the L/P ratio within the first 12 and 24 hours.
The timeline of care is divided into individual stages, i.e.,
pre-hospital care, care provided in the emergency depart-
ment, and surgical time. Patients who are treated within a
shorter time frame (TICU ≤ 240 minutes) have lower max-
imal L/P ratios and generally have a shorter duration of
tissue ischemia.

Conclusion
Microdialysis is a modern method that is on the border of
experimental and clinical practice and the values moni-
tored with this technique provide new insights into the
condition of cells in critically ill patients. We can observe
the dependence of the L/P ratio on the hemoglobin level
and ScvO2, which in turn inform us about anaerobic tissue
metabolism and allow us to alter treatment. The L/P ratio
was useful to identify tissue ischemia and could estimate
the effectiveness of fluid resuscitation. Normalization of
an elevated L/P ratio could help guide resuscitation efforts
and could be an indicator for fluid administration. An
increased L/P ratio is an early warning sign of inadequate
tissue oxygenation and should lead to more detailed
hemodynamic and laboratory monitoring. This infor-
mation cannot usually be obtained from global markers.
Microdialysis has immense potential and unlimited possi-
bilities for monitoring the various molecules in many
organs and tissues. The search for the optimal marker
of adequate resuscitation continues.
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Objectives: To map the brain activity during bladder filling by functional magnetic reso-
nance imaging using a refined scanning protocol including synchronous urodynamics and
pelvic floor muscle contractions.
Methods: A total of 23 healthy female volunteers (age 20–68 years) were enrolled. Par-
ticipants were asked to contract their pelvic floor muscles. This was followed by a
urodynamic examination consisting of repeated filling cycles. Brain activity was measured
by functional magnetic resonance imaging using a 3T magnetic resonance system. Meas-
urements of brain activity consisted of 120 functional scans during pelvic floor contractions
and 210 scans during bladder filling. Each functional magnetic resonance imaging scan
covered the brain with 35 slices. Statistical analyses used the general linear model
and independent component analysis. Areas of activation were visualized using group
statistics.
Results: The followingmain clusters of activation were observed during pelvic floormuscle
contractions: medial surface of the frontal lobe (primary motor area), bilaterally; supplemen-
tary motor area, bilaterally; and left gyrus precentralis. During bladder filling, activation was
detected in the inferior frontal lobe bordering the frontal cingulum, left gyrus parietalis
superior, left central area, right insula, brainstem and thalamus with subcortical gray matter
nuclei.
Conclusions: Our work extends an existing functional magnetic resonance imaging proto-
col for researching the neural control of the lower urinary tract. The present results are
consistent with the available literature and agree with the present hypothetical functional
model of lower urinary tract neural control.

Key words: functional magnetic resonance imaging, pelvic floor, urinary bladder,
urodynamics.

Introduction

In the past three decades, considerable research attention has been paid to the central neural
control of various organs. However, compared with other organs and systems, relatively few
studies have addressed neuroregulation of the LUT.

PET and fMRI have implicated the pons, periaqueductal grey, lobus insularis, anterior
cingulate gyrus and prefrontal cortex as the structures most involved in the central control of
LUT function in the human brain.1 These findings have led to the development of a hypothetical
model of the cerebral control of LUT.2 However, our understanding of the neuroregulation of
LUT and PF muscles is still incomplete, and results of existing studies are inconsistent. During
the filling phase of the micturition cycle, PF muscles contribute to maintaining continence by
gradually increasing their tone during bladder filling and through reflex contraction during a
sudden increase in abdominal pressure.3 In addition, it has been shown that a contraction of PF
muscles inhibits detrusor contraction.4

We have previously mapped brain activity during micturition.5 We observed the activation of
several brain regions at the final filling phase, but we were not able to rule out the potential brain
co-activations related to the PF muscles contraction. Based on these findings, we decided to carry
out a study dedicated to the filling phase with respect to the potential influence of either volition
or reflex PF muscles contraction.
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In order to further increase precision and better correlate
bladder function with central nervous system activity, we used
synchronous urodynamic examination and fMRI, together with
direct monitoring of the PF muscle activity.

Methods

Participants

A total of 23 right-handed healthy female volunteers aged
20–68 years were enrolled in the study. All participants were
informed of the risks associated with the study, and provided
written, informed consent. The study protocol was approved by
the Ethics Committee of Thomayer Hospital, Prague. The study
was designed in accordance with the principles of the Declara-
tion of Helsinki, World Medical Association.

Participants with the following conditions were excluded
from participation in the study: urinary infections, any LUT
symptoms, significant prolapse of the pelvic organs, dementia,
urolithiasis, history of previous malignant disease in the pelvic
area, previous irradiation therapy of the pelvis, claustrophobia,
use of medications that could influence functions of the brain or
the LUT, metallic or electronic implants, or positive pregnancy
test. Before enrolment, all participants were examined by a
physiotherapist and trained in the use of a perineometer to
ensure isolated contraction of the PF muscles.

Study design

Examinations performed on all volunteers were carried out
under antibiotic prophylaxis (ofloxacin 200 mg). A Ch6 dual-
channel catheter was inserted into the urinary bladder before
the start of each examination for bladder filling and measure-
ment of intravesical pressure. A catheter was also inserted into
the rectal ampulla for measurement of abdominal pressure for
monitoring of PF muscle activity. Both catheters were con-
nected to urodynamic pressure transducers (MMS, Enschede,
the Netherlands) located outside the examination room, and
then zeroed against atmospheric pressure in the area of the
symphysis, according to Good Urodynamic Practices.6 Before
the initial filling, a 10-min rest period was observed to allow
catheter-induced irritation to subside.

The filling phase was evaluated by infusing the bladder with
a sterile solution of 0.9% NaCl at a rate of 50 mL/min. Subjec-
tive parameters (first filling sensation, strong desire to void)
were recorded by the participant using a hand-held signaling
device. fMRI measurements were initiated after the bladder had
been filled with 100 mL of solution. After the initial bladder
filling, rapid filling and emptying of the bladder with 25 mL of
the infusion solution was initiated in order to strengthen the
sensory stimulus. Two trials of rapid filling and emptying were
carried out according to the scheme described by Griffiths
et al.5 Briefly, the protocol examined the following four sequen-
tial phases: resting phase (14 s), filling phase (25 mL over 14 s),
resting phase (14 s) and withdrawal phase (25 mL over 14 s).
The filling cycle was continued until the participant recorded a
strong desire to urinate. Then, four additional cycles of filling
and emptying of the bladder were carried out simultaneously
with continuous fMRI.

During another fMRI measurement, participants were asked
to carry out three to four PF contractions lasting approximately

6 s, followed by a resting phase of 30 s. This procedure was
repeated 10 times with 120 simultaneously carried out func-
tional scans. This data was used in the final analysis to differ-
entiate between brain activity that resulted from bladder
sensations and activity resulting from voluntary contractions of
the PF muscles.

fMRI data acquisition

All data was acquired with a 3T magnetic resonance scanner
(Siemens Trio Tim 3T; Siemens, Erlangen, Germany) using a
gradient-echo echo-planar imaging sequence (field of view =
192 × 192 mm; voxel size = 3 × 3 × 3 mm; repetition time/echo
time = 2000/30 ms; bandwidth = 2790 Hz/pixel; parallel acqui-
sition technique factor = 2). Measurements of brain activity
during PF contractions used 120 functional scans. A total of
210 scans were used in the measurement of brain activity
during bladder filling. Each fMRI dynamic covered the brain
with a total of 35 slices.

Statistical processing

Statistical evaluations were carried out using SPM8 software
(Wellcome Trust Center for Neuroimaging, http://www
.fil.ion.ucl.ac.uk/spm). fMRI data preprocessing consisted of
motion correction (realignment), slice timing and smoothing
with a Gauss filter (full width at half maximum = 6 × 6 ×
6 mm). Data was then normalized to standard Montreal Neuro-
logical Institute-152 space (Montreal Neurological Institute,
Montreal, Canada, International Consortium for Brain Mapping,
http://www.loni.ucla.edu/ICBM). Brain activity due to PF con-
tractions was statistically evaluated using the GLM with a
canonical hemodynamic response function convolved with a
block scheme describing periods of contractions and rests (6 s of
repeated contractions and 30 s of rest). Group level statistical
maps were thresholded with an uncorrected P-value of 0.0001.

Both SPM8 and GLM was also used to evaluate brain activ-
ity during bladder filling using the following two protocols: (i)
step function comparing empty versus full bladder (participant
reporting a strong desire to void) – model A; and (ii) cyclic
filling and withdrawal of 25 mL of 0.9% NaCl – model B. The
procedure used for bladder filling during fMRI is shown in
Figure 1. This figure also shows how the estimated brain activ-
ity was split into two models for statistical evaluation using
GLM. Individual statistical maps were evaluated with a thresh-
old of P ≤ 0.001 (uncorrected) or P ≤ 0.05 (adjusted for multi-
ple observations FWE). The resulting statistical maps were
included in group statistics (random effect) using a one-sample
t-test with an uncorrected threshold of P = 0.001. Parallel
evaluations used ICA for every measurement, with an identical
number (n = 20) of components and the basic initial setup of the
group ICA of fMRI toolbox program (version 1.3i, default
values of processing parameters, infomax algorithm). This ICA
analysis allowed for a comparison at the individual level of
components obtained with simultaneously carried out
urodynamic recording. The threshold of Z-score (Z = 1.0) was
used for all components.

In addition to assigning anatomical brain regions to coordi-
nates of activation cluster (position of maximum t-value within
the cluster), the software package, Marina (B Walter, University
of Giessen, Giessen, Germany), was used.
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Objectives: To map the brain activity during bladder filling by functional magnetic reso-
nance imaging using a refined scanning protocol including synchronous urodynamics and
pelvic floor muscle contractions.
Methods: A total of 23 healthy female volunteers (age 20–68 years) were enrolled. Par-
ticipants were asked to contract their pelvic floor muscles. This was followed by a
urodynamic examination consisting of repeated filling cycles. Brain activity was measured
by functional magnetic resonance imaging using a 3T magnetic resonance system. Meas-
urements of brain activity consisted of 120 functional scans during pelvic floor contractions
and 210 scans during bladder filling. Each functional magnetic resonance imaging scan
covered the brain with 35 slices. Statistical analyses used the general linear model
and independent component analysis. Areas of activation were visualized using group
statistics.
Results: The followingmain clusters of activation were observed during pelvic floormuscle
contractions: medial surface of the frontal lobe (primary motor area), bilaterally; supplemen-
tary motor area, bilaterally; and left gyrus precentralis. During bladder filling, activation was
detected in the inferior frontal lobe bordering the frontal cingulum, left gyrus parietalis
superior, left central area, right insula, brainstem and thalamus with subcortical gray matter
nuclei.
Conclusions: Our work extends an existing functional magnetic resonance imaging proto-
col for researching the neural control of the lower urinary tract. The present results are
consistent with the available literature and agree with the present hypothetical functional
model of lower urinary tract neural control.

Key words: functional magnetic resonance imaging, pelvic floor, urinary bladder,
urodynamics.

Introduction

In the past three decades, considerable research attention has been paid to the central neural
control of various organs. However, compared with other organs and systems, relatively few
studies have addressed neuroregulation of the LUT.

PET and fMRI have implicated the pons, periaqueductal grey, lobus insularis, anterior
cingulate gyrus and prefrontal cortex as the structures most involved in the central control of
LUT function in the human brain.1 These findings have led to the development of a hypothetical
model of the cerebral control of LUT.2 However, our understanding of the neuroregulation of
LUT and PF muscles is still incomplete, and results of existing studies are inconsistent. During
the filling phase of the micturition cycle, PF muscles contribute to maintaining continence by
gradually increasing their tone during bladder filling and through reflex contraction during a
sudden increase in abdominal pressure.3 In addition, it has been shown that a contraction of PF
muscles inhibits detrusor contraction.4

We have previously mapped brain activity during micturition.5 We observed the activation of
several brain regions at the final filling phase, but we were not able to rule out the potential brain
co-activations related to the PF muscles contraction. Based on these findings, we decided to carry
out a study dedicated to the filling phase with respect to the potential influence of either volition
or reflex PF muscles contraction.
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In order to further increase precision and better correlate
bladder function with central nervous system activity, we used
synchronous urodynamic examination and fMRI, together with
direct monitoring of the PF muscle activity.

Methods

Participants

A total of 23 right-handed healthy female volunteers aged
20–68 years were enrolled in the study. All participants were
informed of the risks associated with the study, and provided
written, informed consent. The study protocol was approved by
the Ethics Committee of Thomayer Hospital, Prague. The study
was designed in accordance with the principles of the Declara-
tion of Helsinki, World Medical Association.

Participants with the following conditions were excluded
from participation in the study: urinary infections, any LUT
symptoms, significant prolapse of the pelvic organs, dementia,
urolithiasis, history of previous malignant disease in the pelvic
area, previous irradiation therapy of the pelvis, claustrophobia,
use of medications that could influence functions of the brain or
the LUT, metallic or electronic implants, or positive pregnancy
test. Before enrolment, all participants were examined by a
physiotherapist and trained in the use of a perineometer to
ensure isolated contraction of the PF muscles.

Study design

Examinations performed on all volunteers were carried out
under antibiotic prophylaxis (ofloxacin 200 mg). A Ch6 dual-
channel catheter was inserted into the urinary bladder before
the start of each examination for bladder filling and measure-
ment of intravesical pressure. A catheter was also inserted into
the rectal ampulla for measurement of abdominal pressure for
monitoring of PF muscle activity. Both catheters were con-
nected to urodynamic pressure transducers (MMS, Enschede,
the Netherlands) located outside the examination room, and
then zeroed against atmospheric pressure in the area of the
symphysis, according to Good Urodynamic Practices.6 Before
the initial filling, a 10-min rest period was observed to allow
catheter-induced irritation to subside.

The filling phase was evaluated by infusing the bladder with
a sterile solution of 0.9% NaCl at a rate of 50 mL/min. Subjec-
tive parameters (first filling sensation, strong desire to void)
were recorded by the participant using a hand-held signaling
device. fMRI measurements were initiated after the bladder had
been filled with 100 mL of solution. After the initial bladder
filling, rapid filling and emptying of the bladder with 25 mL of
the infusion solution was initiated in order to strengthen the
sensory stimulus. Two trials of rapid filling and emptying were
carried out according to the scheme described by Griffiths
et al.5 Briefly, the protocol examined the following four sequen-
tial phases: resting phase (14 s), filling phase (25 mL over 14 s),
resting phase (14 s) and withdrawal phase (25 mL over 14 s).
The filling cycle was continued until the participant recorded a
strong desire to urinate. Then, four additional cycles of filling
and emptying of the bladder were carried out simultaneously
with continuous fMRI.

During another fMRI measurement, participants were asked
to carry out three to four PF contractions lasting approximately

6 s, followed by a resting phase of 30 s. This procedure was
repeated 10 times with 120 simultaneously carried out func-
tional scans. This data was used in the final analysis to differ-
entiate between brain activity that resulted from bladder
sensations and activity resulting from voluntary contractions of
the PF muscles.

fMRI data acquisition

All data was acquired with a 3T magnetic resonance scanner
(Siemens Trio Tim 3T; Siemens, Erlangen, Germany) using a
gradient-echo echo-planar imaging sequence (field of view =
192 × 192 mm; voxel size = 3 × 3 × 3 mm; repetition time/echo
time = 2000/30 ms; bandwidth = 2790 Hz/pixel; parallel acqui-
sition technique factor = 2). Measurements of brain activity
during PF contractions used 120 functional scans. A total of
210 scans were used in the measurement of brain activity
during bladder filling. Each fMRI dynamic covered the brain
with a total of 35 slices.

Statistical processing

Statistical evaluations were carried out using SPM8 software
(Wellcome Trust Center for Neuroimaging, http://www
.fil.ion.ucl.ac.uk/spm). fMRI data preprocessing consisted of
motion correction (realignment), slice timing and smoothing
with a Gauss filter (full width at half maximum = 6 × 6 ×
6 mm). Data was then normalized to standard Montreal Neuro-
logical Institute-152 space (Montreal Neurological Institute,
Montreal, Canada, International Consortium for Brain Mapping,
http://www.loni.ucla.edu/ICBM). Brain activity due to PF con-
tractions was statistically evaluated using the GLM with a
canonical hemodynamic response function convolved with a
block scheme describing periods of contractions and rests (6 s of
repeated contractions and 30 s of rest). Group level statistical
maps were thresholded with an uncorrected P-value of 0.0001.

Both SPM8 and GLM was also used to evaluate brain activ-
ity during bladder filling using the following two protocols: (i)
step function comparing empty versus full bladder (participant
reporting a strong desire to void) – model A; and (ii) cyclic
filling and withdrawal of 25 mL of 0.9% NaCl – model B. The
procedure used for bladder filling during fMRI is shown in
Figure 1. This figure also shows how the estimated brain activ-
ity was split into two models for statistical evaluation using
GLM. Individual statistical maps were evaluated with a thresh-
old of P ≤ 0.001 (uncorrected) or P ≤ 0.05 (adjusted for multi-
ple observations FWE). The resulting statistical maps were
included in group statistics (random effect) using a one-sample
t-test with an uncorrected threshold of P = 0.001. Parallel
evaluations used ICA for every measurement, with an identical
number (n = 20) of components and the basic initial setup of the
group ICA of fMRI toolbox program (version 1.3i, default
values of processing parameters, infomax algorithm). This ICA
analysis allowed for a comparison at the individual level of
components obtained with simultaneously carried out
urodynamic recording. The threshold of Z-score (Z = 1.0) was
used for all components.

In addition to assigning anatomical brain regions to coordi-
nates of activation cluster (position of maximum t-value within
the cluster), the software package, Marina (B Walter, University
of Giessen, Giessen, Germany), was used.
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Results

Brain activation during PF contraction

The main clusters of brain activation during PF contractions
were observed in the following areas: medial surface of the
frontal lobe (primary motor area), bilaterally (±4, −27, 65);
SMA, bilaterally (±2, 2, 50); and left gyrus precentralis (−43,
−13, 63). Other, less significant, clusters of activation were
observed on the left side of the medial frontal gyrus (−38, 36,
32), the right side of the medial frontal gyrus (42, 36, 32) and the
right superior temporal gyrus (62, −34, 22; Table 1 and Fig. 2).

Brain activation during bladder filling

A total of 23 participants were evaluated. Meaningful data
(evidence of brain activity) was obtained from 19 participants
(this means data where any activation could be detected at
all). The likely high level of motion could be degraded
acquired data in the case of four participants without any acti-
vation. Using bladder-filling model A, we detected activations
in the frontal lobe, left parietal gyrus and left central area
(Table 2 and Fig. 3). Bladder-filling model B triggered activa-
tion mainly in the brainstem (7, −10, −10), the subcortical

Bladder
volume
fMRI

Model A

Model B

Filling up
to 100 mL

Filling up
to maximal
capacity

Fig. 1 Schematic summarizing the procedure used for bladder filling and the

time course of fMRI. The first line represents how the volume was varied: to

begin, the bladder was filled to 100 mL (“empty bladder condition”) followed by

a cycle of filling and withdrawing 25 mL. Scanning was stopped and the bladder

was filled to maximal capacity, which was indicated by each participants (“full

bladder condition”). Immediately after maximal bladder capacity was achieved, a

second cycle of fMRI recordingwith simultaneous bladder filling andwithdrawing

was started. The second line shows when fMRI was carried out simultaneously.

The two bottom lines indicate how both models were defined for statistical

evaluation after data concatenation.

Table 1 Brain regions activated during PF contractions (P = 0.0001, t-test;

uncorrected data for nine participants in group statistic using GLM)

Brain region T Z x y z

Frontal lobe, medial surface (PMA) 10.12 4.47 ±4 −27 65

Frontal lobe, medial surface (SMA) 12.47 4.88 ±2 2 50

Central region, left precentral gyrus 8.22 3.62 −43 −13 63

Table 2 Brain regions activated during filling of the urinary bladder, tested

using model A (P = 0.001, t-test; uncorrected)

Brain region T Z x y z

Orbital surface of the inferior

frontal lobe, olfactory cortex,

bordering the frontal

cingulum

5.02 3.38 −5 20 −10

Left gyrus parietalis superior 11.27 4.84 −25 −60 52

Left central area, gyrus

postcentralis

6.97 3.99 −5 −35 60

(b)
(a)

(c)

Fig. 2 Activations during PF contraction (P = 0.0001, t-test [n = 9]; group statistic, uncorrected). (a) 3-D projections showing all activity in sagittal, coronal and axial

orientations; (b) MPR in SMA localization (±2, 2, 50); (c) MPR in localization of the primary motor cortex for the pelvic region (±4, −27, 65).

Table 3 Brain regions activated during filling of the urinary bladder, tested

using model B (P = 0.001, t-test; uncorrected)

Brain region T Z x y z

Brain stem bilaterally 4,43 3,49 ±14 −20 −9
Subcortical gray matter nuclei

of the thalamus bilaterally

6,52 4,42 ±10 −16 3

Right insula 5,38 3,95 40 14 3

Brain fMRI during bladder filling
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gray matter nuclei of the thalamus (10, −15, 0) and right
insula (40, 14, 3; Table 3 and Fig. 4). Changes in brain acti-
vation during repeated filling and emptying of the bladder
were also analyzed using ICA, which was carried out for each
of the 23 measurements. One representative component for
each of the measurements, which correlated with the simul-
taneously obtained urodynamic data, was identified by visual
comparison (Fig. 5). Four measurements failed to identify a
component associated with the change in volume of the
urinary bladder. The most frequently identified areas of acti-
vation were localized to the right portion of the posterior
cingulate gyrus [5, −47, 22], the left thalamus [−9, −10, 11],
the middle left frontal gyrus (−36, 33, 45), and the left (−46,
20, −6) and right (47, 30, −14) orbital parts of the inferior
frontal gyrus. The brain areas activated by changes in bladder
volume and their relative frequencies of occurrence are pre-
sented in Table 4.

Discussion

Our understanding of the central neural mechanisms control-
ling the LUT is incomplete and the reproducibility of previ-
ously published data is inconsistent.7

The present study confirmed the reproducibility of an
infusion/withdrawal protocol and provided further data in
support of the feasibility of recording brain activity during
bladder filling using fMRI.8 Adding comprehensive
urodynamics and direct recording of the PF muscle contrac-
tions to the fMRI scanning protocol allowed for better correla-
tion between the detrusor, PF muscle function and brain
activity. Cystometry carried out synchronously with fMRI
scanning enabled a detailed visual comparison between brain
activation and filling of the bladder, which allowed for selection
of relevant components for ICA statistical analysis. Adding PF
muscle contraction monitoring to the experimental protocol
allowed for separation of brain activity caused by voluntary or
reflex PF contractions at the terminal phase of the bladder
filling from the activation caused by afferent signaling from
mechanoreceptors in the bladder wall. PF contraction is known
to cause inhibition of the micturition reflex. Patients suffering
from urgency use this maneuver to suppress onset of the mic-
turition phase. It is therefore possible that at least some com-
ponents of the brain activity, recorded by fMRI during fast
bladder filling, which others attributed to a strong urge to
urinate, could be caused by contraction of the PF muscles. In
order to precisely localize brain activity associated with PF
contraction and distinguish it from activation related to bladder
filling, we used a series of PF contractions at the beginning of
the examination protocol. Using simultaneous urodynamics
and direct PF muscle activity recording, we extended the proto-
col used in experiments by Kuhtz-Buschbeck et al.,9,10 who
evaluated the brain centers involved with control of the pelvic
floor muscles. Our assessment of brain projections of PF

(a)

(b)

(c)

(d)

Fig. 3 Final activations stimulated by differences between empty and full

bladder, calculated by GLM (model A). (a) Maximal intensity projection (frontal,

sagittal, transversal) of group statistical map thresholded with P = 0.001 (uncor-

rected). (b) MPR in three orthogonal orientations centered in position (−5, 20,
−10): orbital surface of the inferior frontal lobe, olfactory cortex, bordering the

frontal cingulum. (c) MPR in three orthogonal orientations centered in position

(−25, −60, 52): left gyrus parietalis superior. (d) MPR in three orthogonal orien-

tations centered in position (−5, −35, 60): left central area, gyrus postcentralis.

(a)

(b)

(c)

Fig. 4 Final activations stimulated by cyclic bladder filling and withdrawal

(model B). (a) Maximal intensity projection (frontal, sagittal, transversal) of group

statistical map thresholded with P = 0.001 (uncorrected). (b) MPR in three

orthogonal orientations centered in position (7, −10, −10): brainstem. (c) MPR in

three orthogonal orientations centered in position (10, −15, 0): thalamus with

subcortical gray matter nuclei.
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Results

Brain activation during PF contraction

The main clusters of brain activation during PF contractions
were observed in the following areas: medial surface of the
frontal lobe (primary motor area), bilaterally (±4, −27, 65);
SMA, bilaterally (±2, 2, 50); and left gyrus precentralis (−43,
−13, 63). Other, less significant, clusters of activation were
observed on the left side of the medial frontal gyrus (−38, 36,
32), the right side of the medial frontal gyrus (42, 36, 32) and the
right superior temporal gyrus (62, −34, 22; Table 1 and Fig. 2).

Brain activation during bladder filling

A total of 23 participants were evaluated. Meaningful data
(evidence of brain activity) was obtained from 19 participants
(this means data where any activation could be detected at
all). The likely high level of motion could be degraded
acquired data in the case of four participants without any acti-
vation. Using bladder-filling model A, we detected activations
in the frontal lobe, left parietal gyrus and left central area
(Table 2 and Fig. 3). Bladder-filling model B triggered activa-
tion mainly in the brainstem (7, −10, −10), the subcortical
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Fig. 1 Schematic summarizing the procedure used for bladder filling and the

time course of fMRI. The first line represents how the volume was varied: to

begin, the bladder was filled to 100 mL (“empty bladder condition”) followed by

a cycle of filling and withdrawing 25 mL. Scanning was stopped and the bladder

was filled to maximal capacity, which was indicated by each participants (“full

bladder condition”). Immediately after maximal bladder capacity was achieved, a

second cycle of fMRI recordingwith simultaneous bladder filling andwithdrawing

was started. The second line shows when fMRI was carried out simultaneously.

The two bottom lines indicate how both models were defined for statistical

evaluation after data concatenation.

Table 1 Brain regions activated during PF contractions (P = 0.0001, t-test;

uncorrected data for nine participants in group statistic using GLM)

Brain region T Z x y z

Frontal lobe, medial surface (PMA) 10.12 4.47 ±4 −27 65

Frontal lobe, medial surface (SMA) 12.47 4.88 ±2 2 50

Central region, left precentral gyrus 8.22 3.62 −43 −13 63

Table 2 Brain regions activated during filling of the urinary bladder, tested

using model A (P = 0.001, t-test; uncorrected)

Brain region T Z x y z

Orbital surface of the inferior

frontal lobe, olfactory cortex,

bordering the frontal

cingulum

5.02 3.38 −5 20 −10

Left gyrus parietalis superior 11.27 4.84 −25 −60 52

Left central area, gyrus

postcentralis

6.97 3.99 −5 −35 60
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Fig. 2 Activations during PF contraction (P = 0.0001, t-test [n = 9]; group statistic, uncorrected). (a) 3-D projections showing all activity in sagittal, coronal and axial

orientations; (b) MPR in SMA localization (±2, 2, 50); (c) MPR in localization of the primary motor cortex for the pelvic region (±4, −27, 65).

Table 3 Brain regions activated during filling of the urinary bladder, tested

using model B (P = 0.001, t-test; uncorrected)

Brain region T Z x y z

Brain stem bilaterally 4,43 3,49 ±14 −20 −9
Subcortical gray matter nuclei

of the thalamus bilaterally

6,52 4,42 ±10 −16 3

Right insula 5,38 3,95 40 14 3
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gray matter nuclei of the thalamus (10, −15, 0) and right
insula (40, 14, 3; Table 3 and Fig. 4). Changes in brain acti-
vation during repeated filling and emptying of the bladder
were also analyzed using ICA, which was carried out for each
of the 23 measurements. One representative component for
each of the measurements, which correlated with the simul-
taneously obtained urodynamic data, was identified by visual
comparison (Fig. 5). Four measurements failed to identify a
component associated with the change in volume of the
urinary bladder. The most frequently identified areas of acti-
vation were localized to the right portion of the posterior
cingulate gyrus [5, −47, 22], the left thalamus [−9, −10, 11],
the middle left frontal gyrus (−36, 33, 45), and the left (−46,
20, −6) and right (47, 30, −14) orbital parts of the inferior
frontal gyrus. The brain areas activated by changes in bladder
volume and their relative frequencies of occurrence are pre-
sented in Table 4.

Discussion

Our understanding of the central neural mechanisms control-
ling the LUT is incomplete and the reproducibility of previ-
ously published data is inconsistent.7

The present study confirmed the reproducibility of an
infusion/withdrawal protocol and provided further data in
support of the feasibility of recording brain activity during
bladder filling using fMRI.8 Adding comprehensive
urodynamics and direct recording of the PF muscle contrac-
tions to the fMRI scanning protocol allowed for better correla-
tion between the detrusor, PF muscle function and brain
activity. Cystometry carried out synchronously with fMRI
scanning enabled a detailed visual comparison between brain
activation and filling of the bladder, which allowed for selection
of relevant components for ICA statistical analysis. Adding PF
muscle contraction monitoring to the experimental protocol
allowed for separation of brain activity caused by voluntary or
reflex PF contractions at the terminal phase of the bladder
filling from the activation caused by afferent signaling from
mechanoreceptors in the bladder wall. PF contraction is known
to cause inhibition of the micturition reflex. Patients suffering
from urgency use this maneuver to suppress onset of the mic-
turition phase. It is therefore possible that at least some com-
ponents of the brain activity, recorded by fMRI during fast
bladder filling, which others attributed to a strong urge to
urinate, could be caused by contraction of the PF muscles. In
order to precisely localize brain activity associated with PF
contraction and distinguish it from activation related to bladder
filling, we used a series of PF contractions at the beginning of
the examination protocol. Using simultaneous urodynamics
and direct PF muscle activity recording, we extended the proto-
col used in experiments by Kuhtz-Buschbeck et al.,9,10 who
evaluated the brain centers involved with control of the pelvic
floor muscles. Our assessment of brain projections of PF
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(d)

Fig. 3 Final activations stimulated by differences between empty and full

bladder, calculated by GLM (model A). (a) Maximal intensity projection (frontal,

sagittal, transversal) of group statistical map thresholded with P = 0.001 (uncor-

rected). (b) MPR in three orthogonal orientations centered in position (−5, 20,
−10): orbital surface of the inferior frontal lobe, olfactory cortex, bordering the

frontal cingulum. (c) MPR in three orthogonal orientations centered in position

(−25, −60, 52): left gyrus parietalis superior. (d) MPR in three orthogonal orien-

tations centered in position (−5, −35, 60): left central area, gyrus postcentralis.

(a)

(b)

(c)

Fig. 4 Final activations stimulated by cyclic bladder filling and withdrawal

(model B). (a) Maximal intensity projection (frontal, sagittal, transversal) of group

statistical map thresholded with P = 0.001 (uncorrected). (b) MPR in three

orthogonal orientations centered in position (7, −10, −10): brainstem. (c) MPR in

three orthogonal orientations centered in position (10, −15, 0): thalamus with

subcortical gray matter nuclei.
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muscle activity identified bilateral activation of the SMA
together with activation of the primary motor cortex for the PF
muscles. This is in accord with previously published data.10

However, contrary to the report from Di Gangi-Herms,11 who
described activation in the area of the right pre-central gyrus,
we observed activation in the medial frontal gyrus. Seseke et al.
examined activation of the cortex during the contraction of PF
muscles with a full bladder. Similar to the present results, they
observed activation of primary and SMA without hemispheric
predominance. Furthermore, they described activation of
numerous subcortical structures (hypothalamus, thalamus,
periaqueductal grey) and the cerebellum.12

The reason for utilizing rapid filling and withdrawal during
the early and final stage of bladder filling (model B) was to
augment the afferent signals according to a protocol proposed
by Griffith et al.8 Comparison between these two models of

bladder filling allowed us to observe that the slow gradual
bladder filling (model A), used in the present study, induced
activation solely in the cortical regions of the brain, while the
subcortical regions and insula are activated only by rapid filling
and withdrawal. We speculate that rapid change in the
intravesical volume and pressure triggers micturition reflex
mechanisms responsible for maintaining detrusor relaxation
during filling (e.g. sympathetic pelvic-to-hypogastric storage
reflex or guarding somatic pelvic-to-pudendal reflex). This
could possibly imitate the brain response to non-voiding
detrusor contractions. In contrast, gradual filling allows time
for bladder accommodation, which is predominantly under the
control of the cortical centers.

The present findings are generally consistent with results of
the initial works of Griffiths et al.13,14 and earlier studies using
PET, which describe activation in the area of the insula, cin-
gulum, periaqueductal grey, cerebellum and occipito-parietal
area with sensory stimulation during bladder filling in healthy
subjects.15,16 We did not observe any brain activation in the
regions related to PF muscle contractions during the filling
phase.

The present study further developed a protocol applicable for
studying neural control of LUT using fMRI. The results
acquired with this refined scanning protocol point to the fact
that the thalamus, cingulate gyrus, and especially the lower
surface of the frontal lobe play a significant role in sensation
and afferent signaling from the LUT, and could therefore rep-
resent a potential target for the treatment of the cardinal LUT
symptom of urgency. Future studies in this area should focus on
comparing central nervous system activity of patients with
various LUT dysfunctions with those of healthy controls,
together with assessing the influence of pharmacotherapy.
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Editorial Comment

Editorial Comment to Brain activity during bladder filling and pelvic floor muscle
contractions: A study using functional magnetic resonance imaging and
synchronous urodynamics

The frontal cortex is regarded as the higher center for micturi-
tion, because lesions in the frontal cortex; for example, the
prefrontal cortex, medial superior/middle frontal gyri, anterior
cingulate cortex, insula and supplemental motor area, produce
marked lower urinary tract dysfunction in humans. Overactive
bladder (urinary urgency and frequency) as a result of detrusor
overactivity is a common bladder abnormality in the aforemen-
tioned brain areas. Functional neuroimaging in normal volun-
teers using single-photon emission computed tomography,
positron-emission tomography, functional magnetic resonance
imaging, and near infrared spectroscopy has been applied to
observe brain activation in response to bladder fullness and
urination; and the activated areas strikingly overlap the lesions
described in clinical studies. Among the brain areas, anterior
cingulate cortex and insula are thought to be “primary”, and the
prefrontal cortex is “secondary” (presumably modulatory) in
regulating micturition. The constellation of these cortical areas
seem to “switch on and off” the spino–bulbo–spinal micturition
reflex involving the midbrain periaqueductal grey and the
pontine micturition center.1–3

Krhut et al. studied 20 healthy female volunteers who par-
ticipated in bladder push and pull, and pelvic floor contraction
paradigm for urodynamics-functional magnetic resonance
imaging.4 The results were in agreement with the previously
reported results. In addition, that study successfully highlighted
the role of the pelvic floor, though already suggested by
others,5–7 that bilateral primary motor area (midline medial
surface), bilateral supplementary motor area (similar) and left
precentral gyrus are significantly activated by pelvic floor

contraction. In order to manage patients’ pelvic floor, for both
diagnosis and treatment, the brain is worth looking at.
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muscle activity identified bilateral activation of the SMA
together with activation of the primary motor cortex for the PF
muscles. This is in accord with previously published data.10

However, contrary to the report from Di Gangi-Herms,11 who
described activation in the area of the right pre-central gyrus,
we observed activation in the medial frontal gyrus. Seseke et al.
examined activation of the cortex during the contraction of PF
muscles with a full bladder. Similar to the present results, they
observed activation of primary and SMA without hemispheric
predominance. Furthermore, they described activation of
numerous subcortical structures (hypothalamus, thalamus,
periaqueductal grey) and the cerebellum.12

The reason for utilizing rapid filling and withdrawal during
the early and final stage of bladder filling (model B) was to
augment the afferent signals according to a protocol proposed
by Griffith et al.8 Comparison between these two models of

bladder filling allowed us to observe that the slow gradual
bladder filling (model A), used in the present study, induced
activation solely in the cortical regions of the brain, while the
subcortical regions and insula are activated only by rapid filling
and withdrawal. We speculate that rapid change in the
intravesical volume and pressure triggers micturition reflex
mechanisms responsible for maintaining detrusor relaxation
during filling (e.g. sympathetic pelvic-to-hypogastric storage
reflex or guarding somatic pelvic-to-pudendal reflex). This
could possibly imitate the brain response to non-voiding
detrusor contractions. In contrast, gradual filling allows time
for bladder accommodation, which is predominantly under the
control of the cortical centers.

The present findings are generally consistent with results of
the initial works of Griffiths et al.13,14 and earlier studies using
PET, which describe activation in the area of the insula, cin-
gulum, periaqueductal grey, cerebellum and occipito-parietal
area with sensory stimulation during bladder filling in healthy
subjects.15,16 We did not observe any brain activation in the
regions related to PF muscle contractions during the filling
phase.

The present study further developed a protocol applicable for
studying neural control of LUT using fMRI. The results
acquired with this refined scanning protocol point to the fact
that the thalamus, cingulate gyrus, and especially the lower
surface of the frontal lobe play a significant role in sensation
and afferent signaling from the LUT, and could therefore rep-
resent a potential target for the treatment of the cardinal LUT
symptom of urgency. Future studies in this area should focus on
comparing central nervous system activity of patients with
various LUT dysfunctions with those of healthy controls,
together with assessing the influence of pharmacotherapy.
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Addition of platelet concentrate to Dermo-Epidermal Skin Graft in deep burn 
trauma reduces scarring and need for revision surgeries

Vaclav Prochazkaa, Hana Klosovab, Jiri Stetinskyb, Jaromir Gumulecc, Katerina Vitkovad, Dana Salounovae, Jana Dvorackovaf, 
Hana Bielnikovaf, Petr Klementg†, Veronika Levakovah, Tomas Ocelkai, Lubomir Pavliskaj, Pavel Kovanick,  

Giannoula Lakka Klementl,m,n

Backround. Deep skin burn injuries, especially those on the face, hands, feet, genitalia and perineum represent sig-
nificant therapeutic challenges. Autologous dermo-epidermal skin grafts (DESG) have become standard of care for 
treating deep burns. Additionally, human autologous thrombin activated autologous platelet concentrate (APC) has 
gained acceptance in the setting of wounds. While each of these interventions has been independently shown to ac-
celerate healing, the combination of the two has never been evaluated. We hypothesized that the addition of platelets 
(source of growth factors and inhibitors necessary for tissue repair) to the DESG (source of progenitor cells and of tissue 
proteases necessary for spatial and temporal control of growth regulators released from platelets) would create the 
optimal environment for the reciprocal interaction of cells within the healing tissues. 
Methods. We used clinical examination (digital photography), standardised scales for evaluating pain and scarring, in 
combination with blood perfusion (laser Doppler imaging), as well as molecular and laboratory analyses.
Results. We show for the first time that the combination of APC and DESG leads to earlier relief of pain, and decreased 
use of analgesics, antipruritics and orthotic devices. Most importantly, this treatment is associated with earlier dis-
charges from hospital and significant cost savings. 
Conclusions. Our findings indicate that DESG engraftment is facilitated by the local addition of platelets and by sys-
temic thrombocytosis. This local interaction leads to the physiological revascularization at 1-3 months. We observed 
significant elevation of circulating platelets in early stages of engraftment (1-7 days), which normalized over the sub-
sequent 7 and 90 days.

Key word: deep burn trauma, dermo-epidermal skin graft, surgical debridement, necrectomy, autologous platelet 
concentrate (APC), human autologous thrombin (HAT), scarring, laser doppler perfusion imaging (LDPI), gnostic 
analysis
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INTRODUCTION

Despite significant recent advances in wound care, 
therapeutic outcomes are often functionally, psychologi-
cally and cosmetically unacceptable. No solutions have 
been found to address the prevalence of severe scar hy-
pertrophy, joint contractures, peripheral neuropathy, or 
systemic temperature dysregulation. At present, standard 
of care for treating deep burns consists of surgically ex-

cising necrotic tissue (necrectomy), followed by dermo-
epidermal skin autografting.

The use of autologous platelet concentrates (APC) is 
well established1-5, and there is ample evidence that plate-
lets facilitate various wound healing processes such as che-
motaxis6, recruitment of progenitor cells7, proliferation8, 
angiogenesis9, and inflammation10. We have previously 
published evidence that APC is beneficial in the treatment 
of chronic ischemic ulcers, and can lead to limb salvage 
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in the most severe cases1. Evidence suggests that platelets 
actively and selectively sequester angiogenesis regulators11, 
and differentially release inhibitors and stimulators of 
angiogenesis12,13. This differential release of stimulators 
and inhibitors of angiogenesis from platelets is condi-
tional on a direct platelet/stroma interaction. Similarly, 
the benefits of DESG are well-documented, even though 
no explanation is available for the excessive cicatrization 
that often accompanies the use of DESG. It can be thus 
surmised based on emerging evidence that a direct re-
ciprocal interaction of platelets and wound matrix must 
occur for optimal tissue regeneration14,15. Moreover, we 
hypothesize that the combination therapy of DESG and 
activated platelets may be more efficacious than either 
individual modality. Thus, the goal of this study was to 
evaluate, whether the combination of DESG (a surrogate 
for cellular therapy) and platelet concentrate (a surrogate 
inflammatory modulator) leads to development of stable, 
non-hypertrophic scarring; thereby, preventing pain and 
shortening hospitalization.

Evidence suggests that platelets actively and selectively 
sequester angiogenesis regulators11, and differentially re-
lease inhibitors and stimulators of angiogenesis12,13.We 
explored the molecular determinants of this interaction 
in the present study by directly correlating physiological 
(laser Doppler perfusion imaging), clinical (pain scale, 
Vancouver scar scale and ratio of healed/total grafted 
area), and morphological (immunohistochemistry and 
epithelialization) evaluations to specific clinical endpoints 
such as time to wound closure, frequency of infections, 
inflammation and scarring.

MATERIALS AND METHODS

Selection of subjects and determination  
of areas to be grafted

Consecutive patients with second or third degree 
burns seen at the Burn Centre of University Hospital 
Ostrava, between January 2009 and November 2010, 
were approached for participation in the study. The 
study was registered on clinicaltrials.org under the num-
ber NCT01383187, and was approved by the Institutional 
Review Board (IRB-No16/b2008 on April 30th, 2008). All 
18 patients who agreed to participate (9 men, 9 women) 
consented according to institutional guidelines, and re-
ceived standard therapy, which included surgical excision 
of devitalised tissue, dermo-epidermal skin auto transplan-
tation, analgesia, and wound care. The additional local ap-
plication of APC to the DESG before wound application 
was tested for improvement over standard care.

The timing of surgery was based on real or expected 
clinical progression. Determination of surgical manage-
ment necessity was based on daily clinical examination 
as well as laser Doppler perfusion imaging (LDPI) every 
second day for up to 7 days. Any IIb-degree burn traumas, 
which were not expected to heal within 21 days, and all 
third degree burns, were grafted with DESG.

Surgical Procedure
A radical excision of nonviable tissue was done just 

prior to grafting using tangential or fascial excision of 
necrotic tissues. DESG (split thickness skin grafts) were 
obtained using electric dermatome (Nouvag, Switzerland 
or Aesculap, Germany) from the thigh. After positioning 
of the DESG, it was spray-coated with APC and human 
autologous thrombin using a SmartJet applicator Harvest 
Technologies Inc, Plymouth, USA). After 20-30 seconds 
to allow gelling, the area was covered with Surfasoft foil 
(Taureon, Netherlands) and the dressing was fixed with 
disposable skin staplers at the margins. To prevent dry-
ing of the foil, a layer of gauze moistened with saline was 
applied before the final top layer of elastic roller bandage 
(Panep, Czech Republic).

Preparation of the APC
The APC was prepared using the Harvest SmartPRep 

Platelet Concentrate System [Harvest Technologies, 
Plymouth, MA, USA] as described previously16. 

Preparation of autologous thrombin: briefly, periph-
eral venous blood was obtained under aseptic conditions 
by venipuncture just prior to the surgery. The first 9 mL 
of venous blood collected into 1 mL ACD-A anticoagu-
lant [Harvest Technologies] primed syringe and allowed 
to stand for 45 min at room temperature. This was cen-
trifuged at 1000 RPM for 15 min, filtered using the set 
provided by Harvest technologies. During the 45 min in-
cubation, 60 mL of venous blood was collected for prepa-
ration of APC. The 60 mL of venous blood along with the 
6 mL of ACD-A (1:10 dilution) was put into the separator 
chamber and the gradient density centrifugation using 
the Harvest Technology System for 15 min at 1000 RPM 
was provided. After finishing the process of centrifugation 
we kept at disposal the 3 mL of autologous thrombin and 
10 mL of aoutologous platelet rich plasma. On average, 
10 mL of APC can cover ∼ 4% of the total body surface 
area. The direct spray application of the APC and the 
autologous thrombin was done using the SmartJet appli-
cator [Harvest Technologies, Plymuth, MA, USA].

Hematological, biochemical, and cytokine analyses
Hemoglobin concentration, a full white blood cell 

differential, platelets count, mean platelet volume, plate-
lets distribution width and immature platelets fraction 
were evaluated in whole blood, platelet rich plasma and 
platelets-depleted plasma prior to surgery, and at 7, 14, 
and 90 days (Table 3). Prothrombin time, activated partial 
thromboplastin time, thrombin time, and fibrinogen were 
measured on a SYSMEX CA 7000 automated analyzer 
prior to surgery, and at 7, 14 and 90 days. Measured he-
matological values were compared to clinical ranges of 
normal values. Biochemical analysis such as liver func-
tion tests (ALT, AST, GGT) and inflammatory indexes 
(C-reactive protein), and analysis of cytokines by means 
of ELISA (BioVendor – Laboratorni medicina, Czech 
Republic) were performed according to standard proce-
dures supplied by the manufacturer.
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Histopathology analysis
Burn eschar, DESG alone, and DESG/APC speci-

mens were fixed by immersing in 10% formalin and pro-
cessed in the Clinical Pathology lab. After alcohol-xylene 
dehydration and automated paraffin embedding, 2-4 µm 
sections were cut and mounted on a glass microscope 
slides before staining with hematoxylin/eosin. The DESG 
and DESG/APC specimens were also stained by immu-
nohistochemistry for PDGF, VEGF, bFGF, and SDF1, 
using monoclonal anti-PDGF, (BioGenex, San Ramnon, 
USA), polyclonal rabbit anti-VEGF (DakoCytomation), 
polyclonal mouse anti-PDGF-B (BioGenex) with second-
ary chromophore staining red (DakoCytomation) and 
brown (EXBIO). A senior clinical pathologist completed 
the final pathological examination in a blinded fashion.

Laser Doppler perfusion Imaging (LDPI)
A Perimed PIM3 laser Doppler perfusion imager was 

used to assess tissue perfusion in the burn region. The 
method employs color-coded mapping of skin perfusion 
using a laser beam to detect velocity and volume of red 
blood cells17, and the evaluations were made pre-opera-
tively, every second day for 2 weeks post operatively, and 
then at 1, 3, 6, 12 months.

Graft Evaluation
Viability: A visual analogue scale for graft viability was 

developed at our centre and consisted of the following 
scores: i) graft color (scale 0-3), where 0=pink, 1=pale, 
2=livid (dark purplish, hyperperfused, +/- secretions), 
3=necrotic; graft fixation to wound bed (scale 0-2), where 
0=entire graft is fixed, 1= areas of incomplete fixation, 
2=total lack of fixation; secretions (scale 0-3), where 0=no 
secretion through the fenestrations, 1=serous secretions, 
2=seropurulent secretions, 3=purulent secretions. The 
evaluations were made every second day for 2 weeks post 
operatively, and the best total score was 0.

The Vancouver Scar Score Scale has been validated 
recently and uses pigmentation, vascularity, pliability and 
height of the scar in its scoring system18. The best total 
score is 0 (range 0-14). The scores were determined at 1, 
3, 6, and 12 months.

Degree of Epithelialization Scale (0–3) was developed 
in our centre, and evaluations were made every second 
day for 2 weeks post operatively. The optimal total score 
is 0 (visual evidence of complete epithelialization of fen-
estrations) and the worst score is 3 (no evidence of epi-
thelialization).

The scale to evaluate rate of healing was also devel-
oped at our centre, and is as follows: Percentage of burned 
area (affected area/total body surface) was estimated upon 
arrival using Dubois evaluation of total body surface of 
the patient. The area covered by the graft was considered 
100%, and other areas, where the application of a graft 
was not necessary, were not included in this evaluation. 
Each area was assigned a value between 0 and 6 to in-
dicate the percentage of healing, where 0=100%healed, 
1>99%, 2>95%, 3>90%, 4>80%, 5>60%, and 6<60%. The 
evaluations were made every second day for 2 weeks post 
operatively.

Pain evaluation 
Visual Analog Pain Scale (VAPS; best total score=0), 

which has been standardized for clinical application previ-
ously19, was used for evaluation one day prior to grafting 
and every second day for 2 weeks post operatively.

Graft Pruritus 
Visual analog pruritus scale (VAPrS) has been stan-

dardized previously20. Scoring ranges from between 0-10, 
with 0 indicating total lack of pruritus and and 10 most 
severe pruritus. Evaluations were made one day prior to 
grafting and then every second day for 2 weeks post op-
eratively.

Data analysis
Initial statistical analysis was conducted using IBM 

SPSS, version 18 for Windows (ACREA CR, Inc.). All re-
ported P-values are two-sided, and only P-values less than 
0.05 were considered statistically significant. Continuous 
variables are reported as mean ± standard error of means 
(SEM), categorical variables as frequency and percentage. 
Standard distribution of the data could not be assumed 
due to small sample size, and the changes of hemato-
logical and biochemical parameters over time (prior to 
surgery, day 7, 14, 90 post surgery) were analyzed using 
non-parametric, related samples Friedman’s two way 
analysis of variance by ranks with all pair wise multiple 
comparisons. Mathematical statistics was not the best tool 
for analysis of the data because (1) the sample size was 
only 18; (2) there was a high inherent inter-individual 
and intra-individual variability; (3) the data probability 
distributions were non parametric; (4) they were highly 
heterogeneous, and (5) the “outliers” contained very valu-
able information, that would have been missed if standard 
statistical tests were applied. We therefore used non-sta-
tistical methods based on mathematical gnostics. The 
method incorporates: i) robust probability distribution 
of different parameters at multiple time points (both static 
and dynamic analysis), ii) robust correlation between pa-
rameters, iii) robust multi-dimensional analysis, and iv) 
robust testing of hypotheses21. The methods were adopted 
from methodological sources, published applications, and 
the tools based on computation system of R-project™.

RESULTS

The demographics, extent and etiology of deep burn 
trauma of the 18 patients seen at the University Hospital 
Ostrava between January 2009 and December 2010 are 
summarized in (Table 1). The hospital stay statistics are 
summarized in (Table 2). Despite the length of surgery 
having been significantly elevated (P<0.02), the length of 
hospital stay was significantly decreased (P<0.06), and 
there was a trend to a shorter hospital stay in the DESG/
APC group. Seventeen out of the 18 patients were treated 
by primary intent and 1 following a secondary disintegra-
tion of a partially healed wound on the face. 
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in the most severe cases1. Evidence suggests that platelets 
actively and selectively sequester angiogenesis regulators11, 
and differentially release inhibitors and stimulators of 
angiogenesis12,13. This differential release of stimulators 
and inhibitors of angiogenesis from platelets is condi-
tional on a direct platelet/stroma interaction. Similarly, 
the benefits of DESG are well-documented, even though 
no explanation is available for the excessive cicatrization 
that often accompanies the use of DESG. It can be thus 
surmised based on emerging evidence that a direct re-
ciprocal interaction of platelets and wound matrix must 
occur for optimal tissue regeneration14,15. Moreover, we 
hypothesize that the combination therapy of DESG and 
activated platelets may be more efficacious than either 
individual modality. Thus, the goal of this study was to 
evaluate, whether the combination of DESG (a surrogate 
for cellular therapy) and platelet concentrate (a surrogate 
inflammatory modulator) leads to development of stable, 
non-hypertrophic scarring; thereby, preventing pain and 
shortening hospitalization.

Evidence suggests that platelets actively and selectively 
sequester angiogenesis regulators11, and differentially re-
lease inhibitors and stimulators of angiogenesis12,13.We 
explored the molecular determinants of this interaction 
in the present study by directly correlating physiological 
(laser Doppler perfusion imaging), clinical (pain scale, 
Vancouver scar scale and ratio of healed/total grafted 
area), and morphological (immunohistochemistry and 
epithelialization) evaluations to specific clinical endpoints 
such as time to wound closure, frequency of infections, 
inflammation and scarring.

MATERIALS AND METHODS

Selection of subjects and determination  
of areas to be grafted

Consecutive patients with second or third degree 
burns seen at the Burn Centre of University Hospital 
Ostrava, between January 2009 and November 2010, 
were approached for participation in the study. The 
study was registered on clinicaltrials.org under the num-
ber NCT01383187, and was approved by the Institutional 
Review Board (IRB-No16/b2008 on April 30th, 2008). All 
18 patients who agreed to participate (9 men, 9 women) 
consented according to institutional guidelines, and re-
ceived standard therapy, which included surgical excision 
of devitalised tissue, dermo-epidermal skin auto transplan-
tation, analgesia, and wound care. The additional local ap-
plication of APC to the DESG before wound application 
was tested for improvement over standard care.

The timing of surgery was based on real or expected 
clinical progression. Determination of surgical manage-
ment necessity was based on daily clinical examination 
as well as laser Doppler perfusion imaging (LDPI) every 
second day for up to 7 days. Any IIb-degree burn traumas, 
which were not expected to heal within 21 days, and all 
third degree burns, were grafted with DESG.

Surgical Procedure
A radical excision of nonviable tissue was done just 

prior to grafting using tangential or fascial excision of 
necrotic tissues. DESG (split thickness skin grafts) were 
obtained using electric dermatome (Nouvag, Switzerland 
or Aesculap, Germany) from the thigh. After positioning 
of the DESG, it was spray-coated with APC and human 
autologous thrombin using a SmartJet applicator Harvest 
Technologies Inc, Plymouth, USA). After 20-30 seconds 
to allow gelling, the area was covered with Surfasoft foil 
(Taureon, Netherlands) and the dressing was fixed with 
disposable skin staplers at the margins. To prevent dry-
ing of the foil, a layer of gauze moistened with saline was 
applied before the final top layer of elastic roller bandage 
(Panep, Czech Republic).

Preparation of the APC
The APC was prepared using the Harvest SmartPRep 

Platelet Concentrate System [Harvest Technologies, 
Plymouth, MA, USA] as described previously16. 

Preparation of autologous thrombin: briefly, periph-
eral venous blood was obtained under aseptic conditions 
by venipuncture just prior to the surgery. The first 9 mL 
of venous blood collected into 1 mL ACD-A anticoagu-
lant [Harvest Technologies] primed syringe and allowed 
to stand for 45 min at room temperature. This was cen-
trifuged at 1000 RPM for 15 min, filtered using the set 
provided by Harvest technologies. During the 45 min in-
cubation, 60 mL of venous blood was collected for prepa-
ration of APC. The 60 mL of venous blood along with the 
6 mL of ACD-A (1:10 dilution) was put into the separator 
chamber and the gradient density centrifugation using 
the Harvest Technology System for 15 min at 1000 RPM 
was provided. After finishing the process of centrifugation 
we kept at disposal the 3 mL of autologous thrombin and 
10 mL of aoutologous platelet rich plasma. On average, 
10 mL of APC can cover ∼ 4% of the total body surface 
area. The direct spray application of the APC and the 
autologous thrombin was done using the SmartJet appli-
cator [Harvest Technologies, Plymuth, MA, USA].

Hematological, biochemical, and cytokine analyses
Hemoglobin concentration, a full white blood cell 

differential, platelets count, mean platelet volume, plate-
lets distribution width and immature platelets fraction 
were evaluated in whole blood, platelet rich plasma and 
platelets-depleted plasma prior to surgery, and at 7, 14, 
and 90 days (Table 3). Prothrombin time, activated partial 
thromboplastin time, thrombin time, and fibrinogen were 
measured on a SYSMEX CA 7000 automated analyzer 
prior to surgery, and at 7, 14 and 90 days. Measured he-
matological values were compared to clinical ranges of 
normal values. Biochemical analysis such as liver func-
tion tests (ALT, AST, GGT) and inflammatory indexes 
(C-reactive protein), and analysis of cytokines by means 
of ELISA (BioVendor – Laboratorni medicina, Czech 
Republic) were performed according to standard proce-
dures supplied by the manufacturer.
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Histopathology analysis
Burn eschar, DESG alone, and DESG/APC speci-

mens were fixed by immersing in 10% formalin and pro-
cessed in the Clinical Pathology lab. After alcohol-xylene 
dehydration and automated paraffin embedding, 2-4 µm 
sections were cut and mounted on a glass microscope 
slides before staining with hematoxylin/eosin. The DESG 
and DESG/APC specimens were also stained by immu-
nohistochemistry for PDGF, VEGF, bFGF, and SDF1, 
using monoclonal anti-PDGF, (BioGenex, San Ramnon, 
USA), polyclonal rabbit anti-VEGF (DakoCytomation), 
polyclonal mouse anti-PDGF-B (BioGenex) with second-
ary chromophore staining red (DakoCytomation) and 
brown (EXBIO). A senior clinical pathologist completed 
the final pathological examination in a blinded fashion.

Laser Doppler perfusion Imaging (LDPI)
A Perimed PIM3 laser Doppler perfusion imager was 

used to assess tissue perfusion in the burn region. The 
method employs color-coded mapping of skin perfusion 
using a laser beam to detect velocity and volume of red 
blood cells17, and the evaluations were made pre-opera-
tively, every second day for 2 weeks post operatively, and 
then at 1, 3, 6, 12 months.

Graft Evaluation
Viability: A visual analogue scale for graft viability was 

developed at our centre and consisted of the following 
scores: i) graft color (scale 0-3), where 0=pink, 1=pale, 
2=livid (dark purplish, hyperperfused, +/- secretions), 
3=necrotic; graft fixation to wound bed (scale 0-2), where 
0=entire graft is fixed, 1= areas of incomplete fixation, 
2=total lack of fixation; secretions (scale 0-3), where 0=no 
secretion through the fenestrations, 1=serous secretions, 
2=seropurulent secretions, 3=purulent secretions. The 
evaluations were made every second day for 2 weeks post 
operatively, and the best total score was 0.

The Vancouver Scar Score Scale has been validated 
recently and uses pigmentation, vascularity, pliability and 
height of the scar in its scoring system18. The best total 
score is 0 (range 0-14). The scores were determined at 1, 
3, 6, and 12 months.

Degree of Epithelialization Scale (0–3) was developed 
in our centre, and evaluations were made every second 
day for 2 weeks post operatively. The optimal total score 
is 0 (visual evidence of complete epithelialization of fen-
estrations) and the worst score is 3 (no evidence of epi-
thelialization).

The scale to evaluate rate of healing was also devel-
oped at our centre, and is as follows: Percentage of burned 
area (affected area/total body surface) was estimated upon 
arrival using Dubois evaluation of total body surface of 
the patient. The area covered by the graft was considered 
100%, and other areas, where the application of a graft 
was not necessary, were not included in this evaluation. 
Each area was assigned a value between 0 and 6 to in-
dicate the percentage of healing, where 0=100%healed, 
1>99%, 2>95%, 3>90%, 4>80%, 5>60%, and 6<60%. The 
evaluations were made every second day for 2 weeks post 
operatively.

Pain evaluation 
Visual Analog Pain Scale (VAPS; best total score=0), 

which has been standardized for clinical application previ-
ously19, was used for evaluation one day prior to grafting 
and every second day for 2 weeks post operatively.

Graft Pruritus 
Visual analog pruritus scale (VAPrS) has been stan-

dardized previously20. Scoring ranges from between 0-10, 
with 0 indicating total lack of pruritus and and 10 most 
severe pruritus. Evaluations were made one day prior to 
grafting and then every second day for 2 weeks post op-
eratively.

Data analysis
Initial statistical analysis was conducted using IBM 

SPSS, version 18 for Windows (ACREA CR, Inc.). All re-
ported P-values are two-sided, and only P-values less than 
0.05 were considered statistically significant. Continuous 
variables are reported as mean ± standard error of means 
(SEM), categorical variables as frequency and percentage. 
Standard distribution of the data could not be assumed 
due to small sample size, and the changes of hemato-
logical and biochemical parameters over time (prior to 
surgery, day 7, 14, 90 post surgery) were analyzed using 
non-parametric, related samples Friedman’s two way 
analysis of variance by ranks with all pair wise multiple 
comparisons. Mathematical statistics was not the best tool 
for analysis of the data because (1) the sample size was 
only 18; (2) there was a high inherent inter-individual 
and intra-individual variability; (3) the data probability 
distributions were non parametric; (4) they were highly 
heterogeneous, and (5) the “outliers” contained very valu-
able information, that would have been missed if standard 
statistical tests were applied. We therefore used non-sta-
tistical methods based on mathematical gnostics. The 
method incorporates: i) robust probability distribution 
of different parameters at multiple time points (both static 
and dynamic analysis), ii) robust correlation between pa-
rameters, iii) robust multi-dimensional analysis, and iv) 
robust testing of hypotheses21. The methods were adopted 
from methodological sources, published applications, and 
the tools based on computation system of R-project™.

RESULTS

The demographics, extent and etiology of deep burn 
trauma of the 18 patients seen at the University Hospital 
Ostrava between January 2009 and December 2010 are 
summarized in (Table 1). The hospital stay statistics are 
summarized in (Table 2). Despite the length of surgery 
having been significantly elevated (P<0.02), the length of 
hospital stay was significantly decreased (P<0.06), and 
there was a trend to a shorter hospital stay in the DESG/
APC group. Seventeen out of the 18 patients were treated 
by primary intent and 1 following a secondary disintegra-
tion of a partially healed wound on the face. 
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Table 1. Patients demographics.

Demographic Mean +/-SEM

Age 54.94 +/-4.1

Gender M:F 9:9

Smokers 7/18 (38.9%)

Diabetes 1/18 (5.55%)

Hyperlipidemia 2/18 (11.1%)

Cardiovascular Disease 7/18 (38.9%)

Hematological malignancy 0

Thrombocytopenia 0

Chronic renal failure 0

Systolic BP 138 ± 3.0

Diastolic BP 78.8 ± 1.4

Body temperature 36.8 ± 0.1

Height [cm] 168.4 ± 2.2

Weight [kg] 75.9 ± 3.3

BMI 26.4 ± 1.0

Average burns extent of TBSA [%] 9% (1% - 18%)

Average grafted area of TBSA [%] 3% (1% - 10%)

Liquid source of burns 8 pts

Flame source of burns 7 pts

Metallurgic slug 1 pt

Gas explosion as source of burn 1 pt

Electrical burn 1 pt

Avarage burns extent of TBSA [%] and grafted area of TBSA [%] with 
the etiology of deep burn trauma. 

Patient evaluation
Visual Analog pain scale (VAPS) results are summa-

rized in (Fig. 1A). Approximately 78% of patients required 
analgesics prior to the surgery (Fig. 1B), but by 14th post-
operative day (the end of the monitoring period) only 6% 
of patients still required analgesics. The role of inflamma-
tion in loss of graft, edema and inflammation is shown 
in (Fig. 1C,D). Each individual curve represents the rela-
tionship between pain and leukocytes at a given time by 
means of the conditional probability function denoted 
Probability {x|y}. The different colors define time and 
condition: prior to the procedure patients had pain scores 
of either >2 (out of 10) (black) or < 2 (red); at 7 days 
patients either had no pain (magenta) or pain > 1 (blue); 
by the 14th day only 6% of patients had low pain (brown), 
with scores >1, while the rest were pain free (green).

Visual Analog Pruritus Scale (VAPrS) The use of the 
combination DESG/APC appeared to markedly reduce 
the level of pruritus (Fig. 2A), an established predic-
tor of hypertrophic scars20, compared to historical data 
(shaded area) and corresponded with greatly reduced 
antihistamine use (Fig. 2B). The frequency of patients 
using antihistamines reached a minimum (17/18 or 94%) 
at post-operative day 4 and remained at low levels (78% 
medication free) throughout the observation period (up 
to 12 months). The few patients remaining on anti-hista-
mines beyond this time did not appear to benefit from the 
medication. Decrease in pruritus correlated to absence of 
scarring, and the decrease matches the fact that the major-
ity of patients did not to need antihistamines throughout 
the observation period (12 months) (Fig. 2C). Most no-
tably, the patients with pruritus had low levels of eosino-
phils throughout the study, suggesting that the mechanism 
of pruritus may not be histamine related (Fig. 2D).

Graft healing
The healing of the graft was associated with less 

complications from infections, decreased graft failure 
and better acceptance by patients than traditionally ob-
served. The degree of wound healing was evaluated and 
assigned a score, as described in Materials and Methods. 
By the fourth day, a third of the wounds were >99% healed 
(Fig. 3). By the end of the study period (18 days) 94% of 
the wounds were 99% or greater healed.

Table 2. Cost analysis of in hospital stay.

DESG/APC
(Mean) SEM

DESG
(Mean) SEM T-test

Surgery time
(Min) 121.5 5.45 81.25 7.63 0.002

Hospital stay
(Days) 18.5 1.28 27.2 1.93 0.006

Cost
(Thousands-CZK) 48.2 1.03 64.6 1.39 0.169
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Table 3. Platelet Rich Plasma Analysis.

Platelet Rich Plasma Mean SEM

Platelet count (x109/L) 1011.94 69.58 
Platelet volume (fL) 9.70 0.29 
Platelet distribution width (%) 10.98 0.58 
Immature Platelet Fraction (%) 2.75 0.66 

Platelet rich plasma sample analysis of the 60 mL of peripheral blood 
after 15 min of gradient density centrifuge procedure with Harvest 
SmartPRep Platelet Concentrate System.

Fig. 1. Post operative pain assessment after DESG.
A) Visual Analog Pain Scale (VAPS): Patients treated with APC and DESG were evaluated using a VAPS from 0-10. As evident, most were pain 
free by day 6. The shaded area in A indicates historical experience with pain disappearance. 
B) Percentage of Patients on analgesics. Prior to surgery, approximately 78% of patients required analgesics, by the 2nd post-operative day, the 
number dropped to 56%, by the 4th post operative to 33% remaining on analgesics, and by 14th post-operative day (the end of the monitoring 
period) only 6% of patients require analgesics. 
C) Impact of Leukocytes on the Pain Evaluated in Visual Analog Pain Scale. The curves are gnostic distribution functions of leukocytes condi-
tioned by a certain level of pain. Each individual curve represents the relationship between VAPS and leukocytes at a given time. Prior to DESG 
the VASPS some patients had 2/10 pain (black curve), or less than 2/10 pain(red curve), at 7 days, there are patients without pain (purple) and 
with pain over 1 (blue), by the 14th day only 6% of patients have pain (brown) over 1 and the rest is pain free (green). 
D) Interpretation of VAPS using Distribution Functions. The curves represent the conditional probability (in this case probability of c-reactive 
protein influencing pain). The diversion of the probability curves indicates that 82% of the patients with high CRP also had high pain prior to 
procedure. At 7 days those with pain and those without pain had nearly the same concentration of CRP, and finally at 14 days those in whom 
inflammation persisted had high pain (brown) and those with low CRP had no pain (green). 

The highest total Vancouver Scar Scale Score was 4 
(median) and occurred at 3 months post surgery. After 
this point, the median VSS score decreased steadily, 
reaching 2 (the lowest point) at 6 months and remain-
ing at this score for 1 year. This score of 2 was due to 
hyperpigmentation in the 6 patients. Most importantly, 
all of the scars were without any marks of hypertrophy 
or contractures; thus, avoiding the need for secondary 
intervention or contraction release (Fig. 4).

While epithelialisation occurred no faster than tradi-
tionally observed, the quality of the epithelialisation, as 
judged by absence of inflammation and good fixation of 
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Demographic Mean +/-SEM
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Smokers 7/18 (38.9%)

Diabetes 1/18 (5.55%)

Hyperlipidemia 2/18 (11.1%)

Cardiovascular Disease 7/18 (38.9%)
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Thrombocytopenia 0

Chronic renal failure 0

Systolic BP 138 ± 3.0

Diastolic BP 78.8 ± 1.4

Body temperature 36.8 ± 0.1

Height [cm] 168.4 ± 2.2

Weight [kg] 75.9 ± 3.3

BMI 26.4 ± 1.0

Average burns extent of TBSA [%] 9% (1% - 18%)

Average grafted area of TBSA [%] 3% (1% - 10%)

Liquid source of burns 8 pts

Flame source of burns 7 pts

Metallurgic slug 1 pt

Gas explosion as source of burn 1 pt

Electrical burn 1 pt

Avarage burns extent of TBSA [%] and grafted area of TBSA [%] with 
the etiology of deep burn trauma. 

Patient evaluation
Visual Analog pain scale (VAPS) results are summa-

rized in (Fig. 1A). Approximately 78% of patients required 
analgesics prior to the surgery (Fig. 1B), but by 14th post-
operative day (the end of the monitoring period) only 6% 
of patients still required analgesics. The role of inflamma-
tion in loss of graft, edema and inflammation is shown 
in (Fig. 1C,D). Each individual curve represents the rela-
tionship between pain and leukocytes at a given time by 
means of the conditional probability function denoted 
Probability {x|y}. The different colors define time and 
condition: prior to the procedure patients had pain scores 
of either >2 (out of 10) (black) or < 2 (red); at 7 days 
patients either had no pain (magenta) or pain > 1 (blue); 
by the 14th day only 6% of patients had low pain (brown), 
with scores >1, while the rest were pain free (green).

Visual Analog Pruritus Scale (VAPrS) The use of the 
combination DESG/APC appeared to markedly reduce 
the level of pruritus (Fig. 2A), an established predic-
tor of hypertrophic scars20, compared to historical data 
(shaded area) and corresponded with greatly reduced 
antihistamine use (Fig. 2B). The frequency of patients 
using antihistamines reached a minimum (17/18 or 94%) 
at post-operative day 4 and remained at low levels (78% 
medication free) throughout the observation period (up 
to 12 months). The few patients remaining on anti-hista-
mines beyond this time did not appear to benefit from the 
medication. Decrease in pruritus correlated to absence of 
scarring, and the decrease matches the fact that the major-
ity of patients did not to need antihistamines throughout 
the observation period (12 months) (Fig. 2C). Most no-
tably, the patients with pruritus had low levels of eosino-
phils throughout the study, suggesting that the mechanism 
of pruritus may not be histamine related (Fig. 2D).

Graft healing
The healing of the graft was associated with less 

complications from infections, decreased graft failure 
and better acceptance by patients than traditionally ob-
served. The degree of wound healing was evaluated and 
assigned a score, as described in Materials and Methods. 
By the fourth day, a third of the wounds were >99% healed 
(Fig. 3). By the end of the study period (18 days) 94% of 
the wounds were 99% or greater healed.

Table 2. Cost analysis of in hospital stay.

DESG/APC
(Mean) SEM

DESG
(Mean) SEM T-test

Surgery time
(Min) 121.5 5.45 81.25 7.63 0.002

Hospital stay
(Days) 18.5 1.28 27.2 1.93 0.006

Cost
(Thousands-CZK) 48.2 1.03 64.6 1.39 0.169
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Table 3. Platelet Rich Plasma Analysis.

Platelet Rich Plasma Mean SEM

Platelet count (x109/L) 1011.94 69.58 
Platelet volume (fL) 9.70 0.29 
Platelet distribution width (%) 10.98 0.58 
Immature Platelet Fraction (%) 2.75 0.66 

Platelet rich plasma sample analysis of the 60 mL of peripheral blood 
after 15 min of gradient density centrifuge procedure with Harvest 
SmartPRep Platelet Concentrate System.

Fig. 1. Post operative pain assessment after DESG.
A) Visual Analog Pain Scale (VAPS): Patients treated with APC and DESG were evaluated using a VAPS from 0-10. As evident, most were pain 
free by day 6. The shaded area in A indicates historical experience with pain disappearance. 
B) Percentage of Patients on analgesics. Prior to surgery, approximately 78% of patients required analgesics, by the 2nd post-operative day, the 
number dropped to 56%, by the 4th post operative to 33% remaining on analgesics, and by 14th post-operative day (the end of the monitoring 
period) only 6% of patients require analgesics. 
C) Impact of Leukocytes on the Pain Evaluated in Visual Analog Pain Scale. The curves are gnostic distribution functions of leukocytes condi-
tioned by a certain level of pain. Each individual curve represents the relationship between VAPS and leukocytes at a given time. Prior to DESG 
the VASPS some patients had 2/10 pain (black curve), or less than 2/10 pain(red curve), at 7 days, there are patients without pain (purple) and 
with pain over 1 (blue), by the 14th day only 6% of patients have pain (brown) over 1 and the rest is pain free (green). 
D) Interpretation of VAPS using Distribution Functions. The curves represent the conditional probability (in this case probability of c-reactive 
protein influencing pain). The diversion of the probability curves indicates that 82% of the patients with high CRP also had high pain prior to 
procedure. At 7 days those with pain and those without pain had nearly the same concentration of CRP, and finally at 14 days those in whom 
inflammation persisted had high pain (brown) and those with low CRP had no pain (green). 

The highest total Vancouver Scar Scale Score was 4 
(median) and occurred at 3 months post surgery. After 
this point, the median VSS score decreased steadily, 
reaching 2 (the lowest point) at 6 months and remain-
ing at this score for 1 year. This score of 2 was due to 
hyperpigmentation in the 6 patients. Most importantly, 
all of the scars were without any marks of hypertrophy 
or contractures; thus, avoiding the need for secondary 
intervention or contraction release (Fig. 4).

While epithelialisation occurred no faster than tradi-
tionally observed, the quality of the epithelialisation, as 
judged by absence of inflammation and good fixation of 
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Fig. 2. Post operative pruritus assessment after DESG. 
A) Visual Analog Pruritus Scale (VAPrS): The range of the scale is from 0-10. As evident, degree of pruritus was lower than in patients not treated 
with DESG/APC (shaded area). Pruritus drops from pre-procedural levels, reaching a nadir at 7 days, and then raising again with healing (B). 
B) Percentage of Patients using antihistamines. Percentage of patients on antihistamines was used as a surrogate for pruritus and scar formation. 
On the 2nd and 4th post-operative day 17/18 patients (94%), and on 14th postoperative 14/18 (78%) patients did not require any antihistamines. 
C) Interpretation of VAPrS and eosinophils using Distribution Functions. Each individual curve represents the relationship between eosinophils 
and pruritus at a given time. Prior to surgery there was ∼55% of patients who had low levels of eosinophils and high pruritus (note the value at 
which blue and black curves cross) and the remainder had low eosinophils and high pruritus (blue curve). At 7 days the low pruritus line (purple) 
and no pruritus lines (red) intersect at about 50%. Decrease of pruritus was correlated to absence of scarring, and the decrease of pruritus is 
in agreement with the finding that majority of patients continued not to need antihistamines throughout the observation period (12 months). 
D) Relationship between platelets and eosinophiles analyzed using Distribution Functions. Their inter-relationships reveal that at 7 days there 
are low eosinophiles and high platelets (significant at 0·1 eosinophiles, red line). At 14 days, platelets decrease, but remain higher with a peak 
of 600x109/L, and by 3 months both eosinophiles and platelets are in normal ranges. Most notably, the patients with pruritus had low levels of 
eosionophils throughout the study, suggesting that the mechanism of pruritus may not be histamine related. This would agree with the finding 
that those patients using anti-histamines to control pruritus do not get relief from the medication. 
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Fig. 3. Rate of Healing. The rate of wound healing was evalu-
ated on a scale 0-100%. The majority of graft area (more than 
99%) was healed in 33% of patients on the 4th post-operative 
day, in 61% on the 6th day, in 67 % on the 8th postoperative day, 
in 72% on the 10th day, 78% on the 12th day and 94% of patients 
on the 18th post-operative day. The healing seen with DESG and 
platelets occurs earlier is more robust. 

Fig. 4. Vancouver Scar Score Scale. The scale score is based 
on: pigmentation (0-3), vascularity (0-3), pliability (0-5), and 
scar height (0-3) with a maximum achievable score of 14. The 
Vancouver Scar Score ratings of patients not treated with DESG 
and platelets range between 7-10 (grey shaded area), mainly 
because 40-60% of these patients have scar hypertrophy (1). 
In our study, patients treated with the combination show a re-
markable decrease of scores with maximum scores achieved at 
3 month (median=4) and high quality scar (median=2) from 
12 months onward.

the tissue to the wound bed, was greatly improved. Most 
grafts (72% of patients) were completely reepithelialised 
by the tenth day (Fig. 5A). Improved epithelialisation was 
also associated with statistically significant suppression 
of the inflammatory response as measured by decrease in 
CRP and fibrinogen levels in the plasma of those patients 
with faster healing wounds (Fig. 5B,5D). There was no 
apparent correlation with reepithelialisation rate and leu-
kocyte counts (Fig. 5C).

Coagulation and Haematological analysis
The evolution of coagulation parameters over time fol-

lowing treatment with DESG/APC was evaluated (Fig. 6). 
The tendency for early healing (rate of graft healing <2 
on day 4), or late healing (rate of graft healing <2 on day 

6), was not related to platelet counts, MPV, or Immature 
Platelet Fraction (data not shown). The methods of analy-
sis for Coagulation parameters (aPTT, INR, Fibrinogen, 
Platelets and Thrombin Time) were suggestive of com-
pensated disseminated intravascular coagulation (Fig. 6) 
and are summarized in (Table 4). The levels of cellular 
indicators of inflammation and stress corresponded to 
the observed clinical decrease of inflammation (Fig. 7). 
The normalization of lymphocyte counts reached signifi-
cance by the 7th postoperative day (P=0.21), and remained 
so throughout the early post-operative and late stages 
(P=0.27) on day 90 (Fig. 7C). A significant decrease in 
monocyte counts was also observed throughout the fol-
low up period (day 0-14, P=0.05; day 0-90, P=0.03) (Fig. 
7E), indicating early resolution of inflammatory response, 

Table 4. Coagulation statistical analysis. 

Day
0 - 7

Day
0 - 14

Day 
0 - 90

Day
7 - 14

Day
7 - 90

Day
14 - 90

APTT P=0.003 P=0.026

TT P=0.003

Fbg P=0.006 P=0.000 P=0.016 P=0.000

Platelets P=0.026 P=0.000 P=0.000

INR P=0.032 P=0.041
 
 Significant increase  Significant decrease
Activation of the coagulation cascade. A clot is necessary for the creation of a platelet rich fibrin/collagen matrix that facilitates early phases of 
wound healing by providing a scaffold for the migration and homing of inflammatory and mesenchymal cells. While aPTT, TT, INR and platelets 
are higher than normal at 7 days suggesting a compensated disseminated intravascular coagulation in the first week post procedure, all parameters 
gradually improve over the 14 days and normalized by 90 days by significant decrease.
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Fig. 2. Post operative pruritus assessment after DESG. 
A) Visual Analog Pruritus Scale (VAPrS): The range of the scale is from 0-10. As evident, degree of pruritus was lower than in patients not treated 
with DESG/APC (shaded area). Pruritus drops from pre-procedural levels, reaching a nadir at 7 days, and then raising again with healing (B). 
B) Percentage of Patients using antihistamines. Percentage of patients on antihistamines was used as a surrogate for pruritus and scar formation. 
On the 2nd and 4th post-operative day 17/18 patients (94%), and on 14th postoperative 14/18 (78%) patients did not require any antihistamines. 
C) Interpretation of VAPrS and eosinophils using Distribution Functions. Each individual curve represents the relationship between eosinophils 
and pruritus at a given time. Prior to surgery there was ∼55% of patients who had low levels of eosinophils and high pruritus (note the value at 
which blue and black curves cross) and the remainder had low eosinophils and high pruritus (blue curve). At 7 days the low pruritus line (purple) 
and no pruritus lines (red) intersect at about 50%. Decrease of pruritus was correlated to absence of scarring, and the decrease of pruritus is 
in agreement with the finding that majority of patients continued not to need antihistamines throughout the observation period (12 months). 
D) Relationship between platelets and eosinophiles analyzed using Distribution Functions. Their inter-relationships reveal that at 7 days there 
are low eosinophiles and high platelets (significant at 0·1 eosinophiles, red line). At 14 days, platelets decrease, but remain higher with a peak 
of 600x109/L, and by 3 months both eosinophiles and platelets are in normal ranges. Most notably, the patients with pruritus had low levels of 
eosionophils throughout the study, suggesting that the mechanism of pruritus may not be histamine related. This would agree with the finding 
that those patients using anti-histamines to control pruritus do not get relief from the medication. 
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Fig. 3. Rate of Healing. The rate of wound healing was evalu-
ated on a scale 0-100%. The majority of graft area (more than 
99%) was healed in 33% of patients on the 4th post-operative 
day, in 61% on the 6th day, in 67 % on the 8th postoperative day, 
in 72% on the 10th day, 78% on the 12th day and 94% of patients 
on the 18th post-operative day. The healing seen with DESG and 
platelets occurs earlier is more robust. 

Fig. 4. Vancouver Scar Score Scale. The scale score is based 
on: pigmentation (0-3), vascularity (0-3), pliability (0-5), and 
scar height (0-3) with a maximum achievable score of 14. The 
Vancouver Scar Score ratings of patients not treated with DESG 
and platelets range between 7-10 (grey shaded area), mainly 
because 40-60% of these patients have scar hypertrophy (1). 
In our study, patients treated with the combination show a re-
markable decrease of scores with maximum scores achieved at 
3 month (median=4) and high quality scar (median=2) from 
12 months onward.

the tissue to the wound bed, was greatly improved. Most 
grafts (72% of patients) were completely reepithelialised 
by the tenth day (Fig. 5A). Improved epithelialisation was 
also associated with statistically significant suppression 
of the inflammatory response as measured by decrease in 
CRP and fibrinogen levels in the plasma of those patients 
with faster healing wounds (Fig. 5B,5D). There was no 
apparent correlation with reepithelialisation rate and leu-
kocyte counts (Fig. 5C).

Coagulation and Haematological analysis
The evolution of coagulation parameters over time fol-

lowing treatment with DESG/APC was evaluated (Fig. 6). 
The tendency for early healing (rate of graft healing <2 
on day 4), or late healing (rate of graft healing <2 on day 

6), was not related to platelet counts, MPV, or Immature 
Platelet Fraction (data not shown). The methods of analy-
sis for Coagulation parameters (aPTT, INR, Fibrinogen, 
Platelets and Thrombin Time) were suggestive of com-
pensated disseminated intravascular coagulation (Fig. 6) 
and are summarized in (Table 4). The levels of cellular 
indicators of inflammation and stress corresponded to 
the observed clinical decrease of inflammation (Fig. 7). 
The normalization of lymphocyte counts reached signifi-
cance by the 7th postoperative day (P=0.21), and remained 
so throughout the early post-operative and late stages 
(P=0.27) on day 90 (Fig. 7C). A significant decrease in 
monocyte counts was also observed throughout the fol-
low up period (day 0-14, P=0.05; day 0-90, P=0.03) (Fig. 
7E), indicating early resolution of inflammatory response, 

Table 4. Coagulation statistical analysis. 

Day
0 - 7

Day
0 - 14

Day 
0 - 90

Day
7 - 14

Day
7 - 90

Day
14 - 90

APTT P=0.003 P=0.026

TT P=0.003

Fbg P=0.006 P=0.000 P=0.016 P=0.000

Platelets P=0.026 P=0.000 P=0.000

INR P=0.032 P=0.041
 
 Significant increase  Significant decrease
Activation of the coagulation cascade. A clot is necessary for the creation of a platelet rich fibrin/collagen matrix that facilitates early phases of 
wound healing by providing a scaffold for the migration and homing of inflammatory and mesenchymal cells. While aPTT, TT, INR and platelets 
are higher than normal at 7 days suggesting a compensated disseminated intravascular coagulation in the first week post procedure, all parameters 
gradually improve over the 14 days and normalized by 90 days by significant decrease.
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Fig. 5. Inflammation during re-epithelialization.
A) Rate of post-operative re-epithelialization. The rate of epithelization was evaluated using a scale from none=3 points, early=2, sustained=1, 
and full=0. We found that most grafts (72% of patients) were completely epithelialized by 10th day.
B) Conditional distribution functions correlating epithelialization and c-reactive protein (CRP) at 0, 7 and 14 days. It appears that better epithe-
lialization on the 7th and 14th post operative day are related to a lower CRP (red and blue line).
C) Distribution functions correlating epithelization and leukocyte levels. At 7 days all patients without healing have higher leukocyte counts 
(purple line) than those that healed (blue line. In contrast at 14 days the patients who have not healed have lower levels of leukocytes, while higher 
levels of leukocytes are correlated to better healing (red line). However, because the majority of patients (78%) were healed at 14 days, leaving 
few patients for calculation of this curve, it is difficult to reach the later conclusion. 
D) Dependence of epithelialization on the fibrinogen levels. Following healing (at 14 days) fibrinogen levels appear to have dropped (red line) 
to less than baseline (black line at day 0). At 7 days there appear to be only small differences between healers and non-healers. 

which corresponded well with perfusion data (Fig. 10) 
as well as the clinical evaluation of wounds (Fig. 12). 
Because the initial values were obtained during acute inju-
ry, the comparison was made with the values at 3 months 
when all patients had healed and exhibited no evidence 
of inflammation (Fig. 7). A reactive increase in red blood 
cells hemoglobin and hematocrit was seen on days 7–90 
(Fig. 7B,F), most likely reflecting no blood loss. 

Cytokines analysis
The blood elements carry a cargo of growth factors, 

inflammatory cytokines and chemoattractants for mesen-
chymal cells, and we analyzed the relationships between 
the different cytokines in the initial platelet concentrate 

used for the grafting. The levels of growth factors in 
platelets correlated not only with platelet and neutrophil 
counts and mean platelets volume, but also with the rate 
of graft healing. A strong inverse correlation was found be-
tween the MPV levels and SDF-1 counts. Similarly strong 
positive correlations were observed between platelets, neu-
trophils and the amount of growth factors, confirming 
that VEGF is accumulated in platelets and neutrophils 
(Fig. 8).

Histolopathology
Patients with DESG containing all layers (dermal, 

epidermal, fibrin/collagen adventitia) (A) appeared to 
be healing faster and their grafts retained better integrity 

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):242-258.

250

Fig. 6. Distribution of individual coagulation parameters. 
A) Evolution of Distribution Functions of aPTT: While values of aPTT are higher than normal at 7 days (black curve vs red curve), they gradually 
normalize at 14 (blue) and 90 (purple) days.
B) Evolution of Distribution Functions of TT. The values of TT are higher than normal at 7 days in about half of cases (black vs red curve), they 
remain elevated at 14 days (blue), and gradually normalize by 90 days (purple). The value of TT following the surgery (cross of the black line with 
blue and red) remains high and very variable in over 50% patients at 7 and 14 days, but normalizes at 3 months.
C) Evolution of Distribution Functions of INR. The value of INR is elevated and very variable in nearly 80% patients at 7 days. At 14 and 90 days 
the values somewhat normalize, but never reach initial levels.
D) Evolution of Distribution Functions of Platelets. Platelet levels at 7 days following surgery are significantly elevated and very variable in over 
90% patients (cross of the black line with red), and they gradually normalize and correct to values less than those at initial (black curve) by three 
months. 

throughout. Thin grafts (B) usually missed sub-epidermal 
layers, and resulted in delayed healing, mainly due to lack 
of firmness and increased secretions, leading to less stable 
grafts at 3 months. Viable platelets and PDGF could be 
demonstrated in all patients who received DESG/APC. 
The cellularity of the germinal layer of the graft corre-
lated with graft viability; conversely, lack of cellularity 
and increased number of apoptotic nuclei within the ger-
minal layer indicated decreased rate of healing (Fig. 9). 
The expression of PDGF (Fig. 9E,F), and bFGF (Fig. 
9C,D) was confined to the germinal layer, an area most 
commonly inhabited by progenitor cells. The presence of 
viable progenitor cells was corroborated by histochemical 

evidence of CD34/PDGF and CD34/ SDF-1 co-localiza-
tion in the germinal layers (Fig. 9E,F,G,H).

Laser doppler perfusion, measured in perfusion units 
(PUs), showed a florid initial perfusion, a gradual de-
crease in perfusion during the first six days, followed by 
healing angiogenesis within a one month period (Fig. 
10,11). All 18 patients had at least one pre-operative scan 
indicating pathologic post-traumatic inflammation with 
an increase in perfusion; following grafting, inflammatory 
reduction is reflected as a relative decrease in perfusion, 
before a secondary increase in perfusion after 14 days that 
indicates engraftment and angiogenesis. Following this 
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Fig. 5. Inflammation during re-epithelialization.
A) Rate of post-operative re-epithelialization. The rate of epithelization was evaluated using a scale from none=3 points, early=2, sustained=1, 
and full=0. We found that most grafts (72% of patients) were completely epithelialized by 10th day.
B) Conditional distribution functions correlating epithelialization and c-reactive protein (CRP) at 0, 7 and 14 days. It appears that better epithe-
lialization on the 7th and 14th post operative day are related to a lower CRP (red and blue line).
C) Distribution functions correlating epithelization and leukocyte levels. At 7 days all patients without healing have higher leukocyte counts 
(purple line) than those that healed (blue line. In contrast at 14 days the patients who have not healed have lower levels of leukocytes, while higher 
levels of leukocytes are correlated to better healing (red line). However, because the majority of patients (78%) were healed at 14 days, leaving 
few patients for calculation of this curve, it is difficult to reach the later conclusion. 
D) Dependence of epithelialization on the fibrinogen levels. Following healing (at 14 days) fibrinogen levels appear to have dropped (red line) 
to less than baseline (black line at day 0). At 7 days there appear to be only small differences between healers and non-healers. 

which corresponded well with perfusion data (Fig. 10) 
as well as the clinical evaluation of wounds (Fig. 12). 
Because the initial values were obtained during acute inju-
ry, the comparison was made with the values at 3 months 
when all patients had healed and exhibited no evidence 
of inflammation (Fig. 7). A reactive increase in red blood 
cells hemoglobin and hematocrit was seen on days 7–90 
(Fig. 7B,F), most likely reflecting no blood loss. 

Cytokines analysis
The blood elements carry a cargo of growth factors, 

inflammatory cytokines and chemoattractants for mesen-
chymal cells, and we analyzed the relationships between 
the different cytokines in the initial platelet concentrate 

used for the grafting. The levels of growth factors in 
platelets correlated not only with platelet and neutrophil 
counts and mean platelets volume, but also with the rate 
of graft healing. A strong inverse correlation was found be-
tween the MPV levels and SDF-1 counts. Similarly strong 
positive correlations were observed between platelets, neu-
trophils and the amount of growth factors, confirming 
that VEGF is accumulated in platelets and neutrophils 
(Fig. 8).

Histolopathology
Patients with DESG containing all layers (dermal, 

epidermal, fibrin/collagen adventitia) (A) appeared to 
be healing faster and their grafts retained better integrity 
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Fig. 6. Distribution of individual coagulation parameters. 
A) Evolution of Distribution Functions of aPTT: While values of aPTT are higher than normal at 7 days (black curve vs red curve), they gradually 
normalize at 14 (blue) and 90 (purple) days.
B) Evolution of Distribution Functions of TT. The values of TT are higher than normal at 7 days in about half of cases (black vs red curve), they 
remain elevated at 14 days (blue), and gradually normalize by 90 days (purple). The value of TT following the surgery (cross of the black line with 
blue and red) remains high and very variable in over 50% patients at 7 and 14 days, but normalizes at 3 months.
C) Evolution of Distribution Functions of INR. The value of INR is elevated and very variable in nearly 80% patients at 7 days. At 14 and 90 days 
the values somewhat normalize, but never reach initial levels.
D) Evolution of Distribution Functions of Platelets. Platelet levels at 7 days following surgery are significantly elevated and very variable in over 
90% patients (cross of the black line with red), and they gradually normalize and correct to values less than those at initial (black curve) by three 
months. 

throughout. Thin grafts (B) usually missed sub-epidermal 
layers, and resulted in delayed healing, mainly due to lack 
of firmness and increased secretions, leading to less stable 
grafts at 3 months. Viable platelets and PDGF could be 
demonstrated in all patients who received DESG/APC. 
The cellularity of the germinal layer of the graft corre-
lated with graft viability; conversely, lack of cellularity 
and increased number of apoptotic nuclei within the ger-
minal layer indicated decreased rate of healing (Fig. 9). 
The expression of PDGF (Fig. 9E,F), and bFGF (Fig. 
9C,D) was confined to the germinal layer, an area most 
commonly inhabited by progenitor cells. The presence of 
viable progenitor cells was corroborated by histochemical 

evidence of CD34/PDGF and CD34/ SDF-1 co-localiza-
tion in the germinal layers (Fig. 9E,F,G,H).

Laser doppler perfusion, measured in perfusion units 
(PUs), showed a florid initial perfusion, a gradual de-
crease in perfusion during the first six days, followed by 
healing angiogenesis within a one month period (Fig. 
10,11). All 18 patients had at least one pre-operative scan 
indicating pathologic post-traumatic inflammation with 
an increase in perfusion; following grafting, inflammatory 
reduction is reflected as a relative decrease in perfusion, 
before a secondary increase in perfusion after 14 days that 
indicates engraftment and angiogenesis. Following this 
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Fig. 7. Evolution of distribution functions of hematological elements. Following DESG/APC grafting. There is evidence of initial 
blood loss (left shift of the red curve) in hemoglobin, hematocrit and red blood cells analysis, with gradual stabililization of the 
curves over time on the level substantially exceeding the initial state. Dynamics of changes in neutrophile, monocyte and lympho-
cyte levels is less considerable but not negligible.

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):242-258.

252

secondary peak and tissue regeneration, there is gradual 
drop in average perfusion at 360 days, indicating restora-
tion of vascular quiescence.

Clinical evaluation by digital photography was done on 
day 2, 4, 6, 8, 10 and 14 after surgical procedure (see Fig. 
12). Patient 1 was burned by melted metal on the job, and 
he was grafted on the 6th day post injury, 3rd degree burns 
covered 1.75% of TBSA. Complete healing was achieved 
by 8 days (A3), and a month later a normally pigmented, 
non-hypertrophic scar devoid of any contractures was 
noted. Patient 2 burned herself with a garden fire, and 
received the DESG/APC on 14th day post injury. She 
had 3rd degree burns of 2.5% of TBSA on the right thigh, 
popliteal region and calf of right leg (B1). The wound was 
completely healed by 8 days, and one moth post-surgery 
(B4) a well-healed scar devoid of contractures, ulcerations 
or infections is evident. Patient 3 had burned herself while 
cooking on the hypothenar area of the palm and dorsum 
of 5th and 4th finger. She had 3rd degree burns on 1% of 
TBSA, but involving highly sensitive area of the left hand 
and fingers. Complete healing was achieved on the 10th 
post-operative day. At one month the patient had a fully 
functional hand, and contraction-less scar.

DISCUSSION

The application of concentrated platelets in the set-
ting of chronic ulcer22,23, cardiovascular surgery24, ortho-
pedic surgery25,26, sternum repair after cardiac surgery27 
and spinal injury28 is increasing. However, in the case of 
burns, it has not been established whether there is any 
benefit of platelet therapy. The use of acellular pig dermis 
matrix consisting of a mesh of collagen and elastic fibres, 
may result in skin hypertrophy, and cultured keratinocytes 
lead to thin and unstable grafts29. Ideally, new therapies 

would incorporate progenitor cells capable of differen-
tiating into various dermal cells to increase the quality 
of healed wounds. Additionally, application of individual 
agents or scaffolds do not allow for dynamic reciprocity of 
intercellular interactions that lead to normal tissue regen-
eration30. In this study we attempted to demonstrate ben-
efit through the combination of Dermo-Epidermal Skin 
Grafts (DESG), which contain progenitor cells within the 
deep dermal layers, with autologous platelet concentrate 
(APC), which contains enhanced levels of cytokines and 
growth factors required to facilitate cellular cross-talk and 
interactions as well as to enhance recruitment of other 
cell types resident within bordering host tissues.

The 18 patients treated with DESG/APC were pain-
free by day 6 (Fig. 1A), and since persistent pain in pa-
tients is due to delayed healing, and loss of graft, this 
supports an improved healing in DESG/APC treated 
patients. As seen in Figure 1, panel B only 6% of patients 
used analgesics at the end of the 14 day monitoring peri-
od. The probability of change in leukocyte counts (or CRP 
levels) under the condition of pain (Fig. 1C,D) indicate 
an initial (0-7 days) increase in inflammation, followed 
by a gradual drop in both CRP and leukocytes as pain 
disappears. This confirms the existing clinical suspicion 
that CRP and leukocyte counts are excellent markers/
predictors of pain.

Pruritus (itching, edema and redness) could be direct-
ly correlated with healing (Fig. 2A,B,C,D). The salient 
finding from this measurement was that the frequency 
and severity of pruritus were both 2-3x less than the usu-
ally observed 6-10/10 VAPrS (shaded area in Fig. 2A). 
The somewhat surprising finding was a lack of correlation 
between eosinophils, platelets and pruritus, supporting 
the conclusion that pruritus is not in this case related to 
histamine release, and would not (and did not) respond 
to anti-histamine therapy. Lessening of pain and pruritus 
herald healing. In agreement with this are the findings in 

Fig. 8. Correlation diagrams for cytokines interactions. Heat map diagrams of correlation coefficients of individual selected 
cytokines, where blue represents a negative correlation [-1 to 1] and red represents a positive one [1 to -1]. The color and size of 
each individual square indicates a quantitative measure of the correlation. The diagram shows the correlations of neutrophiles, 
platelets or MPV (always in the left lower corner of the diagram), with 3 cytokines (VEGF, SDF1, PDGF). In the case of neutro-
philes (A) and platelets (B), the strongest positive correlation is between VEGF and neutrophiles (or VEGF and platelets in B). 
Mean platelet volume (B) has a very strong negative correlation with SDF1. The correlation of VEGF and PDGF is very weak in 
all three correlations. 
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Fig. 7. Evolution of distribution functions of hematological elements. Following DESG/APC grafting. There is evidence of initial 
blood loss (left shift of the red curve) in hemoglobin, hematocrit and red blood cells analysis, with gradual stabililization of the 
curves over time on the level substantially exceeding the initial state. Dynamics of changes in neutrophile, monocyte and lympho-
cyte levels is less considerable but not negligible.

Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):242-258.

252

secondary peak and tissue regeneration, there is gradual 
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cooking on the hypothenar area of the palm and dorsum 
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and fingers. Complete healing was achieved on the 10th 
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an initial (0-7 days) increase in inflammation, followed 
by a gradual drop in both CRP and leukocytes as pain 
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that CRP and leukocyte counts are excellent markers/
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all three correlations. 

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 79



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):242-258.

253

Fig. 9. Histology of DESG/APC at the time of application. Hematoxylin/Eosin: 40x; Immunohistochemistry for 
bFGF, Platelet Derived Growth Factor (PDGF), SDF1, CD34; was performed on the graft tissues at the time of 
DESG/APC application. The expression of bFGF localized to the stroma of the germinal layer (blue arrowheads 
in C,D), and to the junction of keratin layer and epidermis. The expression of PDGF is localized in the stroma of 
the germinal layer (black arrowheads in E,F), an area commonly inhabited by progenitor cells. Dark red arrows in 
E,F point to CD34+ cells marked by red stain. The expression of SDF1 is localized to the stroma of the germinal 
layer (brown arrowheads in G,H), and fibroblastic cells (dark grey arrowheads in G, H). Dark red arrows in G,H 
point to CD34+ cells marked by red stain.
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Fig. 10. Laser doppler imaging studies. Were donne on day 0, 6, 14 and 30. Day 0 is prior to any procedure. Each of the images 
has a defined region of interest (ROI) marked by a white border and labeled “1”. 
In patient 1 (A1-A5) a pre-operative scan, was done on the 4th post-traumatic day, and showed very low perfusion (46.4 perfusion units, PU), 
surrounded by inflammatory hallo (A1 on Fig. 10). On the 2nd post-operative day perfusion increased to 176 PU (A2). Next two scans indicate 
decrease in perfusion to 94 PU on day 4 and to 58 PU on day 8 before a secondary increase in perfusion that occurred with healing, and is evident 
by a rise to 167 at 93 days. In patient 2 (B1-5) the preoperative scan was acquired 12th post-traumatic day (day -2 of surgery) and showed low 
perfusion 94·9 PU, raising to 279·2 PU in the first 2 days post-op, before gradually decreasing to a nadir of 39·3 on the 8th post-operative day, and 
stabilized between 57·6-118·1 without a secondary peak. In patient 3 (C1-C5) was first scanned 7 days post trauma (day -1), and showed 81·5 PU, 
raising to 235·4 PU, dropping gradually to 37·2 on the 6th post-operative day, and stabilizing between 34·2 and 132 PU. 
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perfusion 94·9 PU, raising to 279·2 PU in the first 2 days post-op, before gradually decreasing to a nadir of 39·3 on the 8th post-operative day, and 
stabilized between 57·6-118·1 without a secondary peak. In patient 3 (C1-C5) was first scanned 7 days post trauma (day -1), and showed 81·5 PU, 
raising to 235·4 PU, dropping gradually to 37·2 on the 6th post-operative day, and stabilizing between 34·2 and 132 PU. 
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Fig. 11. Laser doppler perfusion study. 
A) Dynamic summary of perfusion studies are obtained by estimating the distribution functions of the 11 data sets of RPU (Relative Perfusion 
Units) for each of the 11 time points. Nine values of percentiles of each of these distributions are calculated for probabilities 0, 0·05, 0·1, 0·25, 
0·5, 0·75, 0·90 and 1. Percentiles are depicted in figure 11 on straight lines parallel to the Y-axis by color marks. It can be seen in Figure 11 that 
the large starting variability of RPU is still increasing at time 4D to fall to minimum at 365D. 
B) Average perfusion units at each of the 11 time points. All 18 patients had at least one pre-operative scan indicating pathologic post-traumatic 
inflammation with an increase in perfusion (89); following grafting, inflammatory reduction is reflected as a relative decrease in perfusion that 
reaches a nadir between 6-14 days (PU 71-111 respectively), before a secondary increase in perfusion after 14 days that indicates engraftment and 
angiogenesis and peaks between 30-90 days (105 PU). Following this secondary peak and tissue regeneration, there is gradual drop in average 
perfusion to 61 PU at 360 days, indicating restoration of vascular quiescence. 

(Fig. 3) showing a gradual increase in the percentage of 
healed area, with >94% of patients having over 99% of the 
burned area healed on18th post-operative day.

One of the most attractive selling features of the com-
bination of DESG and platelets may be the enhanced 
cosmesis and characteristics of the scar (Fig. 4 and Fig. 
12). In patients not treated with this combination, scar 
hypertrophy often occurs 1-3 months post-operatively, and 
peaks at 3 months. The quality of scar formation and 
patient’s ultimate functionality is best predicted by the 
speed and stability of epithelialization. While the rate of 
reepithelialization in patients treated with DESG/APC 
may not have been higher or faster than traditionally 
observed, the inflammatory markers normalized faster 
(Fig. 5 B,C,D), making the re-eptithelialized wound more 
stable. Most grafts (72% of patients) were completely 
reepithelialized by day 10 (Fig. 5A) creating a natural 
barrier to infection and preventing usual complications. 
Because of the minimal cicatrization in patients treated 
with DESG/APC, they had no need for pressure garments 
or other scar management.

Activation of the coagulation cascade is seen with any 
tissue injury (Table 4.). A clot is necessary for the creation 
of a platelet rich fibrin/collagen matrix that facilitates 
early phases of wound healing by providing a scaffold 
for the migration and homing of inflammatory and mes-
enchymal cells. While aPTT, TT, INR and platelets are 
higher than normal at 7 days (black and red in Fig. 7 
A,B,C,D) suggesting a compensated disseminated intra-

vascular coagulation in the first week post procedure, all 
parameters gradually improved over the 14 days (blue) 
and normalized by 90 days (magenta).

Activation of coagulation also leads to recruitment of 
platelets to the site. These blood elements carry a cargo 
of growth factors, inflammatory cytokines and chemoat-
tractants for mesenchymal cells9,11 and we analyzed the 
relationships between the different cytokines (Fig. 8) in 
the initial platelet concentrate used for the grafting. Both 
platelets and neutrophils were shown to be a great source 
of VEGF see (Fig. 8 A,B), and the VEGF correlated neg-
atively with SDF1, substantiating the very distinct and 
temporally separated functions of these two cytokines. 
SDF1 is a chemoattractant for stem cells, whereas VEGF 
is an initiator of vascular sprouting and is needed only 
transiently. The histological analysis (Fig. 9) supports 
this interpretation of cytokine progenitor cell interaction, 
CD34+ progenitors are in the deep dermal crypts and in 
perivascular regions (Fig. 9E,F,G,H), whereas the deep 
epidermis stroma is rich in pro-angiogenic growth factors 
such as bFGF (Fig. 9 C,D) and PDGF (Fig. 9 E,F). In 
contrast, SDF1 co-localises with CD34+ progenitor cells 
(Fig. 9 G,H). The final neovascularization is the outcome 
of a complex network of interactions between transient 
expression of VEGF (vascular sprout initiation), FGF2 
(vascular stalk formation), and PDGF (pericyte recruit-
ment and vessel maturation).

From serial dynamic perfusion studies used to follow 
up patients grafted with DESG/APC emerged a very char-
acteristic pattern of pathological and physiological angio-
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Fig. 12. Clinical evaluation photography. Serial photographs on day 6, 14 and 30 post grafting. Each vertical row represents a 
single patient. 
Patient 1 was burned by melted metal on the job, and he was grafted on the 6th day post injury, 3rd degree burns covered 1·75% of TBSA. On the 
day of grafting the entire area was necrotic with full thickness damage. On the 6th day (A2) pink granulation tissue well-fixed to the wound bed, 
and devoid of secretion suggesting a vital skin grafts in over 99% of the surgically treated area. The blue arrowhead points to the Histoacryl® 
glue with which the graft is affixed to the tissue. Complete healing was achieved by 8 days (A3), and a month later a normally pigmented, non-
hypertrophic scar devoid of any contractures was noted. Heal was the only hyperkeratotic area discolored by iodine. Patient 2 burned herself with 
a garden fire, and received the DESG/APC on 14th day post injury. She had 3rd degree burns of 2·5% of TBSA on the right thigh, popliteal region 
and calf of right leg (B1). On 6th day a vital skin graft was noted in over 99% of the surgically treated area. The wound was completely healed 
by 8 days, and one moth post-surgery (B4) a well-healed scar devoid of contractures, ulcerations or infections is evident. Patient 3 had Patient C 
burned herself while cooking on the hypothenar area of the palm and dorsum of 5th and 4th finger. She had 3rd degree burns on 1% of TBSA, but 
involving highly sensitive area of the left hand and fingers. She underwent grafting on the 8th day. On the 6th post-surgical day, fully vital skin 
grafts were noted on more than 99% of the surgical area. Complete healing was achieved on the 10th post-operative day. At one month the patient 
had a fully functional hand, and contraction-less scar.
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the large starting variability of RPU is still increasing at time 4D to fall to minimum at 365D. 
B) Average perfusion units at each of the 11 time points. All 18 patients had at least one pre-operative scan indicating pathologic post-traumatic 
inflammation with an increase in perfusion (89); following grafting, inflammatory reduction is reflected as a relative decrease in perfusion that 
reaches a nadir between 6-14 days (PU 71-111 respectively), before a secondary increase in perfusion after 14 days that indicates engraftment and 
angiogenesis and peaks between 30-90 days (105 PU). Following this secondary peak and tissue regeneration, there is gradual drop in average 
perfusion to 61 PU at 360 days, indicating restoration of vascular quiescence. 

(Fig. 3) showing a gradual increase in the percentage of 
healed area, with >94% of patients having over 99% of the 
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the initial platelet concentrate used for the grafting. Both 
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hypertrophic scar devoid of any contractures was noted. Heal was the only hyperkeratotic area discolored by iodine. Patient 2 burned herself with 
a garden fire, and received the DESG/APC on 14th day post injury. She had 3rd degree burns of 2·5% of TBSA on the right thigh, popliteal region 
and calf of right leg (B1). On 6th day a vital skin graft was noted in over 99% of the surgically treated area. The wound was completely healed 
by 8 days, and one moth post-surgery (B4) a well-healed scar devoid of contractures, ulcerations or infections is evident. Patient 3 had Patient C 
burned herself while cooking on the hypothenar area of the palm and dorsum of 5th and 4th finger. She had 3rd degree burns on 1% of TBSA, but 
involving highly sensitive area of the left hand and fingers. She underwent grafting on the 8th day. On the 6th post-surgical day, fully vital skin 
grafts were noted on more than 99% of the surgical area. Complete healing was achieved on the 10th post-operative day. At one month the patient 
had a fully functional hand, and contraction-less scar.

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 83



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Jun; 158(2):242-258.

257

genesis (Fig. 11). Following the grafting, the pathologic 
inflammation regresses and a secondary peak occurs at 
the time of reperfusion, reflecting healthy regenerative 
angiogenesis between1-3 months.

One of the most important findings of this study was 
the cost effectiveness of the therapy. Despite the longer 
operating times, the cost of hospital stay was lower (ap-
proximately 25% less) than that of institutional controls 
who did not receive DESG/APC grafting.

CONCLUSIONS

Our study indicates that DESG/APC is a combina-
tion with superior outcomes to the present standard of 
care and should be embraced widely. Patients treated with 
DESG/APC had high quality of healing without evidence 
of scar hypertrophy or contractures. The intervention 
markedly benefits patients, the community, and health 
care in general. We showed that even though the length 
of time for the initial procedure may have been somewhat 
longer, significant cost savings in hospital stay and subse-
quent revisions were achieved.

ABBREVIATIONS

APC, Autologous platelet concentrate; HAT, Human 
autologous thrombin; LDPI, Laser doppler perfusion im-
aging; DESG, Dermo-epidermal skin graft; ACD-A, Acid 
citrate dextrose-anticoagulant; PDGF, Platelet derived 
growth factor; VEGF, Vascular endothelial growt factor; 
bFGF, Beta fibroblast growth factor; SDF1, Stromal cell 
derived factor 1; VAPS, Visual analog pain scale; VAPrS, 
Visual analog pruritus scale; TBSA, Total body surface 
area; MPV, Mean platele volume.
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genesis (Fig. 11). Following the grafting, the pathologic 
inflammation regresses and a secondary peak occurs at 
the time of reperfusion, reflecting healthy regenerative 
angiogenesis between1-3 months.

One of the most important findings of this study was 
the cost effectiveness of the therapy. Despite the longer 
operating times, the cost of hospital stay was lower (ap-
proximately 25% less) than that of institutional controls 
who did not receive DESG/APC grafting.

CONCLUSIONS

Our study indicates that DESG/APC is a combina-
tion with superior outcomes to the present standard of 
care and should be embraced widely. Patients treated with 
DESG/APC had high quality of healing without evidence 
of scar hypertrophy or contractures. The intervention 
markedly benefits patients, the community, and health 
care in general. We showed that even though the length 
of time for the initial procedure may have been somewhat 
longer, significant cost savings in hospital stay and subse-
quent revisions were achieved.
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Autoimmune pancreatitis
Petr Ditea, Hana Nechutovab,c, Magdalena Uvirovad, Jana Dvorackovaa,e, Bohuslav Kianickab, Arnost Martineka

Introduction. Autoimmune pancreatitis (AIP) is the specific type of chronic pancreatitis due to autoimmune back-
ground and mechanism.
Characteristics.  The main clinical symptoms of AIP are obstructive jaundice and abdominal discomfort. The typical 
histological findings are lymphocytes and IgG4 plasma cells  infiltration, fibrosis and venulitis within pancreatic gland. 
Plasma level of IgG4 is usually extremely high.
Objectives. Diagnosis: High level IgG4 positive plasma cells in serum, lymphoplasmatic infiltration found on histologi-
cal staining of pancreatic tissue, “sausage-like“ pancreas in ultrasound and CT scans, and response to steroid therapy 
are crucial for making of diagnosis.
Classification of AIP: AIP can be classified into two subtypes. Type 1 was recognized as the pancreatic manifestation of 
multiorgan disorder, called IgG4 related disease. Type 2 is a pancreas-specific disorder not associated with IgG4, with 
similar histological signs as type 1, but also with the positivity of GEL (granulocythic epithelial lesion).
Results. Therapy: Due to its high effectivity in AIP treatment, steroid therapy is the first-line option. The alternative 
therapy is using immunosuppressants (azathioprine). Recently, there are also first experience in biological therapy 
already published.
Conslusion. Before the start of AIP therapy - the differential diagnosis between pancreatic cancer and AIP is essential.

Key words: chronic pancreatitis, autoimmune pancreatitis, immunoglobulines, IgG4, steroids, extrapancreatic 
lesions, pancreatic biopsy 
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INTRODUCTION

Chronic pancreatitis is an inflammatory process, dur-
ing which the pancreatic parenchyma is replaced with 
fibrotic tissue. This morphological change leads to ir-
reversible destruction of both the exocrine and the en-
docrine glandular pancreatic parenchyma. The terminal 
point of these changes is exocrine and endocrine pan-
creatic insufficiency. The literature on the incidence and 
prevalence of chronic pancreatitis in not voluminous and 
time trends in incidence rates are lacking. The study in 
Copenhagen area in the 1970’s reported an e incidence 
of 6.9 - 10.0 new cases per 100 000 inhabitants per year1

 

In the Cantabria region of Spain between 1981 and 1991 
the incidence was found to be 14 per 100000 per year, 
of which 80% were alcohol induced2. In 2002, Lankisch 
and co-workers published their results of chronic pancre-
atitis incidence in the region of Northern Germany. The 
incidence in the period 1988 to 1995 was 6.4 per 100000 
per year3,4. In 2001, Dite and co-workers reported an in-
cidence of 7.9/100000/year in the Czech Republic and 
the incidence was similar to thatof other European coun-
tries /France, Denmark Germany, Hungary/. The highest 

incidence of chronic pancreatitis, 23/100000/year, was 
found in Finland5. Some studies have found a serious in-
crease in the number of patients admitted to hospital with 
chronic pancreatitis, e.g. in the UK an increase of 100% 
from 1989/90 to 1999/2000 was documented6 (Table 1). 
Japan also registered an increase in prevalence from 28.5 
to 32.9/100000 and from 5.4 to 5.7/100000/year during 
the period 1994 to 1999 (ref.6). 

In 2001, the TIGAR-O classification system of etiologi-
cal factors for chronic pancreatitis was published7. This 
system is based on the mechanism of injury of pancreatic 
tissue, and it addresses the risk, etiology, and complexity 
of the disease. Chronic pancreatitis is a complex disorder 
that may involve the interaction of two or more environ-
mental or genetic factors. The TIGAR-O model addresses 
this potential synergistic role of multiple risk factors in 
a single individual with chronic pancreatitis and allows 
assessment of the contributory level of each of the in-
teracting risk factors. Although the critical information 
about different forms of chronic pancreatitis is not fully 
available, the TIGAR-O system lays the foundation for 
further advancement in the field. The major categories 
include toxic-metabolic (T), idiopathic (I), genetic (G), 
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are among the most commonly affected extrapancreatic 
organs16-20 (Table 2).

The most frequent clinical symptom in type 1 AIP is 
obstructive jaundice. In patients with AIP type 2 features 
typical for acute or chronic pancreatitis can be occasion-
ally seen. IgG4 elevation is very rare in type 2 AIP, but 
very frequent (about 80%) in patients with type 1 AIP. 
Association between inflammatory bowel disease, pri-
mary biliary cirrhosis and AIP is connected with type 2 
AIP. In contrast, type 1 AIP is combined with extrapan-
creatic manifestations, as are IgG4 sclerosing cholangi-
tis, sialoadenitis, retroperitoneal fibrosis, etc.21 (Table 3). 
According to the TIGAR-O classification system7 AIP can 
be subdivided into isolated and syndromic subgroups with 
syndromic AIP being associated with inflammatory bowel 
disease and primary biliary cirrhosis21. In our sample of 
patients with AIP, we also identified IgG4 mastitis and 
Mikulicz syndrome (Table 4). 

DIAGNOSIS 

Asian consensus criteria (Table 5) and/or HISORt 
criteria of AIP (table 6) are generally accepted22-24. The 
problem with the Japanese Diagnostic Criteria is a lower 
sensitivity (80%) and specificity (87%) than HISORt cri-
teria (92% sensitivity and 97% specificity) (ref.25).

Five cardial feature of AIP are as follows:
– pancreatic histology 
– serology 
– imaging of pancreatic parenchyma and duct 

Table 1. Incidence of Chronic Pancreatitis. 

Country Incidence

Switzerland 1.2/100 000/year
Poland 4.0/100 000/year
Germany 7.4/100 000/year
Czech Rep. 7.9/100 000/year
Hungary 8.0/100 000/year
Denmark 10.0/100 000/year
Sweden 10.0/100 000/year
Finland 23.0/100 000/year
United States 5.7-7.6/100 000/year

Table 2. Autoimmune pancreatitis – subtypes.

Type 1 
Lymphoplasmatic sclerosing 
pancreatitis (LPSP)

– periductal lymphoplasmat-
ic infiltrates

– high amount IgG4
– positive plasma cells
– swirling fibrosis
– obliterative venulitis

Type 2
Idiopathic duct-centric pan-
creatitis (IDCP)
„non-alcoholic duct destruc-
tive pancreatitis“

– ductal epithelial granulo-
cytic infiltration

– ductal damage
– obliteration

autoimmune (A), recurrent severe acute pancreatitis (R), 
and obstructive (O) mechanisms. 

In 1961, Sarles and co-workers described the idiopath-
ic form of pancreatitis with minimal subjective symptoms, 
obstructive jaundice and hypergammaglobulinemia and 
they were the first to suspect an autoimmune process as 
an etiological factor8. In 1995, Yoshida and co-workers 
described a patient with obstructive jaundice, with dif-
fusely enlarged pancreas, irregular pancreatic duct and 
hypergammaglobulinemia. The pancreatic biopsy revealed 
pancreatic fibrosis. The symptoms resolved after steroid 
therapy. The term “AUTOIMMUNE PANCREATITIS” 
was used for the first time9. Recent knowledge supports 
the concept of autoimmune pancreatitis (AIP) as a unique 
clinical entity within putative IgG4 systemic diseases. The 
pathogenetic mechanisms remain unclear10 , but autoim-
mune etiology is presumed. 

EPIDEMIOLOGY 

Epidemiological data on AIP is still very poor. A na-
tionwide study in Japan estimated the prevalence of AIP 
to be 0.82 per 100 000 habitants11, when diagnostic crite-
ria for AIP proposed by the Japanese Pancreas Society in 
2002 were used12. AIP is at least twice as common in men 
as in women. The onset of the disease is typical in patients 
over 55 years of age11,13,14. The incidence of AIP appears to 
have risen in last few years - from 2.0 to 4.0 in our series. 
 
Clinical feature 
– mild abdominal symptoms 
– occasional presence of obstructive jaundice 
– high level of serum gammaglobulin IgG and IgG4 
– presence of non-specific antibodies 
– diffuse enlargement of the pancreas (“sausage-like”), 

in CT scan with capsule-like low density rim 
– diffuse irregular of pancreatic duct on ERCP 
– histomorphologically lymphocyte and IgG4-positive 

plasmacyte infiltration and fibrosis, obliterative phle-
bitis 

– association with extrapancreatic lesions 
– responsibility to steroid therapy 

HISTOLOGY 

Histopathological features support the hypothesis of 
two histological and clinical subtypes of AIP (ref.14,15). 

The histological pattern in type 1 is identical to the 
classic description of the disease and is associated with 
the histological pattern known as lymphoplasmatic scle-
rosing pancreatitis - LPSP. Typical histological signs are 
dense periductal lymphoplasmacytic infiltrates, swirling 
fibrosis, obliterative venulitis and IgG4 tissue positivity. 
The main serological marker is elevation of serum im-
munoglobulin IgG4. Type-1 AIP is considered to be a 
part of IgG4-associated systemic disease for which ex-
trapancreatic involvement is typical. The bile ducts, kid-
neys, salivary glands, retroperitoneum and mediastinum 
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Table 3. Comparison of type 1 and type 2 AIP. 

Type 1 AIP Type 2 AIP

Mean Age Sixth decade Fourth decade

Gender Predominantly male Equal

Histological pattern Lymphoplasmacytic sclerosing pancreatitis Duct-destructive pancreatitis

Histological signs Periductal lymphoplasmacytic infiltrates
Swirling fibrosis
Obliterative venulitis

Lymphoplasmacytic infiltrates
Granulocyte epithelial lesions with partial/
complete duct obstruction (GEL)

IgG4 cells on immunostaining Moderate-severe (98%) Moderate (40%) in one study

Serum IgG4 levels  Elevated Normal

Other organ involvement Sclerosing sialadenitis, IgG4-associated 
cholangitis, retroperitoneal fibrosis, IgG4-
associated tubulointerstitial nephritis, pneu-
monitis, prostatitis, IgG4 mastitis

Inflammatory bowel disease 
Primary biliary cirrhosis

Table 4. AIP with extrapancreatic lesions (n=13). 

Gender Age Concomitant autoimmune disease 

Male 36 IgG4 sclerosing cholangitis 

Male 43 Sialadenitis 

Male 53 Sjögren sy 

Female 54 Sjögren sy, autoimmune hepatitis 

Male 56 autoimmune hepatitis 

Male 32 autoimmune hepatitis 

Female 55 primary biliary cirrhosis 

Male 51 IBD 

Male 46 Xxx 

Female 33 Xxx 

Female 58 IgG4 positive mastitis, sialadenitis 

Female 55 IgG4 sclerosing cholangitis

Male 49 IgG4 sclerosing cholangitis

Table 5. Clinical diagnostic criteria for AIP 2006.

1. Diffuse or segmental narrowing of the MPD with ir-
regular wall and diffuse or localized enlargement of the 
pancreas by imaging studies, such as abdominal US, CT, 
and magnetic resonance. 

2. High serum γ-globulin, IgG, or IgG4, or the presence of 
autoantibodies such as antinuclear antibodies and rheu-
matoid factor. 

3. Marked interlobular fibrosis and prominent infiltration 
of lymphocytes and plasma cells in the periductal area, 
occasionally with lymphoid follicles in the pancreas. 

Diagnosis of AIP is established when criterion 1 and cri-
terion 2 and/or 3 are fulfilled. However, it is necessary to 
exclude malignant diseases. 

– other organ involvement 
– response to steroid therapy 

Diagnostic biopsy with histological examination is usu-
ally sufficient for the diagnosis of type 1 of AIP and is a 
mandatory procedure in the differential diagnosis between 
AIP and pancreatic cancer26-28. Sausage-like enlargement 
of the gland in CT imaging and/or endosonography is 
present in more than 50% of patients with AIP. Dynamic 
CT and MRI show delayed enhancement of the swollen 
pancreas, in some patients forming a “capsule-like rim“ 
surrouding the pancreas. ERCP, better than MRCP, shows 
diffuse narrowing of the pancreatic duct with some ir-
regularities. Positron emission tomography /PET/ does 
not play any role in diagnostic work- up25. In the case 

of typical histology, serological positivity of IgG4, other 
organ involvement and typical imaging in CT or EUS, 
the diagnosis of autoimmune pancreatitis is most certain. 
Narrowed pancreatic duct, enlarged gland with sausage-
like shape, elevation of serum IgG4 and/or compatible 
histology are typical for AIP type 1. Other serological 
markers are less specific but rheumatoid factor or high 
titres of ANA may also be present11,29. In AIP-type 2, IgG4 
cells on immunostaining are usually absent and IgG4 se-
rum level is usually normal. Histological hallmarks are 
lymphoplasmatic infiltration and granulocyte epithelial 
lesions with partial or complete duct obstruction - duct-
centric destructive pancreatitis /IDCP/. The wall of the 
duct is usually infiltrated with neutrophils, lymphocytes 
and plasma cells with involvement of the duct epithelium 
and lumen. The ductal lesions are called GEL - granulo-
cyte epithelial lesion13,14.

Accurate diagnosis of the AIP-type 2 requires core 
biopsy of the gland. Patients with type 1 are typically 
males with a mean age in the sixth decade. Patients with 
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are among the most commonly affected extrapancreatic 
organs16-20 (Table 2).

The most frequent clinical symptom in type 1 AIP is 
obstructive jaundice. In patients with AIP type 2 features 
typical for acute or chronic pancreatitis can be occasion-
ally seen. IgG4 elevation is very rare in type 2 AIP, but 
very frequent (about 80%) in patients with type 1 AIP. 
Association between inflammatory bowel disease, pri-
mary biliary cirrhosis and AIP is connected with type 2 
AIP. In contrast, type 1 AIP is combined with extrapan-
creatic manifestations, as are IgG4 sclerosing cholangi-
tis, sialoadenitis, retroperitoneal fibrosis, etc.21 (Table 3). 
According to the TIGAR-O classification system7 AIP can 
be subdivided into isolated and syndromic subgroups with 
syndromic AIP being associated with inflammatory bowel 
disease and primary biliary cirrhosis21. In our sample of 
patients with AIP, we also identified IgG4 mastitis and 
Mikulicz syndrome (Table 4). 

DIAGNOSIS 

Asian consensus criteria (Table 5) and/or HISORt 
criteria of AIP (table 6) are generally accepted22-24. The 
problem with the Japanese Diagnostic Criteria is a lower 
sensitivity (80%) and specificity (87%) than HISORt cri-
teria (92% sensitivity and 97% specificity) (ref.25).

Five cardial feature of AIP are as follows:
– pancreatic histology 
– serology 
– imaging of pancreatic parenchyma and duct 

Table 1. Incidence of Chronic Pancreatitis. 

Country Incidence

Switzerland 1.2/100 000/year
Poland 4.0/100 000/year
Germany 7.4/100 000/year
Czech Rep. 7.9/100 000/year
Hungary 8.0/100 000/year
Denmark 10.0/100 000/year
Sweden 10.0/100 000/year
Finland 23.0/100 000/year
United States 5.7-7.6/100 000/year

Table 2. Autoimmune pancreatitis – subtypes.

Type 1 
Lymphoplasmatic sclerosing 
pancreatitis (LPSP)

– periductal lymphoplasmat-
ic infiltrates

– high amount IgG4
– positive plasma cells
– swirling fibrosis
– obliterative venulitis

Type 2
Idiopathic duct-centric pan-
creatitis (IDCP)
„non-alcoholic duct destruc-
tive pancreatitis“

– ductal epithelial granulo-
cytic infiltration

– ductal damage
– obliteration

autoimmune (A), recurrent severe acute pancreatitis (R), 
and obstructive (O) mechanisms. 

In 1961, Sarles and co-workers described the idiopath-
ic form of pancreatitis with minimal subjective symptoms, 
obstructive jaundice and hypergammaglobulinemia and 
they were the first to suspect an autoimmune process as 
an etiological factor8. In 1995, Yoshida and co-workers 
described a patient with obstructive jaundice, with dif-
fusely enlarged pancreas, irregular pancreatic duct and 
hypergammaglobulinemia. The pancreatic biopsy revealed 
pancreatic fibrosis. The symptoms resolved after steroid 
therapy. The term “AUTOIMMUNE PANCREATITIS” 
was used for the first time9. Recent knowledge supports 
the concept of autoimmune pancreatitis (AIP) as a unique 
clinical entity within putative IgG4 systemic diseases. The 
pathogenetic mechanisms remain unclear10 , but autoim-
mune etiology is presumed. 

EPIDEMIOLOGY 

Epidemiological data on AIP is still very poor. A na-
tionwide study in Japan estimated the prevalence of AIP 
to be 0.82 per 100 000 habitants11, when diagnostic crite-
ria for AIP proposed by the Japanese Pancreas Society in 
2002 were used12. AIP is at least twice as common in men 
as in women. The onset of the disease is typical in patients 
over 55 years of age11,13,14. The incidence of AIP appears to 
have risen in last few years - from 2.0 to 4.0 in our series. 
 
Clinical feature 
– mild abdominal symptoms 
– occasional presence of obstructive jaundice 
– high level of serum gammaglobulin IgG and IgG4 
– presence of non-specific antibodies 
– diffuse enlargement of the pancreas (“sausage-like”), 

in CT scan with capsule-like low density rim 
– diffuse irregular of pancreatic duct on ERCP 
– histomorphologically lymphocyte and IgG4-positive 

plasmacyte infiltration and fibrosis, obliterative phle-
bitis 

– association with extrapancreatic lesions 
– responsibility to steroid therapy 

HISTOLOGY 

Histopathological features support the hypothesis of 
two histological and clinical subtypes of AIP (ref.14,15). 

The histological pattern in type 1 is identical to the 
classic description of the disease and is associated with 
the histological pattern known as lymphoplasmatic scle-
rosing pancreatitis - LPSP. Typical histological signs are 
dense periductal lymphoplasmacytic infiltrates, swirling 
fibrosis, obliterative venulitis and IgG4 tissue positivity. 
The main serological marker is elevation of serum im-
munoglobulin IgG4. Type-1 AIP is considered to be a 
part of IgG4-associated systemic disease for which ex-
trapancreatic involvement is typical. The bile ducts, kid-
neys, salivary glands, retroperitoneum and mediastinum 
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Table 3. Comparison of type 1 and type 2 AIP. 

Type 1 AIP Type 2 AIP

Mean Age Sixth decade Fourth decade

Gender Predominantly male Equal

Histological pattern Lymphoplasmacytic sclerosing pancreatitis Duct-destructive pancreatitis

Histological signs Periductal lymphoplasmacytic infiltrates
Swirling fibrosis
Obliterative venulitis

Lymphoplasmacytic infiltrates
Granulocyte epithelial lesions with partial/
complete duct obstruction (GEL)

IgG4 cells on immunostaining Moderate-severe (98%) Moderate (40%) in one study

Serum IgG4 levels  Elevated Normal

Other organ involvement Sclerosing sialadenitis, IgG4-associated 
cholangitis, retroperitoneal fibrosis, IgG4-
associated tubulointerstitial nephritis, pneu-
monitis, prostatitis, IgG4 mastitis

Inflammatory bowel disease 
Primary biliary cirrhosis

Table 4. AIP with extrapancreatic lesions (n=13). 

Gender Age Concomitant autoimmune disease 

Male 36 IgG4 sclerosing cholangitis 

Male 43 Sialadenitis 

Male 53 Sjögren sy 

Female 54 Sjögren sy, autoimmune hepatitis 

Male 56 autoimmune hepatitis 

Male 32 autoimmune hepatitis 

Female 55 primary biliary cirrhosis 

Male 51 IBD 

Male 46 Xxx 

Female 33 Xxx 

Female 58 IgG4 positive mastitis, sialadenitis 

Female 55 IgG4 sclerosing cholangitis

Male 49 IgG4 sclerosing cholangitis

Table 5. Clinical diagnostic criteria for AIP 2006.

1. Diffuse or segmental narrowing of the MPD with ir-
regular wall and diffuse or localized enlargement of the 
pancreas by imaging studies, such as abdominal US, CT, 
and magnetic resonance. 

2. High serum γ-globulin, IgG, or IgG4, or the presence of 
autoantibodies such as antinuclear antibodies and rheu-
matoid factor. 

3. Marked interlobular fibrosis and prominent infiltration 
of lymphocytes and plasma cells in the periductal area, 
occasionally with lymphoid follicles in the pancreas. 

Diagnosis of AIP is established when criterion 1 and cri-
terion 2 and/or 3 are fulfilled. However, it is necessary to 
exclude malignant diseases. 

– other organ involvement 
– response to steroid therapy 

Diagnostic biopsy with histological examination is usu-
ally sufficient for the diagnosis of type 1 of AIP and is a 
mandatory procedure in the differential diagnosis between 
AIP and pancreatic cancer26-28. Sausage-like enlargement 
of the gland in CT imaging and/or endosonography is 
present in more than 50% of patients with AIP. Dynamic 
CT and MRI show delayed enhancement of the swollen 
pancreas, in some patients forming a “capsule-like rim“ 
surrouding the pancreas. ERCP, better than MRCP, shows 
diffuse narrowing of the pancreatic duct with some ir-
regularities. Positron emission tomography /PET/ does 
not play any role in diagnostic work- up25. In the case 

of typical histology, serological positivity of IgG4, other 
organ involvement and typical imaging in CT or EUS, 
the diagnosis of autoimmune pancreatitis is most certain. 
Narrowed pancreatic duct, enlarged gland with sausage-
like shape, elevation of serum IgG4 and/or compatible 
histology are typical for AIP type 1. Other serological 
markers are less specific but rheumatoid factor or high 
titres of ANA may also be present11,29. In AIP-type 2, IgG4 
cells on immunostaining are usually absent and IgG4 se-
rum level is usually normal. Histological hallmarks are 
lymphoplasmatic infiltration and granulocyte epithelial 
lesions with partial or complete duct obstruction - duct-
centric destructive pancreatitis /IDCP/. The wall of the 
duct is usually infiltrated with neutrophils, lymphocytes 
and plasma cells with involvement of the duct epithelium 
and lumen. The ductal lesions are called GEL - granulo-
cyte epithelial lesion13,14.

Accurate diagnosis of the AIP-type 2 requires core 
biopsy of the gland. Patients with type 1 are typically 
males with a mean age in the sixth decade. Patients with 
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AIP type 2 tend to be younger with a mean age in the 
forth decade and with equal gender distribution14. From 
a practical point of view, the distinction between the AIP 
subtypes will help in clarifying the clinical features, patho-
genesis and natural history of disease. 

THERAPY

Most patients with AIP respond well to steroid thera-
py29,30. Corticosteroids reduce inflammation and restore 
both digestive enzymes and HCO3 secretion in patients 
with AIP by regenerating acinar cells and correcting 
CFTR localization in pancreatic duct cells, mislocalized 
to the cytoplasm of duct cells31,32. For the induction of 
remission in type 1 AIP, a dose of 30-40 mg for 2 weeks 
is generally recommended11,30. The dose of steroids is ta-
pered by 5 mg per two weeks. The total time of therapy 
is usually 6-12 months. The monitoring of clinical and 
biochemical status is essential. Only in a few patients with 
obstructive jaundice, short-term biliary stent insertion is 
indicated11. The relapse of AIP can be seen in about ap-
proximately 30% of the patients with AIP. In AIP relapse 
(after the steroid therapy), a combination of steroids 
(1 mg/kg) with azathioprine (2 mg/kg) for 12 weeks is rec-
ommended33. A new drug, which was reported to induce 
remission is the CD2O antipody, ritiximab. Preliminary 
results with this drug are promising34.

Reliable data on treating AIP type 2 are scarce but ste-
roid use appears to be preferred and is effective. Whether 
AIP predisposes to pancreatic cancer is not known but 
case-report studies of pancreatic cancer complicating AIP 
have been published27,28. 

DISCUSION

Current research on AIP focuses on the pathogenesis 
of the disease. Genetic factors of AIP, humoral immunity 
and target antigens of cellular immunity and effector cells 
and the role of microbial infection (H.pylori infection 
and molecular mimicry) are being intensively studied35. 
Okazaki and co-workers11 hypothesised that the patho-
genesis of AIP involves a biphasic mechanism consisting 
of “induction” and “progression”. In the early stage, the 
initial response to self-antigens (antilactoferrin, carbonic 
anhydrase II, pancreatic secretory trypsin inhibitor and 
alfa-fodrin) and molecular mimicry are induced by a de-
crease in naïve regulatory T-cells (Tregs) and T-helper 
(Th1) cells mediated release of proinflammatory cyto-
kines. In the chronic stage, progression is supported by 
increase in memory Tregs (regulatory T cells) and Th2 
immune responses. The complement system pathway may 
be activated by the IgG1 complex. A model published by 
Chari´s group from Rochester, USA is similar and con-
siders IgG4 to be related to the differentiation phase of 
Treg function. During the evolution of AIP, Treg activity 
may be related to specific amino acid substitution of HLA 
class II. IgG1 immune complex may be related to IgG4-
negative and granulocyte epithelial lesion (GEL)-positive 

AIP/idiopathic duct-centric pancreatitis IDCP. The IgG4 
immune complex may correlate with IgG4-positive and 
GEL-negative AIP. Further research is necessary to con-
firm the cellular model of AIP. In 2008, Kamisawa et 
al.36 proposed a new clinicopathological entity – IgG4 
related sclerosing disease (IgG4–RSC) (ref.35). The clini-
cal manifestation of this systemic disease is different and 
related to the fragmentary involvement of the pancreas, 
liver, bile duct, salivary gland, kidney and lung37.Typical 
for this disease is abundant IgG4 positive plasma cells 
and T–lymphocyte organ infiltration38,39. Masaoki et al. 
extended the IgG–RSC complex into an even more exten-
sive clinical entity – IgG4–positive multiorgan lymphop-
roliferative syndrome (IgG4–MOLPS). This syndrome 
includes inflammatory pseudotumors (liver, breast, lung, 
Mikulicz´s syndrome, intestinal fibrosis and autoimmune 
hypophysitis). Sjögren syndrom is not considered a part 
of IgG4-MOLPS (ref.40). 

In 2009 experts from Europe, Japan, Korea and USA 
met in Honolulu to describe the entity of AIP (ref.41). The 

Table 6. HISORt criteria of AIP.

Category Criteria

A. Histology 1. Diagnostic (any one):
a) Pancreatic histology showing 

periductal lymphoplasmacytic 
infiltrate with obliterative hlebitis 
(LPSP)

b) Lymphoplasmacytic infiltrate with 
abundant (>10 cells/hpf) IgG4 
positive cells in the pancreas

2. Supportive (any one)
a) Lymphoplasmacytic infiltrate with 

abundant (>10 cells/hpf) IgG4 
positive cells in involved extra-
pancreatic organ

b) Lymphoplasmacytic infiltrate with 
fibrosis in the pancreas

B. Imaging Typical imaging features:
1. CT/MR: diffusely enlarged gland with 

delayed (rim) endhancement
2. ERCP: Diffusely irregular, attenuated 

main pancreatic duct 
Atypical Imaging Features: Pancreatitis, 
focal pancreatic mass, focal pancreatic 
duct stricture, pancreatic atrophy, pancre-
atic calcification 

C. Serology Elevated serum IgG4 level 
(normal 8-140 mg/dL)

D. Other Organ 
involvement

Hilar/intrahepatic biliary strictures, 
persistent distal biliary stricture, Parotid/
lacrimal gland involvement, Mediastinal 
lymphadenopathy, Retroperitoneal 
fibrosis 

E. Response 
to steroid 
therapy

Resolution/marked improvement of 
pancreatic/extrapancreatic manifestation 
with steroid therapy
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Honolulu Consensus Document characterized AIP as a 
pancreatitis, which has unique histopathologic features 
allowing it to be distinguished from other forms of chronic 
pancreatitis, and with histopathological correlates of 2 
distinct forms of AIP. The last international consensus 
- diagnostic criteria consensus, published in 2011 (ref.42) 
recognizes the spectrum of AIP as we know it today. In 
2011 the criteria of the Japan Pancreas Society (HISORTs 
criteria) together with Korean, Asian, Italian and 
Mannheim criteria, led to the International Consensus 
Diagnostic Criteria for autoimmune pancreatitis. 

The diagnostic criteria were separated into two levels. 
In level 1, the typical criterion is a diffuse enlargement of 
the pancreas with delayed enhancement. In the pancreatic 
duct, there is a typical sign- in more than 1/3 the length 
of the main pancreatic duct, there are multiple strictures 
without marked upstream dilatation. 

Elevation of IgG4 >2x upper normal value
The diagnosis of AIP typically includes involment of 

other organs with histological changes-lymphoplasmatic 
infiltration with fibrosis and without granulocytic infil-
tration with storiform fibrosis, obliterative flebitis and 
an abundance of IgG4 positive cells-more than 10 cells 
/ HPF. At least 3 of the pancreatic histological signs are 
typical for the diagnosis. An alternative to histological 
changes is the presence of typical radiological markers 
which are a segmental proximal or multiple proximal or 
proximal and distal bile duct stricture and retroperitoneal 
fibrosis. 

In the histology of pancreas at least 3 of the following 
markers are relevant: 
– periductal lymphoplasmatic infiltrate without GEL 
– obliterative flebitis 
– storiform fibrosis 
– abundant IgG4 positive cells 

The important diagnostic criterion is the response to 
steroid therapy, when radiologically it is possible to dem-
onstrate the resolution or improvement in pancreatic and 
extrapancreatic manifestation. 

For level 2 the criteria for AIP- there are no typical 
markers, for example no diffuse enlargement. The sign is 
segmental or focal enlargement of pancreatic parenchyma. 
Other signs are symmetrically enlarged salivary/lacrimal 
glands, renal involvement described in association with 
AIP, segmental or focal narrowing of the pancreatic duct 
without marked upstream dilatation (duct size <5.0 mm). 
There is no doubt, that autoimmune pancreatitis is still 
a challenge for pancreatologists, endoscopists, surgeons, 
histopathologists, immunologists and radiologists and it is 
a “hot topic” in internal medicine. Type 1 AIP is the pan-
creatic manifestation of the multiorgan syndrome-IgG4 
related disease (called also MOLPS - MultiOrgan Lympho 
Proliferative Syndrome). Relapses of AIP type 1 can be 
prevented using immunomodulators or biological agents. 
Type 2 autoimmunepancreatitis is a distinct disease en-
tity with some markers common to type 1 AIP. AIP type 
2 responds promptly to steroid therapy and subsequent 
relapse is uncommon43,44. 

CONCLUSION 

1) Autoimmune pancreatitis (AIP) is a distinct form 
of pancreatitis. Currently, two forms of AIP have been de-
scribed - Lymphoplasmatic sclerosing pancreatitis (LPSP) 
and Idiopathic duct-centric pancreatitis (IDCP). 

2) Clinically LPSP appears to be the pancreatic mani-
festation of the group of systemic diseases-IgG4 related 
disease. IDCP does not appear to be a systemic disease. 

3) The main acute clinical symptoms are obstruc-
tive jaundice and pancreatic swelling (focal or diffuse). 
Typical pancreatic pain is very rare. 

 4) Diagnostic criteria for AIP. 
– changes in pancreatic parenchyma and pancreatic duct 

(CT/MRI,MRCP,ERCP) 
– high plasma levels of IgG, IgG4 and ANA 
– histopathology of the pancreas 
– steroid therapy response 

5) Differential diagnosis between pancreatic tumor 
and AIP is essential. Endosonographically guided pan-
creatic biopsy is recommended. 

ABBREVIATIONS

AIP, Autoimmune pancreatitis; GEL, granulocyte epi-
thelial lesions; IDCP, Idiopathic duct-centric pancreatitis; 
IgG4 + MOLPS, IgG4-positive multiorgan lymphopro-
liferative syndrome; IgG4-RSC, IgG4 related sclerosing 
disease; LPSP, Lymphoplasmatic sclerosing pancreatitis. 
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AIP type 2 tend to be younger with a mean age in the 
forth decade and with equal gender distribution14. From 
a practical point of view, the distinction between the AIP 
subtypes will help in clarifying the clinical features, patho-
genesis and natural history of disease. 

THERAPY

Most patients with AIP respond well to steroid thera-
py29,30. Corticosteroids reduce inflammation and restore 
both digestive enzymes and HCO3 secretion in patients 
with AIP by regenerating acinar cells and correcting 
CFTR localization in pancreatic duct cells, mislocalized 
to the cytoplasm of duct cells31,32. For the induction of 
remission in type 1 AIP, a dose of 30-40 mg for 2 weeks 
is generally recommended11,30. The dose of steroids is ta-
pered by 5 mg per two weeks. The total time of therapy 
is usually 6-12 months. The monitoring of clinical and 
biochemical status is essential. Only in a few patients with 
obstructive jaundice, short-term biliary stent insertion is 
indicated11. The relapse of AIP can be seen in about ap-
proximately 30% of the patients with AIP. In AIP relapse 
(after the steroid therapy), a combination of steroids 
(1 mg/kg) with azathioprine (2 mg/kg) for 12 weeks is rec-
ommended33. A new drug, which was reported to induce 
remission is the CD2O antipody, ritiximab. Preliminary 
results with this drug are promising34.

Reliable data on treating AIP type 2 are scarce but ste-
roid use appears to be preferred and is effective. Whether 
AIP predisposes to pancreatic cancer is not known but 
case-report studies of pancreatic cancer complicating AIP 
have been published27,28. 

DISCUSION

Current research on AIP focuses on the pathogenesis 
of the disease. Genetic factors of AIP, humoral immunity 
and target antigens of cellular immunity and effector cells 
and the role of microbial infection (H.pylori infection 
and molecular mimicry) are being intensively studied35. 
Okazaki and co-workers11 hypothesised that the patho-
genesis of AIP involves a biphasic mechanism consisting 
of “induction” and “progression”. In the early stage, the 
initial response to self-antigens (antilactoferrin, carbonic 
anhydrase II, pancreatic secretory trypsin inhibitor and 
alfa-fodrin) and molecular mimicry are induced by a de-
crease in naïve regulatory T-cells (Tregs) and T-helper 
(Th1) cells mediated release of proinflammatory cyto-
kines. In the chronic stage, progression is supported by 
increase in memory Tregs (regulatory T cells) and Th2 
immune responses. The complement system pathway may 
be activated by the IgG1 complex. A model published by 
Chari´s group from Rochester, USA is similar and con-
siders IgG4 to be related to the differentiation phase of 
Treg function. During the evolution of AIP, Treg activity 
may be related to specific amino acid substitution of HLA 
class II. IgG1 immune complex may be related to IgG4-
negative and granulocyte epithelial lesion (GEL)-positive 

AIP/idiopathic duct-centric pancreatitis IDCP. The IgG4 
immune complex may correlate with IgG4-positive and 
GEL-negative AIP. Further research is necessary to con-
firm the cellular model of AIP. In 2008, Kamisawa et 
al.36 proposed a new clinicopathological entity – IgG4 
related sclerosing disease (IgG4–RSC) (ref.35). The clini-
cal manifestation of this systemic disease is different and 
related to the fragmentary involvement of the pancreas, 
liver, bile duct, salivary gland, kidney and lung37.Typical 
for this disease is abundant IgG4 positive plasma cells 
and T–lymphocyte organ infiltration38,39. Masaoki et al. 
extended the IgG–RSC complex into an even more exten-
sive clinical entity – IgG4–positive multiorgan lymphop-
roliferative syndrome (IgG4–MOLPS). This syndrome 
includes inflammatory pseudotumors (liver, breast, lung, 
Mikulicz´s syndrome, intestinal fibrosis and autoimmune 
hypophysitis). Sjögren syndrom is not considered a part 
of IgG4-MOLPS (ref.40). 

In 2009 experts from Europe, Japan, Korea and USA 
met in Honolulu to describe the entity of AIP (ref.41). The 

Table 6. HISORt criteria of AIP.

Category Criteria

A. Histology 1. Diagnostic (any one):
a) Pancreatic histology showing 

periductal lymphoplasmacytic 
infiltrate with obliterative hlebitis 
(LPSP)

b) Lymphoplasmacytic infiltrate with 
abundant (>10 cells/hpf) IgG4 
positive cells in the pancreas

2. Supportive (any one)
a) Lymphoplasmacytic infiltrate with 

abundant (>10 cells/hpf) IgG4 
positive cells in involved extra-
pancreatic organ

b) Lymphoplasmacytic infiltrate with 
fibrosis in the pancreas

B. Imaging Typical imaging features:
1. CT/MR: diffusely enlarged gland with 

delayed (rim) endhancement
2. ERCP: Diffusely irregular, attenuated 

main pancreatic duct 
Atypical Imaging Features: Pancreatitis, 
focal pancreatic mass, focal pancreatic 
duct stricture, pancreatic atrophy, pancre-
atic calcification 

C. Serology Elevated serum IgG4 level 
(normal 8-140 mg/dL)

D. Other Organ 
involvement

Hilar/intrahepatic biliary strictures, 
persistent distal biliary stricture, Parotid/
lacrimal gland involvement, Mediastinal 
lymphadenopathy, Retroperitoneal 
fibrosis 

E. Response 
to steroid 
therapy

Resolution/marked improvement of 
pancreatic/extrapancreatic manifestation 
with steroid therapy
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Honolulu Consensus Document characterized AIP as a 
pancreatitis, which has unique histopathologic features 
allowing it to be distinguished from other forms of chronic 
pancreatitis, and with histopathological correlates of 2 
distinct forms of AIP. The last international consensus 
- diagnostic criteria consensus, published in 2011 (ref.42) 
recognizes the spectrum of AIP as we know it today. In 
2011 the criteria of the Japan Pancreas Society (HISORTs 
criteria) together with Korean, Asian, Italian and 
Mannheim criteria, led to the International Consensus 
Diagnostic Criteria for autoimmune pancreatitis. 

The diagnostic criteria were separated into two levels. 
In level 1, the typical criterion is a diffuse enlargement of 
the pancreas with delayed enhancement. In the pancreatic 
duct, there is a typical sign- in more than 1/3 the length 
of the main pancreatic duct, there are multiple strictures 
without marked upstream dilatation. 

Elevation of IgG4 >2x upper normal value
The diagnosis of AIP typically includes involment of 

other organs with histological changes-lymphoplasmatic 
infiltration with fibrosis and without granulocytic infil-
tration with storiform fibrosis, obliterative flebitis and 
an abundance of IgG4 positive cells-more than 10 cells 
/ HPF. At least 3 of the pancreatic histological signs are 
typical for the diagnosis. An alternative to histological 
changes is the presence of typical radiological markers 
which are a segmental proximal or multiple proximal or 
proximal and distal bile duct stricture and retroperitoneal 
fibrosis. 

In the histology of pancreas at least 3 of the following 
markers are relevant: 
– periductal lymphoplasmatic infiltrate without GEL 
– obliterative flebitis 
– storiform fibrosis 
– abundant IgG4 positive cells 

The important diagnostic criterion is the response to 
steroid therapy, when radiologically it is possible to dem-
onstrate the resolution or improvement in pancreatic and 
extrapancreatic manifestation. 

For level 2 the criteria for AIP- there are no typical 
markers, for example no diffuse enlargement. The sign is 
segmental or focal enlargement of pancreatic parenchyma. 
Other signs are symmetrically enlarged salivary/lacrimal 
glands, renal involvement described in association with 
AIP, segmental or focal narrowing of the pancreatic duct 
without marked upstream dilatation (duct size <5.0 mm). 
There is no doubt, that autoimmune pancreatitis is still 
a challenge for pancreatologists, endoscopists, surgeons, 
histopathologists, immunologists and radiologists and it is 
a “hot topic” in internal medicine. Type 1 AIP is the pan-
creatic manifestation of the multiorgan syndrome-IgG4 
related disease (called also MOLPS - MultiOrgan Lympho 
Proliferative Syndrome). Relapses of AIP type 1 can be 
prevented using immunomodulators or biological agents. 
Type 2 autoimmunepancreatitis is a distinct disease en-
tity with some markers common to type 1 AIP. AIP type 
2 responds promptly to steroid therapy and subsequent 
relapse is uncommon43,44. 

CONCLUSION 

1) Autoimmune pancreatitis (AIP) is a distinct form 
of pancreatitis. Currently, two forms of AIP have been de-
scribed - Lymphoplasmatic sclerosing pancreatitis (LPSP) 
and Idiopathic duct-centric pancreatitis (IDCP). 

2) Clinically LPSP appears to be the pancreatic mani-
festation of the group of systemic diseases-IgG4 related 
disease. IDCP does not appear to be a systemic disease. 

3) The main acute clinical symptoms are obstruc-
tive jaundice and pancreatic swelling (focal or diffuse). 
Typical pancreatic pain is very rare. 

 4) Diagnostic criteria for AIP. 
– changes in pancreatic parenchyma and pancreatic duct 

(CT/MRI,MRCP,ERCP) 
– high plasma levels of IgG, IgG4 and ANA 
– histopathology of the pancreas 
– steroid therapy response 

5) Differential diagnosis between pancreatic tumor 
and AIP is essential. Endosonographically guided pan-
creatic biopsy is recommended. 

ABBREVIATIONS

AIP, Autoimmune pancreatitis; GEL, granulocyte epi-
thelial lesions; IDCP, Idiopathic duct-centric pancreatitis; 
IgG4 + MOLPS, IgG4-positive multiorgan lymphopro-
liferative syndrome; IgG4-RSC, IgG4 related sclerosing 
disease; LPSP, Lymphoplasmatic sclerosing pancreatitis. 
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Vancomycin pharmacokinetics during high-volume continuous venovenous 
hemofiltration in critically ill septic patients

Nadezda Petejovaa, Arnost Martineka, Jana Zahalkovab,c, Jana Duricovad, Hana Brozmannovad, Karel Urbaneke, 
Milan Grundmannd, Jiri Plaseka, Ivana Kacirovad

Aims. To assess the influence of continuous venovenous hemofiltration (CVVH) at a filtration rate of 45 mL/kg/h on 
vancomycin pharmacokinetics in critically ill septic patients with acute kidney injury (AKI).
Methods. Seventeen adult septic patients with acute kidney injury treated with CVVH and vancomycin were included. 
All patients received first dose of 1.0 g intravenously followed by 1.0 g/12 h if not adjusted. In sixteen patients vanco-
mycin was introduced on the day of the start of CRRT therapy. Blood samples and ultrafiltrates were obtained before 
and 0.5, 1, 6 and 12 h after vancomycin administration. 
Results. On the first day, the median total vancomycin clearance (Cltot) was 0.89 mL/min/kg (range 0.31 - 2.16). CRRT 
clearance accounted for around 50-60% of the total clearance of vancomycin found in a population with normal renal 
function (0.97 mL/min/kg). Vancomycin serum concentrations after the first dose were below the required target of 
10 mg/L as early as 6 h in 10 patients, AUC0-24/MIC ≥ 400 ratio was achieved in 10 patients on the first day.
Conclusions. CVVH at a filtration rate of 45 mL/kg/h leads to high and rapid extracorporeal removal of vancomycin 
in critically ill patients. Due to the rapid change in patient clinical status it was impossible to predict a fixed dosage 
regimen. We recommend blood sampling as early as 6 h after first vancomycin dose with maintenance dose based on 
vancomycin serum level monitoring. 
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INTRODUCTION

Acute kidney injury (AKI) is a common complication 
of critical illness1. Between 45-70% of all AKI is associ-
ated with sepsis2. Patients with septic AKI have increased 
risk of death and longer hospitalization3.

Critically ill patients in intensive care units are also at 
high risk of bacterial superinfection caused by nosocomial 
agents in particular. Both patient status and surroundings 
contribute to the occurrence of the infection3.

Superinfection may be due to type of gram-positive 
strains of Staphylococcus aureus including methicillin-re-
sistant Staphylococcus aureus (MRSA), and Enterococcus4. 
Treatment with glycopeptid antibiotic agent vancomycin 
is often required according to the observed sensitivity of 
bacterial agents5. Septic patients with acute kidney injury 
who are hemodynamically unstable and require high va-
sopressor support, can be treated with continuous renal 
replacement therapy (CRRT). Drugs with a molecular 
weight less than 5000 Da, low plasma protein binding, 
small volume of distribution, and low endogenous clear-
ance are effectively removed by continuous venovenous 
hemofiltration (CVVH) (ref.6). Many drugs used in criti-

cally ill patients meet these criteria, complicating dosing 
regimens in patients receiving CVVH (ref.7). 

The pharmacokinetics of vancomycin can be affected 
by the filtration dose, physical properties of elimination 
therapy, type of membrane and also by the properties of 
the antibiotic agent itself8. Dosing and pharmacokinetic 
data in patients receiving intermittent hemodialysis are 
not applicable to those receiving CRRT because of sub-
stantial differences in procedure, filters and timing. The 
clearance of vancomycin changes and can be increased 
using high-flux membranes9. An AUC/MIC ratio of ≥ 400 
has been advocated as a target to achieve clinical effec-
tiveness with vancomycin. However, trough vancomycin 
serum concentration Cmin > 10 mg/L is more practical 
method for monitoring vancomycin effectiveness10.

The purpose of this study was to assess the influence 
of CVVH at a filtration rate of 45 mL/kg/h on vanco-
mycin pharmacokinetics in critically ill septic patients 
with AKI. Using pharmacokinetic modelling, we sought 
an optimal dosing regimen for maximising target vanco-
mycin exposure.
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PATIENTS AND METHODS

This was an open, prospective, clinical study carried 
out at the University hospital Ostrava, Czech Republic. 
The study protocol was approved by the hospital Ethics 
Committee. Written informed consent was obtained from 
patients and two unrelated physicians. Therapeutic moni-
toring of vancomycin levels is a standard procedure dur-
ing vancomycin therapy in our hospital. 

Seventeen critically ill adult patients (six women) 
with severe sepsis requiring CRRT in CVVH mode on 
vancomycin therapy were included. Acute kidney injury 
was classified according to the RIFLE score: eleven pa-
tients belonged to RIFLE F; six patients were in RIFLE I. 
They were followed up for 2 days. All received vanco-
mycin (Edicin, Sandoz, Lek Pharmaceuticals d.d, Lek, 
Ljubljana, Slovenia) first dose of 1.0 g intravenously fol-
lowed by 1 g/12 h if not adjusted. 

In sixteen patients, vancomycin was introduced on 
the day of the commencement of CRRT therapy. In one 
patient, CRRT was initiated in the course of vancomycin 
treatment. Antibiotic agent was reconstituted with 0.9% 
Sodium Chloride 100 mL solution and administered at 
an infusion rate of 100 mL per hour. Blood samples and 

ultrafiltrates were obtained before vancomycin administra-
tion and 0.5, 1, 6 and 12 h after vancomycin administra-
tion. Blood samples were collected into 4.9 mL neutral 
tubes (Sarstedt-Monovette) and centrifuged. Serum and 
ultrafiltrate vancomycin concentrations were determined 
using fluorescence polarisation immunoassay method 
(AbboTT AxSYMTM; Abbott Laboratories, Diagnostic 
Division, Abbott Park, IL 60064 USA). Coefficient of 
variation of the analysis ranged depending on the con-
centration from 3.36% to 6.11% with an average value 
of 5.04%. Vancomycin dose was adjusted according to 
vancomycin level simulation using a pharmacokinetic 
programme MWPharm, version 3.30 (MEDIWARE, 
Groningen, the Netherlands). A vancomycin trough 
concentration of 10-15 mg/L was chosen as a target con-
centration for vancomycin dosage adjustment. Minimal 
inhibitory concentration of pathogen was determined by 
the microdilution broth method.

The following pharmacokinetic parameters were 
calculated for each patient: total drug clearance (Cltot), 
volume of distribution (Vd), elimination half-life (t1/2) 
and area under the serum concentration time curve 
(AUC0-24). Pharmacokinetic parameters were calculated 
using pharmacokinetic programme KINFIT (MWPharm, 

Table 1. Demografic data of the study patients.
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1 68 † 113 F 16 34 251 Peritonitis Staph.species/0.5

2 73 ¤ 73 F 21 31 > 1000 MODS Staph. species/1.0

3 44 † 90 F 16 31 67 Polytrauma, Sepsis Ent. faecium/0.5

4 57 † 110 F 17 35 > 1000 CA - bypass,sepsis Staph. species/1.0

5 71 † 90 I 21 32 > 1000 Pyartros genus l.dx Str. pyogenes/0.125

6 28 † 80 F 18 26 > 1000 Infectious endocarditis Staph. aureus/0.5

7 68 ¤ 70 F 21 31 - Pneumonia Staph. species/1.0

8 79 † 80 F 14 34 - Infectious endocarditis empirically

9 59 † 100 F 14 28 14 Pneumonia Staph. species/0.5

10 45 ¤ 58 I 15 33 > 1000 Peritonitis Staph. species/-

11 54 † 100 I 17 33 - Sepsis Ent. faecalis/1.0

12 50 † 110 I  15 33 75 Mediastinitis Strep. anginosus/0.25

13 70 † 75 F 19 35 62 Wound infection Staph. haemolyticus/0.5

14 51 ¤ 65 I 14 28 160 Spondylodiscitis MRSA/0.25

15 61 † 90 F 16 34 448 Pneumonia MRSA/0.25

16 61 ¤ 120 F 21 32 59 Mediastinitis Ent. faecalis/1.0

17 34 ¤ 102 I 18 22 134 Sepsis Ent. faecalis/2.0

Median 58 90 17 32 71

Range 28-79 58-120 14-21 22-35 14->1000 

SOFA – sequential organ failure assessment – score, APACHE - acute physiology and chronic health evaluation - score, IL – interleukin, MIC – 
minimal inhibitory concentration, RIFLE – AKI classification system, F-failure, I-injury, †-men, ¤-women, MODS – multiple organ dysfunction 
syndrome, MRSA – methicillin resistant Staphylococcus aureus, CA bypass - coronary artery bypass
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MEDIWARE version 3.60, Groningen, the Netherlands). 
The selected model was based on a one-compartment 
model.

CVVH was performed in all patients using a high-
flux polysulphone membrane: 1.4 m2 AV 600 (5 patients 
with a body weight less than 80 kg) and 1.8 m2 AV 1000 
(Fresenius Medical Care, Germany), the blood flow 
rate (Qb) was 200 ml/min, ultrafiltrate flow rate (Qf) 
was 45 mL/kg/h in pre-postdilution mode (50/50). This 
procedure was performed using a Multifiltrate machine 
(Fresenius Medical Care, Germany). The hemofilter was 
changed every 24 hours. Bicarbonate replacement fluids 
(Multibic K0-4) were purchased from Fresenius Medical 
Care, Germany. Low molecular heparin (nadroparine) 
was used as an anticoagulation, antiXa levels were main-
tained at 0.3-0.5. CVVH was performed through a double-
lumen 14-F catheter inserted into the jugular or femoral 
vein. CRRT clearance was calculated using the following 
formula:

ClCRRT = ClCRRT(post) + ClCRRT(pre)
ClCRRT(post) = Qf x Sc ClCRRT(pre) = Qf x Sc x CF

CF = Qb/(Qb+Qrep) (ref.5)

where ClCRRT(post) = CRRT is the clearance from CRRT 
using post-filter hemodilution; Qf is the ultrafiltration rate; 
ClCRRT(pre) = CRRT is the clearance from CRRT using 
pre-filter hemodilution; Qb is the blood flow rate; Qrep is 
the pre-dilution replacement rate and CF the correction 
factor. 

Sieving coefficient was calculated following the for-
mula Cf/Cpl, where Cf was vancomycin concentration in 
ultrafiltrate fluid and Cpl was vancomycin serum concen-
tration. Data are expressed as median and range. The 
Spearman correlation was used for correlation coeffi-
cients. A p-value of < 0.05 was considered statistically 
significant. GraphPad Prism for Windows version 5.0 
(GraphPad Prism Software, Inc.) was used to perform 
the statistical analysis.

RESULTS

The clinical characteristics of the patients studied 
are summarized in Table 1. All patients suffered from 
severe sepsis and were treated with mechanical ventila-
tion. Infections were caused by Gram-positive agents: 
Staphylococcus species coagulase negat, Methicillin-
resistant Staphylococcus aureus (MRSA), Staphylococcus 
haemolyticus, Streptococcus anginosus, Streptococcus pyo-
genes, Enterococcus faecalis and Enterococcus faecium. 
Median Acute Physiology and Chronic Health Evaluation 
(APACHE II) and Sequential Organ Failure Assessment 
(SOFA) scores at inclusion were 32 (22-35) and 17 (14-
21). Diuresis was preserved in 11 patients on the first day 
of the study (range 30-315 mL/h) and in 5 patients on the 
second study day (range 37-267 mL/h). Diuresis was sup-
ported by the diuretic agent furosemide 1.0 g/24 h (Table 
2). Median estimated glomerular filtration by MDRD was 
0.4 (0.1-0.6) mL/s in both study days. 

Table 2. Urine output and ultrafiltration rate in study 
patients.

Patient
Diuresis
(mL/h)

Ultrafiltration rate
(mL/24 h)

Day 1 Day 2 Day 1 Day 2
1 160 – 3400 –
2 anuria anuria 1700 2300
3 30 37 2800 4500
4 210 133 0 0
5 anuria anuria 5570 6850
6 204 – 0 –
7 anuria anuria 6000 6000
8 66 anuria 0 1700
9 36 anuria 4670 4540

10 315 – 1900 –
11 100 267 1700 2000
12 80 75 1900 5100
13 anuria anuria 1400 2300
14 139 113 1700 4200
15 anuria anuria 3065 4740
16 anuria anuria 750 3250
17 81 – 800 –

Vancomycin dosage regimen and vancomycin serum 
concentrations during both days of the study are depicted 
in Tables 3 and 4. In three patients, a lower vancomycin 
dose of 1 g/24 h was given on the first day, due to acute 
surgical intervention. Vancomycin serum concentrations 
after the first dose were below the required target of 10 
mg/L as early as 6 h in 10 patients. CRRT therapy was 
discontinued in 5 patients during the second day and 
these patients were excluded from further analysis. In 
the remaining 12 patients, the dose was adjusted in 8 
patients. AUC0-24/MIC ≥ 400 ratio was achieved in 10 
patients on the first day and in 6 patients on the second 
day. In 2 patients this ratio could not be determined due 
to unknown MIC value of pathogen (Tables 5 and 6). The 
pharmacokinetic parameters are summarized in Tables 5 
and 6. On the first day of treatment, the total clearance 
of vancomycin (median 0.89 mL/min/kg, range 0.31-2.16 
mL/min/kg) approached the average value of total clear-
ance in patients without renal failure (0.97 mL/min/kg) 
(ref.10) in 7 of our patients, in 4 patients the total clear-
ance of vancomycin was even higher. On day two the total 
clearance of vancomycin was equal to the average value 
of total clearance in only 4 patients. We found a signifi-
cant correlation between the total vancomycin clearance 
and the dose/weight (rs=0.8289, P=0.0009) on the second 
day of the treatment (Fig. 1). No significant relationship 
between the total clearance of vancomycin and residual 
renal function was found (P>0.05). 
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Fig. 1. The relationship 
between total vancomycin 
clearance and dose/kg on 
the second day of CRRT 
treatment (rs=0.8289, 
P=0.0009).

Table 3. Vancomycin dose and individual serum concentrations on the first day of study.
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1 1.0 /12 h 17.7 15.42 7.08 3.50 14.34 9.40 5.90
2 1.0 /12 h 27.4 32.50 21.10 18.38 27.28 19.49 15.66
3 1.0 /12 h 22.2 30.17 20.02 - 25.35 - 13.41
4 1.0 /12 h 18.2 16.58 5.37 4.00 13.70 6.83 -
5 1.0 /12 h 22.2 12.02 6.65 5.53 18.69 11.02 7.65
6 1-1.25-1.25 43.8 24.99 10.96 - 29.49 13.74 -
7 1.0/ 24 h 14.3 15.01 8.37 6.60 - - -
8 1.0 /12 h 25.0 14.63 6.53 3.53 27.20 9.81 7.00
9 1.0 /12 h 20.0 12.88 10.33 6.37 21.61 13.83 10.46

10 1.0 /12 h 34.0 22.81 4.02 3.18 20.60 8.43 5.00
11 1.0 /12 h 20.0 14.74 9.74 5.05 10.14 7.04 5.53
12 1.0 /24 h 9.1 26.55 18.10 11.25 - - -
13 0.75/12 h 20.0 24.18 - 12.78 19.34 - 12.22
14 1.0 /12 h 30.8 31.06 14.80 11.00 20.55 18.15 11.00
15 1.0 /12 h 22.2 10.84 7.33 5.33 16.86 11.83 9.83
16 1.0 /24 h 8.3 26.54 8.40 - - - -
17 1.0 /12 h 19.6 15.21 5.42 3.19 17.37 6.39 3.99

Median 20.0 16.60 8.38 5.43 19.95 9.81 8.74
Range 8.3-43.8 10.84-32.50 4.02-21.10 3.18-18.38 10.14-29.49 6.39-19.49 3.99-15.66

1.Cvan 1 h - vancomycin serum concentration 1 hour after 1st dose administration. 1.Cvan 6 h –vancomycin serum concentration 6 h after 1st dose 
administration. 1.Cvan 12 h - vancomycin serum concentration 12 h after 1st dose administration. 2.Cvan 1 h - vancomycin serum concentration 
1 h after 2nd dose administration. 2.Cvan 6 h - vancomycin serum concentration 6 h after 2nd dose administration. 2.Cvan 12 h - vancomycin serum 
concentration 12 h after 2nd dose administration.
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was used as an anticoagulation, antiXa levels were main-
tained at 0.3-0.5. CVVH was performed through a double-
lumen 14-F catheter inserted into the jugular or femoral 
vein. CRRT clearance was calculated using the following 
formula:

ClCRRT = ClCRRT(post) + ClCRRT(pre)
ClCRRT(post) = Qf x Sc ClCRRT(pre) = Qf x Sc x CF

CF = Qb/(Qb+Qrep) (ref.5)

where ClCRRT(post) = CRRT is the clearance from CRRT 
using post-filter hemodilution; Qf is the ultrafiltration rate; 
ClCRRT(pre) = CRRT is the clearance from CRRT using 
pre-filter hemodilution; Qb is the blood flow rate; Qrep is 
the pre-dilution replacement rate and CF the correction 
factor. 

Sieving coefficient was calculated following the for-
mula Cf/Cpl, where Cf was vancomycin concentration in 
ultrafiltrate fluid and Cpl was vancomycin serum concen-
tration. Data are expressed as median and range. The 
Spearman correlation was used for correlation coeffi-
cients. A p-value of < 0.05 was considered statistically 
significant. GraphPad Prism for Windows version 5.0 
(GraphPad Prism Software, Inc.) was used to perform 
the statistical analysis.

RESULTS

The clinical characteristics of the patients studied 
are summarized in Table 1. All patients suffered from 
severe sepsis and were treated with mechanical ventila-
tion. Infections were caused by Gram-positive agents: 
Staphylococcus species coagulase negat, Methicillin-
resistant Staphylococcus aureus (MRSA), Staphylococcus 
haemolyticus, Streptococcus anginosus, Streptococcus pyo-
genes, Enterococcus faecalis and Enterococcus faecium. 
Median Acute Physiology and Chronic Health Evaluation 
(APACHE II) and Sequential Organ Failure Assessment 
(SOFA) scores at inclusion were 32 (22-35) and 17 (14-
21). Diuresis was preserved in 11 patients on the first day 
of the study (range 30-315 mL/h) and in 5 patients on the 
second study day (range 37-267 mL/h). Diuresis was sup-
ported by the diuretic agent furosemide 1.0 g/24 h (Table 
2). Median estimated glomerular filtration by MDRD was 
0.4 (0.1-0.6) mL/s in both study days. 

Table 2. Urine output and ultrafiltration rate in study 
patients.

Patient
Diuresis
(mL/h)

Ultrafiltration rate
(mL/24 h)

Day 1 Day 2 Day 1 Day 2
1 160 – 3400 –
2 anuria anuria 1700 2300
3 30 37 2800 4500
4 210 133 0 0
5 anuria anuria 5570 6850
6 204 – 0 –
7 anuria anuria 6000 6000
8 66 anuria 0 1700
9 36 anuria 4670 4540

10 315 – 1900 –
11 100 267 1700 2000
12 80 75 1900 5100
13 anuria anuria 1400 2300
14 139 113 1700 4200
15 anuria anuria 3065 4740
16 anuria anuria 750 3250
17 81 – 800 –

Vancomycin dosage regimen and vancomycin serum 
concentrations during both days of the study are depicted 
in Tables 3 and 4. In three patients, a lower vancomycin 
dose of 1 g/24 h was given on the first day, due to acute 
surgical intervention. Vancomycin serum concentrations 
after the first dose were below the required target of 10 
mg/L as early as 6 h in 10 patients. CRRT therapy was 
discontinued in 5 patients during the second day and 
these patients were excluded from further analysis. In 
the remaining 12 patients, the dose was adjusted in 8 
patients. AUC0-24/MIC ≥ 400 ratio was achieved in 10 
patients on the first day and in 6 patients on the second 
day. In 2 patients this ratio could not be determined due 
to unknown MIC value of pathogen (Tables 5 and 6). The 
pharmacokinetic parameters are summarized in Tables 5 
and 6. On the first day of treatment, the total clearance 
of vancomycin (median 0.89 mL/min/kg, range 0.31-2.16 
mL/min/kg) approached the average value of total clear-
ance in patients without renal failure (0.97 mL/min/kg) 
(ref.10) in 7 of our patients, in 4 patients the total clear-
ance of vancomycin was even higher. On day two the total 
clearance of vancomycin was equal to the average value 
of total clearance in only 4 patients. We found a signifi-
cant correlation between the total vancomycin clearance 
and the dose/weight (rs=0.8289, P=0.0009) on the second 
day of the treatment (Fig. 1). No significant relationship 
between the total clearance of vancomycin and residual 
renal function was found (P>0.05). 
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Fig. 1. The relationship 
between total vancomycin 
clearance and dose/kg on 
the second day of CRRT 
treatment (rs=0.8289, 
P=0.0009).

Table 3. Vancomycin dose and individual serum concentrations on the first day of study.
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1 1.0 /12 h 17.7 15.42 7.08 3.50 14.34 9.40 5.90
2 1.0 /12 h 27.4 32.50 21.10 18.38 27.28 19.49 15.66
3 1.0 /12 h 22.2 30.17 20.02 - 25.35 - 13.41
4 1.0 /12 h 18.2 16.58 5.37 4.00 13.70 6.83 -
5 1.0 /12 h 22.2 12.02 6.65 5.53 18.69 11.02 7.65
6 1-1.25-1.25 43.8 24.99 10.96 - 29.49 13.74 -
7 1.0/ 24 h 14.3 15.01 8.37 6.60 - - -
8 1.0 /12 h 25.0 14.63 6.53 3.53 27.20 9.81 7.00
9 1.0 /12 h 20.0 12.88 10.33 6.37 21.61 13.83 10.46

10 1.0 /12 h 34.0 22.81 4.02 3.18 20.60 8.43 5.00
11 1.0 /12 h 20.0 14.74 9.74 5.05 10.14 7.04 5.53
12 1.0 /24 h 9.1 26.55 18.10 11.25 - - -
13 0.75/12 h 20.0 24.18 - 12.78 19.34 - 12.22
14 1.0 /12 h 30.8 31.06 14.80 11.00 20.55 18.15 11.00
15 1.0 /12 h 22.2 10.84 7.33 5.33 16.86 11.83 9.83
16 1.0 /24 h 8.3 26.54 8.40 - - - -
17 1.0 /12 h 19.6 15.21 5.42 3.19 17.37 6.39 3.99

Median 20.0 16.60 8.38 5.43 19.95 9.81 8.74
Range 8.3-43.8 10.84-32.50 4.02-21.10 3.18-18.38 10.14-29.49 6.39-19.49 3.99-15.66

1.Cvan 1 h - vancomycin serum concentration 1 hour after 1st dose administration. 1.Cvan 6 h –vancomycin serum concentration 6 h after 1st dose 
administration. 1.Cvan 12 h - vancomycin serum concentration 12 h after 1st dose administration. 2.Cvan 1 h - vancomycin serum concentration 
1 h after 2nd dose administration. 2.Cvan 6 h - vancomycin serum concentration 6 h after 2nd dose administration. 2.Cvan 12 h - vancomycin serum 
concentration 12 h after 2nd dose administration.
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Table 4. Vancomycin dose and individual serum concentrations on the second day of study.

Day 2
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1 - - - - - - - -
2 1.0 /24 h 10.3 25.68 18.82 16.63 - - -
3 1.0-0.5 16.7 21.22 22.57 15.51 18.58 18.29 12.55
4 1.0 /8 h 27.3 17.79 10.25 - 17.82 12.27 -
5 0.75/12 h 16.7 21.38 13.60 10.75 22.79 13.39 10.31
6 - - - - - - - -
7 1.0/12 h 28.6 14.94 7.76 6.43 21.30 12.56 9.52
8 1.0/12 h 25.0 22.12 13.91 10.69 22.62 16.01 13.79
9 1.0/12 h 20.0 22.39 13.00 10.00 27.01 18.11 12.09

10 - - - - - - - -
11 1.25-1.5 27.5 24.36 10.21 6.46 35.52 8.70 6.82
12 0.75/12 h 13.6 15.22 8.31 8.22 22.68 11.05 8.28
13 - - - - - - - -
14 1.0/12 h 30.8 36.35 19.18 11.00 25.74 16.78 10.00
15 1.0/12 h 22.2 20.55 10.56 8.56 21.54 - 13.00
16 1.0/12 h 16.7 13.32 8.22 6.40 17.20 14.52 10.00
17 - - - - - - - -

Median 21.1 21.30 11.78 10.00 22.62 13.96 10.16

Range 10.3-30.8 13.32-36.35 7.76-22.57 6.40-16.63 17.20-35.52 8.70-18.29 6.82-13.79

1.Cvan 1 h - vancomycin serum concentration 1 h after 1st dose administration. 1.Cvan 6 h - vancomycin serum concentration 6 h after 1st dose 
administration. 1.Cvan 12 h - vancomycin serum concentration 12 h after 1st dose administration. 2.Cvan 1 h - vancomycin serum concentration 1 
h after 2nd dose administration. 2.Cvan 6 h - vancomycin serum concentration 6 h after 2nd dose administration. 2.Cvan 12 h - vancomycin serum 
concentration 12 h after 2nd dose administration.

DISCUSSION

We studied the pharmacokinetics of vancomycin 
in critically ill septic patients with acute kidney injury 
treated with CRRT in order to establish practical recom-
mendations for a vancomycin dosage regimen. CVVH at 
a filtration rate of 45 mL/kg/h led to high and rapid extra-
corporeal removal of vancomycin in critically ill patients. 
However, due to rapid change in patient clinical status it 
was impossible to predict a fixed dosage regimen. 

Extracorporeal elimination is clinically significant if 
it achieves 25-30% of total drug clearance5. Deldot et al. 
studied vancomycin clearance in 10 critically ill patients 
treated with continuous venovenous hemodiafiltration at 
a dialysis dose of 1000 mL/h and a filtration dose of 2000 
mL/h. The total vancomycin clearance was 2.5±0.7 L/h 
and CVVHDF clearance was 76±16.5% of a total drug 
clearance11. Uchino et al. observed vancomycin clearance 
in 7 septic patients with multiple organ failure and AKI 
treated with high-volume venovenous hemofiltration at a 
filtration rate of 6 L/h with varying pre and postdilution 
flow rate12. They found that total vancomycin clearance 
increased when predilution flow rate was reduced from 
4 L to 2 L in the range of 53.9 to 67.2 mL/min. Shah et al. 

describes a 14-year-old critically ill patient with AKI treat-
ed with CVVH at a filtration rate of 1800 mL/h, CVVH 
clearance was 26±0.8 mL/min13. In our study CRRT 
clearance at a filtration rate of 45 mL/kg/h accounted 
for approximately 50-60% of the total clearance of vanco-
mycin found in a population with normal renal function, 
therefore it contributes significantly to the elimination of 
vancomycin in septic patients with AKI. Interestingly in 
three anuric patients, the total clearance of vancomycin 
was higher than the CRRT clearance and approached the 
plasma clearance of vancomycin in populations without 
renal impairment (0.97 mL/min/kg) (ref.10,14,15). In four pa-
tients, the total clearance of vancomycin was even higher 
than in populations without renal disease (1.24 to 2.16 
mL/min/kg).

The total drug clearance is the sum of non-CRRT and 
CRRT clearance, which means that different factors are 
involved in the excretion of antibiotics. One of the im-
portant factors is residual renal function. Patients with 
residual diuresis may require an increased dose of van-
comycin to maintain desired serum levels. In our study, 
however, we found no significant correlation between 
the total clearance of vancomycin and residual diuresis. 
In patients with oligoanuric AKI a substantial non-renal 
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Table 5. Pharmacokinetic/pharmacodynamic parameters of vancomycin during CRRT (45 mL/kg/h) treatment on 
the first day of study.

Day 1

Patient Cltot
 (mL/min/kg)

 Vd
 (L/kg)

 t1/2
 (h)  AUC0-24  AUC0-24 /MIC ClCRRT

(mL/min/kg)  Sc

1 0.89 0.43  5.80  245.9  491.8  0.5  0.64
2 0.45 0.38  9.88  559.7  559.7  0.5  0.72
3 0.38 0.34  11.06  515.0 1030.0  0.4  0.65
4 1.24 0.46  4.32  184.8  184.8  0.5  0.68
5 0.97 0.71  8.34  233.8 1870.1  0.6  0.78
6 1.04 0.49  5.49  396.1  792.2  0.6  0.73
7 1.07 1.06  11.48  170.4  170.4  0.6  0.73
8 1.32 0.57  4.99  256.8 - 0.6  0.80
9 0.68 0.56  9.83  280.2  560.4 0.6 0.73

10  2.16 0.77  4.14  246.8 - 0.8  0.77
11  0.96 0.74  8.95  205.7  205.7 0.6 0.73
12  0.31 0.35  13.22  329.9 1319.6 0.6 0.73
13  0.49 0.51  11.68  375.0  750.0 0.5 0.73
14  0.73 0.55  8.88  410.9 1640.0 0.6 0.73
15  0.86 0.69  9.31  142.0  568.0 0.6 0.78
16  0.59 0.32  6.33  192.4  192.4 0.6 0.77
17  1.38 0.61  5.25  181.9  90.9 0.6 0.73

Median  0.89 0.55 8.88  0.6  0.73

Range  0.31-2.16  0.32-1.06  4.14-13.22 0.4-0.8  0.64-0.80

Cltot – total drug clearance. Vd – volume of distribution. t1/2 – elimination half-life. ClCRRT – CRRT clearance. Sc – sieving coefficient. AUC0-24/
MIC – area under the serum concentration time curve 0-24 h to minimal inhibitory concentration ratio

Table 6. Pharmacokinetic/pharmacodynamic parameters of vancomycin during CRRT (45 mL/kg/h) treatment on 
the second day of study.

Day 2

Patient Cltot
(mL/min/kg)

Vd
(L/kg)

t1/2
(h) AUC0-24 AUC0-24 /MIC ClCRRT 

(mL/min/kg) Sc

1 - - - - - - -
2 0.30 0.34 12.85 351.2 351.2 0.6 0.75
3 0.30 0.37 14.15 342.7 685.4 0.5 0.69
4 0.70 0.34 5.61 366.2 366.2 0.5 0.63
5 0.43 0.35 9.41 360.0 2880.0 0.6 0.74
6 - - - - - - -
7 1.06 0.77 8.41 278.1 278.1 0.5 0.67
8 0.54 0.53 11.77 384.5 - 0.5 0.63
9 0.50 0.38 8.67 395.1 790.2 0.6 0.76

10 - - - - - - -
11 1.07 0.43 4.71 343.6 343.6 0.5 0.68
12 0.46 0.36 9.06 287.3 1149.2 0.5 0.65
13 - - - - - - -
14 0.73 0.43 6.81 485.5 1942.0 0.5 0.63
15 0.89 0.78 10.85 230.3 921.2 0.6 0.73
16 0.55 0.54 11.66 270.5 270.5 0.5 0.63
17 - - - - - - -

Median 0.55 0.41 9.24 0.5 0.68
Range 0.30-1.07 0.34-0.78 4.71-14.15 0.5-0.6 0.63-0.76

Cltot – total drug clearance. Vd – volume of distribution. t1/2 – elimination half-life. ClCRRT – CRRT clearance. Sc – sieving coefficient. AUC0-24/
MIC – area under the serum concentration time curve 0-24 h to minimal inhibitory concentration ratio
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Table 4. Vancomycin dose and individual serum concentrations on the second day of study.

Day 2
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1 - - - - - - - -
2 1.0 /24 h 10.3 25.68 18.82 16.63 - - -
3 1.0-0.5 16.7 21.22 22.57 15.51 18.58 18.29 12.55
4 1.0 /8 h 27.3 17.79 10.25 - 17.82 12.27 -
5 0.75/12 h 16.7 21.38 13.60 10.75 22.79 13.39 10.31
6 - - - - - - - -
7 1.0/12 h 28.6 14.94 7.76 6.43 21.30 12.56 9.52
8 1.0/12 h 25.0 22.12 13.91 10.69 22.62 16.01 13.79
9 1.0/12 h 20.0 22.39 13.00 10.00 27.01 18.11 12.09

10 - - - - - - - -
11 1.25-1.5 27.5 24.36 10.21 6.46 35.52 8.70 6.82
12 0.75/12 h 13.6 15.22 8.31 8.22 22.68 11.05 8.28
13 - - - - - - - -
14 1.0/12 h 30.8 36.35 19.18 11.00 25.74 16.78 10.00
15 1.0/12 h 22.2 20.55 10.56 8.56 21.54 - 13.00
16 1.0/12 h 16.7 13.32 8.22 6.40 17.20 14.52 10.00
17 - - - - - - - -

Median 21.1 21.30 11.78 10.00 22.62 13.96 10.16

Range 10.3-30.8 13.32-36.35 7.76-22.57 6.40-16.63 17.20-35.52 8.70-18.29 6.82-13.79

1.Cvan 1 h - vancomycin serum concentration 1 h after 1st dose administration. 1.Cvan 6 h - vancomycin serum concentration 6 h after 1st dose 
administration. 1.Cvan 12 h - vancomycin serum concentration 12 h after 1st dose administration. 2.Cvan 1 h - vancomycin serum concentration 1 
h after 2nd dose administration. 2.Cvan 6 h - vancomycin serum concentration 6 h after 2nd dose administration. 2.Cvan 12 h - vancomycin serum 
concentration 12 h after 2nd dose administration.

DISCUSSION

We studied the pharmacokinetics of vancomycin 
in critically ill septic patients with acute kidney injury 
treated with CRRT in order to establish practical recom-
mendations for a vancomycin dosage regimen. CVVH at 
a filtration rate of 45 mL/kg/h led to high and rapid extra-
corporeal removal of vancomycin in critically ill patients. 
However, due to rapid change in patient clinical status it 
was impossible to predict a fixed dosage regimen. 

Extracorporeal elimination is clinically significant if 
it achieves 25-30% of total drug clearance5. Deldot et al. 
studied vancomycin clearance in 10 critically ill patients 
treated with continuous venovenous hemodiafiltration at 
a dialysis dose of 1000 mL/h and a filtration dose of 2000 
mL/h. The total vancomycin clearance was 2.5±0.7 L/h 
and CVVHDF clearance was 76±16.5% of a total drug 
clearance11. Uchino et al. observed vancomycin clearance 
in 7 septic patients with multiple organ failure and AKI 
treated with high-volume venovenous hemofiltration at a 
filtration rate of 6 L/h with varying pre and postdilution 
flow rate12. They found that total vancomycin clearance 
increased when predilution flow rate was reduced from 
4 L to 2 L in the range of 53.9 to 67.2 mL/min. Shah et al. 

describes a 14-year-old critically ill patient with AKI treat-
ed with CVVH at a filtration rate of 1800 mL/h, CVVH 
clearance was 26±0.8 mL/min13. In our study CRRT 
clearance at a filtration rate of 45 mL/kg/h accounted 
for approximately 50-60% of the total clearance of vanco-
mycin found in a population with normal renal function, 
therefore it contributes significantly to the elimination of 
vancomycin in septic patients with AKI. Interestingly in 
three anuric patients, the total clearance of vancomycin 
was higher than the CRRT clearance and approached the 
plasma clearance of vancomycin in populations without 
renal impairment (0.97 mL/min/kg) (ref.10,14,15). In four pa-
tients, the total clearance of vancomycin was even higher 
than in populations without renal disease (1.24 to 2.16 
mL/min/kg).

The total drug clearance is the sum of non-CRRT and 
CRRT clearance, which means that different factors are 
involved in the excretion of antibiotics. One of the im-
portant factors is residual renal function. Patients with 
residual diuresis may require an increased dose of van-
comycin to maintain desired serum levels. In our study, 
however, we found no significant correlation between 
the total clearance of vancomycin and residual diuresis. 
In patients with oligoanuric AKI a substantial non-renal 
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Table 5. Pharmacokinetic/pharmacodynamic parameters of vancomycin during CRRT (45 mL/kg/h) treatment on 
the first day of study.

Day 1

Patient Cltot
 (mL/min/kg)

 Vd
 (L/kg)

 t1/2
 (h)  AUC0-24  AUC0-24 /MIC ClCRRT

(mL/min/kg)  Sc

1 0.89 0.43  5.80  245.9  491.8  0.5  0.64
2 0.45 0.38  9.88  559.7  559.7  0.5  0.72
3 0.38 0.34  11.06  515.0 1030.0  0.4  0.65
4 1.24 0.46  4.32  184.8  184.8  0.5  0.68
5 0.97 0.71  8.34  233.8 1870.1  0.6  0.78
6 1.04 0.49  5.49  396.1  792.2  0.6  0.73
7 1.07 1.06  11.48  170.4  170.4  0.6  0.73
8 1.32 0.57  4.99  256.8 - 0.6  0.80
9 0.68 0.56  9.83  280.2  560.4 0.6 0.73

10  2.16 0.77  4.14  246.8 - 0.8  0.77
11  0.96 0.74  8.95  205.7  205.7 0.6 0.73
12  0.31 0.35  13.22  329.9 1319.6 0.6 0.73
13  0.49 0.51  11.68  375.0  750.0 0.5 0.73
14  0.73 0.55  8.88  410.9 1640.0 0.6 0.73
15  0.86 0.69  9.31  142.0  568.0 0.6 0.78
16  0.59 0.32  6.33  192.4  192.4 0.6 0.77
17  1.38 0.61  5.25  181.9  90.9 0.6 0.73

Median  0.89 0.55 8.88  0.6  0.73

Range  0.31-2.16  0.32-1.06  4.14-13.22 0.4-0.8  0.64-0.80

Cltot – total drug clearance. Vd – volume of distribution. t1/2 – elimination half-life. ClCRRT – CRRT clearance. Sc – sieving coefficient. AUC0-24/
MIC – area under the serum concentration time curve 0-24 h to minimal inhibitory concentration ratio

Table 6. Pharmacokinetic/pharmacodynamic parameters of vancomycin during CRRT (45 mL/kg/h) treatment on 
the second day of study.

Day 2

Patient Cltot
(mL/min/kg)

Vd
(L/kg)

t1/2
(h) AUC0-24 AUC0-24 /MIC ClCRRT 

(mL/min/kg) Sc

1 - - - - - - -
2 0.30 0.34 12.85 351.2 351.2 0.6 0.75
3 0.30 0.37 14.15 342.7 685.4 0.5 0.69
4 0.70 0.34 5.61 366.2 366.2 0.5 0.63
5 0.43 0.35 9.41 360.0 2880.0 0.6 0.74
6 - - - - - - -
7 1.06 0.77 8.41 278.1 278.1 0.5 0.67
8 0.54 0.53 11.77 384.5 - 0.5 0.63
9 0.50 0.38 8.67 395.1 790.2 0.6 0.76

10 - - - - - - -
11 1.07 0.43 4.71 343.6 343.6 0.5 0.68
12 0.46 0.36 9.06 287.3 1149.2 0.5 0.65
13 - - - - - - -
14 0.73 0.43 6.81 485.5 1942.0 0.5 0.63
15 0.89 0.78 10.85 230.3 921.2 0.6 0.73
16 0.55 0.54 11.66 270.5 270.5 0.5 0.63
17 - - - - - - -

Median 0.55 0.41 9.24 0.5 0.68
Range 0.30-1.07 0.34-0.78 4.71-14.15 0.5-0.6 0.63-0.76

Cltot – total drug clearance. Vd – volume of distribution. t1/2 – elimination half-life. ClCRRT – CRRT clearance. Sc – sieving coefficient. AUC0-24/
MIC – area under the serum concentration time curve 0-24 h to minimal inhibitory concentration ratio
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clearance initially has been observed16. The proportion of 
non-renal clearance can vary between 3.8 to 23.3 mL/min 
in patients with AKI compared with only 4-6 mL/min in 
patients with chronic renal failure17. Further vancomycin 
adsorption to hemofilter has also been described18. These 
factors could explain the discrepancy observed between 
total vancomycin clearance and CRRT clearance in our 
anuric patients and lack of correlation between the total 
clearance and diuresis. In four cases, we found paradoxi-
cally lower total clearance of vancomycin than CRRT 
clearance. The only explanation for this discrepancy is 
that these patients were disconnected from continuous 
elimination for several hours due to urgent intervention or 
due to repeated precipitation which led to the reduction 
in the total vancomycin clearance. 

Sepsis can lead to endothelial damage with increased 
capillary permeability and can change the volume of dis-
tribution. Changes in the volume of distribution are im-
portant especially for hydrophilic substances. Increased 
volume of distribution has been observed for example in 
septic patients treated with aminoglycosides requiring an 
increase of daily dose to achieve therapeutic concentra-
tions19. However, it seems that changes in fluid balance 
have less impact on the volume of distribution with van-
comycin than with aminoglycosides. In our patients, we 
observed approximately the same volume of distribution 
as described in healthy volunteers17. Choi et al. describes 
volume of distribution of 0.55 ± 0.12 L/kg in septic pa-
tients treated with CVVH which corresponds to our find-
ings20. Elimination half-life of vancomycin was longer in 
our patients (ranging from 4.14 h to 14.15 h) than in non-
septic patients without renal impairment (approximately 
4-6 h) (ref.10,14,15). 

Trotman et al. recommends in critically ill patients 
an initial dose of vancomycin 15-20 mg/kg and a main-
tenance dose of 500 mg to 1500 mg every 24 h to 48 h 
in CVVHD and a dose of 1000-1500 mg every 24 h in 
CVVHDF to achieve trough concentration in the range 
of 10-15 mg/L (ref.19). Veltri et al. recommended an initial 
dose of 10-15 mg/kg parenterally followed by vancomy-
cin concentrations monitoring in septic patients treated 
with CRRT in all modes21. The initial median daily dose 
of vancomycin in our group of patients was 20.0 mg/kg 
(8.3 to 43.8) with a loading dose of 1.0 g, maintenance 
dose was based on vancomycin serum concentrations. 
Total clearance of patients varied in a wide range and 
thus reflected the need for different weight-based doses of 
vancomycin. However, giving a standard initial dose of 1 
g intravenously has lead to a drop of trough levels below 
10 mg/L as early as 6 h after first drug administration 
in 10 of our patients. A weight-based initial vancomycin 
dose rather than fixed dose is proposed to rapidly achieve 
optimal therapeutic vancomycin concentrations. A load-
ing dose of 25-30 mg/kg has been recommended in an 
effort of minimizing subtherapeutic exposures within the 
first 24 h (ref.10). However caution should be taken when 
applying this recommendation to the population with re-
nal impairment. Septic patients are usually in a severe 
catabolic status and often need a different dose of RRT. 

They might often require changes in ultrafiltration flow 
rates leading to different elimination of antibiotics and 
thus making drug dosage more difficult. Boumann et al. 
observed a significant discrepancy between predicted and 
observed vancomycin removal with the need for dose ad-
justments and more frequent monitoring of serum  levels 
in 45 oligoanuric patients treated with CVVH (ref.22). Due 
to rapid changes in patient clinical status and CRRT con-
ditions, it may be therefore impossible to derive a fixed 
dosage regimen in critically ill septic patients and main-
tenance doses should be based on vancomycin concentra-
tion monitoring. 

An AUC/MIC ratio ≥ 400 has been advocated as a 
target to achieve clinical effectiveness with vancomycin 
therapy10. However, because it can be difficult in the clini-
cal setting to obtain multiple serum vancomycin concen-
trations to determine AUC and then calculate AUC/MIC, 
trough serum concentration monitoring, which can be 
used as a surrogate marker for AUC, is recommended 
as the most accurate and most practical method for van-
comycin monitoring. Trough vancomycin serum concen-
trations maintained above 10 mg/L are recommended10. 
The desired AUC0-24/MIC ≥ 400 was achieved in 67% of 
patients on the first day and 55% on the second day of 
treatment. The desired AUC/MIC ratio was achieved al-
most only in patients with vancomycin MIC < 1.0 mg/L. 
Recent study recommends a higher trough vancomycin 
concentration of between 15-20 mg/L especially in the 
treatment of complicated infections (e.g. ventilatory as-
sociated pneumonia) and for a pathogen with an MIC of 
1 mg/L in order to attain target vancomycin exposure10,23. 
Higher trough vancomycin concentrations may also in-
crease the potential for nephrotoxicity but the extent of 
this risk is yet to be determined. Vancomycin-induced 
nephrotoxicity is related to drug plasma concentrations24. 
Nephrotoxicity is a concern for those hemodialysis pa-
tients who have some residual renal function and mainly 
for those patients with AKI. A target AUC/MIC ≥ 400 is 
not achievable with conventional dosing methods if the 
pathogen vancomycin MIC is ≥ 2 mg/L, achievement of 
this ratio would lead to undesirable vancomycin toxicity. 
To further improve treatment options, use of predictive 
pharmacokinetic simulation for predicting plasma levels 
of vancomycin is recommended25.

CONCLUSION

Therapeutic monitoring of vancomycin levels in criti-
cally ill septic patients treated with renal replacement 
therapy is a valuable tool in drug dosage adjustment. Due 
to the unstable patient's clinical status and possible chang-
ing conditions of RRT daily monitoring of vancomycin 
serum levels is necessary at least for the first days after 
antibiotic introduction. Achievement of adequate vanco-
mycin concentration on the first day of treatment of septic 
patients is of high clinical importance. We recommend 
performance of blood sample as early as 6 h after first van-
comycin dose in case of a need of early dose adjustment. 
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10. Rybak MJ, Lomaestro BM, Rotschafer JC, Moellering R Jr, Craig W, 
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 11. DelDot ME, Lipman J, Tett SE.Vancomycin pharmacokinetics in criti-
cally ill patients receiving continuous venovenous haemodiafiltrati-
on. Br J Clin Pharmacol 2004;58:259-68.

 12. Uchino S, Cole L, Morimatsu H, Goldsmith D, Bellomo R.Clearance 
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dilution. Intensive Care Med. 2002;28:1664-7.
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Monitoring. 4.vyd. Philadelphia PA: Lippincote Williams & Wilkins 
2006:285-353.
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  19. Trotman RL, Williamson JC, Shoemaker DM, Salzer WL. Antibiotic 
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clearance initially has been observed16. The proportion of 
non-renal clearance can vary between 3.8 to 23.3 mL/min 
in patients with AKI compared with only 4-6 mL/min in 
patients with chronic renal failure17. Further vancomycin 
adsorption to hemofilter has also been described18. These 
factors could explain the discrepancy observed between 
total vancomycin clearance and CRRT clearance in our 
anuric patients and lack of correlation between the total 
clearance and diuresis. In four cases, we found paradoxi-
cally lower total clearance of vancomycin than CRRT 
clearance. The only explanation for this discrepancy is 
that these patients were disconnected from continuous 
elimination for several hours due to urgent intervention or 
due to repeated precipitation which led to the reduction 
in the total vancomycin clearance. 

Sepsis can lead to endothelial damage with increased 
capillary permeability and can change the volume of dis-
tribution. Changes in the volume of distribution are im-
portant especially for hydrophilic substances. Increased 
volume of distribution has been observed for example in 
septic patients treated with aminoglycosides requiring an 
increase of daily dose to achieve therapeutic concentra-
tions19. However, it seems that changes in fluid balance 
have less impact on the volume of distribution with van-
comycin than with aminoglycosides. In our patients, we 
observed approximately the same volume of distribution 
as described in healthy volunteers17. Choi et al. describes 
volume of distribution of 0.55 ± 0.12 L/kg in septic pa-
tients treated with CVVH which corresponds to our find-
ings20. Elimination half-life of vancomycin was longer in 
our patients (ranging from 4.14 h to 14.15 h) than in non-
septic patients without renal impairment (approximately 
4-6 h) (ref.10,14,15). 

Trotman et al. recommends in critically ill patients 
an initial dose of vancomycin 15-20 mg/kg and a main-
tenance dose of 500 mg to 1500 mg every 24 h to 48 h 
in CVVHD and a dose of 1000-1500 mg every 24 h in 
CVVHDF to achieve trough concentration in the range 
of 10-15 mg/L (ref.19). Veltri et al. recommended an initial 
dose of 10-15 mg/kg parenterally followed by vancomy-
cin concentrations monitoring in septic patients treated 
with CRRT in all modes21. The initial median daily dose 
of vancomycin in our group of patients was 20.0 mg/kg 
(8.3 to 43.8) with a loading dose of 1.0 g, maintenance 
dose was based on vancomycin serum concentrations. 
Total clearance of patients varied in a wide range and 
thus reflected the need for different weight-based doses of 
vancomycin. However, giving a standard initial dose of 1 
g intravenously has lead to a drop of trough levels below 
10 mg/L as early as 6 h after first drug administration 
in 10 of our patients. A weight-based initial vancomycin 
dose rather than fixed dose is proposed to rapidly achieve 
optimal therapeutic vancomycin concentrations. A load-
ing dose of 25-30 mg/kg has been recommended in an 
effort of minimizing subtherapeutic exposures within the 
first 24 h (ref.10). However caution should be taken when 
applying this recommendation to the population with re-
nal impairment. Septic patients are usually in a severe 
catabolic status and often need a different dose of RRT. 

They might often require changes in ultrafiltration flow 
rates leading to different elimination of antibiotics and 
thus making drug dosage more difficult. Boumann et al. 
observed a significant discrepancy between predicted and 
observed vancomycin removal with the need for dose ad-
justments and more frequent monitoring of serum  levels 
in 45 oligoanuric patients treated with CVVH (ref.22). Due 
to rapid changes in patient clinical status and CRRT con-
ditions, it may be therefore impossible to derive a fixed 
dosage regimen in critically ill septic patients and main-
tenance doses should be based on vancomycin concentra-
tion monitoring. 

An AUC/MIC ratio ≥ 400 has been advocated as a 
target to achieve clinical effectiveness with vancomycin 
therapy10. However, because it can be difficult in the clini-
cal setting to obtain multiple serum vancomycin concen-
trations to determine AUC and then calculate AUC/MIC, 
trough serum concentration monitoring, which can be 
used as a surrogate marker for AUC, is recommended 
as the most accurate and most practical method for van-
comycin monitoring. Trough vancomycin serum concen-
trations maintained above 10 mg/L are recommended10. 
The desired AUC0-24/MIC ≥ 400 was achieved in 67% of 
patients on the first day and 55% on the second day of 
treatment. The desired AUC/MIC ratio was achieved al-
most only in patients with vancomycin MIC < 1.0 mg/L. 
Recent study recommends a higher trough vancomycin 
concentration of between 15-20 mg/L especially in the 
treatment of complicated infections (e.g. ventilatory as-
sociated pneumonia) and for a pathogen with an MIC of 
1 mg/L in order to attain target vancomycin exposure10,23. 
Higher trough vancomycin concentrations may also in-
crease the potential for nephrotoxicity but the extent of 
this risk is yet to be determined. Vancomycin-induced 
nephrotoxicity is related to drug plasma concentrations24. 
Nephrotoxicity is a concern for those hemodialysis pa-
tients who have some residual renal function and mainly 
for those patients with AKI. A target AUC/MIC ≥ 400 is 
not achievable with conventional dosing methods if the 
pathogen vancomycin MIC is ≥ 2 mg/L, achievement of 
this ratio would lead to undesirable vancomycin toxicity. 
To further improve treatment options, use of predictive 
pharmacokinetic simulation for predicting plasma levels 
of vancomycin is recommended25.

CONCLUSION

Therapeutic monitoring of vancomycin levels in criti-
cally ill septic patients treated with renal replacement 
therapy is a valuable tool in drug dosage adjustment. Due 
to the unstable patient's clinical status and possible chang-
ing conditions of RRT daily monitoring of vancomycin 
serum levels is necessary at least for the first days after 
antibiotic introduction. Achievement of adequate vanco-
mycin concentration on the first day of treatment of septic 
patients is of high clinical importance. We recommend 
performance of blood sample as early as 6 h after first van-
comycin dose in case of a need of early dose adjustment. 
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Color Doppler Ultrasound in the pre-histological determination of the biological 
character of major salivary gland tumors

Pavel Strympla, Michal Kodajb, Tomas Bakajc, Pavel Komineka, Ivo Starekc, Ivan Sisolad, Hana Tomaskovae, Petr Matouseka

Objectives. The aim of the study was to assess the use of color Doppler ultrasound in the pre-histological determina-
tion of the biological features of salivary gland tumors. 
Material and Methods. Ninety-six patients with major salivary gland tumors of unknown histology were examined 
and operated on in our clinics. They were pre-operatively examined using ultrasound imaging with color Doppler. Peak 
systolic velocity (PSV) was measured and pulsatility index (PI) and resistive index (RI) were calculated on the pulsed 
wave traces. The Doppler flow parameters were correlated with clinical stage and tumour type (benign/carcinoma) as 
confirmed by final histological diagnosis.  For the correlations, the tumors were categorized into 3: benign (group I), 
malignant stages I+II (group II), malignant  stages III+IV (group III). 
Results. The average PSV value was 22.15 cm/s for benign and 32.74 cm/s for all malignant tumors. The average RI 
value was 0.77 for benign and 0.86 for all malignant tumors. The average PI value for benign tumors was 2.85 and 3.14 
for all malignant tumors. No significant differences between benign and malignant tumors in terms of SV and PI values 
were found. The RI values for benign tumors differed significantly from those of malignant ones (P=0.021). There were 
no significant differences in average PSV, PI and RI values in relation to salivary gland tumor group - I, II, III. There was 
no confirmation of the reported  applicability of PSV and PI values in  differenting benign from malignant tumors. 
Conclusion. We were not able to demonstrate significant differences in Doppler flow parameters PSV and PI between 
benign tumors and carcinomas. Only the RI could be used to differentiate them. There were also no significant differ-
ences in PSV, PI and RI values between low (I+II) and high (III+IV) clinical tumour stage. 

Key words: color Doppler ultrasound, salivary gland, tumor
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INTRODUCTION

Salivary gland neoplasms account for 3% of all tu-
mors1. Most are benign, with the parotid being the most 
common site of origin. The smaller the involved salivary 
gland, the higher the probability of malignancy, the rate 
of which thus increases from 20%-25% in the parotid, 
through 40%-50% in the submandibular, to 50%-81% in 
the sublingual and minor salivary glands2-5. 

Relevant important preoperative information is the 
determination of their biological character. Since sole 
clinical investigation lacks the necessary reliability in 
this respect, imaging methods are being applied. Of these 
and due to its zero invasiveness and cost effectiveness, 
ultrasound is considered an essential imaging method. 
Its specificity can be substantially improved by the use 
of the color Doppler method, mapping the blood flow in 
tumor supplying vessels. Color Doppler criteria are used 
to distinguish benign from malignant tumors, particularly 
in terms of grade of intratumor vascularity, pattern of vas-
cular supply, and flow parameters (Table 1) (ref.6). Some 
publications reports on the usefulness of color Doppler 

US in the pre-histological determination of the biological 
character of the tumors3,4,6,7 while others do not8,9.

The main aim of this study was to test the use of color 
Doppler US in the preoperative assessment of the biologi-
cal character of salivary gland tumors which would enable 
us to match the extent of surgery to their real dignity. 

MATERIAL AND METHODS

A total of 96 patients with parotid gland tumors were 
examined in this prospective study at our clinics between 
June 2006 and August 2011. Fifty-four women and 42 men 
were enrolled, average age 57.3 and 60.4 (mean 58.7) 
years. Sixty-six (68%) tumors were benign and 30 (32%) 
were malignant (Table 2). Malignant tumors were found 
in 17 women and 13 men. In 19 patients, the set of tested 
color Doppler parameters was not complete. Thus, the 
PSV value was measured in 95 tumors, RI in 94 tumors 
and PI in 74 tumors. 

The color Doppler US was the basic preoperative diag-
nostic tool. When a deep lobe parotid tumor was suspect-
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Color Doppler Ultrasound in the pre-histological determination of the biological 
character of major salivary gland tumors

Pavel Strympla, Michal Kodajb, Tomas Bakajc, Pavel Komineka, Ivo Starekc, Ivan Sisolad, Hana Tomaskovae, Petr Matouseka

Objectives. The aim of the study was to assess the use of color Doppler ultrasound in the pre-histological determina-
tion of the biological features of salivary gland tumors. 
Material and Methods. Ninety-six patients with major salivary gland tumors of unknown histology were examined 
and operated on in our clinics. They were pre-operatively examined using ultrasound imaging with color Doppler. Peak 
systolic velocity (PSV) was measured and pulsatility index (PI) and resistive index (RI) were calculated on the pulsed 
wave traces. The Doppler flow parameters were correlated with clinical stage and tumour type (benign/carcinoma) as 
confirmed by final histological diagnosis.  For the correlations, the tumors were categorized into 3: benign (group I), 
malignant stages I+II (group II), malignant  stages III+IV (group III). 
Results. The average PSV value was 22.15 cm/s for benign and 32.74 cm/s for all malignant tumors. The average RI 
value was 0.77 for benign and 0.86 for all malignant tumors. The average PI value for benign tumors was 2.85 and 3.14 
for all malignant tumors. No significant differences between benign and malignant tumors in terms of SV and PI values 
were found. The RI values for benign tumors differed significantly from those of malignant ones (P=0.021). There were 
no significant differences in average PSV, PI and RI values in relation to salivary gland tumor group - I, II, III. There was 
no confirmation of the reported  applicability of PSV and PI values in  differenting benign from malignant tumors. 
Conclusion. We were not able to demonstrate significant differences in Doppler flow parameters PSV and PI between 
benign tumors and carcinomas. Only the RI could be used to differentiate them. There were also no significant differ-
ences in PSV, PI and RI values between low (I+II) and high (III+IV) clinical tumour stage. 
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INTRODUCTION

Salivary gland neoplasms account for 3% of all tu-
mors1. Most are benign, with the parotid being the most 
common site of origin. The smaller the involved salivary 
gland, the higher the probability of malignancy, the rate 
of which thus increases from 20%-25% in the parotid, 
through 40%-50% in the submandibular, to 50%-81% in 
the sublingual and minor salivary glands2-5. 

Relevant important preoperative information is the 
determination of their biological character. Since sole 
clinical investigation lacks the necessary reliability in 
this respect, imaging methods are being applied. Of these 
and due to its zero invasiveness and cost effectiveness, 
ultrasound is considered an essential imaging method. 
Its specificity can be substantially improved by the use 
of the color Doppler method, mapping the blood flow in 
tumor supplying vessels. Color Doppler criteria are used 
to distinguish benign from malignant tumors, particularly 
in terms of grade of intratumor vascularity, pattern of vas-
cular supply, and flow parameters (Table 1) (ref.6). Some 
publications reports on the usefulness of color Doppler 

US in the pre-histological determination of the biological 
character of the tumors3,4,6,7 while others do not8,9.

The main aim of this study was to test the use of color 
Doppler US in the preoperative assessment of the biologi-
cal character of salivary gland tumors which would enable 
us to match the extent of surgery to their real dignity. 

MATERIAL AND METHODS

A total of 96 patients with parotid gland tumors were 
examined in this prospective study at our clinics between 
June 2006 and August 2011. Fifty-four women and 42 men 
were enrolled, average age 57.3 and 60.4 (mean 58.7) 
years. Sixty-six (68%) tumors were benign and 30 (32%) 
were malignant (Table 2). Malignant tumors were found 
in 17 women and 13 men. In 19 patients, the set of tested 
color Doppler parameters was not complete. Thus, the 
PSV value was measured in 95 tumors, RI in 94 tumors 
and PI in 74 tumors. 

The color Doppler US was the basic preoperative diag-
nostic tool. When a deep lobe parotid tumor was suspect-
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ed or malignancy was confirmed on cytology, magnetic 
resonance imaging (MRI) or computer tomography (CT) 
was performed to evaluate the tumor extent and local 
invasion. The US examination was performed by two inde-
pendent experienced radiologists. The US linear 6-9 MHz 
probe was used. The patients were placed in the supine 
position, with the neck turned to the contralateral side. 
The region of interest was scanned slowly with a minimal 
probe pressure. 

Longitudinal and transverse scanning planes were 
used to map the color flow signals within the salivary 
gland parenchyma. When a tumor vessel was identified, 
the probe position was adapted into the optimal plane to 
achieve its ideal display. 

The basic US parameters of the tumor (i.e. size, struc-
ture and echotexture), adjacent soft tissue invasion and 
the US signs of potential metastatic lymph node affection 
were studied. The color mapping of the tumor was then 
performed with the determination of the count of sup-
plying vessels, in which three flow parameters, namely 
peak systolic velocity (PSV), resistive index (RI) and pul-
satility index (PI) were evaluated. The PSV, RI and PI 
values equal to or higher than 25 cm/s, 0.8 and 1.8, were 
considered borderlines for malignancy in accordance with 
the referenced literature (Table 1) (ref.2-4,7).

The PSV, RI and PI values for benign tumors were 
compared to those of carcinomas, the differences between 
two groups were then evaluated with Student t–test. 

Individual patients were then categorized according to 
the biological character and clinical stage of their tumors 

as follows: benign tumors (group I), malignant tumors 
staged I+II (group II), malignant tumors staged III+IV 
(group III). Sixty-six patients (68.75%) were classified as 
group I, 17 patients (17.71%) as group II and 13 patients 
(13.54%) as group III.

Peak levels of the PSV, RI and PI in all three groups 
were compared, using ANOVA. All analyses were per-
formed using the statistical software STATA version 10. 
Our results (PSV, PI and RI values) were compared with 
standard values reported in the literature. The level of 
significance was P<0.05

RESULTS

The difference in PSV, PI and RI values between benign 
tumors and carcinomas 

The PSV values ranged from 4 to 90 cm/s (mean 
25.15 cm/s) for the benign tumor group and from 4 to 68 
cm/s (mean 32.74 cm/s) for carcinomas. The PI values 
ranged from 0.64 to 9.4 (mean 2.85) in the benign tumor 
group and from 0.7 to 13.0 (mean 3.14) in the carcino-
mas.  The RI of the benign tumor group ranged from 0.41 
to 1.0 (mean 0.77) and from 0.2 to 1.2 (mean 0.86) in 
the carcinoma group. A statistically significant difference 
(P=0.021) was found between the benign tumors group 
and the carcinomas for RI, but not PI and PSV values 
(Table 3). 

The PSV, PI and RI values depending on clinical stage of  
tumor 

The values of PSV 4 - 90 cm/s (mean 25.15 cm/s), RI 
0.41 - 1.0 (mean 0.77) and PI 0.64 - 9.4 (mean 2.32) were 
found in group I. The values of PSV, RI, PI in groups II 
and III were 5 - 59 cm/sec (mean 24.09 cm/s), 0.2 - 0.9 
(mean 0.83) PI 0.7 - 13 (mean 1.92)  and 4 - 68 cm/s 
(mean 34.54 cm/s), 0.68 - 1.2 (mean 0.89), 1.3 - 7.68 
(mean 3.21), respectively. The differences between the 

Table 1. Color Doppler ultrasound parameters in major 
salivary gland tumors diagnostics. 

Color Doppler US parameters

Quantitative parameters

• The number of supplying vessels. Low-differentiated ma-
lignant tumors usually have richer vessel supply when 
compared with benign tumors6,7. We can see 3 and more 
tumor supplying arteries in the case of malignant tu-
mors2.

Qualitative parameters

• Peak systolic velocity (PSV). PSV in the arteries supply-
ing benign tumors are usually lower that 25 cm/s (ref.2). 
Higher Doppler velocities can be seen in the vessels of  
malignant tumors. Velocity higher than 60 cm/s was 
found in the malignant tumor vessels. Dock et al. rec-
ommends PVS 40 cm/sec as the level for differentiation 
between benign and malignant tumors3.

• Pulsatility index (PI). PI is the ratio between PSV and 
end-diastolic velocity (EDV) difference to the average 
velocity. The tumor with PI value 1.8 and is considered 
as potentially malignant7.

• Resistive index (RI), so called Pourcelot’s index. RI is the 
ratio between PSV and EDV (end diastolic velocity) dif-
ference to PSV. The values 0.8 and higher point to a 
malignant tumor7.

Table 2. Histological types of the primary epithelial 
salivary gland tumors in our study.

No %

Benign tumors 66 68.0
pleomorphic adenoma 37 38.1
cystadenolymphoma 27 27.8
bazocellular adenoma 2 2.01
Malignant tumors 30 32.0
squamous cell carcinoma 6 6.3
adenoid cystic carcinoma 5 5.2
mucoepidermoid carcinoma 4 4.2
adenocarcinoma 4 4.2
ductal carcinoma 4 4.2
carcinoma in pleomorphic adenoma 4 4.2
small cell carcinoma 1 1.0
nondifferentiated carcinoma 1 1.0
myoepithelial carcinoma 1 1.0
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PSV, PI and RI values in groups I, II, III were not statisti-
cally significant (Table 4). 

Using the PSV, PI, RI values reported in the literature 
for distinguishing benign tumors and carcinomas 

Our study confirmed the use of an RI critical value of 
0.8 appearing in the literature2,3,4,7 for distinguishing be-
nign tumors and carcinomas. Thirty-six patients had true 
negative results, in the group of 32 patients false positive 
results were described, 8 patients had false negative results 

and 20 patients true positive results. The sensitivity and 
specificity of the RI parameter in differentiating carci-
nomas from benign tumors were thus 71.4% and 52.9%, 
respectively (Table 5). 

No applicability of the PSV value of 25 cm/s and PI 
value 1.8 for differentiation was demonstrated. 

The PI parameter differentiated carcinomas from be-
nign tumors with a sensitivity of 61.9% and a specifity 
of 49.1%. True negative results were obtained in 26 pa-

Table 3. The difference of the peak systolic velocity, pulsatility index and resistive index values between benign and 
carcinomas (B – benign tumor, C – carcinoma, SD – standard deviation).

Index Tumor No From To Mean SD P value

PSV
B 66 4.0 90.0 25.15 17.49

0.179
C 29 4.0 68.0 32.74 27.50

RI
B 66 0.41 1.0 0.77 0.16

0.021
C 28 0.2 1.2 0.86 0.19

PI
B 51 0.64 9.4 2.85 2.32

0.642
C 21 0.7 13.0 3.14 2.76

Table 4. The peak systolic velocity, pulsatility index and resistive index values depending on the clinical stage of the 
tumor (I, II, III – groups according to tumor clinical stage, SD – standard deviation, ANOVA – test of variance).

Index Groups No Mean SD
ANOVA

P value

age

I 66 54.51 15.82

< 0.001II 17 63.47 14.48

III 13 72.36 11.72

PSV

I 66 25.15 17.49

0.185II 17 24.09 13.45

III 13 34.54 21.65

RI

I 66 0.77 0.16

0.072II 17 0.83 0.22

III 13 0.89 0.16

PI

I 51 2.85 2.32

0.305II 12 1.92 1.14

III 10 3.21 1.88

Table 5. Sensitivity and specificity calculation for parameter RI (B – benign tumor, C – carcinoma, T (-) – negative 
results, T (+) – positive results, RN – right negative result, FP – false positive result, FN – false negative result, RP – 

right positive result).

B C Total

T (-) 36 (RN) 8 (FN) 44

T (+) 32 (FP) 20 (RP) 52

Total 68 28 96

RI: sensitivity 71.4%, specificity 52.9%.
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ed or malignancy was confirmed on cytology, magnetic 
resonance imaging (MRI) or computer tomography (CT) 
was performed to evaluate the tumor extent and local 
invasion. The US examination was performed by two inde-
pendent experienced radiologists. The US linear 6-9 MHz 
probe was used. The patients were placed in the supine 
position, with the neck turned to the contralateral side. 
The region of interest was scanned slowly with a minimal 
probe pressure. 

Longitudinal and transverse scanning planes were 
used to map the color flow signals within the salivary 
gland parenchyma. When a tumor vessel was identified, 
the probe position was adapted into the optimal plane to 
achieve its ideal display. 

The basic US parameters of the tumor (i.e. size, struc-
ture and echotexture), adjacent soft tissue invasion and 
the US signs of potential metastatic lymph node affection 
were studied. The color mapping of the tumor was then 
performed with the determination of the count of sup-
plying vessels, in which three flow parameters, namely 
peak systolic velocity (PSV), resistive index (RI) and pul-
satility index (PI) were evaluated. The PSV, RI and PI 
values equal to or higher than 25 cm/s, 0.8 and 1.8, were 
considered borderlines for malignancy in accordance with 
the referenced literature (Table 1) (ref.2-4,7).

The PSV, RI and PI values for benign tumors were 
compared to those of carcinomas, the differences between 
two groups were then evaluated with Student t–test. 

Individual patients were then categorized according to 
the biological character and clinical stage of their tumors 

as follows: benign tumors (group I), malignant tumors 
staged I+II (group II), malignant tumors staged III+IV 
(group III). Sixty-six patients (68.75%) were classified as 
group I, 17 patients (17.71%) as group II and 13 patients 
(13.54%) as group III.

Peak levels of the PSV, RI and PI in all three groups 
were compared, using ANOVA. All analyses were per-
formed using the statistical software STATA version 10. 
Our results (PSV, PI and RI values) were compared with 
standard values reported in the literature. The level of 
significance was P<0.05

RESULTS

The difference in PSV, PI and RI values between benign 
tumors and carcinomas 

The PSV values ranged from 4 to 90 cm/s (mean 
25.15 cm/s) for the benign tumor group and from 4 to 68 
cm/s (mean 32.74 cm/s) for carcinomas. The PI values 
ranged from 0.64 to 9.4 (mean 2.85) in the benign tumor 
group and from 0.7 to 13.0 (mean 3.14) in the carcino-
mas.  The RI of the benign tumor group ranged from 0.41 
to 1.0 (mean 0.77) and from 0.2 to 1.2 (mean 0.86) in 
the carcinoma group. A statistically significant difference 
(P=0.021) was found between the benign tumors group 
and the carcinomas for RI, but not PI and PSV values 
(Table 3). 

The PSV, PI and RI values depending on clinical stage of  
tumor 

The values of PSV 4 - 90 cm/s (mean 25.15 cm/s), RI 
0.41 - 1.0 (mean 0.77) and PI 0.64 - 9.4 (mean 2.32) were 
found in group I. The values of PSV, RI, PI in groups II 
and III were 5 - 59 cm/sec (mean 24.09 cm/s), 0.2 - 0.9 
(mean 0.83) PI 0.7 - 13 (mean 1.92)  and 4 - 68 cm/s 
(mean 34.54 cm/s), 0.68 - 1.2 (mean 0.89), 1.3 - 7.68 
(mean 3.21), respectively. The differences between the 

Table 1. Color Doppler ultrasound parameters in major 
salivary gland tumors diagnostics. 

Color Doppler US parameters

Quantitative parameters

• The number of supplying vessels. Low-differentiated ma-
lignant tumors usually have richer vessel supply when 
compared with benign tumors6,7. We can see 3 and more 
tumor supplying arteries in the case of malignant tu-
mors2.

Qualitative parameters

• Peak systolic velocity (PSV). PSV in the arteries supply-
ing benign tumors are usually lower that 25 cm/s (ref.2). 
Higher Doppler velocities can be seen in the vessels of  
malignant tumors. Velocity higher than 60 cm/s was 
found in the malignant tumor vessels. Dock et al. rec-
ommends PVS 40 cm/sec as the level for differentiation 
between benign and malignant tumors3.

• Pulsatility index (PI). PI is the ratio between PSV and 
end-diastolic velocity (EDV) difference to the average 
velocity. The tumor with PI value 1.8 and is considered 
as potentially malignant7.

• Resistive index (RI), so called Pourcelot’s index. RI is the 
ratio between PSV and EDV (end diastolic velocity) dif-
ference to PSV. The values 0.8 and higher point to a 
malignant tumor7.

Table 2. Histological types of the primary epithelial 
salivary gland tumors in our study.

No %

Benign tumors 66 68.0
pleomorphic adenoma 37 38.1
cystadenolymphoma 27 27.8
bazocellular adenoma 2 2.01
Malignant tumors 30 32.0
squamous cell carcinoma 6 6.3
adenoid cystic carcinoma 5 5.2
mucoepidermoid carcinoma 4 4.2
adenocarcinoma 4 4.2
ductal carcinoma 4 4.2
carcinoma in pleomorphic adenoma 4 4.2
small cell carcinoma 1 1.0
nondifferentiated carcinoma 1 1.0
myoepithelial carcinoma 1 1.0
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PSV, PI and RI values in groups I, II, III were not statisti-
cally significant (Table 4). 

Using the PSV, PI, RI values reported in the literature 
for distinguishing benign tumors and carcinomas 

Our study confirmed the use of an RI critical value of 
0.8 appearing in the literature2,3,4,7 for distinguishing be-
nign tumors and carcinomas. Thirty-six patients had true 
negative results, in the group of 32 patients false positive 
results were described, 8 patients had false negative results 

and 20 patients true positive results. The sensitivity and 
specificity of the RI parameter in differentiating carci-
nomas from benign tumors were thus 71.4% and 52.9%, 
respectively (Table 5). 

No applicability of the PSV value of 25 cm/s and PI 
value 1.8 for differentiation was demonstrated. 

The PI parameter differentiated carcinomas from be-
nign tumors with a sensitivity of 61.9% and a specifity 
of 49.1%. True negative results were obtained in 26 pa-

Table 3. The difference of the peak systolic velocity, pulsatility index and resistive index values between benign and 
carcinomas (B – benign tumor, C – carcinoma, SD – standard deviation).

Index Tumor No From To Mean SD P value

PSV
B 66 4.0 90.0 25.15 17.49

0.179
C 29 4.0 68.0 32.74 27.50

RI
B 66 0.41 1.0 0.77 0.16

0.021
C 28 0.2 1.2 0.86 0.19

PI
B 51 0.64 9.4 2.85 2.32

0.642
C 21 0.7 13.0 3.14 2.76

Table 4. The peak systolic velocity, pulsatility index and resistive index values depending on the clinical stage of the 
tumor (I, II, III – groups according to tumor clinical stage, SD – standard deviation, ANOVA – test of variance).

Index Groups No Mean SD
ANOVA

P value

age

I 66 54.51 15.82

< 0.001II 17 63.47 14.48

III 13 72.36 11.72

PSV

I 66 25.15 17.49

0.185II 17 24.09 13.45

III 13 34.54 21.65

RI

I 66 0.77 0.16

0.072II 17 0.83 0.22

III 13 0.89 0.16

PI

I 51 2.85 2.32

0.305II 12 1.92 1.14

III 10 3.21 1.88

Table 5. Sensitivity and specificity calculation for parameter RI (B – benign tumor, C – carcinoma, T (-) – negative 
results, T (+) – positive results, RN – right negative result, FP – false positive result, FN – false negative result, RP – 

right positive result).

B C Total

T (-) 36 (RN) 8 (FN) 44

T (+) 32 (FP) 20 (RP) 52

Total 68 28 96

RI: sensitivity 71.4%, specificity 52.9%.
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tients and in 27 patients false positive results. In 8 cases 
we found false negative results and in 13 patients true 
positive results. The PI value was measured in 72 tumors 
(Table 6). 

The parameter PSV can distinguish carcinomas from 
benign tumors with a sensitivity of 60.7% and a specificity 
of 62.7%. In the case of 42 patients, true negative results 
were found and in 25 patients false positive results. The 
result from 11 patients were false negative and from an-
other 17 true positive (Table 7).

DISCUSSION

The role of imaging methods in the evaluation of 
salivary gland tumors is to define their intra- vs. extra-
glandular position, to detect local extension, invasion and 
nodal metastases. All this information can be successfully 
obtained with US, which is a safe, inexpensive and accu-
rate method10, serving as a basic guide for further imaging 
and treatment strategy. US is also expected to provide 
us with information about the status of salivary gland 
tumors, greatly varying between, as well as within, par-
ticular histopathologic entities. However, in this aspect, 
the capability of standard US is rather limited. 

A question which remains is whether color Doppler 
US could be helpful in the determination of the biologi-
cal nature or even the histopathological type of salivary 
gland tumor. 

Izzo et al.7 followed a series of 49 patients with major 
salivary gland tumors who underwent color and power 
Doppler US examinations preoperatively. In benign tu-
mors the peritumoral and in much lesser extent intra-
tumoral vascularisation as measured by a color power 
Doppler US device with 7.5-10 MHz linear probe was 

Table 6. Sensitivity and specificity calculation for parameter PI 
(B – benign tumor, C – carcinoma, T (-) – negative results, T (+) – positive results, RN – right negative result, 

FP – false positive result, FN – false negative result, RP – right positive result).

B C Total

T (-) 26 (RN) 8 (FN) 34

T (+) 27 (FP) 13 (RP) 40

Total 53 21 74

PI: sensitivity 61.9%, specificity 49.1%.

Table 7. Sensitivity and specificity calculation for parameter PSV 
(B – benign tumor, C – carcinoma, T (-) – negative results, T (+) – positive results, RN – right negative result, 

FP – false positive result, FN – false negative result, RP – right positive result).

B C Total

T (-) 42 (RN) 11 (FN) 53

T (+) 25 (FP) 17 (RP) 42

Total 67 28 95

PSV: sensitivity 60.7%, specificity 62.7%.

modest. On the other hand, carcinomas, due to a number 
of arteriovenous shunts and massive neovascularization, 
had a non-homogenous pattern with scattered distribu-
tion of vessels. 

Martinoli et al.6 achieved similar results in their series 
of 62 patients with major salivary gland tumors. They 
described significantly more extensive blood supply in 
the group of malignant tumors.

Some authors found higher vascular resistance as 
a sign of tumor malignancy. Bradley et al.4 examined 
56 patients with major salivary gland tumors. PSV was 
measured and PI and RI calculations were performed 
and particular values were then correlated with the his-
tolopathological diagnosis. The combination of the real 
time ultrasound parameters RI and PI diagnosed benign 
disease with a sensitivity of 89.7% and specificity of 57.1%. 
The positive predictive value was 93.6%. There were no 
significant differences in the colour Doppler appearances 
in terms of vessel type or intratumour distribution which 
could separate benign from malignant conditions. No ma-
lignant lesion showed the PI and RI lower than 1.8 and 
0.8, respectively.

In a study of 49 patients with benign and 13 patients 
with malignant tumors Martinoli et al.6 did not find sig-
nificant differences between groups in RI values (range 
from 0.55 to 1.10 in benign and 0.45 to 1.10 in malignant 
tumors). Contrary to Martinoli, we confirmed a signifi-
cant difference in RI, but not in PI values between benign 
and carcinomas.

PSV is another color Doppler parameter used to ana-
lyze the flows in tumor supplying vessels. In a study on 
130 benign and malignant tumors (44 mammary gland, 
43 liver, 43 other organs) Dock et al. detected generally 
increased (higher than 40 cm/s) PSV values in the latter3. 
Similar results were presented by Stárek who recommend-
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ed PSV 25 cm/s as the level, critical for differentiation be-
tween benign and malignant tumors2. Martinoli suggested 
that a systolic peak flow of 60 cm/s was a threshold for 
differentiating benign from malignant lesions. As some 
of the latter were associated with lower PSV, no reliable 
conclusions could be drawn6. Bradley et al. found PSV 
elevation (>50 cm/s) in some carcinomas, but there was 
no statistical correlation with malignancy in general4. 
Schick et al. demonstrated that pulsed Doppler US dis-
tinguished benign neoplasms from malignant ones with 
a 72% sensitivity and 88% specificity11. The highest PSV 
observed in benign tumors was 19.9 ± 7.7 cm/s, compared 
with 44.4 ± 47.7 cm/s in malignant tumors. The difference 
between velocities of benign and malignant tumors was 
statistically significant11. The outcomes of our study are 
not in accord with these results. 

Given different values of PSV, PI and RI considered 
as threshold between benign and malignant tumors4,7,11 
we, as well as Gritzmann9, are skeptical of their practical 
application. This view was also shared by Bialek in her 
paper on US use in salivary gland diagnostics8.    

Our study, in agreement with Bialek8 and Gritzmann9 
but in contrast to the above studies2-4,7 failed to demon-
strate the applicability of the PSV value of 25 cm/s and 
PI value of 1.8 as the “break points” for the tumor type. 
The PSV values were higher than 25 cm/s in 26 benign 
(27.4%) and 17 malignant tumors (17.9%) (from 95 PSV 
measurements in total) in our study. The PI values higher 
than 1.8 were demonstrated in 25 benign (34.7%) and 
13 malignant tumors (18.1%) (from 72 PI measurements 
in total). 

Our study confirmed that the parameter RI can be 
used for differentiating benign from malignant tumours. 
and confirmed an RI critical value of 0.8 for the distin-
guishing benign tumors from carcinomas. Doppler US 
parameter RI differentiates carcinomas from benign tu-
mors with a sensitivity of 71.4% and specificity of 52.9%. 

Overall, significant differences in PSV and PI between 
benign tumors and carcinomas were not confirmed in 
contrast to some published papers. Similarly, there were 
no significant differences in the PSV, PI and RI values for 
particular clinical stages of the latter. 

CONCLUSION

We confirmed the usefulness of the color Doppler RI 
parameter in differentiating benign salivary gland tumors 
from malignant ones. For other parameters (PSV and PI) 

no significant differences between benign tumors and car-
cinomas were. The study failed to confirm the benefit 
of the color Doppler US in the differentiation between 
benign tumors and clinical stages of carcinomas. 
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contrast to some published papers. Similarly, there were 
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particular clinical stages of the latter. 

CONCLUSION
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parameter in differentiating benign salivary gland tumors 
from malignant ones. For other parameters (PSV and PI) 
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Background. Granulocyte apheresis is a safe and effective method for granulocyte collection. We present a five year 
experience (2006-2010) of the Blood Center, Faculty Hospital Ostrava, Czech Republic. Donor granulocyte transfusion 
is one treatment option for haemato-oncology patients with severe neutropenia complicated by bacterial/fungal 
infections unresponsive to standard antibiotic/antifungal treatment. In this study, we describe the experiences of the 
Blood Centre at the Faculty Hospital in Ostrava of granulocyte apheresis. 
Methods and Results. A total of 149 granulocyte units were collected for 33 patients from the Department of Haemato-
oncology, University Hospital Olomouc, over a 5-year period (2006-2010). Information on donor selection, laboratory 
screening, mobilization regimen and granulocyte yield was obtained and analyzed. All mandatory screening tests for 
infection markers, AB0 and Rh and abnormal erythrocyte antibodies were performed. The cytomegalovirus status of 
the donors was not investigated. Steroids were the only mobilization regimen used, and were generally well accepted. 
The mean granulocyte yield was 12.6×109/per transfusion unit (range 5.4-30.3). All granulocyte concentrates were ir-
radiated and transfused according to AB0 Rh compatibility within 24 h after collection.
Conclusion. Based on our experience, granulocytapheresis is a safe and effective method for obtaining granulocytes 
but the yield can be significantly influenced by other variables. From the recipients’ perspective, the use of donor 
granulocytes supports an effective therapeutic modality.
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INTRODUCTION

Transfusions of allogeneic granulocytes are indicated 
in immunocompromised patients with severe neutropenia 
whose status is complicated by bacterial/fungal infection 
unresponsive to standard antibiotic/antifungal therapy. 
Other indications are primary (congenital) or secondary 
diseases with neutrophil dysfunction. The granulocyte 
product contains granulocytes suspended in plasma and is 
obtained by apheresis from a single donor using automat-
ed cell-separation equipment1. Sedimentation agents such 
as hydroxyethyl starch (HES) or low-molecular-weight 
starch (Pentastarch) are used to improve the separation of 
leukocytes from erythrocytes. Various mobilization regi-
mens are used to mobilize donor granulocytes, including 
filgrastim (G-CSF), a combination of G-CSF and corti-
costeroids, and corticosteroids alone. Tests for AB0 and 
RhD groups, abnormal erythrocyte antibodies, human 
immunodeficiency virus, hepatitis C virus (HCV), HBV 
and syphilis are mandatory. Granulocyte concentrates 
must be irradiated and transfused as soon as possible af-
ter collection. In this study, we present the results of 5 
year’s experience of granulocyte concentrate collection. 

MATERIAL AND METHODS

A total of 149 granulocyte units were prepared for 
33 patients from the Department of Haemato-oncology, 
University Hospital Olomouc. Data were obtained for the 
5-year period from 2006-2010. Each patient received a 
mean of 4.5 transfusion units (TU) of granulocytes for 
the diagnoses indicated in Table 1. 

Table 1. Diagnoses of recipients of granulocyte 
transfusions from 2006-2010.

Diagnosis Number of patients

Acute myeloid leukaemia 20
Chronic myeloid leukaemia 2
Myelodysplastic syndrome 2
Hodgkin’s lymphoma 3
Acute lymphoblastic leukaemia 5
Aplastic anaemia 1

Granulocyte donors were obtained from a pool of 
healthy blood donors with previous experience of apher-
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esis collection (usually recruited from plateletapher-
esis donors). Granulocytes were collected once every 6 
months. Czech law only allows the use of G-CSF for re-
lated donors; mobilization in unrelated donors was thus 
achieved using corticosteroids alone,with an infusion 
of 40 mg methylprednisolone in 100 mL 0.9% sodium 
citrate 4-5 h before collection. No adverse events were 
reported, except for fatigue within 24 h after collection. 
Donors were not tested for cytomegalovirus (CMV) status 
because the incidence of donor CMV positivity is high 
(about 90%) and may change. 

High-molecular-weight HES 10% (molecular weight 
200.000 kDa) was used to enhance granulocyte collec-
tion. All donors underwent mandatory tests for human 

immunodeficiency virus, hepatitis B virus (HBV), HCV, 
syphilis, AB0 and Rh and abnormal erythrocyte antibod-
ies. Red blood cell cross-matching between donor and 
patient was done before granulocytapheresis as granu-
locyte concentrates contain a significant number of red 
blood cells. All granulocytapheresis procedures were car-
ried out using a Cobe Spectra separator (Caridian BCT, 
USA) and all granulocyte concentrates were irradiated 
after collection. 

Blood counts were taken before and after mobiliza-
tion, with a focus on donor leukocyte counts and normal 
blood counts. Regarding granulocytes, we focused on the 
haematocrit per granulocyte TU (to determine the corre-
lation between haematocrit and yield), and yield after col-
lection. MedCalc (MedCalc Software, Belgium) was used 
to analyze the correlation between haematocrit and yield.

RESULTS

The results are summarized in Tables 2-6 and in Fig. 
1-3. 

Table 2. Patient age and number of granulocyte units 
transfused per patient.

Patient age 
(years)

Number of granulocyte units 
transfused per patient

Mean 47 6
Range 22-64 1-14

Table 3. Donor peripheral blood leukocyte and neutrophil counts before and after corticosteroid stimulation.

Leukocytes before 
collection
(109/L)

Leukocytes after 
collection
(109/L)

Neutrophils before 
collection

(%)

Neutrophils 
after collection

(%)

Mean 6.2 7.6 54.0 88.0
Range 2.7-10.6 3.8-14.5 36.0-75.0 45.0-5.0

Table 4. Haematocrit per granulocyte unit.

Haematocrit per granulocyte unit

Mean 0.029

Range 0.003-0.080

Fig. 1. Box and Whisker graph. Variable haematocrit per TU. 
Granulocytes were equally distributed around a theoretical mid-
point. Although there were some eccentric points, these were 
still within the tolerance range.

Fig. 2. Point graph of relationship between haematocrit and 
granulocyte yield. There was no correlation between the hae-
matocrit per granulocyte TU and granulocyte yield.
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Table 5. Correlation 
between haematocrit per 
TU and yield.

Table 6. Yield and volume of granulocyte apheresis, 
and separation time.

Granulocyte 
yield (109/TU)

Apheresis 
volume (mL)

Separation 
time (min)

Mean 12.6 270.0 105

Range 5.4-30.3 220.0-360.0 90-120

Fig. 3. Box and Whisker graph. Yield was equally distributed 
around a theoretical mid-point.

DISCUSSION

Granulocytapheresis donors at the Blood Centre 
Ostrava were healthy volunteers from a pool of apheresis 
donors; granulocytes were not collected from patients’ 
relatives. The mobilization regimen thus used corticoste-
roids alone as national guidelines only allow the use of 
G-CSF mobilization in related donors. However, many 
European and US centres use this “off-label” adminis-
tration in unrelated donors2. Methylprednisolone 40 
mg in 0.9% sodium citrate 500 mL was well-accepted by 
donors, with no adverse events except for fatigue with-
in 24 h after collection. Granulocytes were collected a 
maximum of twice a year. CMV status is not routinely 
investigated at this institution, because of its tendency to 
change. CMV-untested donors may be used to support 
CMV-negative patients if the medical benefits seem to 
outweigh the potential risks, in accordance with proce-
dures at other blood centres worldwide (e.g., Department 
of Transfusion Medicine, Bethesda, MD, USA; University 
of Texas, MD Anderson Cancer Center, Houston, USA). 
High-molecular-weight HES was used to enhance the ef-
ficiency of granulocyte collection during the separation 

process in the current study. Analysis of the distribution 
of haematocrit per granulocyte TU showed that the col-
lection process was stable, and the haematocrit had no 
effect on the granulocyte yield3. AB0 and Rh compat-
ibility between donors and recipients was respected in 
this study. However, some blood centres do not respect 
AB0 Rh compatibility, though incompatible red cells are 
removed from the granulocyte component in these cases4. 
Granulocyte donors were not routinely screened for HLA 
antibodies in this study, and a different approach was used 
for routine HLA screening5,6. 
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Range 2.7-10.6 3.8-14.5 36.0-75.0 45.0-5.0

Table 4. Haematocrit per granulocyte unit.

Haematocrit per granulocyte unit

Mean 0.029

Range 0.003-0.080

Fig. 1. Box and Whisker graph. Variable haematocrit per TU. 
Granulocytes were equally distributed around a theoretical mid-
point. Although there were some eccentric points, these were 
still within the tolerance range.

Fig. 2. Point graph of relationship between haematocrit and 
granulocyte yield. There was no correlation between the hae-
matocrit per granulocyte TU and granulocyte yield.
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Table 5. Correlation 
between haematocrit per 
TU and yield.

Table 6. Yield and volume of granulocyte apheresis, 
and separation time.

Granulocyte 
yield (109/TU)

Apheresis 
volume (mL)

Separation 
time (min)

Mean 12.6 270.0 105

Range 5.4-30.3 220.0-360.0 90-120

Fig. 3. Box and Whisker graph. Yield was equally distributed 
around a theoretical mid-point.

DISCUSSION

Granulocytapheresis donors at the Blood Centre 
Ostrava were healthy volunteers from a pool of apheresis 
donors; granulocytes were not collected from patients’ 
relatives. The mobilization regimen thus used corticoste-
roids alone as national guidelines only allow the use of 
G-CSF mobilization in related donors. However, many 
European and US centres use this “off-label” adminis-
tration in unrelated donors2. Methylprednisolone 40 
mg in 0.9% sodium citrate 500 mL was well-accepted by 
donors, with no adverse events except for fatigue with-
in 24 h after collection. Granulocytes were collected a 
maximum of twice a year. CMV status is not routinely 
investigated at this institution, because of its tendency to 
change. CMV-untested donors may be used to support 
CMV-negative patients if the medical benefits seem to 
outweigh the potential risks, in accordance with proce-
dures at other blood centres worldwide (e.g., Department 
of Transfusion Medicine, Bethesda, MD, USA; University 
of Texas, MD Anderson Cancer Center, Houston, USA). 
High-molecular-weight HES was used to enhance the ef-
ficiency of granulocyte collection during the separation 

process in the current study. Analysis of the distribution 
of haematocrit per granulocyte TU showed that the col-
lection process was stable, and the haematocrit had no 
effect on the granulocyte yield3. AB0 and Rh compat-
ibility between donors and recipients was respected in 
this study. However, some blood centres do not respect 
AB0 Rh compatibility, though incompatible red cells are 
removed from the granulocyte component in these cases4. 
Granulocyte donors were not routinely screened for HLA 
antibodies in this study, and a different approach was used 
for routine HLA screening5,6. 
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CONCLUSION

Granulocyte transfusions may reduce the mortality 
risk in patients with severe neutropenia, and thus provide 
valuable therapeutic support. Further randomized studies 
are needed to assess the global benefits of granulocyte 
transfusions, involving close collaboration between clini-
cal departments and blood centres.
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Abstract This prospective study aimed to evaluate the

usefulness of squamous cell carcinoma antigen (SCCA) as

a clinical marker of sinonasal inverted papilloma (IP). The

potential benefit of SCCA in the diagnosis of unilateral

nasal pathology and as a marker of hidden recurrence was

evaluated as well. Blood samples from patients with sin-

onasal IP were examined to determine serum SCCA levels

before surgery, the day after surgery, and every 6 months

during follow-up. Preoperative and postoperative levels of

SCCA were compared. Twenty consecutive patients with

histologically confirmed IP were included in the study,

conducted between 2000 and 2011. The mean age of the

patients was 54.2 years (range 35–72). The mean serum

SCCA level before surgery was 3.885 lg/l (range 0.7–7.6).
A decrease of the SCCA level to 0.885 lg/l (range 0.1–1.9)
was observed on the 1 day after a radical surgical proce-

dure. A statistically significant difference between the

preoperative and postoperative levels was observed

(P\ 0.001). Elevated levels of SCCA during long-term

follow-up were observed in three patients. All of them had

a recurrence of IP. We conclude that the serum level of

SCCA is a useful clinical marker of the presence of sino-

nasal IP. The level of SCC antigen was significantly lower

in patients after IP was completely removed. According to

our results, SCCA level also appears to be useful for long-

term follow-up (hidden recurrence diagnosis).

Keywords Squamous cell carcinoma antigen � Sinonasal
inverted papilloma � Clinical marker � Hidden recurrence �
Surgery

Introduction

Squamous cell carcinoma antigen (SCCA) is a protein with

a strong homology to the family of protease inhibitors

known as serpins. SCCAs are cytoplasmic proteins: they

are found in normal squamous epithelia, and in elevated

levels in the serum of patients with squamous cell carci-

nomas, especially in cases of uterine cervix carcinoma,

lung carcinoma, and head and neck squamous cell carci-

noma. SCCA is clinically useful, especially for the staging

of uterine cervix carcinoma (risk of lymph node metasta-

sis). It is also a useful marker for monitoring during follow-

up and therapy, and increasing SCCA levels may predict

carcinoma relapse [1]. Recent studies have shown a close

relationship between SCCA and sinonasal inverted papil-

loma (IP) [2, 3].

IP is a relatively infrequent, benign sinonasal tumour.

Careful long-term follow-up after radical surgery is nec-

essary when treating IP, owing to its malignant potential

and high recurrence rate [4, 5]. Distinguishing between

inflammatory changes and recurrence of IP can sometimes

be difficult. The purpose of this study was to determine the

benefit of SCCA serum level evaluation in patients with IP.
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Materials and methods

This prospective study was performed in accordance with

the Declaration of Helsinki, the criteria of good clinical

practice, and all applicable regulatory requirements. Writ-

ten informed consent was obtained from all participants

before the initiation of any procedure.

Patients with IP treated at the Department of Otolaryn-

gology, Faculty of Medicine, University of Ostrava

between 2000 and 2011 were included in the study. At least

3 years of follow-up after surgery was required for inclu-

sion of a patient in the study.

Blood samples from enrolled patients were examined to

determine serum SCCA levels before surgery, the day after

surgery, and every 6 months during follow-up. Preopera-

tive and postoperative SCCA levels were compared. The

changes in SCCA levels during follow-up were evaluated.

Biochemical analysis

Serum SCCA levels were assayed using an immunofluo-

rescence assay with monoclonal antibodies (B.R.A.H.M.S

SCC KRYPTOR kit, Hennigsdorf, Germany). The normal

serum level of SCC antigen is 0–1.5 lg/l.

Statistical analysis

Statistical analysis of the correlation between preoperative

and postoperative serum SCCA levels was performed using

Student’s t test for paired data (SCCA levels before surgery

and the day after surgery). Differences with P\ 0.05 were

considered statistically significant.

Results

Twenty consecutive patients with sinonasal IP treated at

the Department of Otolaryngology, Faculty of Medicine,

University of Ostrava between 2000 and 2011 were

enrolled in the study. The mean age of patients was

54.2 years (range 35–72). Follow-up took place over

3–10 years.

The mean serum SCCA level was 3.885 lg/l (range

0.7–7.6) before surgery. A decrease in the SCCA level to

0.885 lg/l was observed after radical surgery (range

0.1–1.9). This difference was statistically significant

(P\ 0.001). Up to 18 patients out of 20 (90 %) had a

normal level of SCCA after surgical treatment. Three out

of 20 patients (15 %) presented with a normal level of

SCCA before surgery (Table 1). The mean serum SCCA

level in these three patients decreased after surgery (from

1.03 lg/l preoperatively to 0.27 lg/l postoperatively).

Elevated SCCA levels after surgery were observed in 3/20

(15 %) patients (decrease from 3.15 to 1.75) (Figs. 1, 2).

An incomplete removal (polypectomy) was performed

in one case with a preoperative histopathological diagnosis

of polyp. The SCCA level was high prior to surgery. After

the non-radical surgery, only a slight decrease in the SCCA

level was observed. After a subsequent histopathological

examination indicated a diagnosis of inverted papilloma, a

complete removal of IP was performed and the SCCA

returned to normal levels.

We observed three cases of IP recurrence. In these cases,

elevated SCCA levels were observed. In two cases, the

recurrence was evident during endoscopy. In one patient

with elevated SCCA levels, a computed tomography (CT)

examination confirmed our suspicion of recurrence

(Fig. 2).

No cases of malignant transformation were observed

during the follow-up period.

Discussion

The use of tumour markers is not quite usual in otolaryn-

gology, in comparison with other medical specialities.

Table 1 Patients characteristics and squamous cell carcinoma anti-

gen levels before and after surgery

Number of

patients

Mean SD Min. Max.

Patient characteristics

Age (years) 20 54.2 11.6 35 72

SCCA (lg/l)

Before

surgery

20 3.82 1.98 0.7 7.6

After surgery 20 0.82 0.51 0.1 1.9

SD standard deviation, Min. mimimum, Max. maximum
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Fig. 1 Squamous cell carcinoma antigen levels before and after

surgery
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However, recent studies have demonstrated the usefulness

of SCCA in patients with carcinoma of the larynx,

oesophagus, and oral cavity [1]. Most recent studies have

also shown a close relationship between SCCA and sino-

nasal IP [2, 3].

SCCA is a tumour-associated antigen that was first

isolated from squamous cell carcinoma of the uterine cer-

vix. It is a subtraction of antigen TA 4, which was first

described by Kato in 1977. Although this protein (serotonin

protease inhibitor) is also expressed in normal squamous

epithelium, its level is significantly elevated in cancer tis-

sues, as well as in the serum of patients with squamous cell

carcinoma. Therefore SCCA has been used as a tumour

marker for squamous cell carcinoma of various organs,

including the uterine cervix, skin, head and neck, oesoph-

agus, lung, and bladder [1, 6]. Although the level of SCCA

expression increases in the tissue and serum of patients

with cancer, the biological function of SCCA in cancer

cells remains undefined. Recent studies have indicated that

SCCA may play a role as a mediator of apoptosis [6]. False

positive elevations of SCCA have been observed in asso-

ciation with skin or saliva contamination, normal preg-

nancy, renal failure, and non-malignant skin diseases (e.g.,

eczema and pemphigus) [7].

Recent studies have revealed increased SCCA expres-

sion in cases of sinonasal IP. Yasumatsu observed that

89 % (25/28) of patients with IP had serum levels of SCCA

exceeding the upper limit of normal; SCCA levels

decreased in all cases after tumour removal, and he con-

cluded that serum SCCA level is a reliable tumour marker

in patients with IP [1, 3].

Sinonasal IP is a relatively uncommon benign tumour

with specific behaviour: it has a high recurrence rate after

surgical resection, risk of malignant transformation or

possible association with malignancy, locally aggressive

growth, and a tendency towards multicentricity [4, 5, 8].

Recurrent disease and metachronous carcinoma can

develop several years after surgery. Because the disease

can become extensive before it becomes symptomatic,

careful postoperative follow-up is recommended [1, 9].

In general, complete surgical removal is recommended

as a suitable treatment protocol for IP.

Tumour markers can be useful for detecting tumour

development and recurrence. We focused on the clinical

usefulness of SCCA and its role in sinonasal IP, mainly as a

marker of hidden recurrence.

We evaluated serum SCCA levels in 20 patients with

diagnosed sinonasal IP. The patients were examined before

surgery, immediately after surgery, and every 6 months

thereafter. A statistically significant decrease in the level of

SCCA after radical surgery was observed. Moreover, an

increase in SCCA levels was observed during postoperative

follow-up in three patients. During the subsequent endo-

scopic examination, an obvious recurrence of IP was con-

firmed in two of these patients. In the third patient,

recurrence was revealed by a CT scan. SCCA levels in

these patients returned to normal after surgery.

In a separate case study, we observed only a slight

decrease in SCCA levels after polypectomy (non-radical

surgery). Once we performed radical surgery on this

patient, the SCCA levels returned to normal. In yet another

case, we suspected IP (based on endoscopy and CT),

although a preoperative histological examination only

revealed a polyp. A higher SCCA level was another factor

that caused us to suspect the presence of IP in this patient.

Our suspicions were confirmed by frozen section during

surgery under general anaesthesia.

The majority of IP recurrences (approximately 90 %)

occur within 5 years after surgery [10]. Thus, most sur-

geons follow patients during the first 5 years after surgery.

The follow-up is performed by endoscopy. CT or magnetic

resonance imaging (MRI) is usually performed in ques-

tionable cases.

There are two prominent issues to address with

endoscopy during postoperative follow-up. The first issue

is that we have limited access to the paranasal sinuses

(i.e., anterior wall of maxillary sinus, floor of maxillary

sinus, frontal sinus, and nasofrontal ductus). The second

issue is our inability to distinguish between inflammation

and IP recurrence. It is necessary to perform a CT or MRI

in cases in which the primary site was in an area with

limited visualisation. MRI is the most appropriate method

[10].

Based on our experience, SCCA monitoring may be

beneficial in distinguishing between inflammation and

recurrence, as well as during the decision-making process

when choosing between CT and MRI. Our findings and
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findings in the relevant literature confirm the conclusion

that monitoring SCCA levels in patients with IP may result

in improved diagnostic procedures, treatment, and post-

operative follow-up. Our study requires additional experi-

mentation with comparison SCCA levels in IP patients

with other diagnosis such as benign polyposis in chronic

rhinosinusitis, squamous cell carcinoma, etc.

Conclusion

Serum SCCA level appears to be a useful clinical marker of

sinonasal IP, and decreases significantly after radical sur-

gery. Monitoring SCCA levels could be used for long-term

follow-up (hidden recurrence) in patients after surgery. In

addition, it can also be helpful in patients with unilateral

nasal pathology; an elevated SCCA level is suspicious and

may indicate a diagnosis of sinonasal IP. Our study

requires additional experimentation.
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However, recent studies have demonstrated the usefulness

of SCCA in patients with carcinoma of the larynx,

oesophagus, and oral cavity [1]. Most recent studies have

also shown a close relationship between SCCA and sino-

nasal IP [2, 3].

SCCA is a tumour-associated antigen that was first

isolated from squamous cell carcinoma of the uterine cer-

vix. It is a subtraction of antigen TA 4, which was first

described by Kato in 1977. Although this protein (serotonin

protease inhibitor) is also expressed in normal squamous

epithelium, its level is significantly elevated in cancer tis-

sues, as well as in the serum of patients with squamous cell

carcinoma. Therefore SCCA has been used as a tumour

marker for squamous cell carcinoma of various organs,

including the uterine cervix, skin, head and neck, oesoph-

agus, lung, and bladder [1, 6]. Although the level of SCCA

expression increases in the tissue and serum of patients

with cancer, the biological function of SCCA in cancer

cells remains undefined. Recent studies have indicated that

SCCA may play a role as a mediator of apoptosis [6]. False

positive elevations of SCCA have been observed in asso-

ciation with skin or saliva contamination, normal preg-

nancy, renal failure, and non-malignant skin diseases (e.g.,

eczema and pemphigus) [7].

Recent studies have revealed increased SCCA expres-

sion in cases of sinonasal IP. Yasumatsu observed that

89 % (25/28) of patients with IP had serum levels of SCCA

exceeding the upper limit of normal; SCCA levels

decreased in all cases after tumour removal, and he con-

cluded that serum SCCA level is a reliable tumour marker

in patients with IP [1, 3].

Sinonasal IP is a relatively uncommon benign tumour

with specific behaviour: it has a high recurrence rate after

surgical resection, risk of malignant transformation or

possible association with malignancy, locally aggressive

growth, and a tendency towards multicentricity [4, 5, 8].

Recurrent disease and metachronous carcinoma can

develop several years after surgery. Because the disease

can become extensive before it becomes symptomatic,

careful postoperative follow-up is recommended [1, 9].

In general, complete surgical removal is recommended

as a suitable treatment protocol for IP.

Tumour markers can be useful for detecting tumour

development and recurrence. We focused on the clinical

usefulness of SCCA and its role in sinonasal IP, mainly as a

marker of hidden recurrence.

We evaluated serum SCCA levels in 20 patients with

diagnosed sinonasal IP. The patients were examined before

surgery, immediately after surgery, and every 6 months

thereafter. A statistically significant decrease in the level of

SCCA after radical surgery was observed. Moreover, an

increase in SCCA levels was observed during postoperative

follow-up in three patients. During the subsequent endo-

scopic examination, an obvious recurrence of IP was con-

firmed in two of these patients. In the third patient,

recurrence was revealed by a CT scan. SCCA levels in

these patients returned to normal after surgery.

In a separate case study, we observed only a slight

decrease in SCCA levels after polypectomy (non-radical

surgery). Once we performed radical surgery on this

patient, the SCCA levels returned to normal. In yet another

case, we suspected IP (based on endoscopy and CT),

although a preoperative histological examination only

revealed a polyp. A higher SCCA level was another factor

that caused us to suspect the presence of IP in this patient.

Our suspicions were confirmed by frozen section during

surgery under general anaesthesia.

The majority of IP recurrences (approximately 90 %)

occur within 5 years after surgery [10]. Thus, most sur-

geons follow patients during the first 5 years after surgery.

The follow-up is performed by endoscopy. CT or magnetic

resonance imaging (MRI) is usually performed in ques-

tionable cases.

There are two prominent issues to address with

endoscopy during postoperative follow-up. The first issue

is that we have limited access to the paranasal sinuses

(i.e., anterior wall of maxillary sinus, floor of maxillary

sinus, frontal sinus, and nasofrontal ductus). The second

issue is our inability to distinguish between inflammation

and IP recurrence. It is necessary to perform a CT or MRI

in cases in which the primary site was in an area with

limited visualisation. MRI is the most appropriate method

[10].

Based on our experience, SCCA monitoring may be

beneficial in distinguishing between inflammation and

recurrence, as well as during the decision-making process

when choosing between CT and MRI. Our findings and
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findings in the relevant literature confirm the conclusion

that monitoring SCCA levels in patients with IP may result

in improved diagnostic procedures, treatment, and post-

operative follow-up. Our study requires additional experi-

mentation with comparison SCCA levels in IP patients

with other diagnosis such as benign polyposis in chronic

rhinosinusitis, squamous cell carcinoma, etc.

Conclusion

Serum SCCA level appears to be a useful clinical marker of

sinonasal IP, and decreases significantly after radical sur-

gery. Monitoring SCCA levels could be used for long-term

follow-up (hidden recurrence) in patients after surgery. In

addition, it can also be helpful in patients with unilateral

nasal pathology; an elevated SCCA level is suspicious and

may indicate a diagnosis of sinonasal IP. Our study

requires additional experimentation.
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Abstract To evaluate whether the presence of dacryolith

is a predictive factor for successful dacryocystorhinostomy.

The success rate of endonasal dacryocystorhinostomy

(EDCR) performed to relieve obstruction of the nasolac-

rimal duct was evaluated according to the presence of

dacryolithiasis. The surgical results of patients with (group

I) and without dacryoliths (group II) were analysed and

compared 1-year post surgery. A total of 771 EDCRs

performed from 1994 to 2010 were evaluated. Dacryolith

was found in 76/771 procedures (9.9 %). Complete

improvement was achieved significantly more frequently in

group I (76/76; 100.0 %) than in group II (633/695;

91.1 %; p\ 0.001). EDCRs were performed significantly

more frequently in people aged 31–50-years, the average

age of the group I was 41.1 years (range 18–72 years), of

the group II 53.3 years (range 3 months–86 years;

p\ 0.001). There was no significant difference in the

female-to-male ratio in the two groups. The presence of

dacryoliths is a predictive factor for successful endonasal

dacryocystorhinostomy.

Keywords Dacryolithiasis � Endonasal �
Dacryocystorhinostomy � Predictive factor � Surgical
results

Introduction

Finding a dacryolith is a relatively common ‘‘surprise’’

during dacryocystorhinostomy (DCR). While the incidence

of dacryoliths in patients with DCR ranges from 6.0 to

16.0 %, the incidence of dacryoliths has not been evaluated

in the general population [1–4]. Although the presence of a

dacryolith may sometimes be expected due to patient

symptoms or examination results, it is underdiagnosed and

can only be confirmed surgically [2, 3, 5, 6]. The success

rate in primary DCR is 70–99 % (7–12). Unfortunately,

most studies of DCR and dacryoliths are small, and the role

of dacryoliths in DCR outcome is not clear. In this study,

we evaluated whether finding a dacryolith during endona-

sal dacryocystorhinostomy (EDCR) was a predictive factor

for surgical outcome.

Materials and methods

Study design

A total of 908 primary EDCR procedures were performed at

the Department of Otorhinolaryngology of the University

Hospital Ostrava between 1995 and 2011. Patients with

presaccal obstruction and with incomplete follow-up were

excluded from the study. The study cohort thus included 771

patients with EDCRs performed for postsaccal stenosis/

obstruction. The following data were obtained from patient

records: age, gender, involved side, duration of epiphora,
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Pavel Komı́nek • Stanislav Červenka • Karol Zelenı́k •
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group I (76/76; 100.0 %) than in group II (633/695;
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more frequently in people aged 31–50-years, the average
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Introduction

Finding a dacryolith is a relatively common ‘‘surprise’’

during dacryocystorhinostomy (DCR). While the incidence

of dacryoliths in patients with DCR ranges from 6.0 to

16.0 %, the incidence of dacryoliths has not been evaluated

in the general population [1–4]. Although the presence of a

dacryolith may sometimes be expected due to patient

symptoms or examination results, it is underdiagnosed and

can only be confirmed surgically [2, 3, 5, 6]. The success

rate in primary DCR is 70–99 % (7–12). Unfortunately,

most studies of DCR and dacryoliths are small, and the role

of dacryoliths in DCR outcome is not clear. In this study,

we evaluated whether finding a dacryolith during endona-

sal dacryocystorhinostomy (EDCR) was a predictive factor

for surgical outcome.

Materials and methods

Study design

A total of 908 primary EDCR procedures were performed at

the Department of Otorhinolaryngology of the University

Hospital Ostrava between 1995 and 2011. Patients with

presaccal obstruction and with incomplete follow-up were

excluded from the study. The study cohort thus included 771

patients with EDCRs performed for postsaccal stenosis/

obstruction. The following data were obtained from patient

records: age, gender, involved side, duration of epiphora,
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etiology of the nasolacrimal duct (NLD) obstruction, and

history of prior episodes of acute dacryocystitis. The surgical

results were analysed statistically according to the presence

of dacryolith, with patients categorized as group I patients

(with dacryolith) or as group II patients (without dacryolith).

Group I included 76 cases with dacryolith, and group II

included 695 patients without dacryolith.

The goal of the papers was not to perform chemical and

morphological analysis of dacryoliths.

EDCR procedure

EDCR was performed under general inhalation anaesthesia

using a rigid fiberoptic endoscope. Our standard EDCR

procedure was described in detail previously [8].

Follow-up clinical examination

Lacrimal system drainage was assessed 1-year after surgery

using the fluorescein dye disappearance test (FDT), medi-

cal history, clinical examination (tear retention and con-

junctival sac evaluation, medial canthus observation, and/

or palpation), and endoscopic examination of the nasal

cavity (Table 1). Syringing of the system was also per-

formed in some cases, but the medical history and the FDT

results were considered to be the major endpoints.

Complete therapeutic success was defined as FDT grade

0–1 plus complete resolution of previous symptoms. Partial

success was defined as FDT 0–1 plus substantial improve-

ment and some residual symptoms. Failure was defined as

the absence of improvement or worsening of symptoms.

Statistical analysis

For statistical analysis, the binomial confidence intervals

(CI) for the success rates were calculated as the 95 % CI.

The two-sample t test and v2 test were used to analyse

differences in age, sex, and surgical success between groups

I and II, with p\ 0.05 considered statistically significant.

Results

The success rate for all EDCRs was 709/771 (92.0 %)

1-year after the surgery. The success rate was 76/76

(100.0 %) in group I patients and 633/695 (91.1 %) in

group II patients (95 % CI 89–93.2 %). The distributions

of the primary EDCR success rates in the groups were

statistically significant p\ 0.001.

The most common cause of NLD obstructions was pri-

mary acquired nasolacrimal duct obstruction (PANDO),

and congenital nasolacrimal duct obstruction (CNLDO)

(Table 2). In group I patients (with dacryoliths), PANDO

was the cause of obstruction in 75/76 (98.7 %) cases and

CNLDO was the cause in 1/76 (1.3 %).

In the group that included all EDCRs (n = 771), the

average patient age was 52.1 years, ranging from 3 months

to 86 years. The average age of the female patients was

significantly different than that of the male patients, mean

age 53.5 ± 18.8 versus 48.6 ± 22.0 years, respectively

(p = 0.0019). In terms of gender distribution, there were

significantly more women than men in the group that

included all EDCRs: 547/771 (71 %; 95 % IC67.6–74.1 %).

The gender distribution was very similar in group I, in which

55/76 (72.4 %) patients were women, and in group II, in

which 492/695 (70.8 %) of the patients were women. Thus,

the female-to-male ratio was not significantly different in

group I (2.6:1) versus group II (2.4:1) (p = 0.774).

The average age of group I patients (with dacryolith)

was 41.1 years (range, 18–72 years) and that of group II

patients (without dacryolith) was 53.3 years (range,

3 months–86 years). The difference in the average age in

the two groups was statistically significant (p\ 0.001).

Most EDCRs were performed in patients aged 31–50 years

in group I, whereas in group II, most EDCRs were per-

formed in patients aged 51–70 years (p\ 0.001) (Figs. 1,

2). If we compared groups under 50 years, the success rate

in the group I (aged up to 50 years) was 62/62 (100 %) and

in the group II (aged up to 50 years) was 228/247 (92.7 %,

95 %CI 89.4–96.0 %). If we compared both groups over

50 years, in the group I the success rate was 14/14 (100 %)

and in the group II 404/448 (90.2 %, 95 % CI

87.4–92.9 %). In the group I the success rate was 100 % in

the both age groups. In the group II the difference between

the age groups (under 50 years and over 50 years) was not

statistically significant (p = 0.262).

Of the preoperative symptoms and clinical findings,

epiphora was the most common and was reported by all

patients (100.0 %). Symptom duration ranged between

Table 1 Fluorescein dye disappearance test (design)

Design

One drop of fluorescein is instilled into the lower fornix of each

conjunctival sac. The infant must be watchful sitting on a

parent’s knee or being held on arms. After 5 min the thickness of

the fluorescence of the tear meniscus is measured with the help

of cobalt blue filter

Evaluation

0, no fluorescence in the conjunctival sac

1, thin fluorescing marginal tear strip persists

2, more fluorescein persist

3, wide, brighly fluorescing tear strip

FDT 0 and 1 are considered to be normal, i.e., drainage function is

good

FDT 2 and 3 are considered to be abnormal, lacrimal drainage

system is obstructed
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1 month and 20 years (mean 3.1 years) in group I and

between 10 days and 62 years (mean 4.5 years) in group II.

Acute dacryocystitis was observed in 30/76 cases (39.5 %)

in group I and in 56/695 (8.1 %) in group II. Symptom

duration and the presence of acute dacryocystitis were

significantly different between the two groups (p = 0.0142

and p\ 0.001, respectively).

In the group that included all EDCRs (n = 771), EDCR

was performed only on the right side in 231 patients, only

on the left side in 238 patients, and on both sides in 151

patients. Dacryolith 76/771 (9.9 %) EDCRs were observed

unilaterally in 66 patients and bilaterally in five patients. In

these 5 patients, dacryoliths were observed on both sides

during EDCRs that were performed bilaterally in the same

session in three patients, while in two patients the da-

cryoliths were found during EDCRs that were performed

separately (i.e., in two sessions). The dacryoliths copied

usually the shape of the lumen of the lacrimal sac, the size

of the dacryoliths was mostly 5–8 mm, ranging from 4 to

14 mm (Fig. 3).

Discussion

The most common causes of DCR failure are obstructions

at rhinostomy and canaliculi [1–3, 12, 13]. To improve the

surgical success rate, silicone tubing is used to intubate the

lacrimal system, mitomycin C is applied to the intranasal

ostium, and septoplasty and partial middle concha resection

are performed [8]. Although the success rate of primary

DCR is 70–99 %, it is desirable to be able to predict the

EDCR outcome as accurately as possible [7–12]. The

question of whether the presence of dacryolith in the lac-

rimal sac during surgery is a predictive factor for suc-

cessful EDCR has not been addressed by previous studies

[5, 11]. Unfortunately, most of the published studies on

DCR and dacryoliths are mainly small, with the largest

studies including slightly over a hundred procedures at

most. In these studies, the incidence of dacryolithiasis

ranges between 6.0 and 16.0 % [1–4, 13, 14]. In our study

of 771 EDCRs performed for postsaccal obstruction, which

is the largest study to date, dacryolith was observed in 76

procedures (9.9 %). The exact frequency of dacryoliths in

the general population would be difficult to evaluate [1].

The pathophysiology of dacryoliths remains unclear [1,

2, 6], although it seems that they are one of the causes of

PANDO [2]. The present study confirmed earlier results

and PANDO was found as a cause of dacryoliths in 75/76

(98.7 %), and only one patient with dacryolith had a his-

tory of CNLDO. Several predisposing factors in dacryo-

liths have been suggested, such as increased incidence in

females, patient age less than 50 years, and increased fre-

quency subsequent to previous occurrence of dacryocystitis

[1, 2, 15]. Unfortunately, the results have not been con-

sistent or clear and have sometimes even been contradic-

tory, probably due to the lack of cases/small series.

Between 68 and 95 % of patients with dacryolithiasis

are reported to be female [4, 14, 16, 17]. On the other hand,

Yazici et al. [1] found male gender more likely to be

Table 2 Etiology of the nasolacrimal duct obstruction in the different groups

PANDO CNLDO Trauma Iatrogenic (sinonasal surgery) Other

All EDCR (771) 670/771 (86.9 %) 49/771 (6.4 %) 21/771 (2.7 %) 20/771 (2.6 %) 11/771 (1.4 %)

Group I (76) 75/76 (98.7 %) 1/76 (1.3 %) 0/76 0/76 0/76

Group II (695) 595/695 (85.6 %) 48/695 (6.9 %) 21/695 (3.0 %) 20/695 (2.9 %) 11/695 (1.6 %)

PANDO primary acquired nasolacrimal duct obstruction, CNLDO congenital nasolacrimal duct obstruction, EDCR endonasal

dacryocystorhinostomy
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etiology of the nasolacrimal duct (NLD) obstruction, and

history of prior episodes of acute dacryocystitis. The surgical

results were analysed statistically according to the presence

of dacryolith, with patients categorized as group I patients

(with dacryolith) or as group II patients (without dacryolith).

Group I included 76 cases with dacryolith, and group II

included 695 patients without dacryolith.

The goal of the papers was not to perform chemical and

morphological analysis of dacryoliths.

EDCR procedure

EDCR was performed under general inhalation anaesthesia

using a rigid fiberoptic endoscope. Our standard EDCR

procedure was described in detail previously [8].

Follow-up clinical examination

Lacrimal system drainage was assessed 1-year after surgery

using the fluorescein dye disappearance test (FDT), medi-

cal history, clinical examination (tear retention and con-

junctival sac evaluation, medial canthus observation, and/

or palpation), and endoscopic examination of the nasal

cavity (Table 1). Syringing of the system was also per-

formed in some cases, but the medical history and the FDT

results were considered to be the major endpoints.

Complete therapeutic success was defined as FDT grade

0–1 plus complete resolution of previous symptoms. Partial

success was defined as FDT 0–1 plus substantial improve-

ment and some residual symptoms. Failure was defined as

the absence of improvement or worsening of symptoms.

Statistical analysis

For statistical analysis, the binomial confidence intervals

(CI) for the success rates were calculated as the 95 % CI.

The two-sample t test and v2 test were used to analyse

differences in age, sex, and surgical success between groups

I and II, with p\ 0.05 considered statistically significant.

Results

The success rate for all EDCRs was 709/771 (92.0 %)

1-year after the surgery. The success rate was 76/76

(100.0 %) in group I patients and 633/695 (91.1 %) in

group II patients (95 % CI 89–93.2 %). The distributions

of the primary EDCR success rates in the groups were

statistically significant p\ 0.001.

The most common cause of NLD obstructions was pri-

mary acquired nasolacrimal duct obstruction (PANDO),

and congenital nasolacrimal duct obstruction (CNLDO)

(Table 2). In group I patients (with dacryoliths), PANDO

was the cause of obstruction in 75/76 (98.7 %) cases and

CNLDO was the cause in 1/76 (1.3 %).

In the group that included all EDCRs (n = 771), the

average patient age was 52.1 years, ranging from 3 months

to 86 years. The average age of the female patients was

significantly different than that of the male patients, mean

age 53.5 ± 18.8 versus 48.6 ± 22.0 years, respectively

(p = 0.0019). In terms of gender distribution, there were

significantly more women than men in the group that

included all EDCRs: 547/771 (71 %; 95 % IC67.6–74.1 %).

The gender distribution was very similar in group I, in which

55/76 (72.4 %) patients were women, and in group II, in

which 492/695 (70.8 %) of the patients were women. Thus,

the female-to-male ratio was not significantly different in

group I (2.6:1) versus group II (2.4:1) (p = 0.774).

The average age of group I patients (with dacryolith)

was 41.1 years (range, 18–72 years) and that of group II

patients (without dacryolith) was 53.3 years (range,

3 months–86 years). The difference in the average age in

the two groups was statistically significant (p\ 0.001).

Most EDCRs were performed in patients aged 31–50 years

in group I, whereas in group II, most EDCRs were per-

formed in patients aged 51–70 years (p\ 0.001) (Figs. 1,

2). If we compared groups under 50 years, the success rate

in the group I (aged up to 50 years) was 62/62 (100 %) and

in the group II (aged up to 50 years) was 228/247 (92.7 %,

95 %CI 89.4–96.0 %). If we compared both groups over

50 years, in the group I the success rate was 14/14 (100 %)

and in the group II 404/448 (90.2 %, 95 % CI

87.4–92.9 %). In the group I the success rate was 100 % in

the both age groups. In the group II the difference between

the age groups (under 50 years and over 50 years) was not

statistically significant (p = 0.262).

Of the preoperative symptoms and clinical findings,

epiphora was the most common and was reported by all

patients (100.0 %). Symptom duration ranged between

Table 1 Fluorescein dye disappearance test (design)

Design

One drop of fluorescein is instilled into the lower fornix of each

conjunctival sac. The infant must be watchful sitting on a

parent’s knee or being held on arms. After 5 min the thickness of

the fluorescence of the tear meniscus is measured with the help

of cobalt blue filter

Evaluation

0, no fluorescence in the conjunctival sac

1, thin fluorescing marginal tear strip persists

2, more fluorescein persist

3, wide, brighly fluorescing tear strip

FDT 0 and 1 are considered to be normal, i.e., drainage function is

good

FDT 2 and 3 are considered to be abnormal, lacrimal drainage

system is obstructed
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1 month and 20 years (mean 3.1 years) in group I and

between 10 days and 62 years (mean 4.5 years) in group II.

Acute dacryocystitis was observed in 30/76 cases (39.5 %)

in group I and in 56/695 (8.1 %) in group II. Symptom

duration and the presence of acute dacryocystitis were

significantly different between the two groups (p = 0.0142

and p\ 0.001, respectively).

In the group that included all EDCRs (n = 771), EDCR

was performed only on the right side in 231 patients, only

on the left side in 238 patients, and on both sides in 151

patients. Dacryolith 76/771 (9.9 %) EDCRs were observed

unilaterally in 66 patients and bilaterally in five patients. In

these 5 patients, dacryoliths were observed on both sides

during EDCRs that were performed bilaterally in the same

session in three patients, while in two patients the da-

cryoliths were found during EDCRs that were performed

separately (i.e., in two sessions). The dacryoliths copied

usually the shape of the lumen of the lacrimal sac, the size

of the dacryoliths was mostly 5–8 mm, ranging from 4 to

14 mm (Fig. 3).

Discussion

The most common causes of DCR failure are obstructions

at rhinostomy and canaliculi [1–3, 12, 13]. To improve the

surgical success rate, silicone tubing is used to intubate the

lacrimal system, mitomycin C is applied to the intranasal

ostium, and septoplasty and partial middle concha resection

are performed [8]. Although the success rate of primary

DCR is 70–99 %, it is desirable to be able to predict the

EDCR outcome as accurately as possible [7–12]. The

question of whether the presence of dacryolith in the lac-

rimal sac during surgery is a predictive factor for suc-

cessful EDCR has not been addressed by previous studies

[5, 11]. Unfortunately, most of the published studies on

DCR and dacryoliths are mainly small, with the largest

studies including slightly over a hundred procedures at

most. In these studies, the incidence of dacryolithiasis

ranges between 6.0 and 16.0 % [1–4, 13, 14]. In our study

of 771 EDCRs performed for postsaccal obstruction, which

is the largest study to date, dacryolith was observed in 76

procedures (9.9 %). The exact frequency of dacryoliths in

the general population would be difficult to evaluate [1].

The pathophysiology of dacryoliths remains unclear [1,

2, 6], although it seems that they are one of the causes of

PANDO [2]. The present study confirmed earlier results

and PANDO was found as a cause of dacryoliths in 75/76

(98.7 %), and only one patient with dacryolith had a his-

tory of CNLDO. Several predisposing factors in dacryo-

liths have been suggested, such as increased incidence in

females, patient age less than 50 years, and increased fre-

quency subsequent to previous occurrence of dacryocystitis

[1, 2, 15]. Unfortunately, the results have not been con-

sistent or clear and have sometimes even been contradic-

tory, probably due to the lack of cases/small series.

Between 68 and 95 % of patients with dacryolithiasis

are reported to be female [4, 14, 16, 17]. On the other hand,

Yazici et al. [1] found male gender more likely to be

Table 2 Etiology of the nasolacrimal duct obstruction in the different groups

PANDO CNLDO Trauma Iatrogenic (sinonasal surgery) Other

All EDCR (771) 670/771 (86.9 %) 49/771 (6.4 %) 21/771 (2.7 %) 20/771 (2.6 %) 11/771 (1.4 %)

Group I (76) 75/76 (98.7 %) 1/76 (1.3 %) 0/76 0/76 0/76

Group II (695) 595/695 (85.6 %) 48/695 (6.9 %) 21/695 (3.0 %) 20/695 (2.9 %) 11/695 (1.6 %)

PANDO primary acquired nasolacrimal duct obstruction, CNLDO congenital nasolacrimal duct obstruction, EDCR endonasal

dacryocystorhinostomy
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associated with dacryoliths. In their study of 163 DCRs,

they found dacryolith in 12 patients and the female/male

ratio was 1:2 [1]. In our study of 76 cases with dacryolith,

we confirmed that there was a higher dacryolith frequency

in women, with a female-to-male ratio of 3.6:1.

We also confirmed that dacryoliths are observed much

more frequently in people under 50 years old. Moreover,

patients with dacryolith were significantly younger than

patients without dacryolith. There were only 14 patients

with dacryolith who were over 50 years old in our study,

and the procedure was performed most frequently on

patients between 31 and 50 years old. Thus, the ratio of

patients under 50 year old to patients over 50 years old was

approximately 5–6:1 in group I.

The frequency of partial NLD obstruction with da-

cryoliths has been reported as high as 65–70 % [3, 4, 16].

In the Yazici et al. [1] study, the partial obstruction was

noted in 6/12 (50 %) of the patient with dacryoliths

compared with 23 % in patients without dacryoliths. With

respect to preoperative symptoms and findings, we

observed partial obstruction (stenosis) of the NLD in

approximately 30–40 % of patients with dacryolithiasis.

Nevertheless, we were not able to analyse this symptom

statistically due to the lack of information in many

patient’s medical records. We confirmed a greater fre-

quency of acute dacryocystitis with dacryoliths, as

reported in earlier studies [1, 2, 18].

Dacryolithiasis has been noted as a contraindication to

EDCR in some, but not all, studies [9, 12, 20]. According

to the often-cited study by Mannor and Millman, the lac-

rimal sac size, as evaluated using dacryocystography, is an

important factor for predicting the success of EDCR, and

patients with large lacrimal sacs are recommended to

undergo EDCR [19]. In the present study, dacryoliths were

found only in large sacs; however, we use dacryocystog-

raphy only very rarely before EDCR for cases that are not

clear or that appear complicated. Neither CT nor MRI

scans were performed before surgery in our study. Those

examinations are performed only rarely in some patients

after the facial trauma with lacrimal pathways obstruction

at our clinic.

The main outcome of our study was that the surgical

success rate in the group with dacryoliths (group I) was

100 % (76/76). This success rate was significantly higher

than the success rate in the group without dacryoliths

(group II), which has important clinical implications. We

conclude that if dacryolith is found during EDCR, the

surgeon can be very optimistic in terms of expecting a

successful result. That is, finding a dacryolith is a predic-

tive factor for successful EDCR, and a nearly 100 % succes

rate can be expected for such EDCRs. The predictive risk

factors for development of dacryoliths are age 30–50 years

and female gender.

Conclusion

Dacryolithiasis was observed in nearly 10 % of the EDCRs

that were performed to treat postsaccal obstruction. Da-

cryoliths were most often observed in patients aged

31–50 years, and the female-to-male ratio of patients with

dacryoliths was 2.6:1 in the study presented here. Thus, age

and gender were found to be predictive risk factors for the

development of dacryoliths. EDCRs were successful

100 % of the time for patients with dacryolith in the lac-

rimal sac. Thus, failure of the surgeries can be considered

exceptionally rare and a dacryolith finding is a very good

predictive factor for successful EDCR.
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associated with dacryoliths. In their study of 163 DCRs,

they found dacryolith in 12 patients and the female/male

ratio was 1:2 [1]. In our study of 76 cases with dacryolith,

we confirmed that there was a higher dacryolith frequency

in women, with a female-to-male ratio of 3.6:1.

We also confirmed that dacryoliths are observed much

more frequently in people under 50 years old. Moreover,

patients with dacryolith were significantly younger than

patients without dacryolith. There were only 14 patients

with dacryolith who were over 50 years old in our study,

and the procedure was performed most frequently on

patients between 31 and 50 years old. Thus, the ratio of

patients under 50 year old to patients over 50 years old was

approximately 5–6:1 in group I.

The frequency of partial NLD obstruction with da-

cryoliths has been reported as high as 65–70 % [3, 4, 16].

In the Yazici et al. [1] study, the partial obstruction was

noted in 6/12 (50 %) of the patient with dacryoliths

compared with 23 % in patients without dacryoliths. With

respect to preoperative symptoms and findings, we

observed partial obstruction (stenosis) of the NLD in

approximately 30–40 % of patients with dacryolithiasis.

Nevertheless, we were not able to analyse this symptom

statistically due to the lack of information in many

patient’s medical records. We confirmed a greater fre-

quency of acute dacryocystitis with dacryoliths, as

reported in earlier studies [1, 2, 18].

Dacryolithiasis has been noted as a contraindication to

EDCR in some, but not all, studies [9, 12, 20]. According

to the often-cited study by Mannor and Millman, the lac-

rimal sac size, as evaluated using dacryocystography, is an

important factor for predicting the success of EDCR, and

patients with large lacrimal sacs are recommended to

undergo EDCR [19]. In the present study, dacryoliths were

found only in large sacs; however, we use dacryocystog-

raphy only very rarely before EDCR for cases that are not

clear or that appear complicated. Neither CT nor MRI

scans were performed before surgery in our study. Those

examinations are performed only rarely in some patients

after the facial trauma with lacrimal pathways obstruction

at our clinic.

The main outcome of our study was that the surgical

success rate in the group with dacryoliths (group I) was

100 % (76/76). This success rate was significantly higher

than the success rate in the group without dacryoliths

(group II), which has important clinical implications. We

conclude that if dacryolith is found during EDCR, the

surgeon can be very optimistic in terms of expecting a

successful result. That is, finding a dacryolith is a predic-

tive factor for successful EDCR, and a nearly 100 % succes

rate can be expected for such EDCRs. The predictive risk

factors for development of dacryoliths are age 30–50 years

and female gender.

Conclusion

Dacryolithiasis was observed in nearly 10 % of the EDCRs

that were performed to treat postsaccal obstruction. Da-

cryoliths were most often observed in patients aged

31–50 years, and the female-to-male ratio of patients with

dacryoliths was 2.6:1 in the study presented here. Thus, age

and gender were found to be predictive risk factors for the

development of dacryoliths. EDCRs were successful

100 % of the time for patients with dacryolith in the lac-

rimal sac. Thus, failure of the surgeries can be considered

exceptionally rare and a dacryolith finding is a very good

predictive factor for successful EDCR.
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Matoušek P (2011) Revision endonasal dacryocystorhinostomies:

analysis of 44 procedures. Rhinology 49:375–380

9. Sprekelsen MB, Barberán MT (1996) Endoscopic dacryocysto-

rhinostomy: surgical technique and results. Laryngoscope

106(2):187–189

10. Choi JC, Moon YE, Kim MS, Oh JK, Kim HA, Choi MY, Shim

WS (2009) The surgical outcome of endoscopic dacryocystorhi-

nostomy according to the obstruction levels of lacrimal drainage

system. Clin Exp Otorinolarnygol 2:141–144

11. Stupp T, Spaniol K, Prokosch V, Thanos S, Pavlidis M (2010)

Einflussfaktoren auf den langfristigen erfolg von tränenwegope-

rationen und der prognostische wert der dakryozystografie. Klin

Monbl Augenheilkd 227:43–46

12. Zenk J, Karathanis AD, Psychogios G, Franzke K, Koch M,

Hornung J, Velegrakis GA, Iro H (2009) Long-term results of

endonasal dacryocystorhinostomy. Eur Arch Otorhinolaryngol

266:1733–1738
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troke is one of the leading causes of death and disability.1
Thirty percent to 50% of stroke survivors do not regain func-
tional independence, and 15% to 30% of all stroke survivors

are permanently disabled. Twenty percent of patients require 3
months of poststroke institutional care.2

Embolization from atherosclerotic carotid plaques is the most
common cause of ischemic stroke.3 Several recent studies have also
suggested that measurement of carotid plaques is also an important
predictor of cardiac risk.4,5 Measuring plaques improves therapy in
cardiovascular prevention clinics.6 Therefore, identification of high-
risk plaques by sonography is important.
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ORIGINAL RESEARCH

Objectives—Embolization from atherosclerotic carotid plaques is the most common
cause of ischemic stroke; therefore, identification of high-risk plaques by sonography is
important. The aim of this study was to investigate the agreement between 2 investiga-
tors in the evaluation of sonographic parameters relating to plaque stability. 

Methods—The following plaque parameters were assessed: echogenicity, homogene-
ity, surface, maximum content, and total volume. Serial 2-dimensional (2D) image
sequences were obtained. Linear motion of the probe was automatically synchronized
with the electrocardiogram. The edges of the plaque in each image were manually
identified by the investigators. The total plaque volume was calculated after computer
transformation of 2D images into a 3-dimensinoal (3D) format. Inter-rater reliability for
echogenicity, homogeneity, and the surface was assessed by the weighted κ coefficient.
Parametric values were tested by a paired t test. 

Results—We enrolled 30 patients (22 male; mean age ± SD, 72 ± 13 years) in the study
and evaluated 28 atherosclerotic plaques. Inter-rater agreement values were as follows:
homogeneity, 96% (κ = 0.84; P < .001); surface, 90% (κ = 0.77; P < .001); and
echogenicity, 86% (κ = 0.60; P < .001). The significance values for plaque content
and volume measurement agreement were P = .311 and .312, respectively, and the cor-
relation coefficient was 0.808.

Conclusions—In our study, the agreement between 2 examiners in the evaluation of
2D and 3D sonographic parameters related to plaque stability was good to excellent.
The sonographic measurement of plaque volume growth was the most accurate parameter;
therefore, 3D sonography may be used for risk assessment of plaques in the future. 

Key Words—atherosclerotic plaque; inter-rater reliability; 3-dimensional sonography;
vascular ultrasound; volume 
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Inter-Rater Reliability of Carotid 
Atherosclerotic Plaque Quantification
by 3-Dimensional Sonography 

troke is one of the leading causes of death and disability.1
Thirty percent to 50% of stroke survivors do not regain func-
tional independence, and 15% to 30% of all stroke survivors

are permanently disabled. Twenty percent of patients require 3
months of poststroke institutional care.2

Embolization from atherosclerotic carotid plaques is the most
common cause of ischemic stroke.3 Several recent studies have also
suggested that measurement of carotid plaques is also an important
predictor of cardiac risk.4,5 Measuring plaques improves therapy in
cardiovascular prevention clinics.6 Therefore, identification of high-
risk plaques by sonography is important.
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Objectives—Embolization from atherosclerotic carotid plaques is the most common
cause of ischemic stroke; therefore, identification of high-risk plaques by sonography is
important. The aim of this study was to investigate the agreement between 2 investiga-
tors in the evaluation of sonographic parameters relating to plaque stability. 

Methods—The following plaque parameters were assessed: echogenicity, homogene-
ity, surface, maximum content, and total volume. Serial 2-dimensional (2D) image
sequences were obtained. Linear motion of the probe was automatically synchronized
with the electrocardiogram. The edges of the plaque in each image were manually
identified by the investigators. The total plaque volume was calculated after computer
transformation of 2D images into a 3-dimensinoal (3D) format. Inter-rater reliability for
echogenicity, homogeneity, and the surface was assessed by the weighted κ coefficient.
Parametric values were tested by a paired t test. 

Results—We enrolled 30 patients (22 male; mean age ± SD, 72 ± 13 years) in the study
and evaluated 28 atherosclerotic plaques. Inter-rater agreement values were as follows:
homogeneity, 96% (κ = 0.84; P < .001); surface, 90% (κ = 0.77; P < .001); and
echogenicity, 86% (κ = 0.60; P < .001). The significance values for plaque content
and volume measurement agreement were P = .311 and .312, respectively, and the cor-
relation coefficient was 0.808.

Conclusions—In our study, the agreement between 2 examiners in the evaluation of
2D and 3D sonographic parameters related to plaque stability was good to excellent.
The sonographic measurement of plaque volume growth was the most accurate parameter;
therefore, 3D sonography may be used for risk assessment of plaques in the future. 

Key Words—atherosclerotic plaque; inter-rater reliability; 3-dimensional sonography;
vascular ultrasound; volume 
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There are several ways of classifying the risk of carotid
plaques using sonography. Conventional 2-dimensional
(2D) sonography is an adequate and cost-effective method
for evaluation of the composition (echogenicity and
homogeneity) and surface features of plaques.7–10 Three-
 dimensional (3D) sonography is used for total plaque
volume measurement.11 It has the potential to allow quan-
tification of plaque volume changes, which can provide
important information on a plaque’s response to therapy.12,13

The aim of this study was to investigate the agreement
between 2 examiners in the evaluation of sonographic
parameters relating to plaque stability. 

Materials and Methods 

Patients
We conducted a single-center prospective study with a pre-
defined protocol. Thirty consecutive patients who had
ischemic atherothrombotic strokes and who were examined
in the Ultrasound Laboratory at the Faculty Hospital of
Ostrava were enrolled in the study. The study was con-
ducted in accordance with the Declaration of Helsinki of
1975 (as revised in 1983) and was approved by the local
Ethics Committee of the Faculty Hospital of Ostrava.
Informed consent was obtained from each patient. The fol-
lowing demographic and clinical data were evaluated and
recorded: age, sex, and medical history, including diabetes
mellitus, arterial hypertension, hyperlipidemia, and lipid-
lowering drugs.

Image Acquisition
Serial 2D image sequences of the carotid bifurcation and
proximal carotid internal artery were obtained with a Vivid 7
Pro ultrasound device (GE Vingmed Ultrasound AS,
Horten, Norway) equipped with a linear 5–10-MHz probe.
A plaque was defined as local intima thickening greater
than 1.5 mm in thickness. The beginning and end of each
plaque was identified by the investigators.

The probe was fixed on a linear motion system (Fig-
ure 1). The motion was automatically synchronized with
the patient’s electrocardiogram (ECG). Each image was
obtained during heart diastole only. The positioning
device was composed of components made by Haberkorn
Ulmer (Opava, Czech Republic). The base was fixed to
the patient’s bed. The base could be moved manually with
a longitudinal mechanism, which allowed the physician to
set the position of the ultrasound probe according to the
patient’s position. The position of the probe relative to the
patient’s neck could be adjusted with a mechanism that
moved the probe in the transverse direction. The ultra-

sound sensor was located on a shift platform, which was
implemented by a Microcon (Prague, Czech Republic)
stepper engine. The range of the probe movement was 2 to
3 cm. We used an SM2321-1400 motor as the stepper motor
(static torque of 1.5 N-m, 200 steps per revolution) and a
threaded rod with a 5-mm rise for a thread. These parame-
ters showed that a shift of 0.025 mm was achieved during a
single step of the stepper engine. In terms of positioning
accuracy of the ultrasound probe, we achieved accuracy of
0.5 mm. The ECG signal was used for synchronization of
the probe movement control. Figure 2 shows the ECG
waveform with a gap in the middle. The space between the
heartbeats was used for image capture. The experiments
were performed on a multipurpose portable patient monitor
(S5 compact anesthesia monitor; Datex-Ohmeda, Inc,
Madison, WI), which was used to monitor the ECG, heart
rate, temperature, and other parameters. The amplified out-
put of the ECG signal (1 V/1 mV) was used to synchronize
the movement of the ultrasound probe.14
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Figure 1. Automatic linear positioning device with ECG synchronization
of probe motion.

Figure 2. Electrocardiographic and sonographic synchronization. 
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Three-Dimensional Reconstruction and Display
The 2D images were obtained with the Vivid 7 Pro ultra-
sound device. The borders of the plaque on each image slice
were manually identified by the investigators (Figure 3).
Plaque volume measurements were performed with the
3D quantification software FOTOM PC, which was
developed by the Faculty of Electrical Engineering and
Computer Science at the Technical University of Ostrava
(Figure 4).14

Plaque Evaluation 
The following plaque parameters were assessed: echo -
genicity, homogeneity, surface, maximum content, and
total volume. We used a plaque definition according to
the Mannheim carotid-intima thickness and plaque
consensus.15 The scale for echogenicity was as follows:

(1) anechoic, (2) echogenic, and (3) hyperechoic; the
scale for homogeneity was as follows: (1) heterogeneous
and (2) homogeneous; and the scale for surface was as
follows: (1) smooth, (2) irregular (defect <2 mm), and
(3) ulcerated (defect >2 mm).7,15,16 Individual sonograms
of carotid plaques in patients after ischemic stroke were
evaluated independently by 2 experienced examiners.

Data and Statistical Analyses
Inter-rater reliability for categorical variables (echogenicity,
homogeneity, and surface) was assessed by the weighted
κ coefficient. The agreement was considered poor when
the κwas less than 0.4, good when the κwas 0.41 to 0.75,
and excellent when the κ was greater than 0.75. Parametric
values (content and volume) were tested by a paired t test.
The strength and direction of the linear relationship
between 2 parametric variables (content and volume) were
measured by the Pearson correlation coefficient (0 means
no correlation; 1 means absolute agreement). Statistical tests
were evaluated at the significance level of P < .05. Data analy-
sis was performed with Stata version 10 statistical software
(StataCorp, College Station, TX). 

Results 

Thirty consecutive patients who had ischemic strokes were
enrolled in the study (22 male; mean age ± SD, 72 ± 13
years). Demographic data are shown in Table 1. Four
patients were excluded from the measurements due to
poor image quality. In 2 cases, 2 different plaques were
measured; thus, 28 plaques were evaluated overall.

Inter-rater agreement values for composition features
were as follows: homogeneity, 96% (κ = 0.84; P < .001);
surface, 90% (κ = 0.77; P < .001); and echogenicity, 86%
(κ = 0.60; P < .001; Tables 2–4). The significance values
for plaque content and volume measurement agreement
were P = .311 and .312, respectively, and the correlation
coefficient was 0.808 (Figure 5 and Tables 5 and 6). 
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Figure 3. Outline of a plaque boundary.

Figure 4. Three-dimensional model of a plaque (FOTOM PC).11

Table 1. Patient Characteristics

Characteristic Value

Patients enrolled, n 30
Mean age ± SD, y 72 ± 13
Male, n (%) 22 (73)
Hypertension, % 61
Hyperlipidemia, % 38
Diabetes mellitus, % 24
Lipid-lowering drugs, % 42
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There are several ways of classifying the risk of carotid
plaques using sonography. Conventional 2-dimensional
(2D) sonography is an adequate and cost-effective method
for evaluation of the composition (echogenicity and
homogeneity) and surface features of plaques.7–10 Three-
 dimensional (3D) sonography is used for total plaque
volume measurement.11 It has the potential to allow quan-
tification of plaque volume changes, which can provide
important information on a plaque’s response to therapy.12,13

The aim of this study was to investigate the agreement
between 2 examiners in the evaluation of sonographic
parameters relating to plaque stability. 

Materials and Methods 

Patients
We conducted a single-center prospective study with a pre-
defined protocol. Thirty consecutive patients who had
ischemic atherothrombotic strokes and who were examined
in the Ultrasound Laboratory at the Faculty Hospital of
Ostrava were enrolled in the study. The study was con-
ducted in accordance with the Declaration of Helsinki of
1975 (as revised in 1983) and was approved by the local
Ethics Committee of the Faculty Hospital of Ostrava.
Informed consent was obtained from each patient. The fol-
lowing demographic and clinical data were evaluated and
recorded: age, sex, and medical history, including diabetes
mellitus, arterial hypertension, hyperlipidemia, and lipid-
lowering drugs.

Image Acquisition
Serial 2D image sequences of the carotid bifurcation and
proximal carotid internal artery were obtained with a Vivid 7
Pro ultrasound device (GE Vingmed Ultrasound AS,
Horten, Norway) equipped with a linear 5–10-MHz probe.
A plaque was defined as local intima thickening greater
than 1.5 mm in thickness. The beginning and end of each
plaque was identified by the investigators.

The probe was fixed on a linear motion system (Fig-
ure 1). The motion was automatically synchronized with
the patient’s electrocardiogram (ECG). Each image was
obtained during heart diastole only. The positioning
device was composed of components made by Haberkorn
Ulmer (Opava, Czech Republic). The base was fixed to
the patient’s bed. The base could be moved manually with
a longitudinal mechanism, which allowed the physician to
set the position of the ultrasound probe according to the
patient’s position. The position of the probe relative to the
patient’s neck could be adjusted with a mechanism that
moved the probe in the transverse direction. The ultra-

sound sensor was located on a shift platform, which was
implemented by a Microcon (Prague, Czech Republic)
stepper engine. The range of the probe movement was 2 to
3 cm. We used an SM2321-1400 motor as the stepper motor
(static torque of 1.5 N-m, 200 steps per revolution) and a
threaded rod with a 5-mm rise for a thread. These parame-
ters showed that a shift of 0.025 mm was achieved during a
single step of the stepper engine. In terms of positioning
accuracy of the ultrasound probe, we achieved accuracy of
0.5 mm. The ECG signal was used for synchronization of
the probe movement control. Figure 2 shows the ECG
waveform with a gap in the middle. The space between the
heartbeats was used for image capture. The experiments
were performed on a multipurpose portable patient monitor
(S5 compact anesthesia monitor; Datex-Ohmeda, Inc,
Madison, WI), which was used to monitor the ECG, heart
rate, temperature, and other parameters. The amplified out-
put of the ECG signal (1 V/1 mV) was used to synchronize
the movement of the ultrasound probe.14
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Figure 1. Automatic linear positioning device with ECG synchronization
of probe motion.

Figure 2. Electrocardiographic and sonographic synchronization. 
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Three-Dimensional Reconstruction and Display
The 2D images were obtained with the Vivid 7 Pro ultra-
sound device. The borders of the plaque on each image slice
were manually identified by the investigators (Figure 3).
Plaque volume measurements were performed with the
3D quantification software FOTOM PC, which was
developed by the Faculty of Electrical Engineering and
Computer Science at the Technical University of Ostrava
(Figure 4).14

Plaque Evaluation 
The following plaque parameters were assessed: echo -
genicity, homogeneity, surface, maximum content, and
total volume. We used a plaque definition according to
the Mannheim carotid-intima thickness and plaque
consensus.15 The scale for echogenicity was as follows:

(1) anechoic, (2) echogenic, and (3) hyperechoic; the
scale for homogeneity was as follows: (1) heterogeneous
and (2) homogeneous; and the scale for surface was as
follows: (1) smooth, (2) irregular (defect <2 mm), and
(3) ulcerated (defect >2 mm).7,15,16 Individual sonograms
of carotid plaques in patients after ischemic stroke were
evaluated independently by 2 experienced examiners.

Data and Statistical Analyses
Inter-rater reliability for categorical variables (echogenicity,
homogeneity, and surface) was assessed by the weighted
κ coefficient. The agreement was considered poor when
the κwas less than 0.4, good when the κwas 0.41 to 0.75,
and excellent when the κ was greater than 0.75. Parametric
values (content and volume) were tested by a paired t test.
The strength and direction of the linear relationship
between 2 parametric variables (content and volume) were
measured by the Pearson correlation coefficient (0 means
no correlation; 1 means absolute agreement). Statistical tests
were evaluated at the significance level of P < .05. Data analy-
sis was performed with Stata version 10 statistical software
(StataCorp, College Station, TX). 

Results 

Thirty consecutive patients who had ischemic strokes were
enrolled in the study (22 male; mean age ± SD, 72 ± 13
years). Demographic data are shown in Table 1. Four
patients were excluded from the measurements due to
poor image quality. In 2 cases, 2 different plaques were
measured; thus, 28 plaques were evaluated overall.

Inter-rater agreement values for composition features
were as follows: homogeneity, 96% (κ = 0.84; P < .001);
surface, 90% (κ = 0.77; P < .001); and echogenicity, 86%
(κ = 0.60; P < .001; Tables 2–4). The significance values
for plaque content and volume measurement agreement
were P = .311 and .312, respectively, and the correlation
coefficient was 0.808 (Figure 5 and Tables 5 and 6). 
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Figure 3. Outline of a plaque boundary.

Figure 4. Three-dimensional model of a plaque (FOTOM PC).11

Table 1. Patient Characteristics

Characteristic Value

Patients enrolled, n 30
Mean age ± SD, y 72 ± 13
Male, n (%) 22 (73)
Hypertension, % 61
Hyperlipidemia, % 38
Diabetes mellitus, % 24
Lipid-lowering drugs, % 42
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Discussion 

Because of their superficial location, the extracranial
carotid arteries are ideal for color and duplex Doppler
sonography.16 The features of at-risk carotid plaques have
been evaluated in previous studies.16–19

Traditional 2D sonography is an adequate and cost-
effective method for screening patients with carotid ather-
osclerosis. Two-dimensional imaging can also be used for
evaluation of carotid plaque morphologic characteristics
or composition; however, the clinical importance of this
evaluation remains uncertain.7,20 Intima-media thickness
is associated with risk factors for stroke, whereas plaques
are more directly associated with prevalent ischemic heart
disease.5,21

Hartmann et al22 reported low inter-rater agreement
regarding visual assessment of static B-mode images in
assessing plaque composition. Nevertheless, 2D imaging
has one crucial disadvantage: once the 2D slices have been
captured, images of other planes can no longer be extracted.23

This step may affect the accuracy of plaque characteriza-
tion because the information is only sampled from one
section of the plaque. Three-dimensional sonography also
allows assessment of the carotid bulb in all planes, whereas
2D imaging allows assessment of only one section, and
sometimes we can miss the plaque.4

In the first phase of our study, we developed a unique
device used to move the probe, which was synchronized
with the heart. Using this device, we avoided emergent
motion artifacts due to carotid pulsation. In the second
phase of our study, we tested inter-rater reliability of plaque
characteristics. Strong correlations were observed for each
parameter.

In addition to the 2D examination, we also measured
total plaque volume using 3D sonography. Images were
obtained by the examiner by slicing the plaque, moving
from one edge to the other and outlining the boundary of
each slice by using a mouse cursor. The images were then
reconstructed with the FOTOM PC program.14 We con-
sider plaque volume measurement to be the best method
and most accurate for plaque progression (regression)
evaluation. Total plaque volume measurement also requires
a small number of patients to prove progression of the
plaque; therefore, it is also an appropriate method for testing
the efficacy of drugs.13

Total plaque volume measurement is also superior to
intima-media thickness for assessing new antiatherosclerotic
therapies. Studies based on intima-media thickness require
hundreds of patients per group, and the patients have to
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Table 2.  Inter-Rater Reliability for Plaque Homogeneity

Measurement A Total, 
Measurement B Homogeneous Heterogeneous n (%)

Homogeneous 3 1 4 (14)
Heterogeneous 0 24 24 (86)
Total, n (%) 3 (11) 25 (89) 28 (100)

Agreement: 96% (κ= 0.837; P < .001).

Table 3. Inter-Rater Reliability for Plaque Surface

Measurement A
Irregular Ulcerated 

Measurement B Smooth (Defect <2 mm) (Defect >3 mm) Total, n (%)

Smooth 3 0 0 3 (11)
Irregular (defect <2 mm) 3 18 0 21 (75)
Ulcerated (defect >3 mm) 0 0 4 4 (14)
Total, n (%) 6 (21) 18 (64) 4 (14) 28 (100)

Agreement: 90% (κ = 0.774; P < .001).

Table 4. Inter-Rater Reliability for Plaque Echogenicity

Measurement A 
Measurement B Anechoic Echogenic Hyperechoic Total, n (%)

Anechoic 3 1 0 4 (14)
Echogenic 1 20 1 22 (79)
Hyperechoic 0 1 1 2 (7)
Total, n (%) 4 (14) 22 (79) 2 (7) 28 (100)

Agreement: 86% (κ = 0.600; P < .001).
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be followed for 2 years. The 3D plaque volume method
allows measurement of substantial regression in 3 months
with 20 patients per study.24

The 3D variability of total plaque volume was tested in
11 previous studies. In these studies, the sample volumes
ranged from 10 to 105 carotid plaques. All studies con-
firmed good inter-rater variability and reproducibility of 3D
sonography in carotid plaque volume measurement.11,25

However, ECG synchronization with a probe motion system
was only used in 1 of these studies.11 The superiority of 3D
evaluation of plaque morphologic characteristic over 2D
sonography has not yet been demonstrated.26

This study had some limitations. The 3D sonograms
were acquired with a mechanical scanning system devel-
oped in our laboratory. This step eliminated examiner vari-
ability in individual positioning of the transducer; however,
the examination was strictly linked to our laboratory only.

The number of evaluated plaques was relatively small, but
it was sufficient for statistical analysis. Fixation of the probe
on the linear motion system and manual outlining of mul-
tiple slices were time-consuming and took approximately
30 minutes longer per measurement than conventional 2D
sonography.

In conclusion, embolization from atherosclerotic
carotid plaques is the most common cause of ischemic
stroke; therefore, identification of high-risk plaques by
sonography is important because it can then lead to tar-
geted aggressive medical or invasive treatment in patients
at increased risk. We have demonstrated a 3D technique
that allows evaluation and quantification of carotid plaque
volume. In our study, the inter-rater reliability of 2D and 3D
sonographic evaluations of atherosclerotic plaque parame-
ters was good to excellent. Two-dimensional sonography is
a simple, quick, and cost-effective screening method, and
3D measurement of total plaque volume is an accurate
method; therefore, 3D sonography may be used for risk
assessment of plaques in the future. 
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Figure 5. Correlation and linear regression for plaque volume.

Table 5.  Maximum Plaque Content

Maximum Plaque Measurement (n = 28)
Content, mm A B Difference

Mean 30.52 28.05 2.4
SD 16.70 12.99 2.3

Paired t test (t = 1.031; P = .311).

Table 6.  Plaque Volume

Plaque Volume, Measurement (n = 28)
mm3 A B Difference

Mean 333.5 308.1 27.4
SD 238.3 185.2 140.5

Paired t test (t = 1.036; P = .312).

3307jum_online_Layout 1  6/20/14  9:00 AM  Page 1277

128 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014



Discussion 

Because of their superficial location, the extracranial
carotid arteries are ideal for color and duplex Doppler
sonography.16 The features of at-risk carotid plaques have
been evaluated in previous studies.16–19

Traditional 2D sonography is an adequate and cost-
effective method for screening patients with carotid ather-
osclerosis. Two-dimensional imaging can also be used for
evaluation of carotid plaque morphologic characteristics
or composition; however, the clinical importance of this
evaluation remains uncertain.7,20 Intima-media thickness
is associated with risk factors for stroke, whereas plaques
are more directly associated with prevalent ischemic heart
disease.5,21

Hartmann et al22 reported low inter-rater agreement
regarding visual assessment of static B-mode images in
assessing plaque composition. Nevertheless, 2D imaging
has one crucial disadvantage: once the 2D slices have been
captured, images of other planes can no longer be extracted.23

This step may affect the accuracy of plaque characteriza-
tion because the information is only sampled from one
section of the plaque. Three-dimensional sonography also
allows assessment of the carotid bulb in all planes, whereas
2D imaging allows assessment of only one section, and
sometimes we can miss the plaque.4

In the first phase of our study, we developed a unique
device used to move the probe, which was synchronized
with the heart. Using this device, we avoided emergent
motion artifacts due to carotid pulsation. In the second
phase of our study, we tested inter-rater reliability of plaque
characteristics. Strong correlations were observed for each
parameter.

In addition to the 2D examination, we also measured
total plaque volume using 3D sonography. Images were
obtained by the examiner by slicing the plaque, moving
from one edge to the other and outlining the boundary of
each slice by using a mouse cursor. The images were then
reconstructed with the FOTOM PC program.14 We con-
sider plaque volume measurement to be the best method
and most accurate for plaque progression (regression)
evaluation. Total plaque volume measurement also requires
a small number of patients to prove progression of the
plaque; therefore, it is also an appropriate method for testing
the efficacy of drugs.13

Total plaque volume measurement is also superior to
intima-media thickness for assessing new antiatherosclerotic
therapies. Studies based on intima-media thickness require
hundreds of patients per group, and the patients have to
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Table 2.  Inter-Rater Reliability for Plaque Homogeneity

Measurement A Total, 
Measurement B Homogeneous Heterogeneous n (%)

Homogeneous 3 1 4 (14)
Heterogeneous 0 24 24 (86)
Total, n (%) 3 (11) 25 (89) 28 (100)

Agreement: 96% (κ= 0.837; P < .001).

Table 3. Inter-Rater Reliability for Plaque Surface

Measurement A
Irregular Ulcerated 

Measurement B Smooth (Defect <2 mm) (Defect >3 mm) Total, n (%)

Smooth 3 0 0 3 (11)
Irregular (defect <2 mm) 3 18 0 21 (75)
Ulcerated (defect >3 mm) 0 0 4 4 (14)
Total, n (%) 6 (21) 18 (64) 4 (14) 28 (100)

Agreement: 90% (κ = 0.774; P < .001).

Table 4. Inter-Rater Reliability for Plaque Echogenicity

Measurement A 
Measurement B Anechoic Echogenic Hyperechoic Total, n (%)

Anechoic 3 1 0 4 (14)
Echogenic 1 20 1 22 (79)
Hyperechoic 0 1 1 2 (7)
Total, n (%) 4 (14) 22 (79) 2 (7) 28 (100)

Agreement: 86% (κ = 0.600; P < .001).
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be followed for 2 years. The 3D plaque volume method
allows measurement of substantial regression in 3 months
with 20 patients per study.24

The 3D variability of total plaque volume was tested in
11 previous studies. In these studies, the sample volumes
ranged from 10 to 105 carotid plaques. All studies con-
firmed good inter-rater variability and reproducibility of 3D
sonography in carotid plaque volume measurement.11,25

However, ECG synchronization with a probe motion system
was only used in 1 of these studies.11 The superiority of 3D
evaluation of plaque morphologic characteristic over 2D
sonography has not yet been demonstrated.26

This study had some limitations. The 3D sonograms
were acquired with a mechanical scanning system devel-
oped in our laboratory. This step eliminated examiner vari-
ability in individual positioning of the transducer; however,
the examination was strictly linked to our laboratory only.

The number of evaluated plaques was relatively small, but
it was sufficient for statistical analysis. Fixation of the probe
on the linear motion system and manual outlining of mul-
tiple slices were time-consuming and took approximately
30 minutes longer per measurement than conventional 2D
sonography.

In conclusion, embolization from atherosclerotic
carotid plaques is the most common cause of ischemic
stroke; therefore, identification of high-risk plaques by
sonography is important because it can then lead to tar-
geted aggressive medical or invasive treatment in patients
at increased risk. We have demonstrated a 3D technique
that allows evaluation and quantification of carotid plaque
volume. In our study, the inter-rater reliability of 2D and 3D
sonographic evaluations of atherosclerotic plaque parame-
ters was good to excellent. Two-dimensional sonography is
a simple, quick, and cost-effective screening method, and
3D measurement of total plaque volume is an accurate
method; therefore, 3D sonography may be used for risk
assessment of plaques in the future. 

References

1. Kochanek KD, Xu JQ, Murphy SL, Miniño AM, Kung HC. Deaths: final
data for 2009. Natl Vital Stat Rep 2011; 60:1–117.

2. Novakovic R, Toth G, Purdy PD. Review of current and emerging ther-
apies in acute ischemic stroke. J Neurointerv Surg 2009; 1:13–26.

3. Barnett HJ, Gunton RW, Eliasziw M, et al. Severity of ischemic stroke in
patients with internal carotid artery stenosis. JAMA 2000; 283:1429–
1436.

4. Johri AM, Chitty DW, Matangi M, et al. Can carotid bulb plaque assess-
ment rule out significant coronary artery disease? A comparison of plaque
quantification by two- and three-dimensional ultrasound. J Am Soc
Echocardiogr 2013; 26:86–95. 

5. Nambi V, Chambless L, Folsom AR, et al. Carotid intima-media thick-
ness and presence or absence of plaque improves prediction of coronary
heart disease risk: the ARIC (Atherosclerosis Risk in Communities)
study. J Am Coll Cardiol 2010; 55:1600–1607.

6. Spence JD, Hackam DG. Treating arteries instead of risk factors: a para-
digm change in management of atherosclerosis. Stroke 2010; 41:1193–
1199. 

7. Devuyst G, Piechowski-Jóźwiak B, Bogousslavsky J. Arterial wall imaging.
Front Neurol Neurosci 2006; 21:19–26. 

8. Školoudík D, Bar M, Vaclavík D, et al. Risk of vascular events during treat-
ment with fluvastatin and fenofibrate E. Cesk Slov Neurol N 2007;
70/103:163–167.

9. Widder B, Paulat K, Hackspacher J, et al. Morphological characterization
of carotid artery stenoses by ultrasound duplex scanning. Ultrasound Med
Biol. 1990; 16:349–354.

10. Hennerici MG. The unstable plaque. Cerebrovasc Dis 2004; 17(suppl
3):17–22.

J Ultrasound Med 2014; 33:1273–1278 1277

Bar et al—Carotid Atherosclerotic Plaque Quantification by 3D Sonography

Figure 5. Correlation and linear regression for plaque volume.

Table 5.  Maximum Plaque Content

Maximum Plaque Measurement (n = 28)
Content, mm A B Difference

Mean 30.52 28.05 2.4
SD 16.70 12.99 2.3

Paired t test (t = 1.031; P = .311).

Table 6.  Plaque Volume

Plaque Volume, Measurement (n = 28)
mm3 A B Difference

Mean 333.5 308.1 27.4
SD 238.3 185.2 140.5

Paired t test (t = 1.036; P = .312).

3307jum_online_Layout 1  6/20/14  9:00 AM  Page 1277

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 129



11. Makris GC, Lavida A, Griffin M, Geroulakos G, Nicolaides AN. 
Three-dimensional ultrasound imaging for the evaluation of carotid 
atherosclerosis. Atherosclerosis 2011; 219:377–383.

12. Landry A, Spence JD, Fenster A. Measurement of carotid plaque volume
by 3-dimensional ultrasound. Stroke 2004; 35:864–869.

13. Ainsworth CD, Blake CC, Tamayo A, Beletsky V, Fenster A, Spence JD.
3D ultrasound measurement of change in carotid plaque volume: a tool
for rapid evaluation of new therapies. Stroke 2005; 36:1904–1909.

14. Farana R, Ličev L, Bar M, et al. Equipment for 3-D picturing and meas-
urement of atherosclerotic plaque. Acta Mech Slov 2010; 14:88–93.

15. Touboul PJ, Hennerici MG, Meairs S, et al. Mannheim carotid intima-
media thickness and plaque consensus (2004-2006-2011): an update on
behalf of the advisory board of the 3rd, 4th and 5th watching the risk
symposia, at the 13th, 15th and 20th European Stroke Conferences,
Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg,
Germany, 2011. Cerebrovasc Dis 2012; 34:290–296.

16. European Carotid Plaque Study Group. Carotid artery plaque composi-
tion: relationship to clinical presentation and ultrasound B-mode imaging.
Eur J Vasc Endovasc Surg 2011; 42(suppl 1):S32–S38. 

17. Grønholdt ML, Nordestgaard BG, Wiebe BM, Wilhjelm JE, Sillesen H.
Echo-lucency of computerized ultrasound images of carotid atheroscle-
rotic plaques are associated with increased levels of triglyceride-rich
lipoproteins as well as increased plaque lipid content. Circulation 1998;
97:34–40.

18. Gaitini D, Soudack M. Diagnosing carotid stenosis by Doppler sonogra-
phy: state of the art. J Ultrasound Med 2005; 24:1127–1136.

19. Tegos TJ, Kalomiris KJ, Sabetai MM, Kalodiki E, Nicolaides AN. 
Significance of sonographic tissue and surface characteristics of carotid
plaques. AJNR Am J Neuroradiol 2001; 22:1605–1612.

20. Joakimsen O, Bønaa KH, Stensland-Bugge E. Reproducibility of ultra-
sound assessment of carotid plaque occurrence, thickness, and mor-
phology: the Tromsø Study. Stroke 1997; 28:2201–2207.

21. Ebrahim S, Papacosta O, Whincup P, et al. Carotid plaque, intima media
thickness, cardiovascular risk factors, and prevalent cardiovascular disease
in men and women: the British Regional Heart Study. Stroke 1999;
30:841–850.

22. Hartmann A, Mohr JP, Thompson JL, Ramos O, Mast H. Interrater reli-
ability of plaque morphology classification in patients with severe carotid
artery stenosis. Acta Neurol Scand 1999; 99:61–64.

23. Ainsworth CD, Spence JD, Landry AM, et al. 3-D ultrasound carotid
plaque volume: a tool for quickly measuring effects of treatment on
atherosclerosis. Stroke 2005; 36:1904–1909.

24. Spence JD. Carotid plaque measurement is superior to IMT. Invited edi-
torial comment on: carotid plaque, compared with carotid intima-media
thickness, more accurately predicts coronary artery disease events: a meta-
analysis—Yoichi Inaba, MD, Jennifer A. Chen MD, Steven R. Bergmann
MD, PhD. Atherosclerosis 2012; 220:34–35.

25. Fenster A, Blake C, Gyacskov I, Landry A, Spence JD. 3D ultrasound
analysis of carotid plaque volume and surface morphology. Ultrasonics
2006; 44(suppl 1):e153–e157.

26. Denzel C, Balzer K, Merhof D, Lang W. 3D cross sectional view to inves-
tigate the morphology of internal carotid artery plaques: is 3D ultrasound
superior to 2D ultrasound? Ultraschall Med 2009; 30:291–296.

Bar et al—Carotid Atherosclerotic Plaque Quantification by 3D Sonography

J Ultrasound Med 2014; 33:1273–12781278

3307jum_online_Layout 1  6/20/14  9:00 AM  Page 1278

130 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014



11. Makris GC, Lavida A, Griffin M, Geroulakos G, Nicolaides AN. 
Three-dimensional ultrasound imaging for the evaluation of carotid 
atherosclerosis. Atherosclerosis 2011; 219:377–383.

12. Landry A, Spence JD, Fenster A. Measurement of carotid plaque volume
by 3-dimensional ultrasound. Stroke 2004; 35:864–869.

13. Ainsworth CD, Blake CC, Tamayo A, Beletsky V, Fenster A, Spence JD.
3D ultrasound measurement of change in carotid plaque volume: a tool
for rapid evaluation of new therapies. Stroke 2005; 36:1904–1909.

14. Farana R, Ličev L, Bar M, et al. Equipment for 3-D picturing and meas-
urement of atherosclerotic plaque. Acta Mech Slov 2010; 14:88–93.

15. Touboul PJ, Hennerici MG, Meairs S, et al. Mannheim carotid intima-
media thickness and plaque consensus (2004-2006-2011): an update on
behalf of the advisory board of the 3rd, 4th and 5th watching the risk
symposia, at the 13th, 15th and 20th European Stroke Conferences,
Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg,
Germany, 2011. Cerebrovasc Dis 2012; 34:290–296.

16. European Carotid Plaque Study Group. Carotid artery plaque composi-
tion: relationship to clinical presentation and ultrasound B-mode imaging.
Eur J Vasc Endovasc Surg 2011; 42(suppl 1):S32–S38. 

17. Grønholdt ML, Nordestgaard BG, Wiebe BM, Wilhjelm JE, Sillesen H.
Echo-lucency of computerized ultrasound images of carotid atheroscle-
rotic plaques are associated with increased levels of triglyceride-rich
lipoproteins as well as increased plaque lipid content. Circulation 1998;
97:34–40.

18. Gaitini D, Soudack M. Diagnosing carotid stenosis by Doppler sonogra-
phy: state of the art. J Ultrasound Med 2005; 24:1127–1136.

19. Tegos TJ, Kalomiris KJ, Sabetai MM, Kalodiki E, Nicolaides AN. 
Significance of sonographic tissue and surface characteristics of carotid
plaques. AJNR Am J Neuroradiol 2001; 22:1605–1612.

20. Joakimsen O, Bønaa KH, Stensland-Bugge E. Reproducibility of ultra-
sound assessment of carotid plaque occurrence, thickness, and mor-
phology: the Tromsø Study. Stroke 1997; 28:2201–2207.

21. Ebrahim S, Papacosta O, Whincup P, et al. Carotid plaque, intima media
thickness, cardiovascular risk factors, and prevalent cardiovascular disease
in men and women: the British Regional Heart Study. Stroke 1999;
30:841–850.

22. Hartmann A, Mohr JP, Thompson JL, Ramos O, Mast H. Interrater reli-
ability of plaque morphology classification in patients with severe carotid
artery stenosis. Acta Neurol Scand 1999; 99:61–64.

23. Ainsworth CD, Spence JD, Landry AM, et al. 3-D ultrasound carotid
plaque volume: a tool for quickly measuring effects of treatment on
atherosclerosis. Stroke 2005; 36:1904–1909.

24. Spence JD. Carotid plaque measurement is superior to IMT. Invited edi-
torial comment on: carotid plaque, compared with carotid intima-media
thickness, more accurately predicts coronary artery disease events: a meta-
analysis—Yoichi Inaba, MD, Jennifer A. Chen MD, Steven R. Bergmann
MD, PhD. Atherosclerosis 2012; 220:34–35.

25. Fenster A, Blake C, Gyacskov I, Landry A, Spence JD. 3D ultrasound
analysis of carotid plaque volume and surface morphology. Ultrasonics
2006; 44(suppl 1):e153–e157.

26. Denzel C, Balzer K, Merhof D, Lang W. 3D cross sectional view to inves-
tigate the morphology of internal carotid artery plaques: is 3D ultrasound
superior to 2D ultrasound? Ultraschall Med 2009; 30:291–296.

Bar et al—Carotid Atherosclerotic Plaque Quantification by 3D Sonography

J Ultrasound Med 2014; 33:1273–12781278

3307jum_online_Layout 1  6/20/14  9:00 AM  Page 1278

17 Tissue ischemia microdialysis 
assessments following severe 
traumatic haemorrhagic shock: 
lactate/pyruvate ratio as 
a new resuscitation end point?

Burša F, Pleva L, Máca J, Sklienka P, Ševčík P

Originally published in BMC Anesthesiology, 2014, vol. 14, no. Article ID 118, p. 1-8

Consent to the publication of 24th March 2015

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 131



RESEARCH ARTICLE Open Access

Tissue ischemia microdialysis assessments
following severe traumatic haemorrhagic shock:
lactate/pyruvate ratio as a new resuscitation end
point?
Filip Burša1*, Leopold Pleva2, Jan Máca1, Peter Sklienka1 and Pavel Ševčík1

Abstract

Background: Intensive care of severe trauma patients focuses on the treatment of haemorrhagic shock. Tissues
should be perfused sufficiently with blood and with sufficient oxygen content to ensure adequate tissue oxygen
delivery. Tissue metabolism can be monitored by microdialysis, and the lactate/pyruvate ratio (LPR) may be used as
a tissue ischemia marker. The aim of this study was to determine the adequate cardiac output and haemoglobin
levels that avoid tissue ischemia.

Methods: Adult patients with serious traumatic haemorrhagic shock were enrolled in this prospective observational
study. The primary observed parameters included haemoglobin, cardiac output, central venous saturation, arterial
lactate and the tissue lactate/pyruvate ratio.

Results: Forty-eight patients were analysed. The average age of the patients was 39.8 ± 16.7, and the average ISS
was 43.4 ± 12.2. Hb < 70 g/l was associated with pathologic arterial lactate, ScvO2 and LPR. Tissue ischemia (i.e., LPR
over 25) developed when CI ≤ 3.2 l/min/m2 and Hb between 70 and 90 g/l were observed. Severe tissue ischemia
events were recorded when the Hb dropped below 70 g/l and CI was 3.2-4.8 l/min/m2. CI ≥ 4.8 l/min/m2 was not
found to be connected with tissue ischemia, even when Hb ≤ 70 g/l.

Conclusion: LPR could be a useful marker to manage traumatic haemorrhagic shock therapies. In initial traumatic
haemorrhagic shock treatments, it may be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l to avoid tissue
ischemia. LPR could also be a useful transfusion trigger when it may demonstrate ischemia onset due to low local
DO2 and early reveal low/no tissue perfusion.

Keywords: Microdialysis, Shock, Lactate, Pyruvate, Haemoglobin, Cardiac output, Transfusion, Trauma

Background
Trauma is a serious cause of morbidity and mortality. In
adults up to 40 years of age, polytrauma is the most fre-
quent cause of death [1]. The overall mortality rate in
severely injured patients is approximately 30% [1], and
following haemorrhagic shock, a loss of more than 40%
intravascular volume can result in irreversible shock and
death if it is not treated effectively [2].

Intensive care focuses on haemorrhagic shock and
trauma-induced coagulopathy treatments during initial
care. Shock is primarily a microcirculatory disorder, in
which the oxygen supplied to tissues does not meet their
metabolic demand, causing tissue ischemia. Manifest and
occult shock is the result of decreased oxygen delivery due
to low cardiac output and/or low oxygen content to
tissues. Tissue ischemia may then develop, potentially
causing multi-organ failure [3]. The physiological response
to traumatic distress is intended to ensure oxygen delivery
to vital organs, such as the brain and heart, by the central-
isation of circulation and hyperdynamic circulation (i.e.,
high cardiac output). Distressed tissues with inadequate
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oxygen and substrate delivery react by switching their me-
tabolism to the anaerobic pathway; lactate production in
tissue is also proportional to the amount of energy pro-
duced [4,5]. To avoid tissue ischemia and microcirculatory
dysfunction, shock treatments must be effective, quick
and as aggressive as possible to provide sufficient oxygen
to distressed tissues. The global oxygen delivery (DO2) is
determined by the haemoglobin concentration (Hb) and
its saturation (SaO2), the amount of dissolved oxygen in
the plasma and the cardiac output (CO); this can be
defined by DO2 = COx(HbxSaO2x1.34 + PaO2x0.003).
Tissues should be perfused with sufficient blood and oxy-
gen content to ensure adequate tissue oxygen delivery;
however, tissue requirements could differ from the global
DO2 value. Monitoring tissue conditions could provide
information about shock resolutions more quickly and
precisely than global parameters, which include arterial
lactate, ScvO2, Hb and CO levels. Tissue ischemia is
poorly assessed by commonly used perfusion markers,
and more detailed monitoring could be beneficial.
Haemostatic resuscitation, which is the primary treat-

ment for haemorrhagic shock, attempts to restore and
sustain tissue perfusion using an appropriate amount of
fluid, transfusion and vasopressor administration; it also
emphasises effective clotting and not impairing bleeding
by increasing inadequate arterial pressure [6,7]. Resuscita-
tion guidelines have been developing particularly in the
field of transfusions and fluids. Metabolic monitoring
could be beneficial for the evaluation of resuscitation effi-
ciency. New markers of ischemia could also help in
decision-making processes.
Tissue ischemia is one of the primary causes of multi-

organ dysfunction due to shock, which increases mortality
[3]. Tissue conditions are not usually observed by trad-
itional monitoring techniques, which typically only observe
global parameters. Monitoring of tissue metabolisms could
provide more precise assessments for shock management.
Tissue metabolisms could be monitored by microdialysis.
The lactate/pyruvate ratio (LPR) is a tissue ischemia
marker [8], and LPR ≥ 25 indicates the onset of anaerobic
metabolism [9]. The observed population consisted of se-
vere blunt trauma patients, between 18 and 60 years of age
with ISS > 25 and a blood loss estimated over 1 litre,
who were admitted to the Emergency Department
(ED). Measured parameters were of LPR, haemoglobin,
cardiac output, arterial lactate and ScvO2. The aims of
this study were to determine the adequate cardiac out-
put and amount of haemoglobin required to prevent
tissue ischemia; the study aims to define the association
between the lactate/pyruvate ratio (LPR) on the haemo-
globin (Hb) and the cardiac output (CO) or cardiac
index (CI). The authors also compare LPR with arterial
lactate and ScvO2. Adequate Hb and CI levels to avoid
tissue ischemia were determined as outcomes.

Methods
Severe blunt trauma patients with ISS > 25 between 18 and
60 years of age were enrolled in this prospective observa-
tional study between 2010 and 2013. Minimum required
amount of 40 patients were enrolled due to preliminary
power analysis. All participants presented with serious
traumatic haemorrhagic shock with an estimated blood
loss exceeding 1 l and hypotension (MAP ≤ 60 mm Hg).
They were admitted to the Ostrava University Hospital
Level 1 Trauma Centre Emergency Department as an
inclusion criterion. Exclusion criteria included paediatric
patients, penetrating trauma, non-serious haemorrhagia
(blood loss up to 1 litre), ISS ≤ 25, no hypotension (MAP >
60 mm Hg), different ICU (non study) admission, dead in
ED and dead within 6 hours from admission to ED; under-
going surgery was not an exclusion criterion. Monitoring
was initiated as soon as possible and no later than 6 hours
from admission. Study patients underwent prehospital
care, ensuring treatment and transport. Diagnostic and
therapeutic interventions were followed at the trauma
centre according to the best clinical practises.
The observed parameters included haemoglobin concen-

tration (Hb, haemoglobin g/l), central venous saturation
(ScvO2, %), arterial lactate (L, mmol/l), cardiac output as
cardiac index (CI, cardiac index, l/min/m2), and tissue lac-
tate and pyruvate levels, which are displayed as the lactate/
pyruvate ratio (LPR). The authors also recorded age, ISS,
gender, weight, height, pre-hospital care time, and care
time in the ED, theatre (if surgery was performed), and
ICU. Haemoglobin, central venous saturation and arterial
lactate were measured immediately after ED admission
using a biochemical analyser (Roche Cobas b221 OMNI S)
at 8-hour intervals but also at least three times for two
hours following the administration of blood products.
Cardiac output (CO) analysis was performed with a
haemodynamic monitor (LiDCO Rapid), which analysed
pulse characteristics in the arteria radialis beat-to-beat.
Hourly CO averages were also recorded. Tissue monitoring
was performed by extracellular fluid collected by a micro-
dialysis probe inserted into certain tissues. Extracellular
fluid samples were analysed in a biochemical bedside ana-
lyser. Tissue monitoring was performed using a CMA 60
microdialysis probe (CMA Microdialysis AB, Stockholm,
Sweden), which was placed into each patient’s deltoid
muscle. The authors used CMA Perfusion Fluid T1 dialysis
solution (i.e., a lactate-free Ringer solution), and perfusion
was accomplished with a CMA 106 pump at a constant
flow of 0.3 μL/min. Subsequent analyses were performed
with a CMA Iscus Flex analyser (CMA Microdialysis AB)
using a set of reagents for the analysis of the lactate, pyru-
vate, glycerol and glucose levels (CMA Reagent Set A).
These tissue values were analysed at 1-hour intervals. The
data analysed included only those from the first 24 hours
after trauma because shock is always eliminated after this
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Abstract

Background: Intensive care of severe trauma patients focuses on the treatment of haemorrhagic shock. Tissues
should be perfused sufficiently with blood and with sufficient oxygen content to ensure adequate tissue oxygen
delivery. Tissue metabolism can be monitored by microdialysis, and the lactate/pyruvate ratio (LPR) may be used as
a tissue ischemia marker. The aim of this study was to determine the adequate cardiac output and haemoglobin
levels that avoid tissue ischemia.

Methods: Adult patients with serious traumatic haemorrhagic shock were enrolled in this prospective observational
study. The primary observed parameters included haemoglobin, cardiac output, central venous saturation, arterial
lactate and the tissue lactate/pyruvate ratio.

Results: Forty-eight patients were analysed. The average age of the patients was 39.8 ± 16.7, and the average ISS
was 43.4 ± 12.2. Hb < 70 g/l was associated with pathologic arterial lactate, ScvO2 and LPR. Tissue ischemia (i.e., LPR
over 25) developed when CI ≤ 3.2 l/min/m2 and Hb between 70 and 90 g/l were observed. Severe tissue ischemia
events were recorded when the Hb dropped below 70 g/l and CI was 3.2-4.8 l/min/m2. CI ≥ 4.8 l/min/m2 was not
found to be connected with tissue ischemia, even when Hb ≤ 70 g/l.

Conclusion: LPR could be a useful marker to manage traumatic haemorrhagic shock therapies. In initial traumatic
haemorrhagic shock treatments, it may be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l to avoid tissue
ischemia. LPR could also be a useful transfusion trigger when it may demonstrate ischemia onset due to low local
DO2 and early reveal low/no tissue perfusion.
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Background
Trauma is a serious cause of morbidity and mortality. In
adults up to 40 years of age, polytrauma is the most fre-
quent cause of death [1]. The overall mortality rate in
severely injured patients is approximately 30% [1], and
following haemorrhagic shock, a loss of more than 40%
intravascular volume can result in irreversible shock and
death if it is not treated effectively [2].

Intensive care focuses on haemorrhagic shock and
trauma-induced coagulopathy treatments during initial
care. Shock is primarily a microcirculatory disorder, in
which the oxygen supplied to tissues does not meet their
metabolic demand, causing tissue ischemia. Manifest and
occult shock is the result of decreased oxygen delivery due
to low cardiac output and/or low oxygen content to
tissues. Tissue ischemia may then develop, potentially
causing multi-organ failure [3]. The physiological response
to traumatic distress is intended to ensure oxygen delivery
to vital organs, such as the brain and heart, by the central-
isation of circulation and hyperdynamic circulation (i.e.,
high cardiac output). Distressed tissues with inadequate

* Correspondence: bursaf@seznam.cz
1Department of anesthesiology and intensive care medicine, University
Hospital Ostrava, Faculty of Medicine Universitas Ostrava, 17. listopadu 1790,
Ostrava-Poruba, Czech Republic
Full list of author information is available at the end of the article

© 2014 Burša et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Burša et al. BMC Anesthesiology 2014, 14:118
http://www.biomedcentral.com/1471-2253/14/118

oxygen and substrate delivery react by switching their me-
tabolism to the anaerobic pathway; lactate production in
tissue is also proportional to the amount of energy pro-
duced [4,5]. To avoid tissue ischemia and microcirculatory
dysfunction, shock treatments must be effective, quick
and as aggressive as possible to provide sufficient oxygen
to distressed tissues. The global oxygen delivery (DO2) is
determined by the haemoglobin concentration (Hb) and
its saturation (SaO2), the amount of dissolved oxygen in
the plasma and the cardiac output (CO); this can be
defined by DO2 = COx(HbxSaO2x1.34 + PaO2x0.003).
Tissues should be perfused with sufficient blood and oxy-
gen content to ensure adequate tissue oxygen delivery;
however, tissue requirements could differ from the global
DO2 value. Monitoring tissue conditions could provide
information about shock resolutions more quickly and
precisely than global parameters, which include arterial
lactate, ScvO2, Hb and CO levels. Tissue ischemia is
poorly assessed by commonly used perfusion markers,
and more detailed monitoring could be beneficial.
Haemostatic resuscitation, which is the primary treat-

ment for haemorrhagic shock, attempts to restore and
sustain tissue perfusion using an appropriate amount of
fluid, transfusion and vasopressor administration; it also
emphasises effective clotting and not impairing bleeding
by increasing inadequate arterial pressure [6,7]. Resuscita-
tion guidelines have been developing particularly in the
field of transfusions and fluids. Metabolic monitoring
could be beneficial for the evaluation of resuscitation effi-
ciency. New markers of ischemia could also help in
decision-making processes.
Tissue ischemia is one of the primary causes of multi-

organ dysfunction due to shock, which increases mortality
[3]. Tissue conditions are not usually observed by trad-
itional monitoring techniques, which typically only observe
global parameters. Monitoring of tissue metabolisms could
provide more precise assessments for shock management.
Tissue metabolisms could be monitored by microdialysis.
The lactate/pyruvate ratio (LPR) is a tissue ischemia
marker [8], and LPR ≥ 25 indicates the onset of anaerobic
metabolism [9]. The observed population consisted of se-
vere blunt trauma patients, between 18 and 60 years of age
with ISS > 25 and a blood loss estimated over 1 litre,
who were admitted to the Emergency Department
(ED). Measured parameters were of LPR, haemoglobin,
cardiac output, arterial lactate and ScvO2. The aims of
this study were to determine the adequate cardiac out-
put and amount of haemoglobin required to prevent
tissue ischemia; the study aims to define the association
between the lactate/pyruvate ratio (LPR) on the haemo-
globin (Hb) and the cardiac output (CO) or cardiac
index (CI). The authors also compare LPR with arterial
lactate and ScvO2. Adequate Hb and CI levels to avoid
tissue ischemia were determined as outcomes.

Methods
Severe blunt trauma patients with ISS > 25 between 18 and
60 years of age were enrolled in this prospective observa-
tional study between 2010 and 2013. Minimum required
amount of 40 patients were enrolled due to preliminary
power analysis. All participants presented with serious
traumatic haemorrhagic shock with an estimated blood
loss exceeding 1 l and hypotension (MAP ≤ 60 mm Hg).
They were admitted to the Ostrava University Hospital
Level 1 Trauma Centre Emergency Department as an
inclusion criterion. Exclusion criteria included paediatric
patients, penetrating trauma, non-serious haemorrhagia
(blood loss up to 1 litre), ISS ≤ 25, no hypotension (MAP >
60 mm Hg), different ICU (non study) admission, dead in
ED and dead within 6 hours from admission to ED; under-
going surgery was not an exclusion criterion. Monitoring
was initiated as soon as possible and no later than 6 hours
from admission. Study patients underwent prehospital
care, ensuring treatment and transport. Diagnostic and
therapeutic interventions were followed at the trauma
centre according to the best clinical practises.
The observed parameters included haemoglobin concen-

tration (Hb, haemoglobin g/l), central venous saturation
(ScvO2, %), arterial lactate (L, mmol/l), cardiac output as
cardiac index (CI, cardiac index, l/min/m2), and tissue lac-
tate and pyruvate levels, which are displayed as the lactate/
pyruvate ratio (LPR). The authors also recorded age, ISS,
gender, weight, height, pre-hospital care time, and care
time in the ED, theatre (if surgery was performed), and
ICU. Haemoglobin, central venous saturation and arterial
lactate were measured immediately after ED admission
using a biochemical analyser (Roche Cobas b221 OMNI S)
at 8-hour intervals but also at least three times for two
hours following the administration of blood products.
Cardiac output (CO) analysis was performed with a
haemodynamic monitor (LiDCO Rapid), which analysed
pulse characteristics in the arteria radialis beat-to-beat.
Hourly CO averages were also recorded. Tissue monitoring
was performed by extracellular fluid collected by a micro-
dialysis probe inserted into certain tissues. Extracellular
fluid samples were analysed in a biochemical bedside ana-
lyser. Tissue monitoring was performed using a CMA 60
microdialysis probe (CMA Microdialysis AB, Stockholm,
Sweden), which was placed into each patient’s deltoid
muscle. The authors used CMA Perfusion Fluid T1 dialysis
solution (i.e., a lactate-free Ringer solution), and perfusion
was accomplished with a CMA 106 pump at a constant
flow of 0.3 μL/min. Subsequent analyses were performed
with a CMA Iscus Flex analyser (CMA Microdialysis AB)
using a set of reagents for the analysis of the lactate, pyru-
vate, glycerol and glucose levels (CMA Reagent Set A).
These tissue values were analysed at 1-hour intervals. The
data analysed included only those from the first 24 hours
after trauma because shock is always eliminated after this
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period. All Hb, CI, ScvO2 and L levels were assigned to the
corresponding LPR for the same moment in time for all
patients. Then, data from all patients were divided into
groups, which were created according to Hb and CI
values: Hb ≤ 70 g/l; Hb 70-90 g/l; Hb ≥ 90 g/l and CI ≤
3.2 l/min/m2 (i.e., “low”); CI 3.2-4.8 l/min/m2 (i.e., “nor-
mal”); and CI ≥ 4.8 l/min/m2 (i.e., “supranormal”). The
measured variables (i.e., LPR, ScvO2 and arterial lactate)
were also assigned to the created groups.
The study was performed in a single centre at the

University Hospital in Ostrava. The Ethics Committee of
the University Hospital Ostrava in the Czech Republic
approved the study, which conformed to the tenets of
the Declaration of Helsinki. Each of the awake and con-
scious study subjects signed the Informed Consent Form
approved by the Ethics Committee of the University
Hospital Ostrava. The Ethics committee waived the need
to sign the Informed Consent in unconscious study sub-
jects, who were unable to sign it.
The authors used R software (version 2.15.2) to perform

the statistical analyses in this study. Missing values were
extrapolated using a linear approximation with respect to
measurement's date and time. The resulting p-values were
adjusted for multiple comparisons using the Kruskall-
Wallis test. Figure 1.

Results
The authors observed an association between LPR on
haemoglobin, cardiac output, ScvO2 and arterial lactate

levels in the 48 patients. The authors analysed 967 re-
cords of LPR and the appropriate markers. The median
time of pre-hospital care was 58 minutes; in the ED, pa-
tients spent 90 minutes, and the median time in theatre
was 140 minutes. The average and median ages were
39.8 ± 16.7 and 36 years, respectively; the average and
median ISS were 43.4 ± 12.2 and 43; and the average Hb
was 97.70 ± 18.67 g/l Tables 1, 2 and Figure 2.
Monitored values during the first 24 hours after trauma

are displayed in Table 2 and Figure 2. The median L,
ScvO2 and LPR values and their association with Hb
groups are also shown. Hb < 70 g/l was associated with
pathologic arterial lactate, ScvO2 and LPR values. Patho-
logic arterial lactate in all Hb groups in the first 24 hours
after trauma was observed, but higher Hb was associated
with lower L. When Hb 70-90 g/l and Hb ≥ 90 g/l, ScvO2

and LPR was found to be normal Table 3 and Figure 3.
According to the concurrent values of Hb and CI, values

of LPR are shown in Table 3 and Figure 3. Tissue ischemia
developed when a low CI and haemoglobin between 70
and 90 g/l were observed. Severe tissue ischemia was reg-
istered when haemoglobin levels dropped below 70 g/l
with a normal CI; CI above 4.8 l/min/m2 was not associ-
ated with tissue ischemia, even at haemoglobin values
below 70 g/l. Note that CI below 3.2 l/min/m2 with con-
comitant haemoglobin values below 70 g/l were observed
only in a few measurements; the statistical significance of
LPR in these cases could thus not be determined. Another
view of the data is shown in Figure 4, which displays

Figure 1 Flow diagram of the study.
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cardiac output, haemoglobin and ScvO2 in association to
LPR category (i.e., non-ischemic, border and severe
ischemic LPRs). All results were statistically significant
(p < 0.05) Figure 4.

Discussion
Severe trauma patient transfusion management is chal-
lenging; the identification of both occult and inad-
equately resuscitated shock is a major clinical problem
with traditional markers. Additionally, occult shock can
present with normal global haemodynamics [10]. Severe
polytrauma patient triage is crucial for good decision
making regarding massive transfusion protocol (MTP)
activation, which improves trauma haemorrhage out-
comes [11]. Transfusion recommendations in trauma
management attempt to maintain haemoglobin levels at
70-90 g/l [7]. Transfusions can be life saving but may
also cause serious complications (i.e., TRALI, DIC, etc.)
[12,13]; inadequate transfusion and over-transfusion
(Hb ≥ 110 g/l) are also harmful [14]. Fewer transfusions
can lead to low DO2 with global or local (i.e., different
local DO2 in tissues and organs according to local perfu-
sion) ischemia development with regard to oxygen con-
sumption. Many articles have discussed the benefits of the
restriction transfusion strategy compared with liberal
transfusions [14]. Haemoglobin could not be evaluated
separately in traumatic haemorrhagic shock treatments;
however, other markers may account for patient comor-
bidities (i.e., coronary disease), age and clinical status. Hb

targets could differ according to the treatment period; Hb
values of approximately 70 g/l could be low during initial
treatments, particularly with a low CI or with severe co-
morbidities. This value could be sufficient in the next
period of critical care, which starts after the initial shock
and bleeding are resolved. Higher haemoglobin levels in
the initial treatment period could reduce haemodilutions
and decrease any potential ischemia if re-bleeding occurs;
thus, mortality could be reduced [15]. Additional transfu-
sion benefits could include restored blood viscosity and
enhanced rheological properties of the blood. Transfusion
of PRBC, which are the most frequent transfusion media,
compared to fresh blood transfusions, may not provide
immediate increase of oxygen delivery to tissues primarily
due to transfusion storage length. A decrease in LPR could
delay an increase in haemoglobin levels for 7-10 hours,
and tissue ischemia could be eliminated over long time in-
tervals [16]. Similarly, this phenomenon could be observed
with LPR and ScvO2 trends, whereby a decrease in LPR
could delay an increase in ScvO2 for 10 hours [16]. The
average observed haemoglobin in the first 24 hours of this
study, which included the suspected haemoconcentration
period, were 97.70 ± 18.67 g/l; therefore, it could be specu-
lated that if this value was approximately 70 g/l, then tis-
sue ischemia could be eliminated at a much later period,
and organ dysfunction could be worsened.
Additionally, fluid administration, which is a core

treatment for shock and hypovolemia for preserving
effective haemodynamic functions and tissue perfusion,
has limits and adverse effects. Excessive fluid amounts
lead to diluted coagulation factors, hypothermia [17] and
endothelial glycocalyx damage [18]. Hypervolemia and
fluid overload also lead to interstitium expansion. These
influence the transcapillary gas and substrate exchange
and decrease oxygen transport to tissues [19]. Hypovol-
emia leads to vasoconstriction and microvasculatory
blood flow restriction, which cause ischemia due to low
oxygen and substrate delivery [19]. Tissue perfusion
could be altered with the administration of vasoactive
agents, and knowledge of metabolic tissue conditions
(i.e., LPR) during haemostatic resuscitation could help
guide treatment.
Lactataemia evaluation in shock is typically difficult in

practice; elevated arterial lactate levels are associated
with increased mortality and morbidity [7], and lactate
normalisation is one of most frequent resuscitation tar-
gets. Arterial lactate could be elevated without clinical
signs of shock but could also be an indication of on-going
ischemia [20]. In contrast, during a shock state, lactate
could accumulate in low or non-perfused tissues, and
serum levels could be falsely determined to be low. After
tissue perfusion is restored, lactate levels increase as a sign
of reperfusion, and high lactate levels could be connected
with normal aerobic metabolism. The normalisation of

Table 1 Demographics description of study population

Median Percent

Age (years) 36

ISS 43

Male gender 83

Weight (kg) 82

Height (cm) 178

Pre-hospital care (minute) 58

ED care (minute) 90

Theatretime (minute) 140

ICU stay (days) 10.5

Table 2 Association of L, ScvO2 and LPR to Hb groups

Hb groups L ScvO2 LPR

g/l mmol/l Percent Dimensionless

median IQR median IQR median IQR

<70 5.538 5.036 65.00 16.47 28.66 26.08

70 - 90 3.105 4.095 73.7 17.72 16.02 7.68

>90 2.3 3.072 77.7 11.52 17.16 9.83

Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio. Values are median ± interquartile
range (IQR) (p < 0.05).
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period. All Hb, CI, ScvO2 and L levels were assigned to the
corresponding LPR for the same moment in time for all
patients. Then, data from all patients were divided into
groups, which were created according to Hb and CI
values: Hb ≤ 70 g/l; Hb 70-90 g/l; Hb ≥ 90 g/l and CI ≤
3.2 l/min/m2 (i.e., “low”); CI 3.2-4.8 l/min/m2 (i.e., “nor-
mal”); and CI ≥ 4.8 l/min/m2 (i.e., “supranormal”). The
measured variables (i.e., LPR, ScvO2 and arterial lactate)
were also assigned to the created groups.
The study was performed in a single centre at the

University Hospital in Ostrava. The Ethics Committee of
the University Hospital Ostrava in the Czech Republic
approved the study, which conformed to the tenets of
the Declaration of Helsinki. Each of the awake and con-
scious study subjects signed the Informed Consent Form
approved by the Ethics Committee of the University
Hospital Ostrava. The Ethics committee waived the need
to sign the Informed Consent in unconscious study sub-
jects, who were unable to sign it.
The authors used R software (version 2.15.2) to perform

the statistical analyses in this study. Missing values were
extrapolated using a linear approximation with respect to
measurement's date and time. The resulting p-values were
adjusted for multiple comparisons using the Kruskall-
Wallis test. Figure 1.

Results
The authors observed an association between LPR on
haemoglobin, cardiac output, ScvO2 and arterial lactate

levels in the 48 patients. The authors analysed 967 re-
cords of LPR and the appropriate markers. The median
time of pre-hospital care was 58 minutes; in the ED, pa-
tients spent 90 minutes, and the median time in theatre
was 140 minutes. The average and median ages were
39.8 ± 16.7 and 36 years, respectively; the average and
median ISS were 43.4 ± 12.2 and 43; and the average Hb
was 97.70 ± 18.67 g/l Tables 1, 2 and Figure 2.
Monitored values during the first 24 hours after trauma

are displayed in Table 2 and Figure 2. The median L,
ScvO2 and LPR values and their association with Hb
groups are also shown. Hb < 70 g/l was associated with
pathologic arterial lactate, ScvO2 and LPR values. Patho-
logic arterial lactate in all Hb groups in the first 24 hours
after trauma was observed, but higher Hb was associated
with lower L. When Hb 70-90 g/l and Hb ≥ 90 g/l, ScvO2

and LPR was found to be normal Table 3 and Figure 3.
According to the concurrent values of Hb and CI, values

of LPR are shown in Table 3 and Figure 3. Tissue ischemia
developed when a low CI and haemoglobin between 70
and 90 g/l were observed. Severe tissue ischemia was reg-
istered when haemoglobin levels dropped below 70 g/l
with a normal CI; CI above 4.8 l/min/m2 was not associ-
ated with tissue ischemia, even at haemoglobin values
below 70 g/l. Note that CI below 3.2 l/min/m2 with con-
comitant haemoglobin values below 70 g/l were observed
only in a few measurements; the statistical significance of
LPR in these cases could thus not be determined. Another
view of the data is shown in Figure 4, which displays

Figure 1 Flow diagram of the study.
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cardiac output, haemoglobin and ScvO2 in association to
LPR category (i.e., non-ischemic, border and severe
ischemic LPRs). All results were statistically significant
(p < 0.05) Figure 4.

Discussion
Severe trauma patient transfusion management is chal-
lenging; the identification of both occult and inad-
equately resuscitated shock is a major clinical problem
with traditional markers. Additionally, occult shock can
present with normal global haemodynamics [10]. Severe
polytrauma patient triage is crucial for good decision
making regarding massive transfusion protocol (MTP)
activation, which improves trauma haemorrhage out-
comes [11]. Transfusion recommendations in trauma
management attempt to maintain haemoglobin levels at
70-90 g/l [7]. Transfusions can be life saving but may
also cause serious complications (i.e., TRALI, DIC, etc.)
[12,13]; inadequate transfusion and over-transfusion
(Hb ≥ 110 g/l) are also harmful [14]. Fewer transfusions
can lead to low DO2 with global or local (i.e., different
local DO2 in tissues and organs according to local perfu-
sion) ischemia development with regard to oxygen con-
sumption. Many articles have discussed the benefits of the
restriction transfusion strategy compared with liberal
transfusions [14]. Haemoglobin could not be evaluated
separately in traumatic haemorrhagic shock treatments;
however, other markers may account for patient comor-
bidities (i.e., coronary disease), age and clinical status. Hb

targets could differ according to the treatment period; Hb
values of approximately 70 g/l could be low during initial
treatments, particularly with a low CI or with severe co-
morbidities. This value could be sufficient in the next
period of critical care, which starts after the initial shock
and bleeding are resolved. Higher haemoglobin levels in
the initial treatment period could reduce haemodilutions
and decrease any potential ischemia if re-bleeding occurs;
thus, mortality could be reduced [15]. Additional transfu-
sion benefits could include restored blood viscosity and
enhanced rheological properties of the blood. Transfusion
of PRBC, which are the most frequent transfusion media,
compared to fresh blood transfusions, may not provide
immediate increase of oxygen delivery to tissues primarily
due to transfusion storage length. A decrease in LPR could
delay an increase in haemoglobin levels for 7-10 hours,
and tissue ischemia could be eliminated over long time in-
tervals [16]. Similarly, this phenomenon could be observed
with LPR and ScvO2 trends, whereby a decrease in LPR
could delay an increase in ScvO2 for 10 hours [16]. The
average observed haemoglobin in the first 24 hours of this
study, which included the suspected haemoconcentration
period, were 97.70 ± 18.67 g/l; therefore, it could be specu-
lated that if this value was approximately 70 g/l, then tis-
sue ischemia could be eliminated at a much later period,
and organ dysfunction could be worsened.
Additionally, fluid administration, which is a core

treatment for shock and hypovolemia for preserving
effective haemodynamic functions and tissue perfusion,
has limits and adverse effects. Excessive fluid amounts
lead to diluted coagulation factors, hypothermia [17] and
endothelial glycocalyx damage [18]. Hypervolemia and
fluid overload also lead to interstitium expansion. These
influence the transcapillary gas and substrate exchange
and decrease oxygen transport to tissues [19]. Hypovol-
emia leads to vasoconstriction and microvasculatory
blood flow restriction, which cause ischemia due to low
oxygen and substrate delivery [19]. Tissue perfusion
could be altered with the administration of vasoactive
agents, and knowledge of metabolic tissue conditions
(i.e., LPR) during haemostatic resuscitation could help
guide treatment.
Lactataemia evaluation in shock is typically difficult in

practice; elevated arterial lactate levels are associated
with increased mortality and morbidity [7], and lactate
normalisation is one of most frequent resuscitation tar-
gets. Arterial lactate could be elevated without clinical
signs of shock but could also be an indication of on-going
ischemia [20]. In contrast, during a shock state, lactate
could accumulate in low or non-perfused tissues, and
serum levels could be falsely determined to be low. After
tissue perfusion is restored, lactate levels increase as a sign
of reperfusion, and high lactate levels could be connected
with normal aerobic metabolism. The normalisation of

Table 1 Demographics description of study population

Median Percent

Age (years) 36

ISS 43

Male gender 83

Weight (kg) 82

Height (cm) 178

Pre-hospital care (minute) 58

ED care (minute) 90

Theatretime (minute) 140

ICU stay (days) 10.5

Table 2 Association of L, ScvO2 and LPR to Hb groups

Hb groups L ScvO2 LPR

g/l mmol/l Percent Dimensionless

median IQR median IQR median IQR

<70 5.538 5.036 65.00 16.47 28.66 26.08

70 - 90 3.105 4.095 73.7 17.72 16.02 7.68

>90 2.3 3.072 77.7 11.52 17.16 9.83

Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio. Values are median ± interquartile
range (IQR) (p < 0.05).
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lactate values depends on the hepatic clearance of lactate
or its consumption in tissues, which could also decrease
during shock. It is expected that lactate levels will follow
the oxygen debt, but in some clinical conditions, lactate
levels may normalise without the resolution of tissue
oxygen debt [21]. There are also a number of non-
ischemic factors that elevate lactate levels (e.g., stress
and catecholamines) [22]. Arterial lactate levels should,
therefore, be critically evaluated because assessment of
the lactate levels alone fails to discriminate between
ischemia and aerobiosis [23].
The measurement of LPR could be more useful than

that of arterial lactate levels alone when discriminating
between occult shock with ischemic tissue conditions
and aerobic metabolism. LPR may be used as an early
indicator of emerging ischemia during shock [24,25] and
could also help to discriminate between elevated ische-
mic or non-ischemic lactate levels and to distinguish
between the anaerobic aspects of hyperlactataemia [26].

Hyperlactataemia with elevated LPR levels is associated
with higher mortality than hyperlactataemia with nor-
mal LPR levels [26]. LPR levels over 25 indicate anaer-
obic metabolism onset [9] and are a more precise
marker of ischemia than lactate levels alone [27].

Figure 2 Association of L, LPR and ScvO2 to Hb groups. Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio.

Table 3 Association of lactate/pyruvate ratio (LPR) on
hemoglobin (Hb) and cardiac index (CI) groups
simultaneously

Hb groups

CI groups g/l

l/min/m2 <70 70 - 90 >90

Median IQR Median IQR Median IQR

<3.2 29.13 22.05 17.88 12.28

3.2-4.8 50.04 1.02 15.81 7.18 16.19 9.03

>4.8 10.54 3.29 14.76 4.24 15.67 7.27

CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l); LPR, lactate/pyruvate ratio.
Values are median ± interquartile range (IQR) (p < 0.05).

Figure 3 Association of LPR (axis X) on Hb and CI groups
simultaneously (axis Y). CI, cardiac index (l/min/m2); Hb, hemoglobin
(g/l); LPR, lactate/pyruvate ratio.
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ScvO2 is a frequently used marker that is useful in
guiding fluid, catecholamine and transfusion therapy
[28]. It is a global parameter of the oxygen extraction
sum from the blood, and therefore, normal values do
not exclude severe local tissue damage or regional tissue
ischemia. It is expected that low ScvO2 could reflect low
DO2. The most respected target value for shock resuscita-
tion is an ScvO2 value above 70% [29]; however, emerging
ischemia originates at the cellular level, and changes in
the LPR value could precede that in the ScvO2 value by 10
or 11 hours [16]. A low ScvO2 could lead to DO2 manipu-
lation, but a normal or high ScvO2 could lead to false
satisfaction due to treatment, allowing background cell
dysfunction to occur.
Haemodynamic monitoring of CO is typically the next

most frequent measurement in the evaluation of traumatic
haemorrhagic shock. Trauma patients may have a low CI
in the first hours after trauma (i.e., the ebb phase of
shock). Tachycardia could then occur to preserve CI
during hypovolemia, and later, CI rises to supranormal
values to act as a physiologic reserve marker and as a
compensatory reaction to overcoming distress (i.e., the
flow phase of shock). In contrast, a normal CI value may
not ensure adequate tissue perfusion [10]. Many authors
have examined the evaluation of the VO2/DO2 relation-
ship. A normalised VO2 seems to be essential for organism
recovery, and oxygen supply independency is a key strategy
for haemodynamic optimisation [30]. Increasing DO2 to
supranormal values, however, was found to be beneficial in
some studies [31], but not in others [32]. Additionally, ex-
cessive oxygen supply may be deleterious due to ineffective
metabolic costs; however, it may be reasonable to increase
the DO2 to 20% above the critical DO2 value (i.e., the limit
of DO2/VO2 dependency) [30]. Velmahos GC demon-
strated that patients who achieved supranormal haemo-
dynamic parameters (i.e., CI > 4.5 l/min/m2, DO2I >
600 ml/min/m2 and VO2I > 170 ml/min/m2) after severe
trauma had better outcomes than patients who did not

achieve those limits [31]. A spontaneously high DO2 could
be used as a simple physiologic reserve marker and a pre-
dictor of outcomes. An excessive artificial increase in DO2

without a functional organism reserve could be detrimental
[31]. Resuscitation efforts should be limited to what is only
necessary with respect to human variability [33].
In this study, Hb < 70 g/l (i.e., without a CI distinction,

whereby different CI are included) was associated with
pathologic lactate, ScvO2 and LPR values; therefore,
treatment interventions or more intensive monitoring
were inevitable (Table 2.). Pathologic blood lactate levels
in all Hb intervals were also observed and certainly in-
fluenced the reduced lactate clearance during the first
24 hours after trauma.
To eliminate tissue ischemia (i.e., normalise LPR), it is

rational to increase the DO2, but only in patients with Hb
values of 70-90 g/l and a low CI; with a normal CI and
Hb < 70 g/l; or, most likely, with a low CI and Hb < 70 g/l
(Table 3.). An artificial CI increase to supranormal values
could be beneficial, but only if it is accomplished when
Hb < 70 g/l to avoid an ischemic LPR; however, potential
adverse vasoactive medication effects may occur. It may
be beneficial to transfuse to Hb 70-90 g/l and a normal
CI, which will also lead to a normal LPR. An ischemic
LPR with supranormal CI values was not observed,
supporting the benefits of the physiologic reaction to
trauma discussed above. Increasing a low CI to normal is
rational in patients with Hb levels at 70-90 g/l and most
likely <70 g/l. In cases where Hb > 90 g/l, the increase of a
low CI to normal levels leads to a decrease in LPR;
however, the LPR in both of these situations is under the
ischemic threshold. A low CI should be avoided.
To avoid tissue ischemia, transfusions are applicable in

patients with Hb < 70 g/l and a normal CI and most
likely in low CI cases as well. An Hb increase to over
90 g/l could only be warranted when patients have a low
CI; however, it is preferable to increase a low CI. With
regard to LPR, it was shown that supranormal CI levels

Figure 4 Association of CI, Hb and ScvO2 on LPR devided to non-ischemic (<25), border ischemic (25-30) and severe ischemic (30<).
CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l);); ScvO2, central venous oxygen saturation(%); LPR, lactate/pyruvate ratio.
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lactate values depends on the hepatic clearance of lactate
or its consumption in tissues, which could also decrease
during shock. It is expected that lactate levels will follow
the oxygen debt, but in some clinical conditions, lactate
levels may normalise without the resolution of tissue
oxygen debt [21]. There are also a number of non-
ischemic factors that elevate lactate levels (e.g., stress
and catecholamines) [22]. Arterial lactate levels should,
therefore, be critically evaluated because assessment of
the lactate levels alone fails to discriminate between
ischemia and aerobiosis [23].
The measurement of LPR could be more useful than

that of arterial lactate levels alone when discriminating
between occult shock with ischemic tissue conditions
and aerobic metabolism. LPR may be used as an early
indicator of emerging ischemia during shock [24,25] and
could also help to discriminate between elevated ische-
mic or non-ischemic lactate levels and to distinguish
between the anaerobic aspects of hyperlactataemia [26].

Hyperlactataemia with elevated LPR levels is associated
with higher mortality than hyperlactataemia with nor-
mal LPR levels [26]. LPR levels over 25 indicate anaer-
obic metabolism onset [9] and are a more precise
marker of ischemia than lactate levels alone [27].

Figure 2 Association of L, LPR and ScvO2 to Hb groups. Hb, hemoglobin (g/l); L, arterial lactate (mmol/l); ScvO2, central venous oxygen
saturation(%); LPR, lactate/pyruvate ratio.

Table 3 Association of lactate/pyruvate ratio (LPR) on
hemoglobin (Hb) and cardiac index (CI) groups
simultaneously

Hb groups

CI groups g/l

l/min/m2 <70 70 - 90 >90

Median IQR Median IQR Median IQR

<3.2 29.13 22.05 17.88 12.28

3.2-4.8 50.04 1.02 15.81 7.18 16.19 9.03

>4.8 10.54 3.29 14.76 4.24 15.67 7.27

CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l); LPR, lactate/pyruvate ratio.
Values are median ± interquartile range (IQR) (p < 0.05).

Figure 3 Association of LPR (axis X) on Hb and CI groups
simultaneously (axis Y). CI, cardiac index (l/min/m2); Hb, hemoglobin
(g/l); LPR, lactate/pyruvate ratio.

Burša et al. BMC Anesthesiology 2014, 14:118 Page 5 of 8
http://www.biomedcentral.com/1471-2253/14/118

ScvO2 is a frequently used marker that is useful in
guiding fluid, catecholamine and transfusion therapy
[28]. It is a global parameter of the oxygen extraction
sum from the blood, and therefore, normal values do
not exclude severe local tissue damage or regional tissue
ischemia. It is expected that low ScvO2 could reflect low
DO2. The most respected target value for shock resuscita-
tion is an ScvO2 value above 70% [29]; however, emerging
ischemia originates at the cellular level, and changes in
the LPR value could precede that in the ScvO2 value by 10
or 11 hours [16]. A low ScvO2 could lead to DO2 manipu-
lation, but a normal or high ScvO2 could lead to false
satisfaction due to treatment, allowing background cell
dysfunction to occur.
Haemodynamic monitoring of CO is typically the next

most frequent measurement in the evaluation of traumatic
haemorrhagic shock. Trauma patients may have a low CI
in the first hours after trauma (i.e., the ebb phase of
shock). Tachycardia could then occur to preserve CI
during hypovolemia, and later, CI rises to supranormal
values to act as a physiologic reserve marker and as a
compensatory reaction to overcoming distress (i.e., the
flow phase of shock). In contrast, a normal CI value may
not ensure adequate tissue perfusion [10]. Many authors
have examined the evaluation of the VO2/DO2 relation-
ship. A normalised VO2 seems to be essential for organism
recovery, and oxygen supply independency is a key strategy
for haemodynamic optimisation [30]. Increasing DO2 to
supranormal values, however, was found to be beneficial in
some studies [31], but not in others [32]. Additionally, ex-
cessive oxygen supply may be deleterious due to ineffective
metabolic costs; however, it may be reasonable to increase
the DO2 to 20% above the critical DO2 value (i.e., the limit
of DO2/VO2 dependency) [30]. Velmahos GC demon-
strated that patients who achieved supranormal haemo-
dynamic parameters (i.e., CI > 4.5 l/min/m2, DO2I >
600 ml/min/m2 and VO2I > 170 ml/min/m2) after severe
trauma had better outcomes than patients who did not

achieve those limits [31]. A spontaneously high DO2 could
be used as a simple physiologic reserve marker and a pre-
dictor of outcomes. An excessive artificial increase in DO2

without a functional organism reserve could be detrimental
[31]. Resuscitation efforts should be limited to what is only
necessary with respect to human variability [33].
In this study, Hb < 70 g/l (i.e., without a CI distinction,

whereby different CI are included) was associated with
pathologic lactate, ScvO2 and LPR values; therefore,
treatment interventions or more intensive monitoring
were inevitable (Table 2.). Pathologic blood lactate levels
in all Hb intervals were also observed and certainly in-
fluenced the reduced lactate clearance during the first
24 hours after trauma.
To eliminate tissue ischemia (i.e., normalise LPR), it is

rational to increase the DO2, but only in patients with Hb
values of 70-90 g/l and a low CI; with a normal CI and
Hb < 70 g/l; or, most likely, with a low CI and Hb < 70 g/l
(Table 3.). An artificial CI increase to supranormal values
could be beneficial, but only if it is accomplished when
Hb < 70 g/l to avoid an ischemic LPR; however, potential
adverse vasoactive medication effects may occur. It may
be beneficial to transfuse to Hb 70-90 g/l and a normal
CI, which will also lead to a normal LPR. An ischemic
LPR with supranormal CI values was not observed,
supporting the benefits of the physiologic reaction to
trauma discussed above. Increasing a low CI to normal is
rational in patients with Hb levels at 70-90 g/l and most
likely <70 g/l. In cases where Hb > 90 g/l, the increase of a
low CI to normal levels leads to a decrease in LPR;
however, the LPR in both of these situations is under the
ischemic threshold. A low CI should be avoided.
To avoid tissue ischemia, transfusions are applicable in

patients with Hb < 70 g/l and a normal CI and most
likely in low CI cases as well. An Hb increase to over
90 g/l could only be warranted when patients have a low
CI; however, it is preferable to increase a low CI. With
regard to LPR, it was shown that supranormal CI levels

Figure 4 Association of CI, Hb and ScvO2 on LPR devided to non-ischemic (<25), border ischemic (25-30) and severe ischemic (30<).
CI, cardiac index (l/min/m2); Hb, hemoglobin (g/l);); ScvO2, central venous oxygen saturation(%); LPR, lactate/pyruvate ratio.
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could be used to treat tissue ischemia, but the artificial
elevation of CI could be dangerous [31]. Another re-
quirement is to adequately correct the blood oxygen
content using not only Hb but also SaO2 and PaO2.

Limitations
This study has several limitations. Tissue monitoring in
the early phase of management of severe trauma patients
is typically difficult. In this timeframe, physicians employ
several necessary interventions, including diagnostic and
therapeutic methods. The observations of this study
were performed in addition to and did not influence the
standard care of the examined critically ill patients; tissue
monitoring was begun within 6 hours after admission.
The study was performed in full working Trauma centre.
The authors enrolled only 48 patients, and each patient
was enrolled by a physician associated with this study.
The authors also had limited human and economic
resources. The study was financial supported partially by a
grant, and certain technical problems with encountered
with equipment during testing.

Conclusion
LPR is shown to be a useful marker to manage traumatic
haemorrhagic shock therapies. LPR is the result of cell
metabolic functions and thus reflects the sum of all inter-
ventions. LPR target therapies could be better than trad-
itional management, which use other global markers that
only assume good tissue conditions; tissue conditions
could be directly monitored by the proposed method. In
initial traumatic haemorrhagic shock treatments, it may
be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l.
Additionally, LPR may be very important and useful as a
transfusion trigger in normal or low CI situations with de-
creased haemoglobin; it could be used to predict the onset
of ischemia due to low local DO2 levels and effectively
reveal low tissue perfusion.
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could be used to treat tissue ischemia, but the artificial
elevation of CI could be dangerous [31]. Another re-
quirement is to adequately correct the blood oxygen
content using not only Hb but also SaO2 and PaO2.

Limitations
This study has several limitations. Tissue monitoring in
the early phase of management of severe trauma patients
is typically difficult. In this timeframe, physicians employ
several necessary interventions, including diagnostic and
therapeutic methods. The observations of this study
were performed in addition to and did not influence the
standard care of the examined critically ill patients; tissue
monitoring was begun within 6 hours after admission.
The study was performed in full working Trauma centre.
The authors enrolled only 48 patients, and each patient
was enrolled by a physician associated with this study.
The authors also had limited human and economic
resources. The study was financial supported partially by a
grant, and certain technical problems with encountered
with equipment during testing.

Conclusion
LPR is shown to be a useful marker to manage traumatic
haemorrhagic shock therapies. LPR is the result of cell
metabolic functions and thus reflects the sum of all inter-
ventions. LPR target therapies could be better than trad-
itional management, which use other global markers that
only assume good tissue conditions; tissue conditions
could be directly monitored by the proposed method. In
initial traumatic haemorrhagic shock treatments, it may
be better to maintain CI ≥ 3.2 l/min/m2 and Hb ≥ 70 g/l.
Additionally, LPR may be very important and useful as a
transfusion trigger in normal or low CI situations with de-
creased haemoglobin; it could be used to predict the onset
of ischemia due to low local DO2 levels and effectively
reveal low tissue perfusion.
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Abstract Over a period of more than 100 years, radio-

frequency energy has been introduced in many fields and

applications in medicine. At present, radiofrequency con-

stitutes the basis of numerous medical devices employed in

almost all medical specialties. It is particularly applicable

and valuable in various minimally invasive procedures for

its locally focused effects. Radiofrequency energy is a

technical term established to describe high-frequency

alternating electrical currents (with a frequency ranging

from 300 kHz to 3 MHz) and their impact on biological

tissue. The application of RF energy causes controlled

tissue heating with consequent cell protein denaturation

and desiccation, which leads to cell death and tissue

destruction. The primary principle of radiofrequency is that

the generated heat can be used to cut, coagulate or induce

metabolic processes in the target tissue. The authors of this

paper offer a comprehensive and compact review of the

definition, history, physics, biological principles and

applications of radiofrequency energy in current surgery.
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Introduction

Radiofrequency energy presently forms the basis of

numerous medical device systems used in the treatment of

various medical disorders. The characteristics, methods

of application and design of medical devices using radio-

frequency (RF) energy are highly varied; however, the

fundamental effects of energy on biological tissue are the

same. The application of RF energy generates heat, which

can be used to cut, coagulate or induce metabolic processes

in the target tissue [1–3].

The basic characteristics of RF energy determine its

application primarily in minimally invasive procedures and

make it likely the most extended minimally invasive

method in medicine at present. Many of today’s surgical

procedures and techniques owe their existence and success

to radiofrequency [1, 4, 5].

Very limited information regarding the fundamentals of

radiofrequency energy is currently available to practicing

specialists in standard textbooks. A search of the current

scientific literature found no available complex or compact

reviews evaluating the use of radiofrequency energy in

surgery.

Methods

A comprehensive literature search was performed to

identify studies regarding the application of radiofrequency

energy in surgery. The search combined the following

terms: radiofrequency, electrosurgery, radiofrequency

ablation and radiofrequency resection. The sources were

MEDLINE, PubMed and the Google Scholar database.

In this paper, we review the history of radiofrequency

energy in medicine and the definition, physics, biological
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Received: 21 March 2013 / Accepted: 30 April 2013 / Published online: 1 June 2013

� Springer Japan 2013

Abstract Over a period of more than 100 years, radio-

frequency energy has been introduced in many fields and

applications in medicine. At present, radiofrequency con-

stitutes the basis of numerous medical devices employed in

almost all medical specialties. It is particularly applicable

and valuable in various minimally invasive procedures for

its locally focused effects. Radiofrequency energy is a

technical term established to describe high-frequency

alternating electrical currents (with a frequency ranging

from 300 kHz to 3 MHz) and their impact on biological

tissue. The application of RF energy causes controlled

tissue heating with consequent cell protein denaturation

and desiccation, which leads to cell death and tissue

destruction. The primary principle of radiofrequency is that

the generated heat can be used to cut, coagulate or induce

metabolic processes in the target tissue. The authors of this

paper offer a comprehensive and compact review of the

definition, history, physics, biological principles and

applications of radiofrequency energy in current surgery.

Keywords Radiofrequency � History � Definition �
Biological effects � Applications

Introduction

Radiofrequency energy presently forms the basis of

numerous medical device systems used in the treatment of

various medical disorders. The characteristics, methods

of application and design of medical devices using radio-

frequency (RF) energy are highly varied; however, the

fundamental effects of energy on biological tissue are the

same. The application of RF energy generates heat, which

can be used to cut, coagulate or induce metabolic processes

in the target tissue [1–3].

The basic characteristics of RF energy determine its

application primarily in minimally invasive procedures and

make it likely the most extended minimally invasive

method in medicine at present. Many of today’s surgical

procedures and techniques owe their existence and success

to radiofrequency [1, 4, 5].

Very limited information regarding the fundamentals of

radiofrequency energy is currently available to practicing

specialists in standard textbooks. A search of the current

scientific literature found no available complex or compact

reviews evaluating the use of radiofrequency energy in

surgery.

Methods

A comprehensive literature search was performed to

identify studies regarding the application of radiofrequency

energy in surgery. The search combined the following

terms: radiofrequency, electrosurgery, radiofrequency

ablation and radiofrequency resection. The sources were

MEDLINE, PubMed and the Google Scholar database.

In this paper, we review the history of radiofrequency

energy in medicine and the definition, physics, biological

P. Ihnát � P. Zonča
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principles and applications of radiofrequency energy in

surgery. The primary outcome of this paper is to offer a

complete, well-structured and up-to-date review of the

current status of the use of radiofrequency in surgery.

Results

History of radiofrequency energy in medicine

Radiofrequency technology has been deployed in medicine

for over 100 years. The first experiments to apply radio-

frequency energy in humans were conducted at the end of

the 19th century. In 1881, Morton found that an oscillating

current with a 100-KHz frequency can pass through the

human body without inducing pain, spasms or burns [6].

In 1893, Arsene D’Arsonval published similar findings

with the current frequency lowered to 10 kHz. He reported

that a current passing through the tissue leads to the ele-

vation of tissue temperature and increased oxygen

absorption and carbon dioxide elimination [6, 7].

In 1900, the Parisian physician, Joseph Rivere, used a

high-frequency alternating current to treat a carcinomatous

ulcer on the hand of a patient, which is noted to be the first

use of radiofrequency electricity in surgery. Consequently,

he continued to apply electricity in the treatment of hem-

orrhoids and various superficial lesions of the skin, oral

cavity and bladder [8].

In 1911, William Clark altered an electrosurgical device

(amperage increased, voltage decreased) to produce deeper

penetration of heat into tissue and used this device to

remove malignant lesions of the skin, breast and cervix. He

described the term desiccation as the destruction of tissue

via dehydration without carbonization [6, 9].

The first attempts to utilize radiofrequency currents in

the operating theater are found at the beginning of the 20th

century. In 1926, Wiliam Bowie (a physicist from Harvard)

constructed an operating room electrosurgical device that

offered both coagulating and cutting currents. The device

was first used by Harvey Cushing (a neurosurgeon at Peter

Bent Brigham Hospital) to stop bleeding and cut through

tissue [10]. Since that time, a worldwide revolutionary

spread of this technology occurred, and radiofrequency

electrosurgery quickly became accepted by the scientific

community. This led to the evolution of various and

numerous types of electrosurgical instruments for cutting

and achieving coagulation in the operating theater.

In the 1970s, several experiments studying the effects of

radiofrequency and microwave currents on animals (pigs,

rats and Rhesus monkeys) were conducted. Unaffected

internal homeostasis was observed, and the pattern of tissue

heating was studied (both on the surface of and deep within

the body) [2, 5].

The utilization of RF energy to induce focal thermal

tissue destruction deep within the human body (without its

opening) was first described in the field of cardiology in the

1980s. In 1989, Langberg reported successful catheter

ablation of the atrioventricular junction using RF energy.

The safety of the procedure led to the widespread adoption

of catheter ablation as a therapeutic modality in cardiology

for the treatment of supraventricular and ventricular dys-

rhythmias caused by stable arrhythmic foci [11, 12].

The idea to apply RF energy to solid tumors to cause

tissue destruction via focal thermal injury came in the early

1990s. Investigators modified RF equipment to induce

focal thermal injuries deep within the liver parenchyma.

Histopathologic examinations of the ablated livers showed

well-defined concentric regions of coagulative necrosis

around the active electrode tips [13, 14].

Rossi and colleagues became leaders in the field of

percutaneous imaging-guided tumor ablation. In 1990, they

reported the findings of experiments in guinea pig and pig

livers using 480-KHz localized RF currents and determined

the size and shape of achievable areas of ablation in the

liver. Subsequently, they published the preliminary and

final results of the use of RF ablation in the treatment of

inoperable liver tumors. In particular, their study published

in 1996 constituted a milestone with respect to percutane-

ous RF ablation of liver tumors, proving the effectiveness

and safety of this new method [13, 15].

In 2002, Habib and colleagues developed the innovative

method of radiofrequency-assisted liver resection. This

new technique employs the heat produced by an RF needle

electrode to coagulate liver tissue before cutting it, thus

permitting the surgeon to perform liver resection with

minimal blood loss [16]. The technique can be used in both

open and minimally invasive surgery.

Definition and physical principles of radiofrequency

energy

Radiofrequency energy is the biophysical conception

established to describe high-frequency alternating electri-

cal currents (with a frequency ranging from 300 kHz to

3 MHz) and their impact on biological tissue [17].

Radiofrequency alternating current is a technical term in

biophysics created by the fusion of the names of two different

physical quantities: electromagnetic radio broadcast waves

and high-frequency alternating electrical currents. Interme-

diate frequencies of electromagnetic waves (300 kHz–

3 MHz) are used to modify the amplitude (AM) of a radio

broadcast. For this reason, alternating electrical currentswith

high frequencies in the range of 300 kHz–3 MHz are refer-

red to as radiofrequency alternating currents [1, 5, 17].

Radiofrequency currents create the desired clinical

effect by passing through tissue. In the course of current RF
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application, electromagnetic energy is first converted in

cells to kinetic energy then to thermal energy. Thermal

energy production causes tissue heating around the active

electrodes [1, 17].

The resulting effects of an RF current in the tissue are

determined according to a number of factors: the electrical

properties of the current (the frequency, amperage, voltage,

power and waveform of the output), exposure time, prop-

erties of the tissue (impedance, water content) and size and

shape of the surface of the electrode [3, 18].

The electrical energy is transformed into heat in accor-

dance with Joules Law and can be expressed using the

following formula:

Energy ¼ ðcurrent=cross� sectional areaÞ2 � time

� resistance:

The heat generated in the tissue around the active

electrode is a function of the current density (the current

per cross-sectional area), time and resistance. The larger

the current and voltage, the more heat is produced in the

tissue. The RF current spreads around the electrode in a

relatively uniform manner and creates a spherical zone of

thermal tissue destruction. The RF power density decreases

in proportion to the square of the distance from the

electrode, which leads to a rapid decrease in temperature in

association with an increase in the distance from the

electrode [1, 5, 17, 19, 20].

The application of RF energy requires the formation of a

closed-loop electrical circuit consisting of a radiofrequency

generator, the patient and wires and electrodes. The RF

generator takes an alternating electrical current from a

socket (with a frequency of 50 or 60 Hz) and converts it

into an alternating current with a frequency in the range of

300–700 kHz. Generators can be used to produce a number

of different waveforms (low-voltage continuous mode,

interrupted high-voltage mode and various blended modes)

that allow the surgeon to change the impact of the RF

energy on the tissue [3, 18].

The electrical circuit must be complete. For this reason,

there are always two electrodes in direct contact with the

patient. Monopolar devices include one dispersive elec-

trode with a large surface and one active electrode with a

small surface. A significant discrepancy between the sur-

faces of the active and passive electrodes results in the

concentration of heat production in the tissue surrounding

the active electrode. When bipolar devices are used, both

electrodes are located within the surgical instrument, with

the electrical current passing and concentrating between

the electrodes.

The primary principle of bipolar devices is that only the

tissue interposed between the two electrodes is part of

the electrical circuit. This allows for more accurate

measurement of the tissue temperature and impedance and

decreases the number of possible complications caused by

current diversion [1, 18, 21].

Biological effects of radiofrequency energy

Alternating electrical currents with a low frequency have

the ability to depolarize muscle and neural cells. Depo-

larization is caused by opening voltage-gated sodium and

calcium ion channels localized within neural and muscular

cell membranes. Depolarization of heart muscle cells can

lead to cardiac rhythm disorders, and depolarization of

muscles and nerves is associated with muscle fasciculation

and pain [1, 17]. If the current frequency is increased in

excess of 100,000 Hz, sodium and calcium ion channels do

not open, and cellular membrane depolarization does not

occur. In addition, the functions of muscle and neural cells

are not altered. For these reasons, RF currents can be used

in medicine without causing undesired clinical effects on

cardiac, muscular or neural cells [22, 23].

The application of RF energy causes controlled tissue

heating with consequent cell protein denaturation and

desiccation, which leads to cell death and tissue destruc-

tion. The primary use of generating heat via the application

of RF energy is to cut, coagulate or induce metabolic

processes in the target tissue. Radiofrequency currents do

not affect cellular macromolecules and are, therefore,

neither carcinogenic nor teratogenic [22–24].

The elevation of cellular and tissue temperature is the

principal property of RF currents used to achieve the

desired clinical effects. There are three basic mechanisms

through which RF currents increase tissue temperature. The

most important is the conversion of electromagnetic energy

to mechanical energy. High-frequency alternating currents

cause rapid oscillation of electrically charged particles

(ions) within the cellular cytoplasm. Rapid ion movement

leads to frictional forces that induce thermal energy pro-

duction and elevation of intracellular and tissue tempera-

ture. The second mechanism of RF-induced increased

tissue temperature is the so-called resistive heating, which

is based on the physical concept of an increased tempera-

ture in a resistor due to the flow of current. The third

mechanism is indirect: conductive heat transfer. The

increase in tissue temperature leads to the conduction of

thermal energy to the adjacent tissue with elevation of the

tissue temperature [1, 17, 22, 23].

Two crucial factors determine the biological effects of

RF energy on tissue: the amount of thermal energy deliv-

ered to the tissue and the speed of tissue heating. RF-

induced thermal damage to tissue is reversible when the

achieved cellular temperature is below 45 �C. When the

tissue temperature reaches 50 �C, cell death occurs within
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principles and applications of radiofrequency energy in

surgery. The primary outcome of this paper is to offer a

complete, well-structured and up-to-date review of the

current status of the use of radiofrequency in surgery.

Results

History of radiofrequency energy in medicine

Radiofrequency technology has been deployed in medicine

for over 100 years. The first experiments to apply radio-

frequency energy in humans were conducted at the end of

the 19th century. In 1881, Morton found that an oscillating

current with a 100-KHz frequency can pass through the

human body without inducing pain, spasms or burns [6].

In 1893, Arsene D’Arsonval published similar findings

with the current frequency lowered to 10 kHz. He reported

that a current passing through the tissue leads to the ele-

vation of tissue temperature and increased oxygen

absorption and carbon dioxide elimination [6, 7].

In 1900, the Parisian physician, Joseph Rivere, used a

high-frequency alternating current to treat a carcinomatous

ulcer on the hand of a patient, which is noted to be the first

use of radiofrequency electricity in surgery. Consequently,

he continued to apply electricity in the treatment of hem-

orrhoids and various superficial lesions of the skin, oral

cavity and bladder [8].

In 1911, William Clark altered an electrosurgical device

(amperage increased, voltage decreased) to produce deeper

penetration of heat into tissue and used this device to

remove malignant lesions of the skin, breast and cervix. He

described the term desiccation as the destruction of tissue

via dehydration without carbonization [6, 9].

The first attempts to utilize radiofrequency currents in

the operating theater are found at the beginning of the 20th

century. In 1926, Wiliam Bowie (a physicist from Harvard)

constructed an operating room electrosurgical device that

offered both coagulating and cutting currents. The device

was first used by Harvey Cushing (a neurosurgeon at Peter

Bent Brigham Hospital) to stop bleeding and cut through

tissue [10]. Since that time, a worldwide revolutionary

spread of this technology occurred, and radiofrequency
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community. This led to the evolution of various and

numerous types of electrosurgical instruments for cutting

and achieving coagulation in the operating theater.

In the 1970s, several experiments studying the effects of

radiofrequency and microwave currents on animals (pigs,

rats and Rhesus monkeys) were conducted. Unaffected

internal homeostasis was observed, and the pattern of tissue

heating was studied (both on the surface of and deep within

the body) [2, 5].

The utilization of RF energy to induce focal thermal

tissue destruction deep within the human body (without its

opening) was first described in the field of cardiology in the

1980s. In 1989, Langberg reported successful catheter
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Histopathologic examinations of the ablated livers showed

well-defined concentric regions of coagulative necrosis

around the active electrode tips [13, 14].

Rossi and colleagues became leaders in the field of

percutaneous imaging-guided tumor ablation. In 1990, they

reported the findings of experiments in guinea pig and pig

livers using 480-KHz localized RF currents and determined

the size and shape of achievable areas of ablation in the

liver. Subsequently, they published the preliminary and

final results of the use of RF ablation in the treatment of

inoperable liver tumors. In particular, their study published

in 1996 constituted a milestone with respect to percutane-

ous RF ablation of liver tumors, proving the effectiveness

and safety of this new method [13, 15].

In 2002, Habib and colleagues developed the innovative

method of radiofrequency-assisted liver resection. This

new technique employs the heat produced by an RF needle

electrode to coagulate liver tissue before cutting it, thus

permitting the surgeon to perform liver resection with
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established to describe high-frequency alternating electri-
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3 MHz) and their impact on biological tissue [17].
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biophysics created by the fusion of the names of two different
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diate frequencies of electromagnetic waves (300 kHz–

3 MHz) are used to modify the amplitude (AM) of a radio

broadcast. For this reason, alternating electrical currentswith
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effect by passing through tissue. In the course of current RF
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application, electromagnetic energy is first converted in
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The resulting effects of an RF current in the tissue are

determined according to a number of factors: the electrical
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power and waveform of the output), exposure time, prop-

erties of the tissue (impedance, water content) and size and
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dance with Joules Law and can be expressed using the
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relatively uniform manner and creates a spherical zone of
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in proportion to the square of the distance from the

electrode, which leads to a rapid decrease in temperature in

association with an increase in the distance from the

electrode [1, 5, 17, 19, 20].

The application of RF energy requires the formation of a

closed-loop electrical circuit consisting of a radiofrequency

generator, the patient and wires and electrodes. The RF

generator takes an alternating electrical current from a

socket (with a frequency of 50 or 60 Hz) and converts it

into an alternating current with a frequency in the range of

300–700 kHz. Generators can be used to produce a number

of different waveforms (low-voltage continuous mode,

interrupted high-voltage mode and various blended modes)

that allow the surgeon to change the impact of the RF

energy on the tissue [3, 18].

The electrical circuit must be complete. For this reason,

there are always two electrodes in direct contact with the

patient. Monopolar devices include one dispersive elec-

trode with a large surface and one active electrode with a

small surface. A significant discrepancy between the sur-

faces of the active and passive electrodes results in the

concentration of heat production in the tissue surrounding

the active electrode. When bipolar devices are used, both

electrodes are located within the surgical instrument, with

the electrical current passing and concentrating between

the electrodes.

The primary principle of bipolar devices is that only the

tissue interposed between the two electrodes is part of

the electrical circuit. This allows for more accurate

measurement of the tissue temperature and impedance and

decreases the number of possible complications caused by

current diversion [1, 18, 21].
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Alternating electrical currents with a low frequency have

the ability to depolarize muscle and neural cells. Depo-

larization is caused by opening voltage-gated sodium and

calcium ion channels localized within neural and muscular

cell membranes. Depolarization of heart muscle cells can

lead to cardiac rhythm disorders, and depolarization of

muscles and nerves is associated with muscle fasciculation

and pain [1, 17]. If the current frequency is increased in

excess of 100,000 Hz, sodium and calcium ion channels do

not open, and cellular membrane depolarization does not

occur. In addition, the functions of muscle and neural cells

are not altered. For these reasons, RF currents can be used

in medicine without causing undesired clinical effects on

cardiac, muscular or neural cells [22, 23].

The application of RF energy causes controlled tissue

heating with consequent cell protein denaturation and

desiccation, which leads to cell death and tissue destruc-

tion. The primary use of generating heat via the application

of RF energy is to cut, coagulate or induce metabolic

processes in the target tissue. Radiofrequency currents do

not affect cellular macromolecules and are, therefore,

neither carcinogenic nor teratogenic [22–24].

The elevation of cellular and tissue temperature is the

principal property of RF currents used to achieve the

desired clinical effects. There are three basic mechanisms

through which RF currents increase tissue temperature. The

most important is the conversion of electromagnetic energy

to mechanical energy. High-frequency alternating currents

cause rapid oscillation of electrically charged particles

(ions) within the cellular cytoplasm. Rapid ion movement

leads to frictional forces that induce thermal energy pro-

duction and elevation of intracellular and tissue tempera-

ture. The second mechanism of RF-induced increased

tissue temperature is the so-called resistive heating, which

is based on the physical concept of an increased tempera-

ture in a resistor due to the flow of current. The third

mechanism is indirect: conductive heat transfer. The

increase in tissue temperature leads to the conduction of

thermal energy to the adjacent tissue with elevation of the

tissue temperature [1, 17, 22, 23].

Two crucial factors determine the biological effects of

RF energy on tissue: the amount of thermal energy deliv-

ered to the tissue and the speed of tissue heating. RF-

induced thermal damage to tissue is reversible when the

achieved cellular temperature is below 45 �C. When the

tissue temperature reaches 50 �C, cell death occurs within
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approximately 6 min. A local temperature of 60 �C or

higher results in immediate cell death [19, 25, 26].

Tissue temperatures between 60 �C and 95 �C lead to

cellular death via two simultaneous biological processes:

protein denaturation and the loss of cellular water (desic-

cation). Protein denaturation is caused by the temperature-

induced breaking of the hydrothermal bonds that exist

between protein molecules and consequent reforming of

broken bonds as the local temperature cools, which leads to

a loss of structural protein integrity. The loss of cellular

water occurs through the thermally damaged cellular wall.

Tissue temperatures above 95 �C result in a process of

vaporization: intracellular water turns to steam leading to

massive expansion of the intracellular volume and cell

explosion. When the tissue temperature reaches 200 �C
or higher, a process of carbonization takes place in

which organic tissue molecules are reduced to carbon

[1, 17, 25, 27].

Applications of radiofrequency energy in surgery

Over a period of more than 100 years, radiofrequency

energy has been introduced in many fields and applications

in medicine. The currently accepted medical applications

of RF energy are shown in Table 1. At present, RF energy

is widely used in operating rooms in the vast majority of

surgical procedures. Several types of RF-based systems are

used in surgery: monopolar and bipolar electrosurgical

units, endovenous RF ablation of varicose veins, RF

ablation of tumors and RF-assisted resection of parenchy-

mal organs.

Monopolar and bipolar electrosurgical units

Electrosurgical units based on the use of RF energy are

widely applied in operating rooms to assist in surgical

procedures by providing methods of cutting and achieving

hemostasis. These devices are also called diathermy or

electrocautery apparatuses.

Electrosurgical units utilize the effects of RF energy to

cut or achieve coagulation and/or fulguration. Cutting

(tissue incision) is performed using the RF-induced bio-

logical process of cellular vaporization. Hemostasis is

achieved by two simultaneous processes: desiccation and

protein denaturation. Fulguration is a process of rapid

superficial coagulation caused by the biological processes

of desiccation, denaturation and carbonization [1, 3, 17].

The output from the electrosurgical unit (RF generator)

can be modulated to produce different waveforms for a

particular mode of action. As the waveforms change, so too

do the corresponding tissue effects. The RF oscillator

provides the basic high-frequency signal, which is ampli-

fied and modulated to produce cutting, coagulation and

blended waveforms. The RF power output is turned on and

Table 1 Applications of

radiofrequency energy in

medicine

Medical field Type of procedure Indications

Cardiology RF catheter ablation Cardiac arrhythmias

Coloproctology Secca procedure Fecal incontinence

Cosmetic surgery Skin rejuvenation and tightening RF

systems

Skin wrinkles

Cellulitis

ENT

(otolaryngology)

RF palatoplasty Obstructive sleep apnoea syndrome

Habitual snoring

Gastroenterology Stretta procedure Gastroesophageal reflux syndrome

Neurosurgery Percutaneous RF neurotomy Chronic back pain from facet or sacroiliac

joints

Ophthalmology Conductive Keratoplasty Vision correction of hyperopia and

presbyopia

Surgery Monopolar and bipolar electrosurgical

units

Cutting and haemostasis in the operating

rooms

Endovenous radiofrequency ablation Saphenous vein reflux

RF ablation RFA of solid tumours of liver, kidney, lung,

adrenal gland, bone

RF-assisted resection Resection of tumours of liver, kidney,

spleen, pancreas

Urology Transurethral resection of the prostate

(TURP)

Benign prostatic hyperplasia

Transurethral RF needle ablation of the

prostate (TUNA)

Benign prostatic hyperplasia

Renessa procedure Stress urinary incontinence
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off by means of a control circuit connected to either a hand

switch on the active electrode or a foot switch that can be

operated by the surgeon. In cutting mode, the generator

delivers constant, continuous, sinusoidal waveforms of

alternating current. A generator working in coagulation

mode delivers interrupted (the current is relative to the

continuous cutting mode only approximately 6 % of the

time) high-voltage current. Blended modes include various

modifications of the duty cycle to achieve varying mixtures

of cutting and coagulation [1, 3, 5, 18].

Electrosurgical units can apply RF energy in either a

monopolar or bipolar fashion. Both methods of RF energy

delivery are applicable via various instruments designed

for use in open or laparoscopic surgery.

Monopolar systems are the most commonly used elec-

trosurgical modalities at present. The active electrode is

designed to focus the current (and its tissue effects) on the

surgical target. The current then passes through the patient

and completes the circuit through the dispersive, large-

surface electrode positioned on the patient at a location

distant from the surgical site.

Bipolar systems are designed to have both electrodes

positioned on the same surgical instrument at the site of

surgery. The only part of the patient involved in the elec-

trical circuit is the tissue between the two electrodes. For

this reason, bipolar systems are safer, provide more accu-

rate measurements of local tissue parameters (temperature,

impedance) and prevent complications related to unin-

tended dispersal of the electrical current [18, 21].

Progressive evolution of bipolar electrosurgical instru-

ments has led to the creation of vessel sealing technology.

This technology is designed to reliably seal vascular

structures up to 7 mm in diameter via the complete fusion

of the vascular intimal layers. Vessel sealing systems are

equipped with sophisticated closed-loop feedback control

algorithms and combine RF energy and high pressure to

achieve fusion of the vessel walls, thus creating a perma-

nent seal with minimal thermal spread.

Seal strengths have been proven to be significantly

stronger than other energy-based techniques, such as

standard bipolar systems or ultrasonic coagulation. Elec-

trosurgically sealed vessels are comparable to mechanical

ligation tools, such as sutures and clips. Several studies

have demonstrated low complication rates and low

amounts of operative blood loss associated with the use of

vessel sealing technology in laparoscopic and open surgery

[1, 17, 18].

Endovenous RF ablation of varicose veins

Reflux of the great saphenous vein is themost common cause

of chronic venous insufficiency (CVI), whose symptoms

include varicose veins, leg swelling, skin discoloration and

ulceration, and is usually associated with substantial effects

on the patient’s quality of life. Surgery (high saphenofemoral

ligation, stripping of the saphenous vein and varicose vein

removal) is the traditional modality for treating CVI. In

recent years, minimally invasive endovenous treatments

(endovenous laser therapy, radiofrequency ablation and

endovenous foam sclerotherapy) have gained popularity and

become widely used in the treatment of saphenous vein

reflux [28, 29].

Endovenous radiofrequency ablation (RFA) involves the

delivery of RF energy to induce thermal injury and seal the

saphenous vein. This procedure is usually performed under

ultrasound guidance to confirm and map all areas of reflux

and monitor the course of the procedure. The majority of

RFA treatments are currently performed in the office set-

ting. A catheter is passed through a small incision near the

knee into the sheath and advanced to the desired location.

RF energy is then applied and delivered directly to the vein

walls without coagulating blood. Heat delivered to the

vessel wall causes the vein to shrink and seal off. The

catheter tip is then slowly withdrawn along the course of

the vein at a rate of approximately 1 cm per minute.

This procedure is typically used to treat truncal varicose

veins (the great saphenous vein and small saphenous vein)

because RFA catheters cannot easily be passed through

tortuous veins or vessels with many turns and bends.

Published studies have demonstrated endovenous RFA to

be a minimally invasive technique that is safe, well-toler-

ated by patients and able to achieve good cosmetic results.

In comparison with standard surgery, endovenous RFA

offers comparable efficacy with lower morbidity and a

faster recovery. The primary advantages of RFA are

reduced periprocedural pain, a high vein occlusion rate and

an early return to normal activities [28–31].

Solid tumor ablation

Primary and secondary liver tumors present a challenging

problem in clinical oncology due to very high morbidity

and mortality worldwide. Surgical resection is undoubtedly

the ‘‘gold standard’’ for patients with liver metastases or

primary liver tumors. Unfortunately, resection of hepatic

malignancies is possible in only 10–25 % of patients at the

time of initial detection as a result of tumor extent and

localization, an inadequate hepatic reserve and/or signifi-

cant comorbidities. Patients with unresectable disease

may be candidates for local ablative techniques, chemo-

embolization and/or systemic or local chemotherapy [4, 20,

25, 26].

Several local ablative techniques for performing chem-

ical or thermal tumor ablation have been developed in the

past two decades. Radiofrequency ablation (RFA) has

become the ablative modality of choice on the grounds of
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approximately 6 min. A local temperature of 60 �C or

higher results in immediate cell death [19, 25, 26].

Tissue temperatures between 60 �C and 95 �C lead to

cellular death via two simultaneous biological processes:

protein denaturation and the loss of cellular water (desic-

cation). Protein denaturation is caused by the temperature-

induced breaking of the hydrothermal bonds that exist

between protein molecules and consequent reforming of

broken bonds as the local temperature cools, which leads to

a loss of structural protein integrity. The loss of cellular

water occurs through the thermally damaged cellular wall.

Tissue temperatures above 95 �C result in a process of

vaporization: intracellular water turns to steam leading to

massive expansion of the intracellular volume and cell

explosion. When the tissue temperature reaches 200 �C
or higher, a process of carbonization takes place in

which organic tissue molecules are reduced to carbon

[1, 17, 25, 27].

Applications of radiofrequency energy in surgery

Over a period of more than 100 years, radiofrequency

energy has been introduced in many fields and applications

in medicine. The currently accepted medical applications

of RF energy are shown in Table 1. At present, RF energy

is widely used in operating rooms in the vast majority of

surgical procedures. Several types of RF-based systems are

used in surgery: monopolar and bipolar electrosurgical

units, endovenous RF ablation of varicose veins, RF

ablation of tumors and RF-assisted resection of parenchy-

mal organs.

Monopolar and bipolar electrosurgical units

Electrosurgical units based on the use of RF energy are

widely applied in operating rooms to assist in surgical

procedures by providing methods of cutting and achieving

hemostasis. These devices are also called diathermy or

electrocautery apparatuses.

Electrosurgical units utilize the effects of RF energy to

cut or achieve coagulation and/or fulguration. Cutting

(tissue incision) is performed using the RF-induced bio-

logical process of cellular vaporization. Hemostasis is

achieved by two simultaneous processes: desiccation and

protein denaturation. Fulguration is a process of rapid

superficial coagulation caused by the biological processes

of desiccation, denaturation and carbonization [1, 3, 17].

The output from the electrosurgical unit (RF generator)

can be modulated to produce different waveforms for a

particular mode of action. As the waveforms change, so too

do the corresponding tissue effects. The RF oscillator

provides the basic high-frequency signal, which is ampli-

fied and modulated to produce cutting, coagulation and

blended waveforms. The RF power output is turned on and

Table 1 Applications of

radiofrequency energy in

medicine

Medical field Type of procedure Indications

Cardiology RF catheter ablation Cardiac arrhythmias

Coloproctology Secca procedure Fecal incontinence

Cosmetic surgery Skin rejuvenation and tightening RF

systems

Skin wrinkles

Cellulitis

ENT

(otolaryngology)

RF palatoplasty Obstructive sleep apnoea syndrome

Habitual snoring

Gastroenterology Stretta procedure Gastroesophageal reflux syndrome

Neurosurgery Percutaneous RF neurotomy Chronic back pain from facet or sacroiliac

joints

Ophthalmology Conductive Keratoplasty Vision correction of hyperopia and

presbyopia

Surgery Monopolar and bipolar electrosurgical

units

Cutting and haemostasis in the operating

rooms

Endovenous radiofrequency ablation Saphenous vein reflux

RF ablation RFA of solid tumours of liver, kidney, lung,

adrenal gland, bone

RF-assisted resection Resection of tumours of liver, kidney,

spleen, pancreas

Urology Transurethral resection of the prostate

(TURP)

Benign prostatic hyperplasia

Transurethral RF needle ablation of the

prostate (TUNA)

Benign prostatic hyperplasia

Renessa procedure Stress urinary incontinence
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off by means of a control circuit connected to either a hand

switch on the active electrode or a foot switch that can be

operated by the surgeon. In cutting mode, the generator

delivers constant, continuous, sinusoidal waveforms of

alternating current. A generator working in coagulation

mode delivers interrupted (the current is relative to the

continuous cutting mode only approximately 6 % of the

time) high-voltage current. Blended modes include various

modifications of the duty cycle to achieve varying mixtures

of cutting and coagulation [1, 3, 5, 18].

Electrosurgical units can apply RF energy in either a

monopolar or bipolar fashion. Both methods of RF energy

delivery are applicable via various instruments designed

for use in open or laparoscopic surgery.

Monopolar systems are the most commonly used elec-

trosurgical modalities at present. The active electrode is

designed to focus the current (and its tissue effects) on the

surgical target. The current then passes through the patient

and completes the circuit through the dispersive, large-

surface electrode positioned on the patient at a location

distant from the surgical site.

Bipolar systems are designed to have both electrodes

positioned on the same surgical instrument at the site of

surgery. The only part of the patient involved in the elec-

trical circuit is the tissue between the two electrodes. For

this reason, bipolar systems are safer, provide more accu-

rate measurements of local tissue parameters (temperature,

impedance) and prevent complications related to unin-

tended dispersal of the electrical current [18, 21].

Progressive evolution of bipolar electrosurgical instru-

ments has led to the creation of vessel sealing technology.

This technology is designed to reliably seal vascular

structures up to 7 mm in diameter via the complete fusion

of the vascular intimal layers. Vessel sealing systems are

equipped with sophisticated closed-loop feedback control

algorithms and combine RF energy and high pressure to

achieve fusion of the vessel walls, thus creating a perma-

nent seal with minimal thermal spread.

Seal strengths have been proven to be significantly

stronger than other energy-based techniques, such as

standard bipolar systems or ultrasonic coagulation. Elec-

trosurgically sealed vessels are comparable to mechanical

ligation tools, such as sutures and clips. Several studies

have demonstrated low complication rates and low

amounts of operative blood loss associated with the use of

vessel sealing technology in laparoscopic and open surgery

[1, 17, 18].

Endovenous RF ablation of varicose veins

Reflux of the great saphenous vein is themost common cause

of chronic venous insufficiency (CVI), whose symptoms

include varicose veins, leg swelling, skin discoloration and

ulceration, and is usually associated with substantial effects

on the patient’s quality of life. Surgery (high saphenofemoral

ligation, stripping of the saphenous vein and varicose vein

removal) is the traditional modality for treating CVI. In

recent years, minimally invasive endovenous treatments

(endovenous laser therapy, radiofrequency ablation and

endovenous foam sclerotherapy) have gained popularity and

become widely used in the treatment of saphenous vein

reflux [28, 29].

Endovenous radiofrequency ablation (RFA) involves the

delivery of RF energy to induce thermal injury and seal the

saphenous vein. This procedure is usually performed under

ultrasound guidance to confirm and map all areas of reflux

and monitor the course of the procedure. The majority of

RFA treatments are currently performed in the office set-

ting. A catheter is passed through a small incision near the

knee into the sheath and advanced to the desired location.

RF energy is then applied and delivered directly to the vein

walls without coagulating blood. Heat delivered to the

vessel wall causes the vein to shrink and seal off. The

catheter tip is then slowly withdrawn along the course of

the vein at a rate of approximately 1 cm per minute.

This procedure is typically used to treat truncal varicose

veins (the great saphenous vein and small saphenous vein)

because RFA catheters cannot easily be passed through

tortuous veins or vessels with many turns and bends.

Published studies have demonstrated endovenous RFA to

be a minimally invasive technique that is safe, well-toler-

ated by patients and able to achieve good cosmetic results.

In comparison with standard surgery, endovenous RFA

offers comparable efficacy with lower morbidity and a

faster recovery. The primary advantages of RFA are

reduced periprocedural pain, a high vein occlusion rate and

an early return to normal activities [28–31].

Solid tumor ablation

Primary and secondary liver tumors present a challenging

problem in clinical oncology due to very high morbidity

and mortality worldwide. Surgical resection is undoubtedly

the ‘‘gold standard’’ for patients with liver metastases or

primary liver tumors. Unfortunately, resection of hepatic

malignancies is possible in only 10–25 % of patients at the

time of initial detection as a result of tumor extent and

localization, an inadequate hepatic reserve and/or signifi-

cant comorbidities. Patients with unresectable disease

may be candidates for local ablative techniques, chemo-

embolization and/or systemic or local chemotherapy [4, 20,

25, 26].

Several local ablative techniques for performing chem-

ical or thermal tumor ablation have been developed in the

past two decades. Radiofrequency ablation (RFA) has

become the ablative modality of choice on the grounds of
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multiple randomized controlled trials of patients with un-

resectable liver tumors [4, 26, 32].

RFA is based on the application of RF energy to the

tumor, thereby causing thermal destruction, i.e., ablation.

The most common method of performing RFA is the per-

cutaneous approach under ultrasonography or CT guid-

ance. RFA can also be performed in the operating theater

during open surgery or laparoscopy. During the course of

the RFA procedure, an active electrode is placed on the

tumor, and RF energy is delivered. The entire targeted

volume must be subjected to cytotoxic temperatures in

order to be destroyed. The initial major limitation of RFA

was the small volume of lesions created by ablation. Early

RF electrodes were monopolar, able to create 1.5–2 cm

cylindrical zones of ablated tissue; therefore, only tumors

less than 2 cm in diameter could be ablated [19, 20, 25].

The continuous development of RF technology allowed

surgeons to achieve larger volumes of tissue ablation.

There are several different strategies for increasing the field

of ablation using RFA. The most successful involve bipolar

electrodes, internal electrode cooling via circulating fluid,

the use of pulsed RF ablation and multi-applicator systems.

Multi-applicator systems are composed of several straight,

parallel electrodes (cluster) or curved, radially arranged

electrodes (expandable electrodes). Due to technical

improvements in RF technology, it is currently possible to

effectively ablate lesions with a diameter of 5–7 cm under

optimal conditions [25, 26, 32].

According to many studies published in the last two

decades, RFA can be used to treat primary and secondary

liver tumors, with a success rate of 90 %. It is a safe

technique with a low rate of complications, offering

benefits for life expectancy in patients with locally

advanced disease [4, 20, 25, 26, 32]. The spectrum of

clinical applications of RFA has been widened from

unresectable liver tumors to unresectable tumors of the

kidneys, adrenal glands, bones, lungs and breast [4].

Radiofrequency-assisted resection of parenchymal

organs

Liver resection is the accepted treatment of choice for

patients with primary or secondary liver tumors. Intraop-

erative blood loss and the subsequent need for blood

transfusions remain significant risk factors for postopera-

tive morbidity and mortality associated with hepatic

resection. Over the years, different techniques have been

developed to allow for safer liver resection with minimal

blood loss. One of the techniques offering ‘‘bloodless’’

liver resection is radiofrequency-assisted liver resection,

which was introduced by Habib’s team in 2002 and is,

therefore, also called Habib’s resection. It is a simple

method in which the principle of radiofrequency-induced

coagulative necrosis is used to achieve hemostasis and

biliostasis [16, 33, 34].

RF energy induced by an RF generator is repeatedly

applied through a special RF needle (HabibTM 4X) along

the intended resection line. This leads to the creation of an

approximately 2-cm wide zone of coagulative necrosis in

the liver parenchyma. The created zone represents an

avascular resection plane, along which the liver paren-

chyma can be divided using a scalpel with minimal blood

loss. In this manner, hemostasis is obtained using RF

energy only; no additional devices (e.g., stitches, knots,

clips or glue) are needed [16].

Radiofrequency-assisted liver resection can be per-

formed in both open and minimally invasive surgery. The

HabibTM 4X is a handheld instrument designed for use in

liver resection during open surgery. It is a bipolar device

that releases RF energy between two pairs of active elec-

trodes spaced at the corners of a rectangle. The laparo-

scopic HabibTM 4X is a similar device (bipolar with four

electrodes) designed for use in minimally invasive surgery

[16, 33, 35].

This technique can be used in all types of liver resection,

from small wedge resection to hemihepatectomy. It allows

the surgeon to perform minor hepatic resection at the

expense of major hepatectomy, thereby saving the patient’s

normal hepatic parenchyma for future resection.

Published studies indicate that Habib’s resection is

associated with minimal blood loss, a reduced need for

perioperative blood transfusions and low morbidity and

mortality. The use of the radiofrequency-assisted technique

in parenchymal resection has expanded from liver resection

to resection of the kidneys, spleen and pancreas [16, 33–36].

Conclusion

Radiofrequency energy has been used in medicine for more

than 100 years. The spectrum of RF energy application has

been expanded in the last decades from tissue coagulation

and cutting in operating room electrosurgical units to the

development of a high number of diverse devices used in

almost every medical specialty.

Currently accepted medical applications of radiofre-

quency energy include: monopolar and bipolar electrosur-

gical units for tissue coagulation and cutting; vessel sealing

systems; conductive keratoplasty in vision correction; RF

ablation of the soft palate and tongue in the treatment of

obstructive sleep apnea and snoring; RF catheter ablation

in the treatment of cardiac arrhythmias; RF skin rejuve-

nation and tightening technology in cosmetic surgery;

endovenous RF ablation of varicose veins; RF neurotomy

in the treatment of chronic back pain; transurethral resec-

tion and transurethral needle ablation of benign prostatic

990 Surg Today (2014) 44:985–991
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hyperplasia; the Stretta procedure in the treatment of gas-

troesophageal reflux disease; the Renessa procedure in the

treatment of stress urinary incontinence; the Secca proce-

dure in the treatment of fecal incontinence; RF ablation of

unresectable solid tumors; and RF-assisted resection of the

parenchymal organs (liver, kidneys, spleen, pancreas).

Radiofrequency energy is a principal component of

numerous medical devices and, thus, functions as an

extremely valuable tool in the hands of practicing clini-

cians. It is, therefore, absolutely necessary for all health

care professionals to understand the fundamental physical

principles and biological effects of radiofrequency energy

on the human body. Such awareness would give rise to the

proper use of RF energy and increase the safety of

procedures.
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multiple randomized controlled trials of patients with un-

resectable liver tumors [4, 26, 32].

RFA is based on the application of RF energy to the

tumor, thereby causing thermal destruction, i.e., ablation.

The most common method of performing RFA is the per-

cutaneous approach under ultrasonography or CT guid-

ance. RFA can also be performed in the operating theater

during open surgery or laparoscopy. During the course of

the RFA procedure, an active electrode is placed on the

tumor, and RF energy is delivered. The entire targeted

volume must be subjected to cytotoxic temperatures in

order to be destroyed. The initial major limitation of RFA

was the small volume of lesions created by ablation. Early

RF electrodes were monopolar, able to create 1.5–2 cm

cylindrical zones of ablated tissue; therefore, only tumors

less than 2 cm in diameter could be ablated [19, 20, 25].

The continuous development of RF technology allowed

surgeons to achieve larger volumes of tissue ablation.

There are several different strategies for increasing the field

of ablation using RFA. The most successful involve bipolar

electrodes, internal electrode cooling via circulating fluid,

the use of pulsed RF ablation and multi-applicator systems.

Multi-applicator systems are composed of several straight,

parallel electrodes (cluster) or curved, radially arranged

electrodes (expandable electrodes). Due to technical

improvements in RF technology, it is currently possible to

effectively ablate lesions with a diameter of 5–7 cm under

optimal conditions [25, 26, 32].

According to many studies published in the last two

decades, RFA can be used to treat primary and secondary

liver tumors, with a success rate of 90 %. It is a safe

technique with a low rate of complications, offering

benefits for life expectancy in patients with locally

advanced disease [4, 20, 25, 26, 32]. The spectrum of

clinical applications of RFA has been widened from

unresectable liver tumors to unresectable tumors of the

kidneys, adrenal glands, bones, lungs and breast [4].

Radiofrequency-assisted resection of parenchymal

organs

Liver resection is the accepted treatment of choice for

patients with primary or secondary liver tumors. Intraop-

erative blood loss and the subsequent need for blood

transfusions remain significant risk factors for postopera-

tive morbidity and mortality associated with hepatic

resection. Over the years, different techniques have been

developed to allow for safer liver resection with minimal

blood loss. One of the techniques offering ‘‘bloodless’’

liver resection is radiofrequency-assisted liver resection,

which was introduced by Habib’s team in 2002 and is,

therefore, also called Habib’s resection. It is a simple

method in which the principle of radiofrequency-induced

coagulative necrosis is used to achieve hemostasis and

biliostasis [16, 33, 34].

RF energy induced by an RF generator is repeatedly

applied through a special RF needle (HabibTM 4X) along

the intended resection line. This leads to the creation of an

approximately 2-cm wide zone of coagulative necrosis in

the liver parenchyma. The created zone represents an

avascular resection plane, along which the liver paren-

chyma can be divided using a scalpel with minimal blood

loss. In this manner, hemostasis is obtained using RF

energy only; no additional devices (e.g., stitches, knots,

clips or glue) are needed [16].

Radiofrequency-assisted liver resection can be per-

formed in both open and minimally invasive surgery. The

HabibTM 4X is a handheld instrument designed for use in

liver resection during open surgery. It is a bipolar device

that releases RF energy between two pairs of active elec-

trodes spaced at the corners of a rectangle. The laparo-

scopic HabibTM 4X is a similar device (bipolar with four

electrodes) designed for use in minimally invasive surgery

[16, 33, 35].

This technique can be used in all types of liver resection,

from small wedge resection to hemihepatectomy. It allows

the surgeon to perform minor hepatic resection at the

expense of major hepatectomy, thereby saving the patient’s

normal hepatic parenchyma for future resection.

Published studies indicate that Habib’s resection is

associated with minimal blood loss, a reduced need for

perioperative blood transfusions and low morbidity and

mortality. The use of the radiofrequency-assisted technique

in parenchymal resection has expanded from liver resection

to resection of the kidneys, spleen and pancreas [16, 33–36].

Conclusion

Radiofrequency energy has been used in medicine for more

than 100 years. The spectrum of RF energy application has

been expanded in the last decades from tissue coagulation

and cutting in operating room electrosurgical units to the

development of a high number of diverse devices used in

almost every medical specialty.

Currently accepted medical applications of radiofre-

quency energy include: monopolar and bipolar electrosur-

gical units for tissue coagulation and cutting; vessel sealing

systems; conductive keratoplasty in vision correction; RF

ablation of the soft palate and tongue in the treatment of

obstructive sleep apnea and snoring; RF catheter ablation

in the treatment of cardiac arrhythmias; RF skin rejuve-

nation and tightening technology in cosmetic surgery;

endovenous RF ablation of varicose veins; RF neurotomy

in the treatment of chronic back pain; transurethral resec-

tion and transurethral needle ablation of benign prostatic
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hyperplasia; the Stretta procedure in the treatment of gas-

troesophageal reflux disease; the Renessa procedure in the

treatment of stress urinary incontinence; the Secca proce-

dure in the treatment of fecal incontinence; RF ablation of

unresectable solid tumors; and RF-assisted resection of the

parenchymal organs (liver, kidneys, spleen, pancreas).

Radiofrequency energy is a principal component of

numerous medical devices and, thus, functions as an

extremely valuable tool in the hands of practicing clini-

cians. It is, therefore, absolutely necessary for all health

care professionals to understand the fundamental physical

principles and biological effects of radiofrequency energy

on the human body. Such awareness would give rise to the

proper use of RF energy and increase the safety of

procedures.
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D. A radiofrequency-assisted minimal blood loss liver paren-

chyma dissection technique. Dig Surg. 2007;24:306–13.

35. Hompes D, Aerts F, Penninck F, Topal B. Laparoscopic liver

resection using radiofrequency coagulation. Surg Endosc. 2007;21:

175–80.

36. Pai M, Jiao LR, Khorsandi S, Canelo R, Spalding DR, Habib NA.

Liver resection with bipolar radiofrequency device: HabibTM 4x.

HPB. 2008;10:256–60.

Surg Today (2014) 44:985–991 991

123

University Hospital Ostrava | Collection of selected high-impact articles in 2014 | 147



148 | Fakultní nemocnice Ostrava |  Sborník vybraných impaktovaných prací za rok 2014

Poznámky / Notes:





www.fno.cz

ISBN 978-80-905684-9-5 (print)
ISBN 978-80-906002-0-1 (on-line)

ISSN 2336-4041 (Print)
ISSN 2336-405X (On-line)


