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Introduction 
 
 All over the world more than hundred thousand, in Hungary 
more than 8000 patients die because of liver failure. Even the 
number of acute cases could be counted in thousands. The greater 
part of the patients sentenced to death suffers by an irreversible liver 
disease, but 15% of the cases are acute in which the is mortality 
more than 80%. The transplantation is the only radical and ensuring 
a long survive cure in case of acute and chronic liver insufficiency. 
A huge scale of different conservative treatment methods means only 
a temporary solution. Fortunately the results after the liver 
transplantations seems to be good and according to Kaplan-Meier 
average 3 years’ survival is above 80%. The indications area is 
continually widening but the most often causes are cirrhosis caused 
by virus infection, alcohol and different cholestatic liver disease. In 
case of children the most dominate indications are disturbance of 
development and metabolic liver diseases. More than 350 liver 
transplantations were done in the frames of domestic liver 
transplantation program and the 3 years’ survival is around 70% 
independently from the indications. The prognosis besides is 
influenced by the aethiology of liver disease on a large scale, the 
general status of the patient, the extrahepatic consequences and the 
perioperative events. The success are dependents of beyond on the 
aethiology of liver disease and intraoperative techniques, from the 
immunological processes which take place in the organism. The 
early and late graft function beyond on the influence of the 
preservations and reperfusion injury is influenced during early 
postoperative phase by the systemic inflammatory response. The 
pathologic processes can be activated in many ways by hipoxia, 
necrosis, permeability disorders, hormonal activity and the activation 
of the immune system. In the posttransplantation period besides the 
rejection the infectious complication (bacterial, viral and mycotical 
infections) can also occur. It is difficult to measure directly the level 
of systemic inflammatory reaction because the cytokines, the 
mediators are transformed hour by hour. The attributes of the 
procalcitonine as inflammation marker were discovered in 1993, the 
introduction into the clinical praxis in abroad was happened in 1996, 
in our Clinic in 1998. Based on the first experiences many questions 
remained unanswerable regarding its origin, function and practical 
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application. The data in the literature and the results of the researches 
are unambiguous confirmed that the procalcitonine has a very 
important role in the inflammatory and immunological reactions 
caused by allotransplantatum. The inflammatory response and its 
pathological injury developed during the liver transplantation are 
known only by the point of view of classical inflammatory markers. 
Opposite to the procalcitonin the specificity of other inflammatory 
markers is low (white blood cell counts, fibrinogen, C reactive 
protein, serum amiloid A, fever). The extent of the postoperative 
systemic inflammatory response after the liver transplantation is 
proportional with the surgical technique. It can be caused temporary 
by endogenous and exogenous molecular patterns, bacteriemia, 
proinflammatory cytokines, necrosis caused by the surgical 
techniques and also by the molecular patterns, proinflammatoric 
cytokines which are flowing out from the graft during the 
reperfusion. If the inflammatory response is oversized, it can cause 
multi-organ failure, and the unsuccessful teratment of that can 
generate sepsis or rejection. The threshold taking into consideration 
at bedside decisions is organ and intervention specific. There would 
be definitely useful from the point of view of the diagnosis and 
prognosis for the clinician or the patient the knowledge of 
perioperative serum procalcitonine levels, kinetics together with 
thresholds because besides the common therapy the continuous 
analysis and evaluation as an essential part of the therapy can be 
influenced by the wide corelations between the immune processes, 
rejection and infection. 
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Aim of the study 
 
The aim of these doctoral theses was to evaluate the inflammatory 
processes of the multiorgan donors, the preservation process, the 
recipients and the liver transplantation from the point of wiew of the 
procalcitonin. In the first part of the doctoral dissertation the changes 
of the systemic and regional serum procalcitonin levels from the 
multiorgan donation until the fifth day after the surgery were 
examined. In the second part, the inflammatory response, induced by 
the mode of the preservation solution removal was analyzed, with 
especial regard to the early graft function and early organ failures. In 
the third part of the dissertation the causes of the abnormal reduction 
of postoperative procalcitonin levels was examined. 
 
In the course of the analysis the following questions were searched: 
 

1. In wich intraoperative phase of the liver transplantation are 
the increase of postoperative procalcitonin levels started, is 
the liver able to produce procalcitonin? 

 
2. What is the correlation like between the extent of the 

postoperative serum procalcitonin increase and the early 
postoperative complications, prognosis and the diagnosis of 
early sepsis? 

 
 
3. What is the effect of the technique of flushing out the 

preservation solution (own lood vs. 5% albumin) on the 
intraoperative regional and systemic procalcitonin levels 
and the postoperative complications? 

 
4. What is the characteristic of the systemic serum 

procalcitonin level changes during the early postoperative 
phase of the liver transplantation? 
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Methods 
 
1. Patients and methods – for the analysis of the systemic and 
regional procalcitonin level changes from the multiorgan 
donation until the fifth postoperative day after transplantation. 
 
The Patients were transplanted in the Department of Transplantation 
and Surgery of Semmelweis University, on the basis of the waiting 
list, controlled by the Hungarian Liver Transplantation Committee. 
The parameters of the inflammatory reaction (especially in relation 
of the procalcitonin), the APACHE II score, the SAPS II score, the 
liver– and kidney function, cultures were examined and the potential 
relations were explored in the course of 61 multiorgan donation and 
liver transplantation. The data were collected prospectively and 
analysed retrospectively. 
At the donor, the systemic procalcitonin measurements were 
performed before the donation (D) and the regional measurements 
were done at the end of the donation, from the perfusion solution 
(P1) (n=61). At the recipient the systemic procalcitonin 
measurements were carried out before the surgery (AS), during and 
after the surgery [twice during hepatectomy (H1-2), in the anhepatic 
phase (AH), 5 minutes before the portal venous repefusion (BRP) 
and 20 minutes after portal venous reperfusion (PRP), end the end of 
surgery (ES), at the ICU arrival (ICU) and in the first five days after 
transplantation (POD1-5). The second perfusion sample was gained at 
the repeated flushing of the graft (back tabble-P2). The rest of the 
regional samples (n=28) were taken from the portal vein (PV) at end 
of the anhepatic phase but before the flushing out of the preservation 
solution, from the hepatic vein site by flushing the graft with 400 ml 
of own blood (HV1-4, 1 sample/100 ml blood). In terms of the major 
postoperative complications as: hepatic artery thrombosis, renal or 
respiratory failure, coagulopathy and sepsis, the patients were 
divided into two groups: Group A (n=32) patients without, and 
Group B (n=29) with major postoperative complications. 
The statistical analyses were done by Statwiew 4.0 for Windows 
(SAS Institute Inc., Cary, NC, USA). For analysis of the data 
descriptive statistics were applied. After clearing up of the 
distribution for the parametric data Wilcoxon test was used. In case 
of nonparametric data χ2 test were used. Significant differences were 
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stated at p< 0.05. The procalcitonin elevation sensitivity, specificity, 
positiv and negativ predictiv value, the positiv and negativ likelihood 
ratio were analysed according to systemic inflammatory response, 
different sepsis forms and the major postoperative complications. In 
terms of the complications, the relative risk and confidency interval 
were examined. 
 
2. Patients and methods – for the analysis of the systemic and 
regional procalcitonin level changes according to the the graft 
flushing technique used. 
 
Before the reperfusion, the potasium rich Wisconsin or HTK 
solution, must be flushed out. Conforming to the former routine, for 
that purpose the patient anhepatic phase sequestrated own blood was 
utilized. During the flushing process the blood-cells are able to be 
activated on the graft endothel. The aim of the prospective clinical 
study was to answer if the type of the preservation solution flushing 
technique (own blood vs. 5% albumin) has any influence on the size 
of the inflammatory response, on the perioperative systemic and 
regional procalcitonin values and on the appearence of major 
postoperative complications. At the donor, the systemic 
procalcitonin measurements were performed before the donation (D) 
and the regional measurements were done at the end of the donation, 
from the perfusion solution (P1) (n=46). At the recipient the 
systemic procalcitonin measurements (n=46) were carried out before 
the surgery (BS), during and after the surgery [twice during 
hepatectomy (H1-2), in the anhepatic phase (AH), 5 minutes before 
the portal venous repefusion (BLR) and 20 minutes after portal 
venous reperfusion (ALR), end the end of surgery (ES), at the ICU 
arrival (ICU) and in the first five days after transplantation (POD1-5). 
The second perfusion sample was gained at the repeated flushing of 
the graft (back tabble-P2). The rest of the regional samples (n=46) 
were taken from the portal vein (PV) at end of the anhepatic phase 
but before the flushing out of the preservation solution, from the 
hepatic vein site from every 130 ml fraction (HV1-3), in the course of 
graft flushing with 400 ml of own blood or 400 ml 4°C, 5 % albumin 
solution. Based on the graft flushing technique used the patients 
were divided into two groups: the albumin Group A (n=23, 
preservation solutin washed out by 400 ml 4°C, 5 % albumin 
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solution) and the “own bloody” Group B (n=23 preservation solutin 
washed out by 400 ml own blood). The statistical analyses were done 
by Statwiew 4.0 for Windows (SAS Institute Inc., Cary, NC, USA). 
For analysis of the data descriptive statistics were applied. After 
clearing up of the distribution for the parametric data Wilcoxon test 
was used. In case of nonparametric data χ2 test were used. 
Significant differences were stated at p< 0.05. 
 
3. Patients and methods – for the analysis of the early 
postoperative procalcitonin level declining kinetics. 
 
After one-time impact, if there is, no more PCT producing, the 
plasma levels halving per day (infer nonspecific stimulation). On the 
other hand, as consequence of an infection causing repetitive 
impacts, the PCT values can be stagnant, be rising or be decreasing 
slower than usually. I relation with the liver transplantation 
comunication, Kuse et al. had published some individual PCT curves 
on which the procalcitonin decreasing were more than 60% per day. 
In some cases we found the same incident in our database, as well as 
in the patients underwent combined liver-kidney transplantation who 
had presented also a short PCT half-life in duration, they showed a 
more than 70% decreasing of serum PCT levels (without infection). 
The aim of this retrospective clinical study was to clarify the 
aetiology of the more than 50% decrease of the postoperative 
procalcitonin. The blood and urine samples were collected 
prospectively, and they were stored frozen. The parameters of the 
inflammatory reaction (especially concerned to the procalcitonin), 
the clinical parameters, the liver– and kidney function, the cultures 
were examined and the potential relations were explored in the 
course of 57 liver transplantation. The systemic procalcitonin values 
were measured before the surgery (ME) and during the first five 
postoperative days (POD 1-5). The half-life of the serum 
procalcitonin were calculated by using Kinetica, Thermo® program, 
on the basis of comparing these results to the normal half-life value 
of procalcitonin the patients were divided into three groups: 
 Group A: ultrarapid PCT level decrease (n=13, half-life: 4-
20 hours); Group B: normal PCT level decrease (n=25, half-life: 20-
27 hours); Group C: slow PCT level decrease (n=19 half-life > 27 
hours). The urine procalcitonin concentrations were measured based 
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on the 2 way interaction analysis results. The haf life times were 
calculated by the Kinetica, Thermo® 4.4.1. version program, the 2 
way interactin analysis was done by the SAS version 8.2 for 
Windows (SAS Institute Inc., Cary, NC, USA) software. For the 
nonkinetic parameters analysis descriptive statistics was applied. In 
case of nonparametric data χ2 test were used. Significant differences 
were stated at p< 0.05 
 
Results 
 
1. Results for the analysis of the systemic and regional 
procalcitonin level changes from the multiorgan donation till the 
fifth postoperative day. 
 
 The group A patients without and group B patients with 
major postoperative complication were homogenous in terms of age, 
gender, Child-Pugh score and the etiology of the liver disease. There 
were no significant differences between the groups in the type of 
preservation solution, cold ischaemic time, or surgical technique 
used. There were significant differences between the two groups in 
the general severity scores (preoperative APACHE II in Group B: 
11.6±4 vs. Group A: 8.5±3.1, and SAPS II in Group B: 29.3±8 vs. 
Group A: 20.5±4.2, p<0.05). According to the selection criteria, all 
patients from Group B had some kind of severe postoperative 
complication. 13/29 patients from Group B had developed sepsis due 
to urinary tract (4 cases), pulmonary (3 cases), abdominal (3 cases) 
or blood stream (3 cases) infections. Organ failure was more 
frequent and the mortality on the 30th day was significantly higher in 
the septiv patients. All patients who developed renal failure needed 
renal replacement therapy and 21/29 patients needed prolonged 
mechanical ventilation. Almost all of the patients from Group B had 
major coagulopathy. There were no significant differences between 
the groups, according to the changes of other inflammatory reaction 
parameters: CRP, body temperature, white blood cell count. The 
laboratory parameters of the Group B showed worse liver and renal 
function, but significant differences was found between the groups 
only in the preoperative albumin level and renal function tests. The 
patients in Group B showed significantly worse postoperative kidney 
function parameters, higher bilirubin. 
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Usually serum PCT levels of the donors were in normal range, only 
in 7/28 cases were observed elevated PCT levels (2.1 ng/ml), without 
any correlations between these values and the postoperative course. 
The PCT levels of perfusion solution were in the normal range or 
immeasurable in all the donors (D: 0.28±0.18 ng/ml) and these levels 
had unchanged during cold ischemic time (P2: 0.2±0.1 ng/ml). There 
were no changes in the PCT serum levels during hepatectomy and in 
the anhepatic phase (H2: 0.34±0.25, AH: 0.35±0.22 ng/ml). The first 
significant elevation of the systemic PCT levels had occured after 
graft reperfusion, the PCT serum levels had risen approximately 
fourfould as the baseline value (PRP: 1±0.43 vs. BRP: 0.27±0.22 
ng/ml, p<0.01) and increased continuously to the first postoperative 
day. There were no differences between the systemic and portal vein 
PCT levels (BRP: 0.16±0.26, PV: 0.23±0.15 ng/ml). 11/28 patients 
had higher hepatic vein PCT levels (HV2 and HV3) compared to the 
systemic or portal vein levels at the same time (HV3: 1.27±0.43 vs. 
BRP: 0.16±0.26 and PV: 0.23±0.15 ng/ml, p<0.02). There were no 
significant differences between the PCT serum levels of the septic 
and non-septic patients of the group B (maximum value in second 
postoperative day septic patients: 30.89±18.32 ng/ml; non-septic 
patients: 30.5±15.4 ng/ml). The postoperative PCT levels were 
significantly higher between Group A and B in the first 4 
postoperative days (figure 3). In accordance with different forms of 
sepsis the elevation of PCT levels had sensitivity of 50-75%, 
specificity of 42-65%. The higher PCT values associated to the 
major complications had sensitivity of 70%, specificity of 65%. The 
serum PCT values higher than 5 ng/ml had a 2.38 relative 
complication risk (RR=2.38; 95% confidence interval, CI: 3.45-
6.06). The correlation between the postoperative PCT values and 
Apache II score was found 0.58, without complication 0.79, with 
complication 0.5. 
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Figure 1: 40 liver transplanted patients intraoperative and postoperative PCT level 
changes, *p<0.001 means significant differences comparing to the previous value. 
Abbreviations: before surgery (BS), hepatectomy (H1-H2), anhepatic phase (AH), 
before reperfusion (BRP), 20 minutes after reperfusion (PRP), end of surgery (ES), 
arrival at the ICU (ICU), first five postoperative days (POD1-POD5).  
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Figure 2: 28 liver transplanted patients intraoperative regional PCT level changes, 
*p<0.05, **p<0.02 means significant differences between BRP and HV2-HV3. 
Abbreviations: portal vein (PV), before reperfusion (BRP), Hepatic vein (HV1-HV4). 
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Figure 3: 61 liver transplanted patients postoperative PCT level changes, *p<0.05, 
**p<0.001 means significant differences between Group A without and Group B with 
major postoperative complications. Abbreviations: before surgery (AS), postoperative 
days (POD1-POD5).  
 
2. Results for the analysis of the systemic and regional 
procalcitonin level changes according to the the graft flushing 
technique used. 
 
The „albumin” Group A (graft flushing with 5% albumin solution) 
and the „bloody” Group B (graft flushing with own blood) were 
homogenous in the terms of gender, Child-Pugh score and aetiology 
of liver disease. Significant differences were found between the 
groups at the analysis of the age and the type of the preservation 
solution used (patient age Group B: 41±5 vs. Group A: 35±12; HTK 
preservation solution Group B: 7/23 vs. Group A: 0/23; p<0.05). 
There major postoperative complications were often present in the 
patients belong to Group B. The occurence of renal insufficiency 
(Group B: 5/23 vs. 3/23 Group A), of coagulopathy (Group B: 6/23 
vs. 5/23 Group A), of hepatic artery thrombosis (Group B: 2/23 vs. 
0/23 Group A), of poor early graft function (Group B: 3/23 vs. 1/23 
Group A), although were higher when own blood graft flushing 
technique were used, significant differences were found only to the 
length of the the artificial ventillation time (Group B: 10/23 vs. 4/23 
Group A, p<0,05. In patients belong to the group B (4/23) more 
treatment respondent urinary tract, pulmonary and blood stream 
infection were developed, compared to the group A were infection 
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were only half of it. Beside the frequent organ failure and infection 
there were no mortality in the groups. Before the surgery only in the 
serum albumin levels and in the renal function tests were found 
significant differences, the parameters of the „bloody” group B 
showed worse liver and renal function. In the postoperative phase 
there were significantly more icterus and renal insufficiency if the 
preservation solution was washed out by the patient own blood 
during the surgery. Beside the worse liver function, we found 
significantly higher trough FK 506 serum levels in group B. There 
were no significant differences between the groups according to 
CRP, body tempreture, white blood cell count during the period 
under survey. The serum PCT level of the donor were in the normal 
range. The level of the PCT in the preservation solution were 
immeasurable or in the normal range in every donors and also during 
the cold ischaemic time. There were no significant changes int he 
groups in the systemic serum PCT levels during the hepatectomy, the 
anhepatic phase and after the reperfusion. The first significant 
increase in the systemic PCT levels were developed at the end of the 
surgery. This increase was triply in Group B when the presevation 
solution was removed with own blood and double in Group A when 
albumin solution was applied. The difference between the degree of 
the increase was significant. (Group B ES: 1.05±0.23 vs. Group A: 
0.61±0.31 ng/ml, p<0.01). In both of the groups the systemic serum 
PCT levels rise continuously with significantly difference until the 
first postoperative day (POD1: Group B: 16.8±12.3 vs. 8.2±6.3 
ng/ml Group A). This increase was followed by a significant 
decrease, until the systemic serum PCT levels return to normal in the 
fifth day after the surgery (POD2: Group B 12.8±8.7 vs. 6.2±3.2 
ng/ml Group A; POD3: Group B 10.1±7.3 vs 3.7±1.2 ng/ml Group 
A). Although, the serum PCT kinetics changed in similar way, if 
own blood was used to flush out the preservation solution, the serum 
PCT levels after the surgery were 100% higher than, the PCT levels 
when albumin solution was applied. This difference was significant 
during the first three days after the surgery and major in the 
following two days (p<0.02; figure ). In every patient the systemic 
and portal vein PCT levels were similar and near normal. The 
hepatic vein PCT levels obtained during the preservation solution 
flushing out (HV2, HV3) were higher than the systemic or the portal 
vein levels measured at the same time. In the patients from Group B 
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(graft flushing with own blood) the increase was continous (HV1: 
0.63±0.42, HV2: 1.08±0.89, HV3: 1.23±0.98 vs. BRP: 0.31±0.22 
and PV: 0.21±0.18 ng/ml). In the patients from Group A the first 
sample higher values were followed by lower values (HV1: 
0.96±0.77, HV2: 0.78±0.69, HV3: 0.49±0.31 vs. BRP: 0.41±0.22 
and PV: 0.50±0.32 ng/ml). Significant differences were found 
between the second and the third hepatic vein samples PCT serum 
and albumin solution levels, p<0,05 (figure ). 
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Figure 4: 46 liver transplanted patients intraoperative and postoperative PCT level 
changes, *p<0.01means significant differences between the “bloody” Group B (liver 
flushed out with own blood) versus the “albumin“Group A (liver flushed out with 5% 
albumin solution). Abbreviations: before surgery (BS), hepatectomy (H1-H2), 
anhepatic phase (AH), before liver reperfusion (BLR), 20 minutes after liver 
reperfusion (ALR), end of surgery (ES). 
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Figure 3: 46 liver transplanted patients postoperative PCT level changes, *p<0.02, 
means significant differences between Group A (graft flushing with 5% albumin 
solution and Group B (graft flushing with own blood). Abbreviations: before surgery 
(BS), postoperative days (POP1-POP5).  
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Figure 2: 46 liver transplanted patients intraoperative regional PCT level changes, 
*p<0.05, means significant differences between Group A (graft flushing with 5% 
albumin solution) and Group B (graft flushing with own blood). Abbreviations: portal 
vein (PV), before liver reperfusion (BLR), Hepatic vein (HV1-3), 
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3. Results for the analysis of the early postoperative 
procalcitonin level declining kinetics. 
 
All of the three groups were homogenous from the point of view of 
the age, the gender, the Child-Pugh score, and the aetiology of the 
liver disease. In the Group C compared to the Group A, B the slowly 
decreasing PCT levels were associated with significantly lower 
albumin levels (POD3-serum albumin, Group A: 29±10 vs. Group C 
: 35±5.2 g/l, p<0.05), significantly higher ALT and bilirubin levels 
(POD4-ALT, Group B: 270±56 vs. Group C: 530±430 IU/l, POD5-
ALT: Group B: 193±127 vs. Group C: 316±212 IU/l, POD4-serum 
bilirubin, Group B: 89±59 vs. Group C: 150±27 mmol/l, p<0.05)and 
statistical expressive creatinine increase (POD1-serum creatinin: 
Group A: 152±22 vs. Group C: 156±71, POD2-serum creatinin: 
Group A: 140±23 vs. Group C: 171±95, POD3-serum creatinin, 
Group A: 138±38 vs. Group C: 190±77 μmol/l; p<0.05).  
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Figure 2: In Group A (ultrarapid PCT serum declining kinetics, n=13, half-life: 4-20 
hours) on the second postoperative day an abnormal PCT serum level reduction 
occurred. Parallel with the supranormal reduction in 7/13 patients the voided urine 
concentration increased 3.5 fold, at the 6 remaided patients the procalcitonin urine 
voiding did not increased (the reduction had developed because of coagulopathy, 
bleeding).  
 
In Group A at 7/13 patients an abnormal PCT decrease occured with 
maintained diuresis but worsen renal function. Parallel with the 
supranormal PCT serum level decreasing, the liver transplanted 
voided urine PCT levels increased 3.5 fold. The remainder six 
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patients urine PCT levels did not increased. On the basis of the 2 
way interaction analysis performed, it could be established the fact at 
these patients the changing of the blood hemoglobin levels 
influenced the ultrarapid decreasing of the PCT levels on the 
postoperative second day (p<0.03). In case of the remainder six 
patients significantly more red blood cell units were used on the 
second postoperative day after because of couagulopathy and there 
were more surgical reintervention too (red blood cells.: Group A. 
4.3±3.3 vs. Group B 1.62±1.56 és Group C 1.64±1.57 units). 
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Conclusions 
 
Based on the results it can be established the following conclusions:  
 

1. The donors serum procalcitonin level is unchanged during 
the cold ischaemic time and there is no correlation with the 
recipients procalcitonin changes. 

2. The recipients serum procalcitonin level before surgery 
ussualy is normal. The immunolgical based liver diseases, 
the severe liver insufficiency (Child-Pugh C, MELD score> 
35) could cause slightly elevated PCT levels (< 2ng/ml). In 
case of positive procalcitonin test, the investigation for the 
infectious focus have to be repeated. 

3. The increase of the serum procalcitonin levels during the 
liver transplantation is started after the venous reperfusion 
and in uncomplicated course last until the second 
postoperative day. 

4. Before reperfusion the washing out solutions procalcitonin 
level liver etiology is proven of that. 

5. The use of own blood for washing out solution could 
conduce to organ failure by an exaggerated systemic 
inflammatory response. 

6. In the first two postoperative days after liver transplantation 
the procalcitonin reference ranges used in sepsis are not 
competent. 

7. In the early postoperative phase the <5ng/ml procalcitonin 
concentration is caused by reperfusion injuryand surgical 
stress. The value above 5 ng/ml had to be counted with the 
risk of major complication, multiorgan failure development, 
the dignosis of sepsis is feasible. 

8. The decrease of the serum procalcitonin levels after liver 
transplantation is optimal if the half-life is 24 hours. The 
ultra-rapid decrease is a sign of renal disfunction, the slow 
decrease is a signal of infection. 

9. The interpertation of the serum procalcitonin levels and 
kinetics is recommended to be consider individually with 
the circumstances. 
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