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Abstract
Introduction: The aim of the study was to assess the diagnostic accuracy of
procalcitonin (PCT) as a marker for complications and as a prognostic factor
for mortality after liver transplantation.
Material and methods: Liver transplant patients between January 2007 and
April 2011 were prospectively included in the study. Procalcitonin serum
concentration was recorded before, 6 h after reperfusion and then daily.
Postoperative clinical course was prospectively analyzed from admission to
discharge. Main surgical data such as operating procedure, type of reperfusion, operating and ischemic times, high urgency (HU) status and MELD
score at the time of transplantation were also recorded.
Results: Sixteen patients with initial PCT > 5 ng/ml suffered ≥ 1 complication (p = 0.03). However, there was no association between the level of
the 1st peak PCT and the further postoperative course or the occurrence of
complications. Patients in whom a 2 nd PCT peak occurred had a significantly
higher risk for a complicated course, for a complicated sepsis course and for
mortality (p < 0.0001). Warm ischemic time over 58 min, operating time over
389 min and HU status were significant independent factors for a complicated postoperative course (p < 0.001, p < 0.001 and p = 0.03 respectively).
Conclusions: Based on our results, we believe that PCT course and the occurrence of a 2 nd peak seem to possess important diagnostic and prognostic
power in the post-transplant setting after liver transplantation.
Key words: procalcitonin, liver transplantation, infection, complication,
sepsis.

Introduction
A systemic infection represents the most common complication in the
early postoperative phase after orthotopic liver transplantation (LT) and
induces an impaired post-transplant course associated with increased
morbidity and mortality [1–7]. In the vast majority of cases, patients under immunosuppression did not show clinical signs of infection, such
as fever, hypothermia, or tachycardia, and if these were present, they
did not have any relevant specific diagnostic power, as they might indicate for example an impairment of the graft function such as an acute
rejection episode [7]. Furthermore, well-established biochemical inflammation markers, such as C-reactive protein (CRP) or leucocyte count (LC),
cannot immediately lead to the diagnosis of an infectious complication,
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whereby the early establishment of diagnosis is
the most crucial stage in the management of such
a patient population [3, 8].
Procalcitonin (PCT) is identified as a diagnostic
marker for infectious or septic processes and correlates better with its severity than CRP [3, 8–13].
Procalcitonin is an acute phase protein, composed
of 116 amino acids, and is the precursor of calcitonin. In healthy individuals, PCT serum concentrations are very low (< 0.5 mg/dl). The half-life of PCT
is approximately 26 to 30 h [10, 11, 14]. Neuroendocrine cells of solid organs (lung, kidney, pancreas, adrenal gland, and liver) might be the source
of PCT during an inflammatory procedure. A further
role might be played by extrathyroid cells, such
macrophages, monocytes and liver cells in the PCT
production during sepsis [14]. The main hypothesis
concerning PCT induction proposes that the stimulation for PCT elevation is a result of a systemic
challenge of the organism with bacterial endotoxin
and bacterial polysaccharides [11]. Overall the exact pathophysiology is still an open matter [9–12].
In the post-transplant setting, elevated PCT levels
are observed in the first 2–3 days after LT [7, 9–14].
Initially high PCT levels, however, do not necessarily indicate a poor prognosis as do continuous or
secondarily rising levels [5–15]. Cardiac arrest and
infection, but not PCT level in the donor, are associated with high post-LT PCT levels in the recipient
[16]. In patients with impaired hepatic synthesis,
PCT levels were not lower; they displayed the same
predictive relevance for infection as in septic patients without cirrhosis or impairment of liver function [17]. On the other hand, PCT fails to predict an
acute rejection episode [4, 7]. Furthermore an anti
thymocyte globulin (ATG)-based immunosuppressive therapy is a stimulus for synthesis and further
elevation of PCT [18]. This fact represents the major limitation of PCT’s diagnostic power. Additionally, the presence of viral infection did not stimulate
a PCT elevation and cannot be diagnosed through
this inflammation marker [1, 2, 7–10, 12, 13].
The aim of this study was to assess the prognostic value and accuracy of PCT as a marker for
infectious and non-infectious postoperative complications, septic episodes and as a predictive
factor for in hospital mortality in the immediate
post-transplant setting in a cohort of deceased
donor LT recipients. Furthermore, the impact
of several aspects, such as ischemic, operating
times, age, gender, Model of End stage Liver Disease (MELD) score, and high urgency (HU) status,
which could induce a complication and/or a PCT
elevation, have also been examined.

Material and methods
It was an observational study approved by the
local ethics committee, since the measurement

of PCT is a standard and well-established procedure in the intermediate care unit (ICU). Patients
(n = 65) admitted for liver transplantation at our
Surgical Department, Department of Hepatobiliary and Transplant Surgery between January 2007
and April 2011 were prospectively included in the
study. Candidates for deceased donor LT were selected according to the national guidelines [19].
Patients with irreversible end-stage liver disease
that was life-threatening and refractory to other
forms of conventional medical or surgical therapy
who had no contraindications for transplantation
were regarded as eligible for LT. The organs were
allocated according to the MELD [20].
For each recipient, the following were recorded: age, gender and PCT serum concentration before, 6 h after reperfusion and then daily during
the stay in the ICU after LT. Postoperative clinical
course was prospectively analyzed from admission
to discharge according to the main clinical data:
infectious/non-infectious complications, septic
episodes, graft disorders, acute rejection episodes, renal failure, multiorgan failure and need
for re-transplantation. Complications were graded
according to the classification of Dindo et al. [21].
Furthermore, main surgical data such as operating
procedure (piggyback technique, retrocaval resection technique), type of reperfusion (simultaneous
= porto-arterial/sequential = portal), operating
time, cold/warm ischemic time, HU status and
MELD score at time of transplantation have been
evaluated. The donor organ was always retrieved
as part of a multiorgan donation. Either University
of Wisconsin (UW) or histidine-tryptophan-ketoglutarate (HTK) solution was used for preservation.

Procalcitonin measurement
Blood samples were obtained for routine testing
(biochemical parameters), and for each patient,
serum aliquots were used for PCT determination.
The procalcitonin levels were measured by an
immunoluminometric LUMI test PCT kit (Brahms;
Diagnostica, Berlin, Germany), which shows a detection range from 0.2 to 800.00 ng/ml; the normal
range detected was from 0.1 to 0.5 ng/ml.

Definitions
Graft dysfunction was defined as the occurrence
of at least one of the following criteria: the need
for retransplantation (primary non-function – PNF),
a rise in aminotransferases of above 2000 UI/l,
impairment of factor V (< 30%) with synchronous
increase of bilirubin without a retrospective need
for retransplantation, serum bilirubin greater than
10 mg/ml; PT of at least 17 s; hepatic encephalopathy [16, 22]. Mortality was defined as death from
any cause occurring during the hospital stay. Pul-
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monary complication was defined as the need for
mechanical ventilation. Acute renal failure was defined as plasma creatinemia of greater than 2 mg/
dl and urine output of less than 0.5 ml/h. Renal
complication was defined as the need for dialysis
after LT or greater than 100% of creatinine levels
compared with preoperative values. Postoperative
complication was defined as hepatic dysfunction,
infection, or pulmonary or renal complication or
other surgical complication such as bleeding, hepatic artery thrombosis (HAT), thrombosis of the
portal or cava vein and biliary complication such as
insufficiency, stenosis, ischemic type biliary lesion
(ITBL). The definition of clinical infection was standardized with criteria proposed by the Centers for
Disease Control and Prevention and included pulmonary, bloodstream, or intra-abdominal infections
accompanied by clinical symptoms proven by microbiological, radiological, or surgical findings and
reacting to instituted therapy. Infection was diagnosed if clinical, biochemical or radiologic signs of
infection were evident. Chest X-rays and ultrasound
examinations were performed on a daily basis
during the ICU stay and computed tomography (CT)
scans when a clinical infection was suspected, and
on the basis of these examinations, prompt therapy was initiated. In cases where samples from the
suspected site of infection were positive, a proven
infection could be defined. Sepsis was defined by
the presence of infection and systemic inflammatory response syndrome (SIRS). The criteria for SIRS
were met if more than one of the following signs
occurred: body temperature greater than 38°C or
less than 36°C, heart rate greater than 100 beats
per minute, hyperventilation as evidenced by a respiratory rate greater than 20 breaths per minute or
a partial pressure of carbon dioxide in the arterial
blood less than 32 mm Hg, and an LC greater than
10 000 cells/μl or less than 4000 cells/μl. Severe
sepsis was defined as sepsis complicated by organ
dysfunction [23].

Immunosuppression protocol, antibiotic
prophylaxis
All patients were initially treated with tacrolimus, starting 36 h after transplantation at 0.1 mg/kg
twice daily and 500 mg methylprednisolone in the
anhepatic phase. All patients received basiliximab
(Simulect, 20 mg) in the anhepatic phase followed
by a second administration (20 mg) 4 days after
transplantation. Mycophenolate mofetil (500 mg
twice daily, intravenous or per oral) was administered starting on the 5th postoperative day. Acute
rejection was diagnosed based on the histopathological examination after liver biopsy according
to BANFF criteria [24]. In 18 patients a conversion
of the immunosuppressive regimen to ciclosporin-based immunosuppression was performed due
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to tacrolimus neurotoxicity. All recipients received
broad-spectrum antimicrobial prophylaxis, consisting of antibacterial, antiviral, and antimycotic
agents: with piperacillin-tazobactam for 7 days aciclovir and anidulafungin/posaconazole. Selective
digestive decontamination consisted of 200 mg
of oral amphotericin B 3 times daily until the 21st
postoperative day. Furthermore, high-risk patients,
recipients of a cytomegalovirus (CMV)-positive donor, received pre-emptive antiviral treatment with
ganciclovir/valganciclovir adjusted to renal function over a 6-week course. The standard laboratory workup included hematologic and biochemical
parameters. The CMV status (viral load, pp65 antigen) was examined twice a week. Cytomegalovirus (CMV) infection was defined by the appearance
of CMV antigen polymerase chain reaction in the
blood. X-ray examinations of the chest and ultrasounds of the graft were performed daily.

Statistical analysis
Values were expressed as median and range
(minimum and maximum). Linear regression was
used in univariate analysis to identify predictors
of elevated PCT concentrations. Multivariate analysis was carried out using a logistic regression
model. All of the tests performed were two-sided.
Significant predictors in univariate analysis were
included in a multivariate linear regression model,
with a stepwise variable selection method. Potential associations between infectious complications
or overall complications and surgical, clinical or
biological parameters were tested with univariate
procedures, using Students’ paired t-test for continuous variables and Pearson’s χ2 test for categorical variables. P-values of less than 0.05 were
considered to be statistically significant. The first
measured PCT value was defined as the beginning
of observation. The end of the ICU stay or the occurrence of a second peak in the PCT level after
LT was defined as the endpoint. A second peak
was defined as an increase in PCT level after a previous decline from the first peak. The magnitude
of increase was not defined. Postoperative mortality and morbidity were plotted against the occurrence of a second peak, the magnitude of the
first peak, as well as the magnitude of the first
PCT value measured. Statistical analysis was done
with SPSS (SPSS v19.0, Chicago, IL, USA).

Results
Between January 2007 and April 2011, 65 patients with end-stage liver disease underwent
75 LT in the Surgical Department of the University of Erlangen-Nuremberg. The analyzed patient
data were identified from a prospective database.
Mean patient age was 53 years (range: 17–70).
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The sex bias was 64.6% : 35.4% (men (n = 42): women (n = 23) (Table I).

Surgical procedures, indication for liver
transplantation
All patients were indicated for LT because of
end stage liver disease. Indications for LT were:
1. acute liver failure (ALF, n = 7, 10.8%), 2. hepatocellular carcinoma fulfilling the Milan criteria
(HCC, n = 17, 26.2%), 3. hepatitis C induced liver
cirrhosis (HCV, n = 13, 20%), 4. hepatitis B induced
liver cirrhosis (HBV, n = 3, 4.8 %), 5. nutritive toxic
liver cirrhosis (NTLC, n = 21, 32%), 6. hemochromatosis (n = 2, 3.1 %), 7. autoimmune hepatitis
(n = 2, 3.1%, Table I). The median MELD score was
31 (range: 12–40) and 21 LT were performed after
acceptance of a request for HU liver transplantation (11 primary HU and 10 HU after graft loss due
to PNF or HAT, Table I). The donor organ was always
retrieved as part of a multiorgan donation. Either
University of Wisconsin (n = 18) or histidine-tryptophan-ketoglutarate solution (n = 57) was used
for preservation. Liver transplantation was performed by using either the piggyback technique
(n = 30) or the retrohepatic caval resection tech-

nique (n = 45). The median operating time was
320 min (range: 167–618 min). The median cold
ischemic time was 560 min (range: 240–983 min),
and the median warm ischemic time was 64 min
(range: 29–158 min, Table I).

Postoperative course
Six acute rejection episodes were registered.
Seven patients underwent 10 liver retransplantations because of primary graft non-function
(n = 7) and hepatic artery thrombosis (HAT, n = 3).
Eighteen patients, who underwent 24 transplantations, died within 1 month during the postoperative course. At the end of the follow-up, 43 patients were alive, whereas 4 patients died during
the follow-up and after discharge (2 because
of cardiac arrest, 1 because of lung edema and
1 because of pneumonia). The median follow-up
time was 16 months (range: 8–51 months). In 65
patients the peak PCT occurred within 72 h after LT. Initial PCT values > 5 ng/ml were observed
among 24 patients with 26 LT, including 16 with
18 LT who suffered more than 1 complication (infectious, non-infectious). The odds ratio (OR) for
a complicated course in the presence of an initial

Table I. Clinicopathological parameters of patients included in study
Parameter

All recipients
n (%)

No complications
n (%)

Recipients with
infectious
complications*
n (%)

Recipients with
non-infectious
complications
n (%)

65 (100%)

34 (52.3%)

23 (35.3%)

19 (29.2%)

Male

42 (64.6%)

21 (61.7%)

15 (65.2%)

12 (63.1%)

Female

23 (35.4%)

13 (38.3%)

8 (34.8%)

7 (36.9%)

Age [years]

53 (17–70)

54 (19–70)

53 (17–70)

50 (27–67)

MELD (mean)

31

26

34

32

HU (primary)

11

4

7

7

ALF

7 (10.8%)

2 (5.9%)

4 (17.4%)

3 (15.7%)

HCC

17 (26.2%)

11 (32.3%)

6 (26.2%)

3 (15.7%)

VH

16 (24.5%)

10 (29.5%)

2 (8.7%)

4 (21.2%)

AIC

7 (10.8%)

4 (11.7%)

5 (21.7%)

2 (10.6%)

Toxic

14 (21.5%)

5 (14.8%)

5 (21.7%)

6 (31.6%)

HEM

2 (3.1%)

1 (2.9%)

0 (0%)

1 (5.2%)

Others

2 (3.1%)

1 (2.9%)

1 (4.3%)

0

CIT [min]

560 (240–983)

552 (240–972)

568 (247–983)

572 (267–945)

WIT [min]

64 (29–158)

47 (29–97)

79 (41–158)

69 (51–107)

OT [min]

320 (167–618)

245 (167–418)

389 (180–618)

377 (170–593)

Patients
Gender:

Indication:

*More complications in 1 patient possible.
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Table II. Association between 2nd PCT peak and mortality
Parameter

All patients
with 2nd peak
(n = 25)

Alive group
(n = 47*)

Deceased group
(n = 18**)

P-value

PCT level, mean
[ng/ml]

45.41

24

61.98

< 0.05

PCT level, range

4.15–411.75

4.15–54.41

5.72–411.75

< 0.05

Highest PCT level
[ng/ml]

54.41

411.75

< 0.05

Lowest PCT level
[ng/ml]

41

5.72

0.08

*Concerns alive patients between LT and discharge. **Concerns in-hospital mortality.

Table III. Postoperative (infectious and non-infectious) complications according to Clavien-Dindo
classification after LT
Grade of complication

N

I

4

II

5

IIIa

9

IIIb

3

IVa

3

IVb

4

V

14

Total

42

PCT > 5 ng/ml was calculated to be 62.5% (95%
confidence interval, 11.3–12.1; p = 0.03). Among
these patients with initial PCT values > 5 ng/ml,
8 patients displayed uneventful postoperative
courses. Thirty-one patients suffered 42 complications (infectious, non-infectious) overall,
and there was a significant association with the
occurrence of a 2nd PCT peak (OR = 64.60%, χ2
Pearson = 15.08, p < 0.001). In patients with
a graft dysfunction, including acute rejection
episodes (n = 16), there was a significant PCT
elevation with the occurrence of a 2nd peak (OR =
24.6%, χ2 Pearson = 16.416, p < 0.0001). However, in 10 patients there was a coincidence of an
infectious focus. Among 7 patients with a PNF
and the need of retransplantation, in 4 patients
there was a significant elevation of PCT with the
occurrence of a 2nd peak.
In contrast, in patients with a HAT a 2nd PCT
peak was not registered. Patients with bile duct
complications (ITBL, stenosis, insufficiency) did not
show elevation of PCT or a 2nd peak (OR = 13.9%,
χ2 Pearson = 0.428, p = 0.388), although there was
an elevation of the liver enzymes. Furthermore,
there was no overall correlation between PCT and
parameters of liver function, whereas other immunological parameters, such as antibodies in the
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case of autoimmune hepatitis, had no correlation
with the PCT course.
Twenty-three patients experienced acute renal
failure after LT with the intermittent need for continuous veno-venous hemofiltration (CVVH), but
there was no association between this complication and the PCT course. Furthermore, the risk
of renal failure requiring hemofiltration was independent of a PCT > 5 ng/ml (OR = 8.25; p < 0.04;
χ2 Pearson = 4.31). There was no association between the 1st peak PCT and the further postoperative course or the occurrence of complications (infectious or non-infectious, p = 0.442). Patients in
whom a 2nd PCT peak occurred had a significantly
higher risk for a complicated course (p = 0.01),
for a complicated sepsis course with multiorgan
dysfunction (n = 22, OR = 33.90%, χ2 Pearson =
34.016, p < 0.0001), for a non-infectious complication (p < 0.0001) and for in-hospital mortality
(p < 0.0001, Tables II and III). Comparing the different surgical techniques – piggyback technique
(n = 30) or retrohepatic caval resection technique
(n = 45), the use of different preservation solution
(HTK vs. UW) and the reperfusion types (portal vs.
porto-arterial), we did not observe any significant
difference in the occurrence of complications or
the PCT course (infectious, non-infectious, OR:
6.9%, χ2 = 0.328, p = 0.638; OR = 7.4%, χ2 = 0.461,
p = 0.759; and OR = 8.9%, χ2 = 0.625, p = 0.529
respectively, Table IV). Warm ischemic time over
58 min, operating time over 389 min and HU status
were significant independent factors for a complicated postoperative course (infectious and non-infectious complications, p < 0.001, p < 0.001 and
p = 0.03 respectively). In contrast, cold ischemic
time, age, MELD score, and indication for LT were
not significant factors for postoperative complications or the course of PCT (p = 0.289, p = 0.479,
p = 0.08 and 0.118 respectively).

Discussion
In the MELD era and due to the shortage of
available organs, which has led to the need to accept marginal organs, the risk factors which could
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Table IV. Operating procedures and their influence on outcome
Procedure

All LT (n = 75)

Infectious
complications

Non-infectious
complications

Cava resection

45

14

10

0.137

Piggy back

30

9

8

0.167

Simultaneous

44

16

9

0.362

Portal

31

8

6

0.274

HTK

57

25

12

0.596

UW

18

9

2

0.471

P-value

Operating technique:

Type of reperfusion:

Preservation solution:

lead to an impaired post-transplant setting are
significantly more numerous. Therefore accurate
diagnosis of postoperative complications and immediate initiation of treatment are crucial for the
further outcome [5, 15, 16, 20]. Procalcitonin is
a well-established diagnostic marker for surgical
patients, and its levels correlate with the severity
of complications and SIRS or sepsis [8]. However,
there has been no systemic use of its diagnostic
power in the postoperative management of patients in the post-transplant setting. Our results
show that LT recipients with infectious and some
non-infectious complications had significantly
higher values of PCT, in the majority of cases
with a 2nd peak value after the initial PCT peak, in
comparison to recipients with an uncomplicated
post-transplant course. The 1st peak PCT was not
an independent risk factor in LT recipients, while
the occurrence of a 2nd peak was a significant independent factor for protracted septic course, for
any complication overall (infectious or non-infectious) and for post-transplant mortality (Table II).
The fact that the 1st PCT peak does not play a diagnostic and prognostic role was also underlined
by Eyraud et al. [16]. In this study it was found that
PCT level in the donor and early PCT peak in the
recipient do not have predictive value for post-LT
hepatic dysfunction or other complications. Cardiac arrest and infection in the donor seem to be associated with high post-LT PCT levels in the recipient. Another limitation in the diagnostic accuracy
of PCT was noted by Zazula et al., who reported the
ATG-stimulated elevation of PCT [18]. We were not
able to examine this aspect, as we prefer ATG-free
immunosuppressive regimens. The occurrence of
a 2nd PCT peak and of an eventful post-transplant
setting were significant in patients with severe
sepsis, bacterial or fungal infection and graft dysfunction overall (PNF and acute rejection (AR)).
In AR alone there was not a prognostic value of
PCT to register. Furthermore, warm ischemic and
longer operating time were independent factors
for eventful postoperative course with infectious

and/or non-infectious complications and for occurrence of a 2nd PCT peak. This fact explains why
warm ischemia and reperfusion lead to a significant proinflammatory response resulting in tissue
damage [25, 26]. This underlines the importance
of minimizing the operating times during LT. The
first peak value of PCT, usually occurring on the 2nd
or 3rd postoperative day, was not an independent
factor for a fatal outcome according to the present
series, and this finding confirms our earlier results
[15]. An initially high PCT has been described not
to indicate a poor prognosis when followed by an
adequate decline [5, 7, 15, 16]. A rapidly rising PCT
without a decline after the 3rd postoperative day
was associated with a fatal outcome correlating
with a bacterial or fungal infection [7, 15]. This
fact was also registered in the present series [7,
15]. In contrast to earlier studies where an elevation of PCT was seen only in infectious complications [5, 7], we also observed a greater number of
non-infectious complications when the PCT was
elevated or showed a 2nd peak. Our study included
an acceptable cohort of deceased donor LT recipients and showed that PCT was an independent
risk factor for infectious and some non-infectious
complications and that the occurrence of a 2nd
peak was an independent factor for a complicated postoperative outcome and for mortality
(Table II). Furthermore, we registered a high prognostic value, due to its occurrence before clinical
onset of the complications and clinical impairment
of the patients. Various studies have demonstrated that PCT is a useful diagnostic marker for bacterial and fungal infections and sepsis in different
patient groups, with superior diagnostic accuracy
in comparison with CRP [7, 17, 27, 28]. Furthermore, PCT was described in some small cohort
studies as an accurate marker for any complication in the post-transplant setting [27, 29, 30],
which could not be fully confirmed by other study
groups or by the present series [5, 15–17]. Van
den Broek et al. in a large study combining a large
cohort of living and deceased donor LT recipients
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showed that although median peak PCT levels
differed significantly between LT recipients with
and without clinically significant infections, peak
PCT was not an independent risk factor for serious infections in the early post-transplant period,
had an inferior diagnostic accuracy compared to
other inflammation markers, such as CRP, and increased the prognostic accuracy only marginally.
Furthermore, they stated that no second peak in
the PCT level could be observed in the majority of
recipients with a critical infection before its onset.
We could not confirm their results, as we found
that PCT was a highly significant, independent
factor with very high prognostic and diagnostic
accuracy. In the same study 5 independent factors for infectious complications were underlined
[5]. We confirmed that the ischemic times play
an important role for the further postoperative
outcome. The different results might be a result
of the many living donor LT recipients and the
completely different pathophysiological processes
in comparison to the deceased donor recipients.
One limitation of the present study was the fact
that only deceased donor LT recipients were evaluated. Another limitation is that this study was
performed in a single institution and the results
obtained might not be comparable to those in
other centers with a larger population such as that
of Van de Broek et al. Single-center studies, however, have the advantage of reducing the number
of possible differences in surgical technique and
postoperative management procedures, and we
believe that our cohort included an acceptable
number of patients in order to have a reliable statistical analysis. Several reports have underlined
the fact that the initial PCT values and the peak
PCT are dependent on the infection status and the
cardiac arrest of the donor [16]. We could confirm
this thesis. However, this study reports the significance of the role of PCT as an independent factor
as regards its course and the 2nd peak. Nevertheless, the data reported included all patients of our
Transplant Center with no exclusions and underline the prognostic and diagnostic importance
of PCT. We have to admit that PCT must not be
regarded as the only reliable diagnostic parameter. Postoperative complications after liver transplantation may result from multifactorial processes, which cannot be monitored by only 1 marker.
Based on our results, we believe that the value
of PCT and of the occurrence of a 2nd peak seem
to be important diagnostic tools for the early detection of serious infectious complications. This
fact is of great importance in the post-transplant
management of a patient under immunosuppression, with a high risk of serious outcomes, such
as a fatal septic shock. Therefore, the immediate
diagnosis and the proper therapeutic reaction are
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the keys to prevent mortality and a complicated
postoperative course. The correlation between
PCT course, clinical course, other markers such as
CRP and other diagnostic tools must be evaluated
to ensure detection of early signs of a postoperative complication.
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