
Introduction

Cardiac surgery is based on the use of cardiopulmonary
bypass (CPB), which has significantly increased the sur-
gical options for patients with cardiac disease. However,
the extended blood contact with foreign surfaces has a
profound impact on the patient's milieu interne and

causes stimulation of the immune system [1, 2]. In addi-
tion, most cardiac surgery institutions use hypothermia
and low flow during CPB. Several authors were able to
show complement activation, cytokine release, elevated
vasopressin levels and endotoxinemia and other fea-
tures of a systemic inflammatory response immediately
following CPB [3, 4, 5, 6, 7, 8, 9, 10]. All this may lead
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Abstract Objective: To investigate
procalcitonin (PCT) levels in pa-
tients undergoing cardiopulmonary
bypass (CPB) in order to assess the
prevalence and prognostic capacity
of elevated PCT levels following
CPB in open heart surgery.
Design: prospective observational
study in consecutive patients.
Setting: Twenty-four-bed ICU, de-
partment of thoracic and cardiovas-
cular surgery, university hospital.
Patients: Seven hundred and twenty
two patients, 691 of whom under-
went CPB, i. e., 476 had coronary
bypass surgery (CABG), 130 valve
replacement, 34 combined CABG
and valve replacement, and 23 tho-
racic aortic surgery.
Interventions: Standard perfusion
techniques were used with car-
dioplegic arrest and mild hypother-
mia (28±32 �C). With the exception
of thoracic aortic procedures, full±
flow perfusion was performed.
Measurements and results: PCT was
measured prior to surgery and daily
thereafter until ICU discharge or
death. PCT significantly increased at
day 1 postoperatively compared to

baseline values (0.25 � 1.65 vs
6.49 � 22.0 ng/ml, p < 0.005). How-
ever, in 55.1% of patients PCT was
below 1.0 ng/ml. In 12.8 % of CABG
patients PCT was increased
to > 5.0 ng/ml, compared to 39 % in
valve patients and 35% of patients
with aortic surgery. An elevated
PCT level > 1.0±5.0 ng/ml at day 1
was highly predictive of mortality
(P < 0.03, vs < 1.0 ng/ml), with an
additional accuracy when lev-
els > 5.0 ng/ml were measured
(P < 0.002 vs < 1.0 ng/ml).
Conclusions: These results provide
evidence that PCT might serve as an
early prognostic marker in patients
undergoing CPB in open heart sur-
gery. It may be worth considering
immunomodulating approaches in
patients presenting elevated PCT
levels in the early phase after CPB.
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to profound alterations of inner organ perfusion as well
as the patients' immunocompetence and immune re-
sponse, and may be followed by increased patient mor-
bidity (prolonged vasopressor use, ventilator support,
nosocomial infections or ICU and hospital stay) and
even mortality. Since procalcitonin (PCT) has been
proven to be highly specific for recognition of systemic
infections and endotoxinemia [11, 12, 13, 14], we investi-
gated PCT levels in order to assess the prevalence and
prognostic capacity of elevated PCT levels in patients
undergoing CBP in open heart surgery.

Materials and methods

Patients

Seven hundred and twenty-two consecutive patients aged
13±87 years (61.7 � 11.9 years) who underwent routine cardiac
operations (Table 1) were studied. CBP was used in 691 cases.
Forty-two patients (6.1 %) died 10.4 � 13.5 (0±77) days postopera-
tively.

Methods

Standard perfusion techniques were used with cardioplegic arrest
(crystalloid cardioplegia) and mild hypothermia (28±32�C). With
the exception of procedures involving the aorta, full-flow perfusion
was performed. Blood oxygenation was achieved using a mem-
brane oxygenator (Affinity, Medtronix, USA). Continuous cardiac
output during CPB was 2.5 l/min per m2 of body surface. Minimal
mean arterial pressure was 50 mmHg with bolus or continuous ad-
ministration of norepinephrine, if necessary. However, different
CBP times as well as different degrees of hypothermia during
CPB were used according to the type of surgical procedure (Ta-
ble 1). Patients were followed up for 30 days after the open heart
procedure. PCT, C-reactive protein and white blood cell count
were measured prior to surgery and daily thereafter, until ICU dis-
charge or death. PCT was measured by an immunoluminometric
assay (LUMItest, Brahms Diagnostica, Germany). The analytic
sensitivity of this assay is 0.1 ng/ml, the normal range for in-hospi-
tal patients was found to be 0.5±1.0 ng/ml. CRP was measured by

photometry (Tinaquant-CRP, Boehringer Mannheim, Germany)
with a normal value of 0±1.2 mg/dl.

Statistics

Statistical significance for differences between groups for given
times was ascertained using Student's t-test. In all instances, the
level of statistical significance was set at P < 0.05. Data are ex-
pressed in mean � SE.

Results

Mean PCT levels prior to surgery were 0.25 �
1.65(0.08±40.63) ng/ml, indicating that nearly all pa-
tients were free from immunoactivation at this point of
time. PCT levels significantly increased at day 1 postop-
eratively [6.49 � 22.0 (0.02±350.4) ng/ml, P < 0.005] and
were higher in nonsurvivors than survivors (34.6 � 67.6
vs 4.8 � 13.7 ng/ml, P < 0.01). The amount of vasopres-
sor support administered for a low systemic vascular re-
sistance state in the immediate post CPB period corre-
lated with a postoperative rise in PCT levels, with a
trend to higher levels in nonsurvivors (Fig. 1).

Patients needing an intraaortic balloon pump (IABP)
insertion for postcardiotomy heart failure exhibited a
more pronounced increase of PCT levels, compared to
surviving patients without IABP insertion (P < 0.001,
Fig. 2). There was a trend to higher PCT levels
(14.7 � 50.2 vs 5.4 � 14.3 ng/ml) at day 1 in patients who
developed nosocomial infections and sepsis in the later
course, as documented by positive bacterial and fungal
cultures. However, this did not turn out to be significant.

The CPB time (and the degree of hypothermia as a
consequence of a prolonged CPB time) as well as the
type of open heart surgery were found to have a major
impact on postoperative PCT levels. The amount of
PCT increase in our patients was directly proportional
to CPB time (Fig.3). PCT was found to be significantly
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CABG
(n = 476)

Valve surgery
(n = 130)

CABG/valve
(n = 34)

Aortic surgery
(n = 23)

Pump-time
(means mins) 100.6 ± 45.9 130.6 ± 97.7* 150.6 ± 47.3² 173.0 ± 113.4�

Cross-clamp time
(means mins) 45.9 ± 16.5 64.9 ± 30.7² 80.2 ± 24.1² 87.8 ± 36.4²

Reperfusion time
(means mins) 46.4 ± 32.0 56.4 ± 63.1 61.6 ± 32.1§ 84.0 ± 82.7§

Hypothermia max.
(mean �C) 32.3 ± 1.2 30.9 ± 2.9² 30.8 ± 1.6² 27.4 ± 7.0�

Variables are presented as mean ± SE.
* P < 0.001 for comparison with the CABG group
² P < 0.0001 for comparison with the CABG group
� P < 0.005 for comparison with the CABG group
§ P < 0.05 for comparison with the CABG group

Table 1 Intraoperative patient
characteristics according to the
different types of surgery



higher in patients with a CPB time of more than 80 min
in CABG procedures and more than 100 min in valve
surgery (Fig. 4). Because CPB times were significantly
different (Table 1) according to the type of surgery we
studied each group separately from the others.

Coronary artery bypass graft surgery

Four hundred and seventy-six coronary artery bypass
graft surgery (CABG) patients were studied, of whom

89 (18.6 %) patients underwent emergency operations
for present or impending infarction. PCT levels rose to
4.2 � 16.3(0.02±266.97) ng/ml 24 h after cardiac surgery.
However, 320 CABG patients (67.2 %) had a PCT level
below 1 ng/ml at day 1 after surgery, while 61 (12.8 %)
had levels of more than 5 ng/ml. There was no differ-
ence in the amount of an increase in PCT levels between
emergency and elective patients (6.3 � 13.7 vs 4.2 �
17.4 ng/ml, n. s.). The PCT level at day 1 after surgery
was predictive of mortality: while 12 patients (19.7 %)
with PCT levels > 5 ng/ml died subsequently, mortality
was 3.1 % in patients with PCT levels between
1.0±5.0 ng/ml and 1.5 % with PCT levels < 1.0 ng/ml.

Valve surgery

In the 130 patients undergoing valve surgery, PCT levels
rose to 12.0 � 37.0(0.13±350.4) 24 h after cardiac sur-
gery. However, in 46 patients (37.7 %) PCT was
< 1.0 ng/ml and in 51 patients (39 %) > 5.0 ng/ml.
Again, PCT levels at the first day after valve replace-
ment were predictive of mortality. While in the group
with PCT levels > 5 ng/ml nine patients (15.5 %) died,
postoperative mortality was 3.3 % for patients with
PCT levels 1.0±5.0 ng/ml and 2% in patients with nor-
mal PCT levels.

Combined CABG and valve surgery

In the 34 patients undergoing combined CABG and
valve surgery PCT levels reached 19.9 � 23.3
(0.15±110.7) ng/ml at day 1. Twenty patients (58.8 %)
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Fig.1 Amount of vasopressor support in the immediate post CPB
period and postoperative increase in PCT levels for survivors and
nonsurvivors. Box and whisker plots show median, 25th and 75th
percentiles and range as vertical lines. Data were compared using
Student's t-test

Fig.2 IABP insertion and PCT levels on day 1 for survivors and
nonsurvivors. Box and whisker plots show median, 25th and 75th
percentiles and range as vertical lines. Data were compared using
Student's t-test

Fig.3 CPB times and PCT levels on day 1 for all patients undergo-
ing open heart surgery. Box and whisker plots show median, 25th
and 75th percentiles and range as vertical lines. Data were com-
pared using Student's t-test



had PCT levels > 5.0 ng/ml, while seven patients
(20.6 %) had PCT levels < 1.0 ng/ml. In the group with
PCT levels < 1.0 ng/ml no patient died, compared to
one patient in the group with 1.0±5.0 ng/ml and 4 pa-
tients with > 5.0 ng/ml.

Thoracic aortic surgery

In the 23 patients undergoing surgery of the intrathoracic
aorta with hypothermic circulatory arrest, the increase
of PCT levels 24 h postoperatively was most pro-
nounced. PCT levels rose to 8.85 � 12.31(0.24±53.9) ng/
ml. Again, 35% of the patients had normal PCT lev-
els < 1.0 ng/ml, while 35 % had levels > 5.0 ng/ml. While
no patients with PCT levels < 1 ng/ml died, one patient
with a PCT level 1.0±5.0 ng/ml died. However, mortality
was 50 % in patients with PCT levels > 5.0 ng/ml in the
later postoperative period.

Measurement of standard markers of inflammation

Despite increasing C-reactive protein levels (1.62 � 3.70
vs 5.10 � 2.80 mg/dl, P < 0.0001), white blood cell count
(7642 � 3647 vs 13162 � 4759 mm3, P < 0.0001) 24 h af-
ter surgery, this had no impact on patient survival and
there was no difference according to the type of cardiac
surgery, CPB time or any other variables. There was no
difference in body temperature pre- and 24 h postopera-
tively (37.44 � 2.53 vs 37.96 � 0.55�C).

Discussion

We found that in patients undergoing CPB an elevation
of PCT levels at day 1 postoperatively is a common phe-
nomenon. Long CPB time, the degree of hypothermia,
the kind of surgery, the need for an intraaortic balloon

pump and for vasopressor support in the early post-
CPB period were associated with an increase of PCT
levels. However, we were not able to demonstrate an in-
crease in PCT levels in 55.1 % of our patients. Another
striking result of our study was that an elevated PCT
level of > 5.0 ng/ml (and even > 1.0 ng/ml) 24 h after
CPB was predictive for outcome.

This is in accordance with data from Reith et al., who
studied the prognostic capacity of elevated PCT levels
in 70 patients undergoing elective colorectal and aortic
surgery. An increase of PCT levels > 1.0 ng/ml at day 1
after surgery was closely related to postoperative compli-
cations, such as pneumonias or leaks of anastomosis [15].
Up to now the inciting mechanisms of PCT release are
not known. However, several authors could demonstrate
that the level of PCT plasma concentrations is closely re-
lated to the systemic reaction to a primarily infectious in-
sult [13, 16, 17]. Clearly, there was no evidence of infec-
tion in our patients although the amount of PCT increase
was very high compared to patients with severe sepsis or
septic shock, as described in the literature [18]. However,
elevated PCT levels in the absence of bacterial or fungal
infection have been described in experimental endotox-
inemia [14] and in patients with malignancies undergoing
TNF-a injection [19] as well as in kidney transplanted pa-
tients injected with OKT-3, a CD3 receptor antagonist
[20]. These observations suggest that PCT might be in-
duced by endotoxins and some cytokines as well. Kilger
et al. [21] compared 30 patients undergoing CABG sur-
gery with the use of CPB and 27 patients undergoing min-
imally invasive direct coronary artery bypass (MID-
CAB) without the use of CPB. Median PCT levels were
0.7 ng/ml in patients with MIDCAB at day 1 after sur-
gery while in CPB patients median PCT levels were ele-
vated to 2.0 ng/ml. This, as well as our own data, is in ac-
cordance with observations by Meisner et al. [22] who
found PCT levels ranging between 0.25 and 2.88 ng/ml
(5 to 95% percentile) in 26 CABAG patients undergoing
CPB at day 1 after surgery.
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Fig.4 CPB times and PCT lev-
els on day 1 for the different
types of surgery. Box and whis-
ker plots show median, 25th
and 75th percentiles and range
as vertical lines. Data were
compared using Student's t-test



PCT release in our patients may contribute to the in-
flammatory response to the extracorporeal circuit or to
the intestinal malperfusion, which are known to be asso-
ciated with an elevation in interleukin-1, interleukin-6
and endotoxin-levels [23]. Translocation of bacteria and
endotoxin through the gut wall may well occur in the con-
text of bowel ischaemia during CPB. Endotoxin levels
during CPB have been shown to be directly proportional
to cross-clamp time [8]. This is in accordance with our
findings that a prolonged CPB time is associated with a
more pronounced PCT release. There is growing evi-
dence from the literature that myocardial insufficiency
itself can induce immune activation, probably due to in-
testinal malperfusion [24]. Endotoxinemia, elevated sol-
uble CD14 receptors and soluble TNF-receptors 1 and
2 have been described in patients with oedematous heart
failure out of hospital [25]. Whereas PCT levels in these
patients were only marginally elevated, extremely in-
creased PCT levels were reported in patients with cardio-
genic shock, in association with a SIRS-like haemody-
namic profile and pyrexia in the absence of bacterial cul-
tures [26]. These findings are very much in accordance
with earlier observations on cytokine release by Cremer
et al., who described a link between a SIRS-like haemo-
dynamic profile and elevated cytokine levels intra- and
postoperatively in 20 CPB patients [27].

The biological properties of PCT in the context of in-
flammation are not yet known. However, there is some
evidence that PCT may modify the haemodynamic re-
sponse to a given inflammatory stimulus. Calcitonin-
gene related peptide (CGRP), another precursor hor-
mone of the gene family of calcitonins, is known to
have potent vasodilating properties [28]. Recently, Kris-
tof and Magder [29] described a vasodilated state in 35
of 79 CPB patients, however, this was of haemodynamic
rather than clinical significance. In our study the need
for vasopressors in the early post CPB phase in 235 of
682 CPB patients correlated with a significant increase
in PCT levels and outcome. We are not able to elucidate
the fact that the type of the surgical procedure had a ma-
jor impact on the amount of PCT release, but we are go-
ing to assess clinical outcome variables retrospectively
to ascertain the reasons.

One may conclude from our findings that PCT might
serve as an early prognostic marker in patients undergo-
ing CPB in open heart surgery. It may be worth consid-
ering immunomodulating approaches in patients pre-
senting elevated PCT levels in the early phase after
CPB and thereby improving the prognosis of this high-
risk population.
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