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Abstract

Objective: C-Reactive protein (CRP) is known to be a sensitive indicator of infection. Since it is also involved in the acute phase
reaction, it is of great interest, whether an isolated preoperative increase of CRP without further signs of infection is of any prognostic value
for postoperative outcome after cardiac surgery with cardiopulmonary bypass (CPB), which itself is possibly causing a systemic inflam-
matory response syndrome (SIRS).Methods: Fifty patients with an isolated CRP-elevation (.5 mg/l) (from 6.2 to 93.3 mg/l) were
operated using CPB (group A). A control group (group B) consisted of 50 cardiac surgery patients, matched in the patterns of age, gender
and kind of disease. No preoperative CRP-elevation (from 0 to 4.8 mg/l) occurred in this group.Results: The postoperative course of both
groups showed significant differences. Septic complications were seen more often in group A (20%) than in the controls (2%) (P , 0.01).
Microbiology (blood culture, cultures from nose, tracheal aspirate and urine) was positive only in 10% of these patients. Catecholamine
support (epinephrine, norepinephrine and/or doses of dopamine or dobutamine of more than 3mg/kg per min) was needed in 26% of group
A cases, whereas it was only needed in 10% of group B (P , 0.05). A significantly longer respiratory support was also necessary in
patients with elevated CRP (25.2± 6.4 h vs. 6.6± 0.8 h) (P , 0.01). Furthermore there was a significant difference in the duration of
intensive care (4.6± 0.8 days vs. 2.6± 0.3 days) (P , 0.05).Conclusions: These data show that patients without apparent infection or
inflammation, who had elevated CRP-values preoperatively, face an increased risk of septic complications after extracorporeal circulation.
As microbiology tests are negative in most cases, it may be speculated that the majority of septic complications are due to a SIRS. 1998
Elsevier Science B.V. All rights reserved
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1. Introduction

The C-reactive protein (CRP)-value is a sensitive indica-
tor for an infection [1]. The discovery of this protein in 1930
led to the description of the acute-phase reaction which is a
fundamental response of the body to injury [2]. It is now
recognized as a general and non-specific response to most
forms of infective and non-infective inflammatory pro-

cesses, cellular and tissue necrosis, and malignant neopla-
sia. The rate of CRP-synthesis and secretion increases
within hours after an acute injury or the onset of inflamma-
tion. The median value in healthy adults is normally less
than 3 mg/l, it may reach peak levels of as much as 300 mg/l
within 24–48 h [3].

CRP provides useful information in patients with
ischemic conditions, especially myocardial infarction;
there is an excellent correlation between the peak levels
of CRP and of creatine phosphokinase MB [4–8]. The
CRP-value also rises after major surgery, cardiopulmonary
bypass (CPB) or in case of a systemic inflammatory res-
ponse syndrome (SIRS) [9–12]. Kirklin already hypothe-
sized that the deleterious effects of CPB were secondary
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to the exposure of blood to abnormal surfaces in the bypass
circuit, which initiated a ‘whole body inflammatory
response’. He noted that this response is characterized by
activation of coagulation, the kallikrein system, fibrinolysis,
and complement, all of which are now recognized as the
mediators of the disseminated intravascular post-pump syn-
drome [13,14].

In cardiac surgery there are patients with an isolated pre-
operative CRP-elevation without further signs of infection.
They are clinically inapparent and all other parameters like
leukocytes and erythrocytes sedimentation rate (ESR) are
normal. In most cases CRP-elevation can not be explained
by myocardial ischaemia or even infarction. The reason for
this elevation is often not clear. In many cases it is not
possible to wait with the operation until the CRP-value
has normalized again.

This paper describes the correlation between this CRP-
elevation and complications after extracorporeal circula-
tion, especially the development of a systemic inflammatory
reaction.

2. Patients and methods

To evaluate the correlation between preoperative CRP-
elevation and postoperative complications we retrospec-
tively compared two groups of patients without apparent
infection or inflammation undergoing CPB. The CRP-
values were measured by nephelometry (Nephelometer
100, Behring, Frankfurt, Germany) and the detection
limit was 0.3 mg/l. None of these patients suffered from
ongoing myocardial ischemia or fresh infarction. All
patients were operated on the basis of elective indication
for surgery. Both groups were matched in the patterns of
age, gender, left ventricular function and kind of operation.
We included both, coronary artery bypass grafting (CABG)
and combined procedures, that means CABG and valve-
surgery.

The CPB technique and the anesthetic management were
identical for all procedures. Cardioplegia was induced by an

intraaortic infusion of 4°C cold Bretschneider solution. All
patients were given prophylactic antibiotics with cefazolin
during the operation and through the following day. There
was no significant difference in the mean perfusion time and
in the duration of ischemia in both groups.

Group A consisted of 50 cardiac surgery patients with an
isolated CRP-elevation (.5 mg/l), the mean value was 24
mg/l (range: 6.2–93.3 mg /l). All patients in group A did not
have clinical signs of an infection, all other parameters like
leukocytes and ESR were normal, and a rheumatic disease
or a malignant neoplasia was excluded.

No preoperative CRP-elevation occurred in the control
group B, the mean value was 0.4 mg/l (range: 0–4.8 mg/l)
(Table 1).

The time points for the preoperative CRP-measurement
were 1.5± 0.6 days before operation in group A and
2.2 ± 1.2 days in the control group.

All data were compared byt-test respectivelyx2-test and
P , 0.05 was regarded as significant. In all cases we used
the standard error of the mean (SEM).

Postoperative septic complications were defined as at
least two of the clinical conditions shown in Table 2.

3. Results

The postoperative course of both groups showed signifi-
cant differences:

Septic complications as defined in Table 2 were seen in
20% (n = 10) of the patients with preoperatively elevated
CRP-levels and only in 2% of group B. Septic complica-
tions include a hyperdynamic circulatory state with an
increased cardiac index (CI) and a reduced systemic vascu-
lar resistance (SVR) combined with a higher need for
volume. In only one of these patients it was possible to
get a positive microbiology (Pseudomonas aeruginosain
two blood cultures), in all other cases no reason for the
syndrome of sepsis could be found.

In group A, a significant increase in CI was observed
when septic complications began. This increase was signif-
icantly different from values in control patients at the same
time point (group A: 5.3± 1.3 l × min−1 × m−2, group B:
2.7 ± 0.74 l × min−1 × m−2) (P , 0.05). Concomitant with
changes in CI, a significant decrease in SVR occurred in

Table 1

Demographic and clinical data of the patients with elevated and normal
preoperative CRP-values

(CRP. 5 mg/l)
Group A Group B

n 50 50
Gender (M/F) 30:20 33:17
CRP (mg/l) 24± 4 0.4± 0.1*
Ejection fraction (%) 64.3± 5.2 65.1± 6.1
CABG 30 33
CABG + valve 20 17
CPB (min) 120± 34 127± 37
Duration of ischemia (min) 62± 22 69± 15

*P , 0.05.

Table 2

Definition of septic complications after cardiopulmonary bypass (accord-
ing to Ref. [22])

Defined by at least two of the following clinical conditions

Body temperature .38°C or ,36°C
Heart rate .90 beats/min
Respiratory rate .20 breaths/min
pCO2 ,32 mmHg
White blood cell count .12000/ml or,4000/ml
Immature forms .10% of neutrophils
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group A (group A: 605± 223 dyn× s × cm−5, group B:
1128± 407 dyn× s × cm−5) (P , 0.05).

Catecholamine support was necessary in 26% (n = 13) of
group A cases, whereas it was only needed in 10% (n = 5)
of group B. Catecholamine support was defined as the need
for epinephrine or norepinephrine, and/or doses of dopa-
mine or dobutamine of more than 3mg/kg per min. Indica-
tions for inotropic support were a systolic blood pressure of
less than 100 mmHg or a mean arterial pressure of less than
60 mmHg over a period of time of more than 10 min despite
sufficient volume substitution.

Weaning from the respirator was significantly prolonged
in the cases of preoperative CRP-elevation with 25.2 h vs.
6.6 h in the controls (P , 0.05). The respirator therapy was
finished when the patients were breathing spontaneously
and had sufficient arterial blood gases with FiO2 ≤ 0.3 with-
out the need for mechanical assistance (CPAP/ASB, 5 cm
H2O).

Duration of intensive and/or intermediate care was also
significantly longer in group A with 4.6 days compared to
2.6 days in group B (P , 0.05) (Table 3).

In contrast to that there was no significant difference in
the duration of hospital stay in both groups. Two patients of
group A died during the early postoperative course, one on
day 2 (perioperative myocardial infarction), another patient
on day 9 (intestinal ischemia), whereas there was no mor-
tality in group B during the stay in hospital.

According to the differences in the clinical postoperative
course between the two groups, we found in addition sig-
nificantly different CRP-values on the 3rd day after the
operation with 36.2± 16.4 mg/l in group A, compared to
17.3 ± 10.3 mg/l in the controls (P , 0.05).

4. Discussion

The measurement of CRP has been used for the early
recognition of infection or inflammation. In connection
with the search for potential risks of postoperative infections
and endocarditis the CRP has been determined routinely in

patients before cardiac valve surgery in our department.
Analyzing patients with complicated postoperative courses
after heart surgery, either valve surgery or coronary bypass
surgery, we found more incidentally that many patients had
a perceptible elevation of CRP-values preoperatively. We
therefore made a retrospective study of one group of
patients with elevated CRP-levels and another group of
patients with preoperatively normal CRP-values. Conse-
quently it was not possible to blind the clinical investigators
for the study, the effect might have been a similar one,
however.

In general, increased CRP production is a feature of non-
infective as well as infective diseases, and CRP binds to a
wide range of autogenous products (lipids and phospholi-
pids, polycations and polyanions) all of which are constitu-
ents of cells and likely to be abnormally exposed in or
released from damaged tissues. In-vivo binding of CRP to
necrotic cells has been described and may contribute to
resolution and repair. However, it is proposed that the
main role of CRP is to recognize in plasma the potential
toxic autogenous materials released from damaged tissues,
to bind to them, and thereby to detoxify them and facilitate
their clearance [1].

CRP-levels invariably rise after major surgery, but with
an uncomplicated postoperative recovery they fall towards
normal over a period of 7–10 days. Absence of this fall or
a secondary rise in CRP provides early warning of inter-
current infection or of thrombembolic complications [1,2]

4.1. CRP in cardiac surgery/on intensive care unit

In cardiac surgery we can see an elevation of CRP in
patients with unstable angina or even myocardial infarction,
with the rise starting 20–40 h post infarction or ischemia.
There is even a correlation between the levels of CRP and of
creatine phosphokinase MB [5,6,9,10,15–19]. Patients with
high serum CRP-levels might even have a high probability
of occurrence of subacute cardiac rupture after acute myo-
cardial infarction [20].

Several authors demonstrated the importance of the CRP
as an indicator of resolution of sepsis in the intensive care
unit [3].

Other authors did not find a statistical difference in the
CRP-concentrations after CPB between patients suffer-
ing from complications and patients free of complications
[21].

4.2. CRP and postoperative septic complications/SIRS

In the past the value of preoperatively elevated CRP-con-
centrations for predicting complications after cardiac sur-
gery has been controversially discussed. There was no
evidence of a correlation between a preoperative CRP-ele-
vation in clinically inapparent patients and postoperative
complications, especially septic complications after extra-
corporeal circulation. The data of our study show that these

Table 3

Postoperative course in both groups of patients

(CRP5 mg/l)

Group A Group B P-value

Catecholamine support (%) 13 (26) 5 (10) 0.028
Respiratory support (h) 25.2± 6.4 6.6± 0.8 0.005
ICU-stay (days) 4.6± 0.8 2.6± 0.3 0.013
Septic complications (%) 10 (20) 1 (2) 0.005
→ positive microbiology → 1 → 0

Early mortality (hospital, %) 2 (4) 0 n.s.
Hospital stay (days) 17 15 n.s.
CRP (mg/l)

(3rd day after operation)
36.2± 16.4 17.3± 10.3 0.03

n.s., not significant.
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inapparent patients with elevated CRP-levels face an
increased risk of septic complications after extracorporeal
circulation (ECC). In only one patient it was possible to get
a positive microbiology according to an infective reason for
the sepsis syndrome. All other, non-infective, cases might
have been of the systemic inflammatory response type.

The pathophysiologic entity of a sepsis syndrome reflects
a hyperdynamic circulatory state including an increased
cardiac output in the presence of reduced systemic vascular
resistance [22]. This requires the treatment by vasoconstric-
tive agents like norepinephrine or even epinephrine in the
septic patients.

The prolonged weaning from the respirator in these
patients seems to be the consequence of the impaired pul-
monary function in the conditions of sepsis.

Because of the complicated postoperative course of
patients with elevated CRP-levels, we believe that these
patients should not be operated on using CPB unless there
is an urgent indication. In the future it must be shown
whether there is a correlation between quantitative measure-
ment of preoperative CRP and the risk of postoperative
septic complications. It would be of interest to investigate
the effect of a presurgical antibiotic treatment on the post-
operative outcome of these patients.

As microbiological tests, like cultures from blood, nose,
tracheal aspirate and urine, were negative in most of our
patients, we rather suppose that the sepsis was of the sys-
temic inflammatory response type. In further studies we
have to evaluate the release of certain mediators after
CPB, like CRP, interleukin-6 and procalcitonin. Cremer et
al. described significantly higher serum-levels of IL-6 in
patients with a SIRS [23]. To distinguish between a SIRS
and an infection, procalcitonin could be useful, as it only
seems to be elevated in infective conditions and not in SIRS
patients [11,24].

Taylor suggests that a SIRS is induced in all patients after
cardiac operation, but the severity is variable. Only 10% of
these patients suffer from hemodynamic disturbance [22].
So the preoperative CRP-value may be a potential indicator
to select these patients.

On the grounds of the results in this retrospective analysis
of patients undergoing cardiac surgery we can draw the
following conclusions.

5. Conclusions

• CRP seems to be a sensitive indicator to select the
patients who may suffer from postoperative compli-
cations after extracorporeal circulation.

• Patients with high CRP-levels should not be oper-
ated upon using CPB unless it is an emergency
situation.

• As microbiology tests are negative in most cases, it
may be speculated that the majority of septic com-
plications after ECC is due to a SIRS.
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Appendix A Conference discussion

Dr P. Sergeant(Leuven, Belgium): Was the CRP-value known to the
attending physicians at the time of treating their patients! You might be
overtreating a patient, knowing that the CRP-value was elevated, be more
influenced by the CRP-value than the actual clinical setting of the patient.
Can you comment on that?

Dr Feindt: In most cases they know.

Dr Sergeant: It was known?

Dr Feindt: Even if they know no special therapy was given, because no
source of elevated CRP-levels was found in these patients.

Dr B. Walpoth (Bern, Switzerland): Did you look into the time course
of CRP of those two groups and could you comment on it? And did you
look at other more specific mediators of SIRS to back up you findings?

Dr Feindt: As I mentioned at the end of my presentation this has to be
clarified in a prospective study. In this presented retrospective study only
the clinical signs of SIRS can be looked at. To your second question: we
have not measured mediators of SIRS.

Dr Walpoth: Regarding the time course after surgery, did those patients
who had elevated CRP before surgery have a much longer and higher
elevation of CRP?

Dr Feindt: Yes.

Dr Walpoth: So there is a correlation?

Dr Feindt: Yes.

Dr Walpoth: Is there a correlation from before to after surgery?

Dr Feindt: There is a correlation between the CRP-value and the clin-
ical condition of SIRS with a longer elevation of CRP-levels after surgery.

Dr R. Bauernschmitt(Heidelberg, Germany): Could you comment on
the cardiac situation of your patients prior to surgery. Because there is
some evidence that chronic heart failure, congestive heart failure, may
increase some mediators of the acute phase response and make the patients
perhaps more vulnerable to the damaging effects of cardiopulmonary
bypass.

Dr Feindt: That’s right. But these two groups are matched only con-
cerning the difference of CRP-levels. All the other factors are the same in
both groups. Emergency situations, myocardial infarction, etc. were exclu-
sion criteria for this study.

Dr W. Dimitri (Coventry, UK): You mentioned in your conclusion that
they shouldn’t be operated on without urgent indications. You’re going to
look at the effect of antibiotics. But if you waited, would the CRP-levels
come down to normal? And how long would you have to wait?

Dr Feindt: That is difficult to answer. Our conclusion was: when the
CRP-level is above 5 mg/l, we wait. Very often after 1 week, the CRP-
values are normal again when there is no clinical sign for another infec-
tion. The other conclusion we draw from these results: we check that for
every patient before cardiac surgery.

.
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