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Introduction

Hypercirculatory failure (HCF) is a severe complication
after cardiac surgery with the use of cardiopulmonary
bypass (CPB).1-3) The reported incidence of HCF after

CPB ranges between 8 to 10%.2) There is a growing evi-
dence that hypercirculatory response after cardiac sur-
gery is caused by the activation of different mediator
systems like cytokines, complement, tumor necrosis fac-
tor, bradykinin/kallikrein system and is similar to the
systemic inflammatory response syndrome (SIRS).1-3) The
question if a SIRS-like reaction is induced per se during
cardiac operation remains unsolved.1) In most studies the
cytokine levels were found to be increased in patients
with no clinical signs of HCF.1) Different cardioplegic
strategies and the use of individual venous drainage tech-
niques during CPB may additionally be the cause of pe-
ripheral vasodilatation, potentially leading to HCF.2,4-7)
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during and up to 12 hours after surgery. We noted a significantly increased incidence of
HCF in-group A (32%, n=13) and B (40%, n=16) when compared to group C (10%, n=4,
p<0.05), with significantly increased requirements for vasoactive medication in patients
developing HCF.
Conclusion:  The present study results demonstrate that single atrial cannulation is associ-
ated with a significantly higher incidence of HCF. This is presumably caused by infusion of
cardioplegic solution into the systemic circulation. (Ann Thorac Cardiovasc Surg 2001; 7:
210–5)
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In a retrospective analysis performed at our institution
we observed an 8% incidence of HCF in the 1200 pa-
tients investigated. In the majority of these patients,
venous drainage was performed using single-atrial venous
cannulation, a technique which is inevitably associated
with the infusion of significant amounts of cardioplegic
solution into the systemic circulation.4)

The present prospective study was undertaken to in-
vestigate if the different venous drainage techniques dur-
ing CPB and the systemic infusion of cardioplegic solu-
tion are related with a higher incidence of HCF in pa-
tients undergoing coronary artery bypass grafting
(CABG). In addition we studied the role of the intraop-
erative hemofiltration on the incidence of HCF.

Material and Methods

After approval of the local institutional human research
committee and written informed consent, 120 patients
undergoing elective CABG surgery were randomized.
Exclusion criteria were left ventricular ejection fraction
(EF) <40%, concomitant cardiac valve disease, diabe-
tes, peripheral arterial vascular disease, and severe pul-
monary, renal and/or hepatic failure. The patients were
divided into three groups according to the type of venous
cannulation and the use of hemofiltration. Group A:
mono-atrial venous cannulation (DLP, 46C, Medtronic
91246 C) and systemic circulation of the cardioplegic
solution after coronary administration, group B: mono-
atrial venous cannulation and intraoperative zero-fluid
balanced hemofiltration (Jostra BCA 140) of the
cardioplegic solution, and group C: bi-caval venous can-
nulation (Stöckert, 36F, V122-36) with complete removal
of the cardioplegic solution from the right atrium.

Prior to anaesthesia induction, hemodynamic moni-
toring was established including electrocardiography
(ECG), arterial, central venous and pulmonary arterial
catheterisation. Anaesthesia was performed using a modi-
fied opioid-benzodiazepine technique. The following
hemodynamic parameters were continuously monitored
(Sirecust 1281, Siredoc 220, Siemens, Germany): heart
rate (HR), mean arterial pressure (MAP), central venous
pressure (CVP) and pulmonary arterial pressure (PAP).

Thermodilution measurements of cardiac output (CO),
the calculation of systemic vascular resistance (SVR) and
pulmonary vascular resistance (PVR) were performed in-
termittently before induction of anesthesia (I), pre- and
post bypass (II, III), after sternal closure (IV), after ar-
rival at the intensive care unit (ICU) (V) and hourly the

first twelve postoperative hours (VI-XIV). In addition,
mixed venous oxygen saturation, serum natrium and po-
tassium, hemoglobin and hematocrit were monitored
during the entire study period. The cumulative fluid bal-
ance, the use and dosage of the vasoactive medication
(norepinehrine, epinephrine, nitroglycerine) were addi-
tionally recorded online. The postoperative therapy was
performed by physicians not involved in this study and
blinded to the type of venous drainage performed.

The CPB-priming was standardized and consisted of
1000 ml Ringer’s-lactate-solution, 500 ml hydroxyethylstarch
6% and 7500 I.U. heparin. Surgery was performed un-
der moderate hypothermia (32°C), using roller pumps
(Polystan) and membrane oxygenators (Jostra, Quadrox).
During the CPB a non-pulsatile pump flow rate of 2.4
L*min-1 *m-2 was maintained in all patients. A hemat-
ocrit of 20-24% was constantly monitored during CPB.
The CPB-acid base status was performed according to
the pH-stat mode.

Combined myocardial protection was performed by
infusion of 2000 ml Bretschneider-HTK solution
(Custodiol®) at 4°C via a needle-vent (Research Medi-
cal, Inc., ATC-011-MV) in the aortic root and the use of
saline topical cooling. In groups A and B, the cardioplegic
solution entered the systemic circulation. In group C the
cardioplegic solution was removed from the right atrium
as complete as possible. In group B hemofiltration was
performed once CPB was initiated and a total of 2000
ml ultrafiltrate was filtrated during the extracorporeal
circulation.

HCF failure was defined as the simultaneous presence
of CO >6L*min-1, SVR <800 dyn*sec*m-5 and a MAP
<60 mmHg.

All table and figure data are given as mean ± standard
deviation, unless stated otherwise. The effects of the dif-
ferent venous drainage techniques were tested by mul-
tiple analyses of variance for repeated measurements
(MANOVA) using the statistical package Statistica 3.1.
(Statsoft Inc.). Post-hoc testing within each group and
between groups was performed when a significant inter-
action between the repeated measures factor and the type
of venous drainage was observed. Student’s t-test was
used for post-hoc comparison. A level of p<0.05 was
considered significant.

Results

Each group consisted of 40 patients. The groups were
comparable with respect to biometric data, time of is-
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chemia, time of perfusion and the number of performed
bypass grafts (Table 1). Neither myocardial infarction
nor bleeding complications leading to re-thoracotomy
were observed. The need for transfusion of packed red
blood cells (RBC) and fresh frozen plasma (FFP) was
slightly elevated in group A when compared to group B
and C, however, this finding did not reach statistical sig-
nificance. The crystalloid fluid balance did not differ sig-

nificantly between the groups, nor did the amount of
colloid solution until 12 hours postoperatively. Moreover,
hemoglobin and hematocrit values were comparable be-
tween the groups throughout the entire study period.

The incidence of HCF was significantly increased in
groups A and B. In groups A and B, 32.5% and 40 % of
the patients fulfilled the criteria of HCF, whereas only
10% of the patient’s in group C developed HCF (p<0.05).
The time course of CO and SVR are shown in Figs. 1
and 2. When compared to group C, the CO after CPB
was significantly increased in-group A and B. Concomi-
tant we noticed a decrease in the SVR (Figs. 1 and 2). In
contrast, the MAP was not significantly different in all
groups (Fig. 3). However, in order to stabilize the MAP
after CPB in groups A and B the patients received sig-
nificantly higher amounts of norepinephrine and epineph-
rine when compared to group C (Fig. 4). The HR, CVP,
MAP, and the pulmonary capillary wedge pressure
(PCWP) showed no significant differences between the
groups. Only the PVR showed an increasing tendency in
group C (Fig. 5). The mixed venous oxygen saturation

Table. Biometrical, surgery related data and the length of
ICU stay

Group

Age
Body weight
Body height
Gender

No. of grafts
Ischemia
Perfusion
ICU stay

Group

(years)
(kg)
(cm)
men
women
(n)
(min)
(min)
(hours)

A

63 ± 2
75 ± 8
176 ± 5

18
22
4

67 ± 4
47 ± 7
20 ± 2

B

65 ± 2
76 ± 6
179 ± 3

21
19
5

68 ± 3
49 ± 2
21 ± 2

C

64 ± 1
75 ± 7
177 ± 6

17
23
4

70 ± 3
47 ± 7
28 ± 3

Fig. 1.  Perioperative time course of cardiac output (CO). Data
are given as mean ± standard error of mean (SEM). Measure-
ments were performed before (I), directly after cardiopulmo-
nary bypass (II), after sternal closure (III), at the end of surgery
(IV) and 1, 2, 3, 4, 5, 6, 7, 8, and 12 hours after surgery. A
significant difference between the patients in group C compared
to groups A and B was found at the end of surgery and during
the initial ICU period.

Fig. 2.  Perioperative time course of systemic vascular resistance
(SVR). Data are given as mean ± SEM. Measurements were
performed before (I), directly after cardiopulmonary bypass (II),
after sternal closure (III), at the end of surgery (IV) and 1, 2, 3,
4, 5, 6, 7, 8, and 12 hours after surgery. SVR was significantly
decreased in patients with single-atrial cannulation and 1 and 2
hours after at the ICU.
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was significantly increased in the HCF patients (86 0.6%,
n=33) when compared with those with stable hemody-
namics (62 0.3%, n=87, p<0.05).

Discussion

The present study results demonstrate that single-atrial
cannulation and the inevitable infusion of Bretschneider’s
cardioplegic solution into the systemic circulation per se
are associated with a significant increase in HCF in pa-
tients undergoing CABG. In our patients the intraopera-
tive zero-fluid balanced hemofiltration was not benefi-
cial with respect to the incidence and severity of HCF.
Bicaval cannulation and the subsequent complete removal
of cardioplegic solution were associated with a lower
incidence of HCF.

HCF after CPB is one of the major complications in
cardiac surgery causing an increased need for catechola-
mine support and potentially leading to an increased
morbidity and mortality rate.1) Cremer et al.2) observed
an HCF incidence of approximately 10% in their patient
group, comparable with our retrospective data on 1200
patients. While it remains unclear why the HCF is oc-

Fig. 3.  Perioperative time course of mean arterial pressure (MAP).
Data are given as mean ± SEM. Measurements were performed
before (I), directly after cardiopulmonary bypass (II), after ster-
nal closure (III), at the end of surgery (IV) and 1, 2, 3, 4, 5, 6, 7,
8, and 12 hours after surgery. No significant differences in MAP
were observed during the entire study period.

Fig. 4.  Cumulative doses of norepinephrine and epinephrine dur-
ing the entire study period. A significant difference in both nore-
pinephrine and epinephrine doses were observed between pa-
tients in group C and patients in groups A and B.

Fig. 5.  Perioperative time course of pulmonary vascular resis-
tance (PVR). Data are given as mean ± SEM. Measurements
were performed before (I), directly after cardiopulmonary by-
pass (II) and 1, 2, 3, 4, 5, 6, 7, 8, and 12 hours after surgery. No
significant differences in PVR were observed during the entire
study period. However, PVR was elevated in group C.

curring in one particular individual,1,3) there is growing
evidence that the reasons for HCF are multifactorial. It
has been suggested that HCF is similar to the “systemic
inflammatory response syndrome” (SIRS), which can be
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seen during the early phase of sepsis or endotoxemia.1,8)

Thus, it can be hypothesized that CPB leads by itself to a
SIRS-like reaction and only a subgroup of predisposed
patients may develop HCF.1,2,7,8) However, it is less clear
which factors are responsible for the frequency of HCF
after cardiac surgery.1,3) During the past years, the acti-
vation of different mediator systems has been extensively
studied in a variety of experimental and clinical set-
tings.2,8-12) Recently, Cremer et al. observed that
interleukin 6 (IL-6) levels where significantly increased
in patients developing hemodynamic instability and con-
cluded that the circulating IL-6 plays a major role in the
inflammatory cascade initiated by the CPB.8) In contrast,
Taylor et al. showed that IL-6 levels were also consider-
ably increased in patients who did not develop HCF.1)

Another cause of HCF may be the choice of cardioplegic
solution (blood, crystalloid and/or colloid solution) and
it’s application technique, i.e. single dose versus multi-
dose cardioplegia.4-7,10,11) So far, it remained unclear if
the infusion of cardioplegic solution into the systemic
circulation, which occurs inevitably when single-atrial
cannulation is performed, increases the incidence of
HCF.10,11)

The present study was designed as a prospective,
controlled, randomized trial to clarify whether the type
of venous drainage, the infusion of the cardioplegic
solution and/or intraoperative zero fluid balanced
hemofiltration influences the incidence and severity
of HCF. Our results demonstrate that the incidence of
HCF was significantly increased in patients with
single-atrial cannulation in which cardioplegic solu-
tion was not removed from the systemic circulation.
In contrast, Louagie et al. reported no differences in
their study between single atriocaval and bi-caval can-
nulation with respect to the systemic hemodynamics.8)

However, the cardioplegic application technique was
different in both studies. Louagie et al. used multidose
cardioplegia, whereas in our study one single dose of
cardioplegic solution was infused immediately after
cross-clamping.8) The different cardioplegic applica-
tion modalities may explain in part the different re-
sults thereafter. Beyersdorf et al. compared the hemo-
dynamic effects of hypothermic ventricular fibrilla-
tion, multi-dose blood cardioplegia and single dose
Bretschneider cardioplegia.4) In their study no differ-
ences regarding the SVR and/or the CO have been
observed.4) In Beyersdorf’s study the bi-caval cannu-
lat ion technique was used in the single dose
Bretschneider cardioplegic group. The hemodynamic

results of these patients were comparable with our
patients group C.

The available literature and the present study results
are suggesting that single dose infusion of one dose of
crystalloid cardioplegic solution is a main factor for the
increased incidence of HCF seen in group A and B.10-13)

Gallandet-Huet et al. studied also the hemodynamic ef-
fects of different crystalloid cardioplegic solutions.6) They
could demonstrate that the vasodilatative properties of
Bretschneider’s cardioplegia are more pronounced when
compared with the modified St. Thomas solution.6) Us-
ing 20 ml kg-1 of Bretschneider’s cardioplegic solution
and single-atrial cannulation a 30% SVR decrease was
observed.6) Patients receiving Bretschneider’s solution
demonstrated significantly increased CO values imme-
diately after CPB when compared with those receiving
St. Thomas solution.6) Furthermore, 81.8 % of the pa-
tients in the Bretschneider group received vasoconstric-
tors, compared to 60.7 % in the St. Thomas group. The
results of the present study support the Gallandet-Huet
findings.

In our study, the amount of norepinephrine neces-
sary to reach adequate arterial perfusion pressure was
increased after single-atrial venous cannulation. The
intraoperative zero flow-balanced hemofiltration was
performed only in one group of patients. However, we
observed no significant benefit with respect to hemo-
dynamics, blood transfusion and/or incidence of HCF.
These results are in line with Tassani’s study,9) who
demonstrated that hemofiltration during rewarming did
not result in hemodynamic improvement. Hemofil-
tration performed immediately after CPB leads to a
decrease in the pulmonary shunt fraction and an in-
crease in the MAP.8) In addition, Babka et al. com-
pared the systemic hemodynamics, the transfusion re-
quirements, the postoperative blood loss and the post-
operative ICU stay in patients with and without
hemofiltration during CPB.15) As in our study, no sig-
nificant benefits of the hemofiltration could be detected
in their controlled clinical study.

In summary, we conclude that single-atrial venous can-
nulation is a risk factor for HCF after CABG surgery.
The increased incidence of HCF is probably caused by
the inevitable infusion of cardioplegic solution into the
systemic circulation required during CPB with the use
of single-atrial venous drainage technique. Zero-fluid
balanced hemofiltration during CPB offers no benefit
with respect to systemic hemodynamics and in particu-
lar the incidence of HCF.
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