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Hemostatic procedures and control of blood pressure concomitant with rapid transfusion of 
blood products aimed at recovery of coagulability are necessary for intractable bleeding 
during cardiac surgery. However, when the bleeding is massive and hemostasis is prolonged for 
several hours, operative maneuvers such as manual compression of the heart can affect hemo-
dynamics, decrease cardiac output, and elevate atrial and venous pressure, with consequent 
hepatic, renal, and pulmonary dysfunction over time. Herein we present three cases of potentially 
fatal bleeding during open-heart surgery, in which we used a heparin-coated closed circuit for 
circulatory support after standard cardiopulmonary bypass. We achieved stable hemodynamics 
following surgical hemostatic maneuvers and avoided the postoperative multiple organ failure 
by using a cardiopulmonary support system. (Ann Thorac Cardiovasc Surg 2010; 16: 131–133)
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Introduction

The femoro-femoral cardiopulmonary support (CPS) sys-
tem is useful for maintaining systemic circulation during 
impaired cardiac function1–5) when recovery is expected. 
Because the CPS circuit (including an artificial lung) 
consumes platelets and promotes bleeding, it is generally 
believed that hemostasis is required for introduction of CPS. 
However, it may be difficult to stop bleeding during open-
heart surgery, and difficulty in achieving hemostasis is 
usually associated with severe coagulopathy resulting from 
prior cardiopulmonary bypass, or with tissue vulnerability 
because of an infarcted ventricle or thin atrial wall. Manual 
compression of the bleeding site on the heart is generally 
effective for control, but this maneuver can restrict motion 

of the ventricle, decrease cardiac output, and elevate the 
central venous pressure. Consequently, multiple organ dys-
function can occur and may occasionally be fatal. Here 
we report three cases (Table 1) in which a heparin-coated 
closed circuit was used during continual bleeding to 
maintain hemodynamics and prevent systemic organ dam-
age during hemostatic procedures.

Case Reports

Case 1
The patient was an 80-year-old male with left ventricular 
rupture of the blow-out type that occurred 4 days after the 
onset of acute myocardial infarction. Percutaneous CPS 
(PCPS) via the femoral vessels and intra-aortic balloon 
pumping (IABP) was initiated immediately in the coronary 
care unit, and endocardial and epicardial patch augmenta-
tion of the beating heart were then performed in emergency 
surgery. During attempted weaning from the cardiopul-
monary bypass, we observed bleeding around the epicardial 
patch, probably a result of elevation of the ventricular pres-
sure and increased tension in the ventricular wall, and we 
subsequently initiated a heparin-coated closed circuit. 
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Complete hemostasis with stable circulation was obtained 
by manual compression on the ventricle around the epi-
cardial patch. The heparin-coated closed circuit was 
discontinued uneventfully on the fourth postoperative day 
in the intensive care unit (ICU). The patient was discharged 
with only a minor neurological deficit and is still alive 30 
months postoperatively.

Case 2
The patient was a 74-year-old female with a diagnosis of 
acute myocardial infarction; she underwent emergent 
coronary artery bypass grafting. On the 1st postoperative 
day, she suffered from cardiogenic shock because of left 
ventricular rupture (blow-out type). Immediately we initiated 
a CPS circuit for maintenance of systemic hemodynamics, 
and we then performed rethoracotomy to do epicardial 
patch repair. In this operation, we applied the compression 
method for hemostasis, but hardly to perform hemostatic 
compression. We took 3 hours in hemostatic manipulations 
for the suture line of the left ventricle under driving CPS 
and 72 hours for the weaning of the CPS. Although she 
did not suffer from renal dysfunction or liver dysfunc-
tion, unfortunately she died as a result of mediastinitis on 
the 100th postoperative day.

Case 3
The patient was a 78-year-old male who underwent mitral 
valve replacement for rheumatic stenosis. At the end of a 
cardiopulmonary bypass, we discovered massive bleeding 

from the posterolateral wall of the left ventricle. The heart 
was rearrested, the implanted valve was removed, and 
laceration of the posterolateral wall of the ventricular 
wall was discovered. This was covered by augmentation of 
the xenopericardium through the mitral annulus with sub-
sequent placement of a prosthetic valve, but bleeding 
continued from the posterior of the ventricle. The postero-
lateral wall of the ventricle was compressed with support of 
a heparin-coated circuit for several hours, hemostasis was 
ultimately achieved, and CPS was terminated in the opera-
tion room. The patient is alive 6 years after the operation.

Discussion

The CPS system is commonly used as a bridge for recovery 
of cardiac function after surgical intervention.1–5) It is 
commonly utilized via the femoral artery and vein in 
patients with ischemic heart disease or cardiomyopathy, 
and it improves systemic circulation dramatically at lower 
central venous pressures. Unloading of the right and left 
ventricles is favorable for restoration of ventricular con-
traction, and concomitant unloading of the pulmonary 
circulation can contribute to the recovery of damaged 
lungs. Heparin-coated CPS is advantageous in terms of 
biocompatibility. Experimental and clinical studies have 
shown that the use of CPS with surface-bound heparin 
reduces complementary activation, granulocyte activation, 
and inflammatory cytokines, compared with a CPS system 
without heparin coating.12–14) We administered heparin, 

Table 1.  Patients’ characteristics, procedures, and results

Patient  
No. 

Age Sex Preoperative
diagnosis

Initial
procedure

Event during
operation

Procedure
under CPS

system

CPS 
time for

hemostasis
(hrs)

Total CPS
time (hrs)

Renal
failure*

Liver
dysfunction**

1 80 Male

AMI, LV
rupture 

(anterolateral
~basal)

Endo- and 
epicardial

 patch repair

Bleeding
from LV

suture line

Compression
on the LV 3 96 No Yes

2 74 Female
AMI, LV 
rupture 

(inferoposterior)

Epicardial
patch repair

Bleeding
from LV

suture line

Compression
on the LV 3 72 No No

3 78 Male MSR AF MVR, maze

Endocardial
 patch repair 
for LVPW
laceration,

bleeding from 
LVPW

Compression
on the LV 3 3 No No

CPS, cardiopulmonary support; AMI, acute myocardial infarction; LV, left ventricle; MSR, mitral stenosis and regurgitation; AF, atrial 
fibrillation; MVR, mitral valve replacement; LWPW, left ventricular posterior wall; *, requirement of hemodialysis; **, total bilirubin > 
4.0 mg/dl.
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observing activated clotting time as the index of antico-
agulation and controlled activated clotting time from 150 
to 180 seconds.

The CPS system is also effective after open-heart sur-
gery. Ventricular rupture is a life-threatening complication 
of acute myocardial infarction, and patients presenting 
with cardiogenic shock will not survive without surgical 
treatment.8) For patients in critical condition, such as after 
repair of a ventricular rupture, multiple organ failure 
(especially liver and renal dysfunction) may initiate and 
progress during surgery and can be fatal in the ICU. Sev-
eral studies have shown that elevated central venous 
pressure is a significant predictor of postoperative multiple 
organ failure and is associated significantly with early 
mortality, especially in elderly patients.10,11)

The CPS system usually requires concomitant infusion 
of heparin and impairs coagulability by decreasing platelet 
counts; therefore massive bleeding is generally consid-
ered as a contraindication for CPS. However, for a limited 
number of patients with massive bleeding, we believe 
that the CPS system is unquestionably helpful because it 
allows control of the arterial and ventricular pressures, 
decreases the wall tension of the left ventricle, and enables 
effective manual compression of the heart under stable 
circulation. As a result, a hemostatic state can be achieved, 
and systemic organ damage is minimized. However, CPS 
is very likely to be contraindicated in cases with signifi-
cantly reduced ventricular contraction, since thrombus 
formation may occur in the pulmonary vessels or left 
atrium, and successful weaning from the CPS system 
would not be expected in such cases. Therefore we con-
sider that hemostasis with use of the CPS system is 
applicable in patients with relatively good ventricular 
function complicated by intractable bleeding from the 
ventricular wall, cardiac vein, atrium, and pulmonary vessels.

We conclude that the CPS system is useful and effective 
for the avoidance of fatal organ dysfunction in patients 
with massive bleeding after open-heart surgery, espe-
cially when the ventricular contraction is relatively good.
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