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Abstract
Objective: To determine predictors of postoperative

bleeding after cardiac surgery, in order to focus on preventive
measures for high-risk populations.

Methods: From October 2001 to March 2002, 411
consecutive adult cardiac surgery patients were prospectively
studied, with the exception of those submitted to heart
transplantation. In order to determine risk factors for
postoperative bleeding, 20 preoperative, 17 operative and 6
postoperative variables were analyzed using univariate
methods and multiple linear regression.

Results: Operative procedures included coronary artery
bypass grafting in 227 (55.2%) patients, valvar operations in
198 (48.2%), aortic surgery in 25 (6.1%) and combined
procedures in 60 (14.6%). Cardiopulmonary bypass was used
in 335 (81.5%) patients and anti-fibrinolysis agents in 148
(36%). The thirty-day mortality rate was 5.6% (23 patients).
Mean 24-hour postoperative blood loss was 610 ± 500 mL
(range 10-4900). Re-exploration for bleeding was required in
15 (3.7%) patients. Independent predictors of postoperative
bleeding were emergency operations (p=0.049), postoperative

metabolic acidosis (p=0.001), preoperative thrombocytopenia
(p=0.034) and prolonged cardiopulmonary bypass (p=0.021).

Conclusions: When possible, preoperative stabilization
and correction of coagulation disturbances should be achieved
in patients requiring urgent or emergent surgery and in those
with thrombocytopenia. The duration of cardiopulmonary
bypass should be minimized as long as this is practical.
Postoperative metabolic acidosis must be actively corrected,
especially the main determining causes.

Descriptors: Hemorrhage. Blood loss, surgical. Blood
coagulation disorders. Risk factors. Cardiac surgical
procedures. Postoperative complications. Multivariate
analysis.

Resumo
Objetivo: Determinar os fatores de risco de sangramento

no pós-operatório de cirurgia cardíaca, na tentativa de
racionalizar as medidas preventivas em populações
específicas.

Fatores de risco de sangramento no pós-operatório de cirurgia cardíaca em pacientes adultos

Risk factors for postoperative bleeding after adult
cardiac surgery
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Método: No período outubro de 2001 a março de 2002, foram
estudados prospectivamente 411 pacientes consecutivos
submetidos a tratamento cirúrgico de cardiopatias adquiridas,
excluindo o transplante cardíaco. No intuito de identificar os
fatores preditores de sangramento excessivo, foram analisadas
20 variáveis pré-operatórias, 17 operatórias e seis  pós-
operatórias por análise univariada e regressão linear múltipla.

Resultados: Os procedimentos cirúrgicos incluíram a
revascularização do miocárdio em 227 (55,2%) pacientes,
cirurgia valvar em 198 (48,2%), tratamento cirúrgico de
doenças da aorta em 25 (6,1%) e procedimentos combinados
em 60 (14,6%). A circulação extracorpórea foi empregada em
335 (81,5%) pacientes e o uso de drogas antifibrinolíticas em
148 (36%). A mortalidade em 30 dias foi de 5,6% (23 pacientes).
O volume médio de sangramento em 24 horas foi de 610 ±
500 ml (variação 10-4900). A revisão cirúrgica de hemostasia
foi necessária em 15 (3,7%) pacientes. Os fatores preditores
independentes de sangramento excessivo pós-operatório

foram a operação de emergência (p=0,049), acidose metabólica
pós-operatória (p=0,001), plaquetopenia pré-operatória
(p=0,034) e tempo prolongado de circulação extracorpórea
(p=0,021).

Conclusões: Pacientes submetidos a operações de
emergência e aqueles com plaquetopenia necessitam, na
medida do possível, de otimização das condições clínicas pré-
operatórias. O uso de circulação extracorpórea deve ser
minimizado ao máximo, principalmente em relação a sua
duração. A acidose metabólica no pós-operatório deve ser
corrigida agressivamente, na busca da sua causa principal.

Descritores: Hemorragia. Perda sanguínea cirúrgica.
Transtornos da coagulação sanguínea. Fatores de risco.
Procedimentos cirúrgicos cardíacos. Complicações pós-
operatórias. Análise multivariada.

INTRODUCTION

Despite of great developments over recent years,
bleeding continues to be one of the main morbidities in
heart surgery, particularly with the advent of complex
procedures with prolonged cardiopulmonary bypass and
intervention times in acutely decompensated patients. As
well as the higher hospital costs, blood and blood component
transfusions and surgical re-interventions for hemostasis
complications incurred, there are significant increases in
the morbidity and mortality [1,2]. Thus, knowledge of risk
factors for bleeding [3] is primordial to adopt preventive
and therapeutic measures.

Due to the multifactorial nature of the problem,
establishing universal protocols is necessary [4], but this is
invariably more difficult due to the alterations in coagulation
caused by cardiopulmonary bypasses (CPB). Several
methods have been proposed in an attempt to minimize the
blood loss in heart surgery, including the use of cell savers
[5], autotransfusions [6], heparin-lined circuits [7], leukocyte
filters [8] and antifibrinolytic drugs [9]. The inconvenience
of these methods is in the high cost required to routinely
implement them.

The objective of this study is to determine the risk factors
for bleeding in the postoperative period of heart surgery, in
order to identify high risk populations for future preventive
measures.

METHOD

From October 2001 to March 2002, 411 consecutive
patients submitted to the surgical treatment of heart disease
were prospectively studied. Patients who were submitted
to heart transplantation and those who passed away within
the first 24 hours after the operation without mediastinal

bleeding complications were excluded.
The mean age was 57.7 ± 13.9 years (varying from 14

to 91 years) and 59.6% of the patients were men. The
mean weight was 69.l ± 14.1 kg (ranging from 32 to 130
kg). The surgical procedures (Table 1) included coronary
artery bypass grafting in 227 (55.2%) patients, valve
surgery in 198 (48.2%) and surgical treatment for aortic
diseases in 25 (6.1%).

Table 1. Performed surgical procedures.

Operation
Coronary artery bypass grafting

With CPB
Without CPB

Valve surgery
Mitral
 Aortic
 Aortic /Mitral
Mitral/Tricuspid
Aortic /Mitral/ Tricuspid

Aorta surgery
Associated procedures

 CABG + Valvar
 CABG + LVaneu
 CABG + LVaneu + Valvar
CABG + closure of IVS
Aorta + Valvar
Aorta + Valvar + RM

Others

N
184
113
71

150
55
41
29
14
11
7

60
29
11
1
1

17
1

10

%
44.8
27.5
17.3
36.5
13.4
10
7

3.4
2.7
1.7

14.6
7

2.7
0.2
0.2
4.1
0.2
2.4

CPB: cardiopulmonary bypass: CABG: coronary artery bypass
grafting; LVaneu Left ventricle aneurismectomy; IVS: Myocardial
post-infarction Intraventricular shunt.
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Sixty (14.6%) patients underwent combined surgical
procedures with the majority being coronary artery bypass
grafting together with valve surgery. Ten patients (2.4%)
were submitted to several procedures, which included
pericardiectomy (five patients), pulmonary
thromboendarterectomy (three patients) and resection of a
myxoma in the left atrium (two patients).

The most common approach was by median sternotomy,
performed in 403 (98%) patients. Right antero-lateral
thoracotomies were performed in eight young female patients
for surgical treatment of mitral valve disease.

Cardiopulmonary bypasses were used in 335 (81.5%)
patients. Before cannulization, heparin was administrated
at 4 mg/kg of body weight in order to obtain an activated
coagulation time (ACT) of greater than 480 seconds. The
arterial blood flow was maintained at about 2.4 L/m2/min, in
order to maintain the arterial blood pressure between 50 and
70 mmHg. Myocardial protection was achieved using
sanguineous or crystalloid anterograde cardioplegia or
intermittent aortic clamping, depending on the surgical team.

Ten (2.4%) patients were submitted to total circulation
arrest (TCA) under deep hypothermia to treat type A aortic
dissections, aortic arch aneurisms or chronic pulmonary
thromboembolism. The mean TCA time was 35.3 ± 20.2
minutes (ranging from 10 to 70 minutes). After CPB
interruption and priming volume replacement, the circulating
heparin was neutralized by protamine administration at a
proportion of 1:1.

Seventy-six (18.5%) patients underwent procedures
without the use of CPB, including coronary artery bypass
grafting (71 patients) and pericardiectomy (five patients).
When heparin was necessary doses of from 2 to 3 mg/kg of
body weight were employed in order to maintain the ACT
two times the basal value. After the last anastomosis, the
circulating heparin was neutralized by protamine
administration at a proportion of 0.5:1.

Antifibrinolytic drugs were used for 148 (36%) patients,
with aminocaproic epsilon acid used for 145 patients and
aprotinin for three. Recommendation of use of these drugs
included all patients submitted to reoperations and those
submitted to their first operations but who were considered
to be high risk for bleeding due to their preoperative
characteristics. The type of antifibrinolytic utilized depended
of the individual preferences of the anesthetist and surgical
team. Epsilon aminocaproic acid was the drug of choice due
to its low cost and results comparable to other antifibrinolytic
agents [10,11]. The intraoperative autotransfusion using a
cell saver was employed in 48 (11.7%) patients, more
commonly with coronary artery bypass grafting surgeries
without the use of CPB.

The volume of bleeding in the postoperative period was
determined through the sum of losses through all thoracic

drains from the moment of closure of the thorax over a period
of 24 hours. Postoperative management was conduced by a
multidisciplinary team, which included a cardiologist, an
intensivist, a cardiovascular surgeon and a hematologist.
The hematologist was responsible for blood component
transfusion. There was no influence whatsoever of the
authors of this study in respect to the correction of
postoperative coagulation disorders or the indication of
transfusions of blood or blood components or the surgical
intervention for hemostasis. Each case was individually
analysed in respect to the necessity of blood transfusions
considering the hemodynamic conditions, the amount of
bleeding, the patient’s age and the history of hemorrhagic
disorders. The professionals involved in the postoperative
period did not have knowledge in respect to this study or
its objectives.

In general, the following norms were adopted in
respect to blood component transfusion. Significant
bleeding (150 mL/hour) in the immediate postoperative
period was treated according to the result of the
coagulogram. Laboratory alterations, when bleeding was
absent, did not indicate any type of treatment. The use
of protamine was indicated when the partial activated
thromboplastin (PAT) levels or activated coagulation time
(ACT) when available, increased or when recirculation of
heparin was suspected. When alterations of the
prothrombin activity (PA) or in the international
normalization ratio (INR) occurred, fresh frozen plasma
transfusions were indicated. A platelet count below
100,000 per microliter with bleeding was indicative of
transfusions of this component. A hematocrit level under
28% was corrected by concentrated red blood cell
transfusions. Young patients with adequate myocardial
reserve tolerated hematocrit levels of as low as 20%
without the necessity of transfusions. The indication of
surgical intervention for hemostasis followed certain
individual variations, according to the surgeon in charge.
In general, it was indicated when the blood loss was
higher that 500 mL within the first postoperative hour,
greater than 300 mL for two consecutive hours or greater
than 1 liter within the first eight postoperative hours.

The variables studied are listed in Appendix I. The
preoperative variables were collected on the eve of the
operation by a direct interview of the patient or direct
consultation of the patient’s records. The intraoperative
variables were collected by researchers soon after the
surgery by studying the description of the surgery,
registers of the anesthetist and perfusion records, if
applicable. In the postoperative period, the variables
were collected from the vital sign control records and
routine laboratory examinations within the first 24
postoperative hours.
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Statistic analysis
The categorical variables were expressed as frequencies

and percentages and the constant variables as means ±
standard deviations. Mediastinal bleeding within 24 hours
was studied as a continuous variable. To determine the risk
factors for bleeding, the Student t-test for non-paired values
and the Pearson correlation test for univariant analysis were
employed. The multivariate analysis was performed using
multiple linear regressions. They were considered expressive
when the p-value was less than 0.05, with a confidence
interval of 95%.

RESULTS

The 30-day mortality rate was 5.6% (23 patients). The
mean volume of bleeding over 24 hours was 610 ± 500 mL
(range from 10 to 4900 mL). Surgical intervention for
hemostasis was necessary in 15 (3.7%) patients. The
characteristics of these patients including the bleeding
volume until the surgical intervention, the length of time
until the intervention and the operative findings are shown
in Table 2. The origin of the bleeding was not identified by
surgical intervention for hemostasis in 9 (60%) patients,
and in these cases the cause was attributed to postoperative
coagulopathy. The most frequent cause of bleeding in the
remaining patients (3 patients - 20%) was laceration of the
intercostal vessel linked to the passage of wires during
closure of the sternum.

The risk factors for bleeding are shown in Tables 3 to 5.
The factors associated to the greatest blood loss within the
first 24 postoperative hours were, according to univariant
analysis: emergency operations, the use of dicumarinic
anticoagulants, preoperative thrombocytopenia, the use of
cardiopulmonary bypass, high doses of heparin, prolonged
CPB time, CPB temperature, surgery of the aorta and
metabolic acidosis in the postoperative period.
Reoperations, ingestion of aspirin less than five days before
surgery and the lack of intraoperative infusion of
antifibrinolytic agents did not influence the postoperative
bleeding volume.

Figure 1 shows the predictive bleeding factors identified
by multivariate analysis. Emergency surgery (p=0.049),
postoperative metabolic acidosis (p=0.001), preoperative
thrombocytopenia (p=0.034) and prolonged
cardiopulmonary bypass time (0.02l) were recognized as
significant factors.

COMMENTS

Blood loss resulting from bleeding and the attempt to
correct hemostasis disorders are responsible for increases in
transfusional rates. Despite of improvements in the methods
of donator selection, blood and blood component transfusion
is associated with several complications, such as viral
infections, induction of immunologically caused transfusional
reactions and suppression of the immune system.

Surgical intervention for
hemostasis is necessary in
those patients with acute or
persistent bleeding that can
not be explained by
coagulation disorders and
that does not answer to the
correction of specific
factors. In our series, 3.7%
of the patients needed
surgical intervention for
hemostasis, a result similar
to the prevalence reported
by other studies [1,2]. In a
little less than half of the
patients [1] the source of
bleeding was not found and
so a coagulopathy was
usually stated as the
principal cause. The clinical
repercussions of surgical
intervention for hemostasis
are important [1], as it
increases by three-fold

Time to revision (h)
1

12
5

11
7
7

48
2

48
7
5

12
2
5
4

Table 2. Characteristics of patients submitted to surgical revision for hemostasis

N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Operation
P T E
AoRe
MiRe
Bentall de Bonno
AoRe
CABG
MiRe + AoRe
RM + LVAn
MiRe + Tric. Plastia
AoRe
CABG & MiRe
Aortic dissection
MiRe
Aortic dissection
AoRe

Bleeding* (ml)
500

2120
2300
1950
1740
1510
1870
400

2630
1340
1000
2360
3120
1450
1300

Finding
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Coagulopathy
Intercostal**
Intercostal**
Intercostal**

IVC***
Aorta

RV****

Bleeding 24 h (ml)
790

2950
3240
2930
2230
2220
1910
440

2700
1660
1240
2870
4900
1680
1740

 * Bleeding up to indication of surgical revision for hemostasis; ** laceration of intercostal vessel by steel
wire; *** site of inferior vena cava cannulation; **** laceration of right ventricle by the pacemaker wire;
PTE: pulmonary thromboendarterectomy; AoRe: Aortic valve replacement; MiRe: mitral valve replacement;
CABG: coronary artery bypass grafting; LVAn: left ventricle aneurismectomy; Tric: tricuspid valve
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hospital mortality and increases by four-fold the occurrence
of acute renal insufficiency and sepsis.

Fig. 1 - Risk factors of bleeding identified by multivariate analysis.
The Y axis represents the different variables with their respective
p-values. The X axis represents the ß coefficient with 95%
confidence intervals.

Table 3. Preoperative risk factors studied using univariant
analysis

Variable (%)

Emergency (7.5)
AAS (20)
Dicumarin (1.7)
Heparin (14.5)
IIb/IIIa Inhibitors (6)
NSAI (1.7)
Thrombolytic (0.5)
History (5)
Coagulopathy (4)
Pre-op Transfusion (4)
Hepatopathy (1.5)
Creatinine > 1.5 (10)
Hemodialysis (0.2)
Stroke (4.6)
COPD (12.6)
FC IV (12)
Hypertension (57)
Diabetes Mellitus (24)
LV Dysfunction (17)
Thrombocytopenia

Volume * (ml)
Factor +

905 ± 815
613 ± 500

1277 ± 1138
668 ± 779
578 ± 468
408 ± 162
610 ± 113
643 ± 677
684 ± 762
772 ± 761
700 ± 460
700 ± 547

1030 ± 500
463 ± 252
582 ± 313
829 ± 948
621 ± 427
596 ± 353
640 ± 649
R= 0.122

Volume * (ml)
Factor -

589 ± 459
605 ± 527
601 ± 477
606 ± 437
615 ± 503
616 ± 504
613 ± 502
611 ± 491
610 ± 489
606 ± 487
612 ± 502
603 ± 495
612 ± 501
620 ± 509
617 ± 523
584 ± 398
602 ± 586
618 ± 540
607 ± 466
R= 0.122

p

<0.0001
NS

<0.0001
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

0.015

* mean bleeding loss and Standard deviation in the first 24
postoperative hours; AAS: use of aspirin; NSAI: use of non-steroid
anti-inflammatory agents; COPD: chronic obstructive pulmonary
disease; FC: functional class (New York Heart Association); LV:
left ventricle; NS: not significant

Table 4. Intra-operative risk factors studied using univariant
analysis

Legend: * mean bleeding loss and Standard deviation in the first 24
postoperative hours; ACEA: aminocaproic epsilon acid; CPB:
cardiopulmonary bypass

Variable (%)

ACEA (35,3)
CPB (81,5)
Cell saver (11,7)
Reoperation (20,2)
aortic surgery (5,8)
Coronary artery (48)
Valve (36,5)
CPB time
CPB temperature

Volume* (ml)
Factor +

645 ± 546
647 ± 529
637 ± 487
642 ± 558
765 ± 770
577 ± 383
625 ± 606
R=0,189
R=0,141

Volume * (ml)
Factor -

595 ± 473
462 ± 314
610 ± 503
605 ± 486
604 ± 479
615 ± 564
605 ± 577
R=0,189
R=0,141

p

NS
0,003

NS
NS

0,009
NS
NS

<0,001
0,004

Table 5. Postoperative risk factors studied using univariant
analysis

Variable (%)

Acidosis (6.8)
Hypothermia (12.9)
PEEP > 8 (81.5)
MAP > 100 (13.4)

Volume * (ml)
Factor +

957 ± 883
720 ± 804
619 ± 449
584 ± 350

Volume * (ml)
Factor -

588 ± 453
597 ± 438
612 ± 512
617 ± 520

p

<0.0001
NS
NS
NS

* Mean bleeding loss and Standard deviation in the first 24
postoperative hours; PEEP: pulmonary end expiratory pressure;
MAP: mean arterial blood pressure

Mediastinal bleeding in heart surgery is multifactorial.
Perioperative bleeding is linked to surgical injury of blood
vessels and defects of the hemostatic mechanisms. CPB is
considered one of the most important factors for bleeding,
according to several studies that discuss this subject.
[1,3,12-14] Coagulation disorders are normally linked to
exposure of elements in the blood to the CPB circuit. It has
been proved that CPB causes a reduction in the levels of
coagulation factors, stimulates fibrinolysis, induces
thrombocytopenia [14], disseminating intravascular
coagulation and platelet dysfunction [15,16]. Also the effects
of circulating heparin and protamine must be considered
[17]. Our findings confirm this hypothesis, as the use of
CPB, its temperature and, specifically, its prolonged use were
directly associated to greater bleeding within the first 24
postoperative hours. The preoperative thrombocytopenia
was one of the independent risk factors for bleeding, which
was aggravated by the CPB.

According to previous studies [18-20], emergency
surgeries presented with more bleeding than elective
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APPENDIX I
Perioperative variables studied as risk factors for

postoperative bleeding in heart surgery

Preoperative variables: emergency surgery, history of
bleeding, use of aspirin within five days of surgery, use of
anticoagulants within seven days of surgery, use of
preoperative heparin, use of  protein IIb/IIIa inhibitors, use
of non-steroid anti-inflammatory drugs, use of thrombolytic
agents, preoperative necessity of blood component
transfusion, hepatopathy, chronic renal insufficiency
(creatinine greater than 1.5 or the necessity of preoperative
hemodialysis), stroke, chronic obstructive pulmonary
disease, functional class (New York Heart Association),
systemic arterial hypertension, diabetes mellitus, left ventricle
ejection fraction, prior hematocrit, platelet count,
prothrombin time, international normalization ratio, partial
activated thromboplastin time

Intra-operative variables: use of aminocaproic epsilon
acid, use of aprotinin, use of cell saver, surgeon, anesthesia
time, total dose of heparin and protamine, necessity of CPB,
CPB time, aortic clamping time, necessity of total circulatory
arrest, lowest temperature during CPB, pre- and post-CPB
activated coagulation times, type of procedure, number of
steel wires, number of drains.

Postoperative variables (first 24 hours): hypothermia
(axillary temperature less than 35 ºC), presence of metabolic
acidosis (arterial pH less than 7.2 and serum bicarbonate
less than 15), presence of hypertensive peak (arterial blood
pressure greater than 100 mmHg), pulmonary end expiratory
pressure less than 8.
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