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 Background: Orthotopic heart transplantation (HTX) remains the ultimate treatment option in patients with end-stage heart 
failure, endorsed by the European Society of Cardiology guidelines. The aim of the study is a complex evalua-
tion of the postoperative bleeding after HTX and its influence on short-term outcome.

 Material/Methods: A retrospective cohort study consisted of 53 patients (4 females and 49 males, median age 52.5 years, IQR 17 
years) who underwent HTX in the Department of Cardiovascular Surgery and Transplantology of John Paul II 
Hospital in Krakow between 2007 and 2014.

 Results: The median chest tube output within first 24 hours after the surgery was 695 (550–870) mL. Bleeding de-
creased throughout the observation (p=0.000). The first postoperative hemoglobin level was a significant pre-
dictor of excessive blood loss (p=0.017). The volume of chest tube output increased the duration of mechan-
ical ventilation (p=0.046) and the incidence of re-exploration after first 24 hours of observation (p=0.049). In 
patients with higher chest tube output, more packed red blood cells (PRBC), fresh frozen plasma (FFP), and 
platelet (PLT) transfusions were required (p=0.000, p=0.019, and p=0.000, respectively). Early rethoracotomy 
(within the first 24 hours post-surgery) increased the in-hospital mortality (p=0.021; OR 7.43 [1.36–40.64]).

 Conclusions: The study demonstrates the importance of postoperative bleeding and bleeding complications for short-term 
outcome in our post-HTX cohort. Throughout the analysis, the first postoperative hemoglobin level was detect-
ed to be a significant predictor of postoperative blood loss.

 MeSH Keywords: Chest Tubes • Erythrocyte Transfusion • Heart Transplantation • Postoperative Hemorrhage • 
Treatment Outcome

 Full-text PDF: http://www.annalsoftransplantation.com/abstract/index/idArt/898988

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Cardiosurgical Students’ Scientific Group, Jagiellonian University Medical College, 
Cracow, Poland

2 Institute of Cardiology, Jagiellonian University Medical College, Cracow, Poland
3 Department of Cardiovascular Surgery and Transplantology, John Paul II Hospital, 

Cracow, Poland

 2303   1   5   21

e-ISSN 2329-0358
© Ann Transplant, 2016; 21: 689-694 

DOI: 10.12659/AOT.898988

689
Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]

ORIGINAL PAPER



Background

Orthotopic heart transplantation (HTX) is a recommended treat-
ment option for selected patients with end-stage heart failure. 
According to the European Society of Cardiology (ESC) guide-
lines, it remains the gold-standard treatment, and improves 
survival, stamina, and quality of life [1]. Nevertheless, trans-
plant surgery faces increasing difficulty as the waiting time be-
comes prolonged due to the donor shortage. As a result, most 
of the patients who qualify for HTX are now almost entirely 
urgent cases [2,3]. Patients in such a deteriorated state suf-
fer from greater incidences of major complications, including 
postoperative bleeding. Moreover, the necessity to accept ex-
tended criteria donors results in further complications postop-
eratively. Analysis of risk factors for poor outcome is crucial to 
ensure gold-standard perioperative management.

Bleeding and consequent blood product transfusions are com-
mon in patients operated on with cardiopulmonary bypass 
(CPB), and occur more frequently after HTX than after oth-
er cardiac procedures. They are associated with an increased 
risk of major complications and early mortality, even when the 
patient does not require rethoracotomy [4,5]. Along with pri-
mary graft failure and arrhythmias, they are the most com-
monly observed complications during the early postoperative 
period [6]. Currently, there are only limited scientific data pro-
vided by case studies that describe the short-term outcomes 
of postoperative bleeding and its defining factors. This paper 
aimed to fill this gap in knowledge.

The objective of the study is a complex evaluation of the post-
operative bleeding after HTX and its influence on short-term 
outcome.

Material and Methods

In a retrospective cohort study we analyzed 55 consecutive 
patients who underwent HTX between January 2007 and 
August 2014 in the Department of Cardiovascular Surgery 
and Transplantology of the John Paul II Hospital in Cracow. 
Postoperative chest tube output was assessed throughout 
the first 24 hours after the surgery. Only patients with com-
plete postoperative drainage data were included in the study. 
One patient was excluded from analysis due to death within 
first 24 hours that was not caused by excessive hemorrhage 
and another due to inaccessibility of complete postoperative 
drainage data.

The final analysis consisted of 53 patients. The majority were 
men (92.5%) with a median age of 52.5 years who were suf-
fering from dilated cardiomyopathy (75.5%) and had normal 
body mass index (BMI) (median BMI 24.9 kg/m2). A minority 

of the patients required previous antiplatelet or anticoagu-
lant therapy (26.4% aspirin, 3.8% clopidogrel, and 11.3% war-
farin) (Table 1).

In all patients, HTX was performed using the biatrial method. All 
patients were operated on in hypothermia of 28°C using CPB. 
General anesthesia was effectuated via propofol as hypnotic, 
sufentanil as analgesic, and non-depolarizing muscle relaxant. 
Full heparinization was achieved before starting CPB and was 
subsequently reversed with protamine. The standard proto-
col includes heparin 3 mg/kg and protamine 1:1. All harvested 
hearts were protected with crystalloid cardioplegia (Celsior®), 
as previously described [7]. The median procedure time, ex-
tracorporeal circulation (ECC) time, total ischemic time (TIT), 
and reperfusion time were 300 (240–360), 212.5 (187–246), 
148 (125–190), and 63 (45–82) minutes, respectively.

Postoperatively, all patients received immunosuppressive 
treatment with calcineurin inhibitor, mycophenolate mofetil, 
and corticosteroids. In addition, anti-thymocyte globulin was 
administered during induction of immunosuppression (dos-
age of anti-thymocyte globulin was determined on the basis 
of CD3 lymphocyte count) [8]. All patients required inotropic 
support with median use of 2 (2–3) inotropic drugs (epineph-
rine, norepinephrine, dobutamine, milrinone). The treatment 

Variable Value

Age, years  52.5 (40.0–57.0)

Male sex, n (%)  49 (92.5)

BMI, kg/m2  24.9 (22.4–28.7)

Ischemic cardiomyopathy, n (%)  13 (24.5)

Dilated cardiomyopathy, n (%)  40 (75.5)

Coronary artery disease, n (%)  18 (34)

Diabetes mellitus, n (%)  11 (20.8)

Arterial hypertension, n (%)  21 (39.6)

Hypercholesterolemia, n (%)  16 (30.2)

Atrial fibrillation, n (%)  10 (18.9)

Previous cardiac surgery, n (%)  25 (47.2)

Previous PCI, n (%)  7 (13.2)

Medication

 Aspirin, n (%)  14 (26.4)

 Clopidogrel, n (%)  2 (3.8)

 Warfarin, n (%)  6 (11.3)

Table 1. Baseline characteristics of HTX patients (n=53).

Data are shown as mean ±SD or as median (IQR), or number 
(percentage). BMI – body mass index; PCI – percutaneous 
coronary intervention.
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was based on hemodynamic measurements achieved with the 
Swan-Ganz catheter.

Bleeding complications were described by a few parameters 
(drainage volume, need for rethoracotomy, blood products 
transfusions), because only then could the whole spectrum of 
this complication be discussed. Chest tube drainage, hemoglo-
bin level, and requirement for packed red blood cells (PRBC), 
fresh frozen plasma (FFP), and platelet (PLT) transfusion were 
recorded every two hours during first 24 hours post-surgery.

Duration of mechanical ventilation and duration of intensive 
care unit (ICU) stay were evaluated for patients who were dis-
charged from ICU. Death before discharge, need for early (with-
in the first 24 hours post-surgery) and late (after the first 24 
hours post-surgery) rethoracotomy, and prolonged mechanical 
ventilation (more than 72 hours) were assessed for all patients.

Parameters describing postoperative bleeding were tested for 
association with short-term outcome, evaluated by duration 
of mechanical ventilation and ICU stay, prolonged mechanical 
ventilation, and death before discharge.

Statistical analysis

STATISTICA 8.0 (StatSoft®) was used for statistical analysis. 
In order to confirm a normal distribution of continuous vari-
ables, the Shapiro-Wilk test was used. Results are presented 
based on the parameters of descriptive statistics, including 
mean values and their standard deviations or median values 
and quartiles, as appropriate. Categorical variables are pre-
sented as percentages. Non-parametric tests were used for 
further analysis due to the non-normal distribution of con-
tinuous variables. The Wilcoxon signed-rank test was used 

to compare repeated measurements on a single sample. The 
Mann-Whitney U test was used to examine the differences 
between two independent groups. Spearman’s rank correla-
tion coefficient (Spearman’s rho) was used to assess linear 
correlation between variables. Univariate logistic regression 
was used to test the influence of postoperative bleeding and 
bleeding complications on short-term outcome. A P value less 
than 0.05 was considered significant.

Results

The median chest tube output within first 24 hours after 
the surgery was estimated at the level of 695 (550–870) mL. 
Bleeding decreased throughout the observation. Median drain-
age volume within first two hours of observation was 170 (110–
220) mL and was 30 (20–50) mL within the last two hours 
(p=0.000) (Figure 1). The first postoperative hemoglobin level 
was detected to be a significant predictor of excessive blood 
loss (p=0.017) (Figure 2).

Throughout the observation, 34 patients (64.2%) required PRBC, 
19 (35.9%) FFP, and 13 (24.5%) PLT transfusions. The medi-
an number of units used for each patient stood at 3 (2–5) for 
PRBC, 4 (3–4) for FFP, and 1 (1–1) for PLT.

The median mechanical ventilation time was 2 (1–7) days. 
Prolonged mechanical ventilation (more than 72 hours) was 
observed in 17 cases (32.1%). The median duration of ICU 
stay and the postoperative hospitalization was 9 (6–17) and 
36 (32–42) days. Death before discharge occurred in 11 cas-
es (20.1%).

Seven patients (13.2%) required early rethoracotomy (with-
in first 24 hours post-surgery). The median time between the 
HTX and re-exploration was 7 (6–15) hours. Late rethoracotomy 
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Figure 1.  Chest tube output from the first two hours of 
observation (0–2nd) against chest tube output from 
the last two hours of observation (23rd–24th). Wilcoxon 
signed-rank test p=0.000.
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Figure 2.  First postoperative hemoglobin level against 24-hour 
chest tube output. Spearman’s rho test p=0.017.

691

Kędziora A. et al.: 
Impact of postoperative bleeding on short-term outcome in patients…
© Ann Transplant, 2016; 21: 689-694

ORIGINAL PAPER

Indexed in: [Science Citation Index Expanded] [Index Medicus/MEDLINE] 
[Chemical Abstracts] [Scopus]



(after first 24 hours post-surgery) was necessary in 20 cases 
(37.7%), and 7 patients (13.2%) needed re-exploration more 
than once.

The volume of chest tube drainage was associated with du-
ration of mechanical ventilation (p=0.046) (Figure 3). The vol-
ume of chest tube drainage did not influence the duration of 
ICU stay, incidence of prolonged mechanical ventilation, and 
in-hospital mortality (p>0.05 for all).

The volume of chest tube drainage influenced the necessity of 
late rethoracotomy (median of 775 [595–1350] mL vs. 670 [520–
830] mL; p=0.049) (Figure 4), but higher volumes were not ob-
served in patients who required early rethoracotomy (p>0.05).

The need for early rethoracotomy was not associated with du-
ration of mechanical ventilation and ICU stay, and prolonged 

mechanical ventilation (p>0.05 for all). However, it signifi-
cantly increased the in-hospital mortality (p=0.021; OR 7.43 
[1.36–40.64]).

Late rethoracotomy was not associated with duration of me-
chanical ventilation and ICU stay in patients who were dis-
charged from the ICU (p>0.05 for all). It increased the incidence 
of prolonged mechanical ventilation (p=0.007; OR 5.5 [1.58–
19.17]), but did not increase the risk of in-hospital mortality.

In patients with higher chest tube output, more PRBC, FFP, 
and PLT transfusions were required (p=0.000; p=0.019, and 
p=0.000, respectively) (Figure 5).

The amount of PRBC transfused to HTX recipients was found 
to increase the duration of mechanical ventilation and ICU stay 
(p=0.000 and p=0.001, respectively). The number of PRBC units 
influenced also the incidence of prolonged mechanical venti-
lation and in-hospital mortality (p=0.008; OR 1.43 [1.10–1.88] 
and p=0.036; OR 1.30 [1.02–1.65], respectively, for every unit 
transfused). Notably, this defining factor of PRBC transfusions 
was also associated with the drainage volume, and it had an 
impact on the outcome similar to that of the drainage volume.

FFP and PLT transfusions were not associated with short-term 
outcome (duration of mechanical ventilation and ICU stay, 
prolonged mechanical ventilation, death before discharge; 
p>0.05 for all).

Discussion

In recent years, an increasing number of cardiac transplanta-
tions have been observed worldwide. The survival following 
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Figure 3.  Twenty-four hour post-surgery chest tube output 
against duration of mechanical ventilation. Spearman’s 
rho test p=0.046.
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Figure 5.  Chest tube output against requirement for blood 
product transfusions within first 24 hours post-surgery. 
Spearman’s rho test PRBC p=0.000; FFP p=0.019; PLT 
p=0.000.
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Figure 4.  Twenty-four hour chest tube output against 
requirement for late rethoracotomy. Mann-Whitney U 
test p=0.048.
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this procedure has increased since the technique was first 
developed, and the International Registry for Heart and Lung 
Transplantation (ISHLT) shows a half-life time of more than 10 
years [9]. Nevertheless, the early postoperative period is still 
associated with the highest mortality rates. It is suspected that 
majority of the mortalities are due to the high-risk profiles of 
the recipients, as well as primary graft failures [10].

Apart from primary graft failure, studies present arrhythmia 
and postoperative bleeding as the most common complications 
in this group of patients [6]. Many studies underline increased 
risk of poor outcome after cardiac procedures in association 
with postoperative bleeding [4,5,11,12]. The risk of bleeding 
complications is present even in the case of elective proce-
dures, where there is at least a potential possibility of under-
taking preventive measures. Emergent cardiac procedures are 
associated with an elevated risk of early mortality and major 
complications [10]. Heart transplantations face this issue as 
all of them are performed urgently. Moreover, atrial fibrillation 
and previous valve surgeries may require continuous antico-
agulation treatment. The data on perioperative discontinua-
tion of therapy were inconclusive [13]. In addition, the prev-
alence of spontaneously occurring coagulopathy in patients 
with end-stage heart failure (qualified for HTX) has increased 
within recent years and results in a higher risk of in-hospital 
mortality [14]. This study is the first to describe the impact of 
postoperative bleeding and bleeding complications on short-
term outcome in patients after HTX.

In our study group, high postoperative bleeding correlated with 
mechanical ventilation time, as has been observed after other 
cardiac procedures [4,11]. This complication usually increases 
the risk of infection, negatively influences postoperative pul-
monary rehabilitation, and is combined with increased mor-
tality [15]. Similar to drainage volume, the amount of PRBC 
transfused increased the duration of mechanical ventilation 
in analyzed HTX recipients. Although blood product transfu-
sion following HTX is regulated by a strict protocol (such as 
leukocyte filters and irradiation), the risk of transfusion-relat-
ed acute lung injury (TRALI) is not completely abolished and a 
higher incidence of this complication is observed among trans-
plant recipients [16].

Moreover, postoperative bleeding may also exacerbate prima-
ry graft failure (PGF), which is considered to be the cause of 
30-day death in 36% of patients after HTX. Blood loss contrib-
utes to hypovolemic shock, which worsens the outcome of pa-
tients whose blood pressure and organ perfusion are already 
low due to cardiogenic shock associated with PGF [17,18].

Therefore, the overall mortality in patients after cardiac pro-
cedures is often higher in groups who have excessive postop-
erative bleeding and who require blood product transfusions. 

In the study by Diaz-Martin et al., the patients who received 
more than 6 units of blood were found to have significantly 
higher ICU mortality (33.3% vs. 4%; p=0.01) [18]. Similar obser-
vations were found in our study cohort of HTX recipients. The 
amount of PRBC transfused increased the in-hospital mortality.

Re-exploration for bleeding is commonly considered to be an 
independent risk factor for prolonged hospitalization and mor-
tality in cardiac surgery [19]. In our study group, rethoracot-
omy was associated with the risk of death before discharge 
and duration of ICU stay. The rate of early rethoracotomies 
was high, despite the fact that overall chest tube drainage 
volumes were similar to those in elective cardiac surgeries in 
our institution [20]. This suggests that clinical criteria and he-
modynamic parameters are more important in consideration 
for early rethoracotomy in HTX recipients than the volume of 
blood loss. Late rethoracotomies were performed more fre-
quently when chest tube output from first 24 hours after the 
surgery was high.

There have been previous attempts to develop a predictive 
model to identify patients who may present with severe bleed-
ing after cardiac surgery. Nevertheless, various articles pres-
ent different risk factors that could contribute to excessive 
bleeding. The Papworth Bleeding Risk Score (BriSC) is a strat-
ification system based on more than 6000 patients and has a 
high negative predictive value [21]. However, the positive pre-
dictive value of the presented BriSC is low, as only 21% of the 
patients who were rated as high risk did in fact bleed severe-
ly. Nevertheless, all HTX recipients are placed at least in the 
median-risk group with 8% prevalence of bleeding complica-
tions. According to BriSC, this is due to procedure priority and 
the complexion of the surgery in comparison to an isolated 
CABG or a single valve surgery. Therefore, excessive bleeding 
should be expected in HTX recipients and, as our study dem-
onstrates, should be considered a major complication that may 
worsen the short-term outcome.

Despite the original study aim of assessing the impact of post-
operative bleeding and bleeding complications on the short-
term outcome, the first postoperative hemoglobin level was 
detected as the significant predictor of excessive blood loss. 
It correlated with the chest tube output volume, the amount 
of PRBC used, and the need for rethoracotomy within first 24 
hours. This may suggest that HTX recipients with low post-
operative hemoglobin values should be considered at risk.

Further study is warranted to develop gold-standard manage-
ment to lower the incidence of postoperative bleeding and its 
complications, such as the need for blood product transfusions 
and rethoracotomy.
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Conclusions

The study demonstrates the importance of postoperative 
bleeding and bleeding complications for short-term outcome 
in our post-HTX cohort. The volume of chest tube drainage, 
PRBC transfusions, and need for rethoracotomy had an impact 
on the most important factors in the postoperative course, in-
cluding death before discharge, prolonged mechanical venti-
lation, and duration of ICU stay. Although the study was not 

designed to evaluate predictors or risk factors for excessive 
bleeding, throughout the analysis the first postoperative he-
moglobin level was detected to be a significant predictor of 
postoperative blood loss.
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