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Abstract: 
Objective: Postoperative drainage systems are essential for maintaining hemodynamic stability and enabling 
early detection of complications after cardiac surgery. This study aimed to evaluate the impact of an active 
suction drainage system applying negative pressure on postoperative morbidity and mortality. 
Methods: This single-center retrospective study included 153 patients who underwent open-heart surgery 
between August 2023 and August 2024. Patients were divided into two groups based on the drainage method: 
active suction drainage (n=69) and conventional drainage (n=84). Postoperative drainage volume, cardiac 
tamponade, re-exploration for bleeding, mortality, and postoperative complications such as acute kidney injury 
and wound infection were evaluated. Univariate logistic regression analyses were performed to assess potential 
confounding factors. 
Results: Cardiopulmonary bypass time, aortic cross-clamp time, and total operative duration were significantly 
longer in the active suction group (P=0.007, p=0.009 and pP=0.010, respectively), while local hemostatic agent 
use was higher in the conventional group (P<0.001). Despite these differences, postoperative drainage volume, 
re-exploration rates, incidence of cardiac tamponade, acute kidney injury, wound infection, and mortality were 
comparable between groups (all P>0.05). Length of hospital stay was significantly longer in the active suction 
group. Univariate regression analyses did not identify any independent predictors of re-exploration or cardiac 
tamponade (P>0.05 for all variables). 
Conclusion: Active suction drainage was not associated with significant differences in major postoperative 
outcomes compared with conventional drainage methods. Although operative variables differed between 
groups, these factors did not demonstrate an independent effect on clinical outcomes. A numerically higher 
incidence of cardiac tamponade in the active suction group did not reach statistical significance and should be 
interpreted cautiously. Further large-scale prospective studies are warranted.  
Keywords: Active Suction System, Cardiac Surgery, Negative Pressure Drainage, Re-Exploration 

The European Research Journal 2026

DOI: https://doi.org/10.18621/eurj.1273

Research Article

Cardiovascular Surgery

 
 Bleeding following cardiac surgery is a common 

complication that is usually controllable; 
however, if not recognized and managed 

promptly, it may lead to life-threatening and 
catastrophic outcomes [1–3]. Reported rates of 
postoperative re-exploration range from 2% to 6%, 
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with more than half of these cases revealing an active 
surgical bleeding source requiring intervention [4–6].  
Several risk factors have been associated with an 
increased need for re-exploration, including advanced 
age, emergency procedures, low body surface area, 
reoperative surgery, preoperative antiplatelet therapy, 
and prolonged cardiopulmonary bypass duration. Blood 
loss and its related complications remain major 
determinants of postoperative morbidity and mortality 
in cardiac surgery. Therefore, the use of an effective 
drainage system is crucial for early detection of bleeding 
and prevention of associated complications [7].  
      In the early postoperative period, bleeding can 
often be diagnosed clinically. However, another 
critical complication following cardiac surgery is 
pericardial tamponade. This condition, characterized 
by reduced cardiac output and requiring urgent 
intervention, has been reported with an incidence of 
up to 8.4% in some series [8–10].  
      To prevent bleeding and tamponade, various 
drainage tube designs and systems have been 
developed in recent years. Chest drainage systems 
have been shown to reduce morbidity and mortality 
associated with postoperative tamponade [11]. In 
addition, recently introduced digital drainage systems 

have been associated with shorter drainage duration, 
reduced length of hospital stay, and improved 
postoperative recovery [12].  
      With the increasing number of cardiac surgical 
procedures, the prevention, early detection, and timely 
management of postoperative complications have 
become increasingly important. In this context, the 
present study aimed to compare early postoperative 
outcomes between patients managed with negative 
pressure mediastinal and thoracic drainage systems and 
those followed with conventional drainage methods. 
 
 
METHODS 
Study Population 
      This study was designed as a single-center, 
retrospective observational analysis. Ethical approval 
was obtained from the Scientific Research Ethics 
Committee of the University of Health Sciences, 
Trabzon Faculty of Medicine (Decision No: 2025/165; 
Date: February 4, 2025). The study was conducted in 
accordance with the Declaration of Helsinki. 
      A total of 153 patients who underwent open-heart 
surgery at our institution between August 2023 and 
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August 2024 were included. Patients who required 
chest tube placement for non-cardiac indications were 
excluded.  
      Demographic characteristics, laboratory findings, 
operative data, and postoperative clinical outcomes 
were retrospectively collected from the hospital 
information management system and patient records. 
Preoperative mortality risk was assessed using 
EuroSCORE II, and left ventricular ejection fraction 
was evaluated using the modified Simpson method.  
The study population was divided into two groups: 
patients managed with an active suction drainage 
system (active suction drainage group) and those 
followed with conventional drainage (conventional 
drainage group). 
 
Surgical Procedure  
      In all patients, one chest drainage tube was placed 
into each anatomical cavity opened during surgery 
prior to completion of the procedure. In the active 
suction drainage group, continuous negative pressure 
was applied to enhance drainage efficiency, based on 
routine clinical practice without predefined selection 
criteria. The use of local hemostatic agents during 
surgery was left to the discretion of the operating 
surgeon. Chest drains were generally removed on 
postoperative day 2, provided that hourly drainage 
decreased below 50 mL and hemodynamic stability 
was achieved.  
      Cardiac tamponade was defined as the presence of 
clinical signs of hemodynamic compromise (such as 
hypotension, tachycardia, or elevated central venous 
pressure) associated with echocardiographic evidence 

of pericardial effusion requiring therapeutic 
intervention. 
      Re-exploration for bleeding was defined as the 
need for surgical re-intervention due to excessive 
postoperative bleeding or cardiac tamponade. 
Excessive bleeding was considered in cases with 
persistent chest tube drainage exceeding 200 mL per 
hour for consecutive hours or clinical evidence of 
ongoing hemorrhage requiring surgical intervention. 
Acute kidney injury (AKI) was defined according to 
the Kidney Disease: Improving Global Outcomes 
(KDIGO) criteria [13]. Wound infection was defined 
as the presence of clinical signs of infection (including 
erythema, swelling, purulent discharge, or positive 
microbiological culture) at the surgical site requiring 
medical or surgical treatment. 
 
Statistical Analysis  
      Statistical analyses were performed using IBM 
SPSS Statistics version 22.0 (SPSS Inc., Chicago, IL, 
USA). Sample size estimation was conducted using 
Cohen’s power analysis model. Categorical variables 
were expressed as numbers and percentages and 
compared using the chi-square or Fisher’s exact test, 
as appropriate. The distribution of continuous variables 
was assessed using the Kolmogorov–Smirnov test. 
Normally distributed continuous variables were 
presented as mean ± standard deviation and compared 
using Student’s t-test. Logistic regression analyses 
were conducted to assess potential factors associated 
with re-exploration and cardiac tamponade. As no 
variables were found to be significant in the univariate 
analysis, multivariate analysis was not undertaken. 
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Survival analyses were performed using the Kaplan–
Meier method, and survival curves were compared 
using the log-rank test. A P-value of <0.05 was 
considered statistically significant. 
 
 
RESULTS 
 
A total of 153 patients were included in the study, of 

whom 69 (45.1%) were managed with an active 
suction drainage system and 84 (54.9%) with 
conventional drainage.  
      The two groups were comparable in terms of 
demographic, preoperative clinical, and laboratory 
characteristics (Tables 1 and 2). Cardiopulmonary 
bypass time, aortic cross-clamp time, and total 
operative duration were significantly longer in the 
active suction drainage group compared with the 
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conventional drainage group. In contrast, the use of 
local hemostatic agents was significantly higher in the 
conventional drainage group (Table 3). No statistically 
significant difference was observed between the 
groups regarding the distribution of surgical 
procedures (Table 4).  
      On postoperative day 1, serum creatinine levels 
were significantly higher in the conventional drainage 
group (P=0.018), whereas no differences were 
observed at other time points. Liver function tests, 

hematocrit, platelet count, and high-sensitivity 
troponin I levels were similar between the groups. 
Postoperative drainage volumes, total blood product 
use, and individual blood components were also 
comparable (all P>0.05). Additionally, no significant 
differences were found between the groups in terms 
of re-exploration, cardiac tamponade, acute kidney 
injury, or wound infection rates. Overall, postoperative 
parameters and clinical outcomes were comparable 
between the groups (Table 5).  
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FIGURE 1. Kaplan–Meier survival curves comparing patients managed with active suction drainage and conventional 
drainage. Green: active suction drainage; blue: conventional drainage (log-rank P=0.199). 
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      Length of hospital stay was significantly longer in 
the active suction drainage group (P=0.018) (Table 6), 
while no significant differences were observed in other 
postoperative variables. 
      Mortality rates were similar between the groups 
(Table 7). Kaplan–Meier survival analysis 
demonstrated no significant difference (P=0.199). 
According to life-table analysis, two deaths occurred 
in the conventional drainage group within the first 60 
postoperative days, whereas no mortality was 
observed in the active suction group during follow-up. 
No in-hospital mortality was observed in either group 
(Figure 1).  
Among patients undergoing re-exploration, no 
significant differences were found between the groups 
in terms of tamponade or sternal wound infection rates 
(Table 8).  
      In patients requiring re-exploration, the use of 
blood products—except for platelet transfusion—was 
significantly higher. In addition, the duration of 
mechanical ventilation was significantly longer in this 
group (P=0.001). However, mortality rates did not 
differ significantly between the groups (Table 9).  

      Univariate logistic regression analyses were 
performed to identify factors associated with re-
exploration and cardiac tamponade. Cardiopulmonary 
bypass time, aortic cross-clamp time, operative 
duration, and local hemostatic agent use were included 
in the analysis. None of these variables were found to 
be significantly associated with either re-exploration 
or cardiac tamponade (Tables 10 and 11). The odds 
ratios were close to 1 with wide confidence intervals, 
suggesting no strong independent effect of these 
variables.  
 
 
DISCUSSION 
 
In this study, active suction drainage and conventional 
drainage systems were compared, and no significant 
differences were observed between the two 
approaches in terms of major postoperative outcomes. 
Although a numerical increase in the incidence of 
cardiac tamponade was observed in the active suction 
group, this finding did not reach statistical 
significance. This necessitates a cautious interpretation 
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of any potential contribution of active suction systems 
to the early detection of tamponade. Given the low 
number of events, this observation requires 
confirmation in larger studies.  
      Previous studies have identified several predictors 
of cardiac tamponade following cardiac surgery, 
including anticoagulation, early reoperation, and red 
blood cell transfusion [14]. In our study, although a 
numerically higher incidence of tamponade was 
observed in the active suction group, this difference 
did not reach statistical significance. Therefore, any 
potential association between drainage strategy and 
tamponade detection should be interpreted with 
caution. Given the limited number of events, our 
findings do not allow for definitive conclusions 
regarding causality, and further prospective studies are 
required to clarify this relationship.  
      The significant differences in cardiopulmonary 
bypass time, aortic cross-clamp time, operative 
duration, and local hemostatic agent use may reflect 
differences in surgical complexity between the groups. 
Therefore, these variables were considered potential 

confounders. However, univariate logistic regression 
analyses showed no significant association between 
these factors and re-exploration or cardiac tamponade. 
These findings suggest that the observed group 
differences in operative variables did not clearly 
translate into differences in the primary clinical 
outcomes. Nevertheless, due to the limited number of 
events, these results should be interpreted cautiously.  
      Topical hemostatic agent use, which we 
considered a potential confounding factor, was higher 
in the conventional drainage group. Although previous 
studies have reported that next-generation topical 
hemostatic agents may improve intraoperative 
hemostasis [15], this difference did not translate into 
significant differences in postoperative drainage 
volume or re-exploration rates in our study. This 
observation may suggest that the clinical impact of 
these agents is limited in this context. However, given 
the non-randomized study design and the unequal 
distribution between groups, the potential confounding 
effect of hemostatic agent use should be taken into 
account when interpreting the results.  
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      Previous studies have shown that re-exploration 
for bleeding is associated with prolonged intensive 
care unit stay [16]. Although no significant difference 
in intensive care unit duration was observed in our 
cohort, the longer hospital stay in the active suction 
group may reflect a higher clinical burden, potentially 
related to increased rates of tamponade or re-
exploration. 
      Meszaros et al. [17] reported that operative 
duration, surgical complexity, and re-exploration are 
significant risk factors for sternal wound infection 
following cardiac surgery. However, our findings 
demonstrated no significant difference in wound 
infection rates between the groups, even in the 
presence of a higher incidence of re-exploration, 
suggesting that active suction drainage does not 
increase infection risk.  
      In our study, patients undergoing re-exploration 
required significantly more blood product transfusion 
and had longer durations of mechanical ventilation. 
Previous studies have demonstrated that increased red 
blood cell transfusion is associated with adverse 
outcomes, including both early and long-term 
mortality, as well as renal failure, systemic infection, 
and prolonged ventilation [18]. Similarly, restrictive 
transfusion strategies have been shown not to increase 
mortality or major complications compared with 
liberal approaches [19].  
      Despite these associations reported in the 
literature, we did not observe a significant relationship 
between increased transfusion and mortality or wound 
infection in our cohort. This discrepancy may be 
related to the relatively small sample size and low 
number of events, which may limit the ability to detect 
differences in clinical outcomes.  
 
Strengths and Limitations  
      The present study has several strengths. First, it 
provides real-world comparative data regarding the 
use of active suction drainage systems in cardiac 
surgery, an area with limited clinical evidence in the 
current literature. Second, important postoperative 
outcomes, including re-exploration, cardiac 
tamponade, acute kidney injury, wound infection, and 
mortality, were evaluated comprehensively rather than 
focusing solely on drainage volume. Third, the study 
population consisted of patients treated at a single 
center with relatively standardized surgical and 

postoperative management protocols, which increased 
cohort homogeneity. In addition, potential 
confounding operative variables were further 
evaluated using regression analyses. 
      This study has several limitations. First, its 
retrospective and non-randomized design introduces 
a potential risk of selection bias. Second, the absence 
of predefined criteria for group allocation may have 
resulted in differences in surgical complexity between 
groups. Third, the relatively small sample size and low 
number of clinical events limit the statistical power, 
particularly for rare outcomes such as cardiac 
tamponade and mortality. 
 
 
CONCLUSION 
 
In conclusion, active suction drainage was not 
associated with significant differences in major 
postoperative outcomes, including re-exploration, 
cardiac tamponade, and mortality, compared with 
conventional drainage. Although certain operative 
variables differed between groups, these factors did 
not show an independent effect on clinical outcomes. 
A numerically higher incidence of tamponade in the 
active suction group did not reach statistical 
significance and should be interpreted cautiously. 
Further large-scale prospective studies are needed to 
clarify these findings.  
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