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Background: Thoracic chest drains are placed after cardiac surgery allowing for the clearance of blood, 
fluid, and air to prevent post-operative complications. Despite its importance, there is little data on the 
application of digital chest drainage systems in cardiac surgery. Therefore, the differences between an analog 
and a digital chest drainage system in cardiac surgery patients were investigated in a randomized controlled 
trial.
Methods: A total of 354 elective cardiac surgery patients were preoperatively randomized 1:1 between 
September 2016 and September 2017 to either an analog (Ocean) or a digital (Thopaz+) chest drainage 
system aiming to compare drainage-associated postoperative outcome parameters.
Results: A total of 340 patients were included in the analysis (analog: 188; digital: 152) with no significant 
differences in preoperative baseline parameters. Incidence of X-rays to detect air leaks was significantly lower 
in the digital group (analog: 20.2%; digital: 8.6%; P<0.01). Patients treated with the digital system showed 
a 3.3% reduction of re-thoracotomies, however, not statistically significant (analog: 5.3%; digital: 2.0%; 
P=0.19). Median total fluid amount did not significantly differ between study groups [median (P25; P75); 
analog: 705 (400; 1,333) mL; digital: 686 (404; 1,229) mL; P=0.83]; however, the use of the digital drainage 
system resulted in a quicker removal with a reduced median drainage duration of 16 hours (analog: 65 hours; 
digital: 49 hours; P≤0.01).
Conclusions: The study provides evidence that digital drainage systems can be safely applied in cardiac 
surgery patients. The use of the digital management system led to a decreased incidence of drainage-
associated complications as well as to shortened chest tube duration. Findings require confirmation by 
additional studies.
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Introduction

As a standard postoperative practice after cardiothoracic 
surgery, patients receive pleural and/or mediastinal 
chest drains to assist the clearance of blood, serous fluid, 
and air to prevent post-operative complications, such as 
cardiac tamponade (1), pleural effusion (2) or prolonged 
air leak (3).

Traditionally so-called “wet seal” drainage systems have 
been used. These collection containers have an integrated 
surge chamber and can be connected to external suction, 
usually integrated into the wall of the patient's rooms 
(3,4). Disadvantages of analog systems are the patient’s 
immobility and its subjective assessment of air leaks, which 
can lead to high interobserver variability in quantifying 
pulmonary air leak severity (5) and deciding when to 
pull the drain (6). For additional objective confirmation, 
X-ray images are often used, which exposes the patient to 
radiation and incurs higher hospital costs (7).

For approximately 10 years, digital thoracic drains 
have been available on the market. A battery-operated 
mechanism provides a continuous and precisely controlled 
suction independent from external suction, and thus 
enables uninterrupted drainage from the operating room 
onwards (8). The significant advantages over traditional 
systems are the provision of objective data including trends 
shown numerically and in graphs displaying the progression 
of air leakage and fluid drainage measurement. This allows 
physicians to make clinical decisions with more precision. 
Besides, the monitored tubing with alarms presents the 
possibility of reduced tubing-related complications, such 
as chest tube blockage (9), while the portable device 
allows patients more mobility and independence in the 
postoperative phase (10).

While previous studies have mostly investigated 
differences between analog and digital drainage systems 
following thoracic surgery (11-16), there is little data 
published on the application of digital chest drainage 
systems in the cardiac surgery field comprising, to the 
best of our knowledge, merely conference abstracts from 
different studies (17-19).

Therefore, this prospective randomized controlled 
trial was designed to investigate potential differences in 
drainage-associated postoperative outcome parameters 
between an analog and a digital chest drainage system in 
cardiac surgery patients. As the primary outcome parameter, 
the incidence of chest X-rays to detect an air leak was 
determined. Secondary outcomes included the incidence 

of re-thoracotomies due to tamponade or bleeding, the 
retention time of thoracic drains, the total amount of 
drained fluid, routine laboratory parameters, and length of 
hospital stay.

Methods

Study design

The current study had a prospective, 1:1 randomized, all-
comer, single-center design for comparison of two chest 
drainage systems in cardiac surgery patients.

Baseline data included patient characteristics and blood 
samples. Routine pre-, intra- and postoperative in-hospital 
data were collected. A specific assessment of drainage-
associated complications was performed.

The primary endpoint was the incidence of at least one 
chest X-ray with a clamped drain as detection of an air leak. 
Secondary endpoints were the incidence of re-thoracotomies 
due to tamponade or bleeding, retention time of thoracic 
drains, total amount of drained fluid at the time of chest drain 
removal, routine laboratory parameters (i.e., hemoglobin, 
leukocytes, creatinine), and length of hospital stay.

The enrol lment  and indexed procedures  were 
performed between September 2016 and September 2017 
at Kerckhoff Heartcenter, Bad Nauheim, Germany. All 
patients gave written informed consent, and the study was 
approved by the local ethical committee (Ethikkommission 
Landesärztekammer Hessen, Frankfurt). The ClinicalTrials.
gov identifier number is NCT03021369.

Patient inclusion and exclusion criteria

All elective adult patients (≥18 years of age) scheduled for 
cardiac surgery were screened for this study. There were no 
specific exclusion criteria.

Randomization

The study was designed for a 1:1 stratified randomization. 
The randomization was performed preoperatively 
after study inclusion, using a computer-based ‘random 
number generator’ (www.randomizer.org). Surgery was 
performed in a standard fashion and was not affected by 
the study protocol. The ethical committee demanded an 
interim analysis after 250 patients but allowed for further 
recruitment while the analysis was performed. After 
statistical analysis revealed that the significance of the 
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primary endpoint was reached, the recruitment was stopped 
with a study enrollment of 354 patients.

Thoracic drainage systems

The analog system was Atrium Ocean (Maquet, Germany). 
The Atrium Ocean is a classical wet-seal drainage system 
with an analog scale to measure the total amount of fluid, a 
surge chamber and external vacuum-suction (Figure 1).

The digital system was Thopaz+ (Medela, Switzerland), 
a compact, digital drainage, and monitoring system 

with an onboard motor as vacuum source along with a 
suction control canister and water seal (Figure 2). Due to 
its integrated sensors and software, the system provides 
automated management of prescribed suction while 
digitally tracking fluid output rates and air leak trends over 
time. The compact and lightweight design allows for early 
mobilization, even for patients on continuous suction. 
Alarms and notifications support troubleshooting on site. 
The device requires a power supply and must be charged 
regularly as it is advised in the instructions for use. 

Chest drainage assessment and clinical outcome

Chest tubes were routinely placed by the surgeon 
depending on the type of surgery. A retrosternal polyvinyl 
chloride catheter (32 French) with side holes was placed in 
every patient undergoing cardiac surgery with sternotomy. 
Pericardial and/or pleural drains (24 or 28 French) were 
additionally placed if required. Single pleural drains were 
used in patients undergoing surgery with a lateral mini-
thoracotomy. The drainage systems were connected to the 
drains in the operating room. The postoperative course 
did not vary from the clinical routine. Chest tubes were 
removed according to institutional standards, i.e., fluid 
output <200 mL/day and no signs of air leak. The digital 
device quantifies and displays air leaks in mL/min, whereas 
air leak detection with the analog system requires visual 
detection via bubbling. An X-ray to detect air leaks has not 
routinely been performed, but only if there was suspicion 
of an air leak without clear signs, e.g., bubbling in wet seal. 
In such cases, the drains were clamped, and a chest X-ray 
was performed 2 hours later. The drains remained in the 
patients when the X-ray showed a pneumothorax and were 
removed when a pneumothorax could be excluded. The 
clinical data on the fluid output, time of removal, air leaks, 
and tamponade were routinely recorded in a digital patient 
documentation system.

Sample size calculation

The calculation of sample size was based on the primary 
outcome. A decrease in the incidence of at least one chest 
X-ray with a clamped drain to detect an air leak from 
20% to 10% by using the digital chest drainage system is 
assumed. To detect a difference in proportions with 80% 
power using a significance level of 0.05, a total of 394 
patients were required.

Figure 1 The analog drainage system Ocean Atrium (Maquet, 
Germany): a classical wet-seal drainage system with an analog scale 
to measure the total amount of fluid, a surge chamber and external 
vacuum-suction.

Figure 2  The digital drainage system Thopaz+ (Medela, 
Switzerland): a digital drainage and monitoring system with 
onboard motor as vacuum source along with a suction control 
canister and water seal.
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Statistical analysis

The analog and digital systems were compared using 
Fisher’s exact test for categorical variables and Wilcoxon 
rank-sum test for continuous variables,  s ince the 
distribution assessed by Kolmogorov-Smirnov test were 
often not normal. Per-protocol (PP) and intention to 
treat (ITT) analyses were carried out. All analyses were 
performed using R version 3.5.1 (R Foundation for 
Statistical Computing, Vienna, Austria) and SPSS Statistics 
software version 20 (IBM, Armonk, NY, USA), with a 
2-sided P<0.05 considered statistically significant.

Results

Study population

A total of 354 patients were assessed for eligibility and 
were randomized. There were 14 drop-outs in randomized 
patients due to surgery cancellation or undergoing 
interventional treatment. In the resulting cohort of 340 
patients, there were 16 cross-overs, leading to 152 patients 
receiving a digital drainage system Thopaz+ and 188 
patients with the analog system Ocean. A flowchart of all 

participants is presented in Figure 3.
Since all drainage-associated outcome parameters are 

related to the actual device, we present the PP analysis. 
Additionally, ITT analyses were performed and can be 
found in a supplementary appendix online, without any 
significant differences to the PP results.

Of the 152 patients in the digital group, 74.3% were 
male and had a median age of 67.0 (58.8; 74.0) years. The 
analog group was comparable with a male proportion of 
70.2% with a median age of 67.0 (58.0; 74.0) years. All 
baseline characteristics and intraoperative data are given 
in Tables 1 and 2 with no evidence of a difference between 
study groups. For both groups combined, in-hospital/30-
day mortality was 0.3% and the incidence of stroke was 
0.9%.

Drainage-associated outcomes

Postoperative data by intervention device are depicted 
in Table 3. Mean number of drains per patient was 2±0.8 
and median total amount of evacuated fluid was 705 and 
686 mL, respectively, with no evidence of a difference 
between both groups (P=0.83). The removal of drains was 

Enrollment

Analysis of

in-hospital data

Allocation

Assessed for eligibility (n=354)

Excluded (n=0)

(no exclusion criteria for this study)

Allocated to intervention Thopaz+ (n=177)

• Received allocated intervention (n=152)

9 Drop-outs

16 Cross-overs to Ocean

Analyzed (n=152)

• Excluded from analysis (n=0)

Analyzed (n=188)

• Excluded from analysis (n=0)

Allocated to intervention Ocean (n=177)

• Received allocated intervention (n=188)

5 Drop-outs

16 Cross-overs from Thopaz+

Randomized (n=354)

Figure 3 Flowchart of the enrollment, randomization and analysis of the study participants.
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Table 1 Preoperative data by intervention device

Variable Ocean Thopaz
+

P value

N 188 152

Females, n (%) 56 (29.8) 39 (25.7) 0.47

Age (years), median (P25; P75) 67.0 (58.0; 74.0) 67.0 (58.8; 74.0) 0.66

Ejection fraction (%), median (P25; P75) 60.0 (55.0; 62.5) 60.0 (55.0; 62.5) 0.49

Hemoglobin (g/dL), median (P25; P75) 14.1 (13.3; 15.2) 14.0 (13.2; 15.2) 0.72

Thrombocytes (/nL), median (P25; P75) 213.5 (182.0; 254.0) 205.0 (173.0; 243.5) 0.08

Creatinine (mg/dL), median (P25; P75) 0.8 (0.7; 1.0) 0.8 (0.7; 1.0) 0.77

GFR, median (P25; P75) 92.4 (75.1; 107.0) 92.6 (72.3; 109.7) 0.80

NYHA classification, n (%)
1

0.70

I 22 (12.2) 16 (10.7)

II 76 (42.2) 62 (41.6)

III 75 (41.7) 61 (40.9)

IV 7 (3.9) 10 (6.7)

Status post coronary stent, n (%)
1

0.77

0 141 (75.8) 111 (73.5)

1 43 (23.1) 39 (25.8)

2 1 (0.5) 1 (0.7)

3 1 (0.5) 0 (0.0)

COPD, n (%) 19 (10.2) 14 (9.3) 0.93

Diabetes, n (%) 52 (27.8) 38 (25.2) 0.67

Peripheral vascular disease, n (%) 14 (7.5) 20 (13.2) 0.12

Arterial hypertension, n (%) 158 (84.9) 122 (80.8) 0.39

Previous cardiac surgery, n (%) 9 (4.8) 4 (2.6) 0.46

Patient is on aspirin, n (%) 93 (49.7) 85 (56.3) 0.28

Dual antiplatelet therapy, n (%) 20 (10.6) 13 (8.6) 0.64

Anticoagulation, n (%) 47 (25.0) 35 (23.0) 0.77

Sinus rhythm at admission, n (%) 171 (92.4) 131 (86.2) 0.09
1
, due to some missing data, number of patients in each category may not sum to the total number of patients. NYHA, New York Heart 

Association; COPD, chronic obstructive pulmonary disease.

significantly earlier in the digital group (median, analog:  
65 hours; median digital: 49 hours; P≤0.01). Reduced chest 
tube duration had no significant effect on the length of ICU 
stay (P=0.57) or length of hospital stay (P=0.65) between 
the groups.

The incidence of chest X-rays with clamped drains to 
detect air leaks was significantly lower for patients who 
received the digital chest drainage system (analog: 20.2%; 

digital: 8.6%; P<0.01, Figure 4). Reported as odds ratio 
(OR) assessed using univariable logistic regression, this 
measure of association corresponds to an OR of 0.36 [95% 
confidence interval (CI): 0.18–0.70, P=0.004]. Adjusting 
for pre-surgery laboratory values and NYHA status, the 
OR was similar at 0.43 (95% CI: 0.21–0.84, P=0.02).

Within the same group, a lower proportion of re-
thoracotomies due to tamponade/bleeding was observed, 
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Table 2 Intraoperative data by intervention device

Variable Ocean Thopaz
+

P value

N 188 152

Surgery, n (%) 0.83

Isolated CABG 61 (32.4) 52 (34.2)

Isolated AVR 35 (18.6) 31 (20.4)

Isolated MV surgery 24 (12.8) 23 (15.1)

Combined CABG & AVR 25 (13.3) 16 (10.5)

Other 43 (22.9) 30 (19.7)

Aortic cross clamp time (min), median (P25; P75) 62.0 (49.0; 77.5) 64.0 (48.0; 85.8) 0.36

Time of perfusion (min), median (P25; P75) 100.0 (78.5; 122.0) 101.0 (77.0; 129.0) 0.54

Procedure time (min), median (P25; P75) 204.5 (173.5; 240.8) 209.0 (172.0; 246.5) 0.94

Pleural drain left, n (%) 93 (50.0) 70 (46.4) 0.58

Pleural drain right, n (%) 83 (44.6) 70 (46.4) 0.84

Substernal drain, n (%) 153 (82.3) 118 (78.2) 0.33

Pericardial drain, n (%) 44 (23.7) 39 (26.0) 0.71

CABG, coronary artery bypass grafting; AVR, aortic valve replacement; MV, mitral valve.

Table 3 Postoperative data by intervention device

Variable Ocean Thopaz
+

P value

N 188 152

Chest X-ray with clamped drain, n (%) 38 (20.2) 13 (8.6) <0.01

Re-thoracotomy due to tamponade/bleeding, n (%) 10 (5.3) 3 (2.0) 0.19

Chest X-ray with clamped drain or re-thoracotomy, n (%) 47 (25.0) 16 (10.5) 0.001

New pleural drain after removal of intraoperative drains  
due to pneumothorax or pleural effusion, n (%)

12 (6.5) 3 (2.0) 0.06

Total amount of fluid (mL), median (P25; P75) 705 (400; 1,333) 686 (404; 1,229) 0.83

Need for new pacemaker, n (%) 7 (3.8) 10 (6.7) 0.34

Stroke, n (%) 2 (1.1) 1 (0.7) 1.00

Transient ischemic attack, n (%) 1 (0.5) 1 (0.7) 1.00

Length of ICU stay (days), median (P25; P75) 1.0 (1.0; 1.0) 1.0 (1.0; 1.0) 0.57

Length of hospital stay (days), median (P25; P75) 9.0 (8.0; 12.0) 9.0 (8.0; 11.0) 0.65

In-hospital death, n (%) 1 (0.5) 0 (0.0) 1.00
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although statistical significance was not obtained (analog: 
5.3%; digital: 2.0%; P=0.19). When both endpoints were 
combined as a safety endpoint, incidence of X-rays to detect 
air leaks or re-thoracotomies due to tamponade/bleeding 
was significantly lower in the digital group (analog: 25.0%; 
digital: 10.5%; P=0.001). Other parameters, such as the 
need for a new pacemaker, stroke, or in-hospital death did 
not differ between groups (P>0.05).

After the first three months, there was a trend towards 
fewer drain clamped X-rays in the digital group (months 

1–3: 12.7%; months 4–12: 4.1%, P=0.08).
Additional sensitivity analysis was performed and is given 

in Table 4. Data for analysis were restricted to patients with 
a pleural drain with very robust results observed.

Discussion

As part of post-surgical care, patients routinely receive 
at least one chest drain. Given that the presence of non-
evacuated, retained blood are discussed in literature 
as severe (20,21), it is surprising that little attention is 
directed toward improving drainage management methods. 
Typically, so-called “wet seal” drainage systems are used.

Herein, we report the results of a randomized controlled 
trial, which compared a digital drainage system (Thopaz+; 
Medela, Switzerland) with a classic analog wet-seal system 
(Atrium Ocean; Maquet, Germany) in elective cardiac 
surgery patients in a German hospital. In the digital group, 
drainage-associated complications were significantly 
decreased, when looking at the incidence of X-rays with 
clamped drain or re-thoracotomies due to tamponade/
bleeding. Besides, analyses indicated significantly shortened 
drainage duration with no differences in the total fluid 
amount at the time of chest drain removal between 
groups. Further postoperative outcome parameters did not 
significantly differ when study groups were compared.

The overall results of this study demonstrate the 

Table 4 Sensitivity analysis of postoperative data with patients, who had a pleural drain inserted by intervention device

Variable Ocean Thopaz
+

P value

N 134 104

Chest X-ray with clamped drain, n (%) 31 (23.1) 10 (9.6) 0.01

Re-thoracotomy due to tamponade/bleeding, n (%) 8 (6.0) 1 (1.0) 0.10

Chest X-ray with clamped drain or re-thoracotomy, n (%) 38 (28.4) 11 (10.6) 0.001

New pleural drain after removal of intraoperative drains  
due to pneumothorax or pleural effusion, n (%)

7 (5.2) 4 (3.8) 0.84

Total amount of fluid (mL), median (P25; P75) 810 (450; 1,512) 803 (505; 1,272) 0.976

Need for new pacemaker, n (%) 3 (2.3) 8 (7.8) 0.09

Stroke, n (%) 1 (0.8) 1 (1.0) 1.00

Transient ischemic attack, n (%) 0 (0.0) 1 (1.0) 0.89

Length of ICU stay (days), median (P25; P75) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.69

Length of hospital stay (days), median (P25; P75) 9.0 (8.0, 12.0) 9.0 (8.0, 11.0) 0.17

In-hospital death, n (%) 0 (0.0) 0 (0.0) 1.00

Figure 4 Significant reduction of chest X-rays with clamped drains 
to detect air leaks in the digital Thopaz+ drainage group (20.2% vs. 
8.6%, P<0.01).
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safety and efficacy of a digital drainage system (Thopaz+) 
in cardiac surgery patients in addition to a reduction in 
drainage-associated complications. The primary endpoint 
of the study was the incidence of chest X-rays with clamped 
drains as a parameter for detecting air leaks. The need 
for X-rays with clamped drains was significantly lower in 
the digital group with an incidence of 8.6% compared to 
20.2% in the analog group (P<0.01). This superiority in 
detecting air leaks confirms the findings of previous studies, 
demonstrating improved interobserver reliability (5,6,13). 
In our study, there were still a number of patients in the 
digital group that underwent chest X-ray with clamped 
drain. This might be explained by the institutional routine 
processes. Wet-seal systems were the standard systems 
for many years whereas digital devices were introduced 
shortly before the study started. Thus, the learning curve 
in handling the digital devices took place during the study 
period, which could explain the trend towards less need 
for drain clamped X-rays in the digital group after three 
months of application (months 1–3: 12.7%; months 4–12: 
4.1%, P=0.08). This might further explain why 16 patients 
were accidentally allocated to the analog group.

Associated with an increased postoperative complication 
rate and mortality, chest re-exploration in the early 
postoperative phase is a possible event of patients 
undergoing cardiac surgery. Consistent with current 
literature (22,23), our results showed re-thoracotomy 
rates of 5.3% and 2.2%, respectively. Without reaching 
significance, we could demonstrate a 3.3-percent reduction 
in the re-thoracotomy rate when the digital drainage 
system was used. One advantage of the digital device is the 
immediate start of drainage, enabling uninterrupted vacuum 
to the drains from the operating room onwards. It could 
be hypothesized that continuous suction evacuates more 
of the initial intraoperative blood that could potentially 
have, besides other factors, an impact on early pericardial 
tamponade.

Furthermore, a trend towards a decrease in new 
pleural drains after removal of the intraoperative drains 
was observed. The study, however, was not powered for 
detecting this difference with its low incidence.

So far, existing studies in the thoracic field have shown 
a reduced duration of chest tube placement and length 
of hospital stay when these digital devices were used 
(13,14,16,24,25), resulting in significantly lower hospital 
costs (24). Study results were confirmed by a meta-analysis 
from Zhou and colleagues comparing prospective data 
of 10 randomized controlled trials from 1,268 patients 

undergoing lung resection surgery (26). Recently, the use 
of digital drainage systems has been recommended as part 
of the enhanced recovery after surgery (ERAS) pathway for 
the perioperative management after lung surgery in order 
to improve patients’ outcome (27).

As the first prospectively randomized trial evaluating this 
topic in the cardiac field, our study was able to confirm the 
shorter duration of chest drains in cardiac patients with a 
reduced median drainage duration of 16 hours. Whereas in 
thoracic surgery the duration of the drain is considered the 
most critical influencing factor for the length of patient’s 
hospitalization (28), cardiac surgery patients in Germany 
typically stay at least 1 week in the hospital and then are 
transferred directly to rehab. This may explain why the 
earlier removal of drains in the digital group did not result 
in shorter hospital stay in the current analysis. However, 
early postoperative mobilization has been shown to be an 
essential element to prevent postoperative complications, 
enhance functional capacity, and shorten the length of 
hospital stay (29). Considerable advantages of the digital 
drainage system are its portability and earlier removal of the 
drains. This could have major implications for postoperative 
recovery and rehabilitation efforts in patients, including 
greater opportunities to engage in physical activity and a 
risk reduction in sternal wound infections (30).

Strengths

Although it is the first study to compare digital and analog 
chest drainage systems in cardiac surgery patients, the 
strengths are the prospective randomized design and the 
all-comer setup. Different types of cardiac surgery need 
different number and types of chest drains and a selected 
potential biased setup might not represent ‘real-world’ data. 
The data collection included relevant parameters, such as 
air leak detection, amount of fluid, tamponade, duration 
of the drains, and need for new drains. Although there are 
institutions with other protocols to detect air leak besides 
X-rays with clamped drains, the incidence of these X-rays 
is a good parameter for statistical analyses. It can easily be 
measured and compared.

Limitations

This study was limited by the protocol deviation, leading 
to 16 cross-overs, randomized in the digital group, but 
were accidentally allocated to the analog group. Major 
efforts were made to train staff de novo to avoid future 
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deviations. Hence, PP and ITT analyses were reported for 
all outcomes, with no significant differences between both 
analyses. With consideration of the study design, physicians 
were not blinded. The decision to perform an X-ray to 
detect air leak was conscientiously taken by the physicians, 
which may have introduced bias.

Due to a lack of comparative studies, additional 
randomized controlled trials with a greater variety of 
parameters will be needed to provide more definitive 
evidence and develop a full picture. Especially re-
thoracotomies due to early tamponade are rare, and a more 
significant number of patients are needed to find potential 
differences for this endpoint.

Economics of health care departments and cost 
management are important concerns for hospital 
administrations, thus further research is needed to analyze 
the cost-effectiveness of a digital versus an analog device.

Conclusions

The data provides evidence that digital drainage systems 
can be safely applied in cardiac surgery patients. Compared 
to the analog system, the application of the digital drainage 
system demonstrated a significantly decreased incidence of 
drainage-associated complications and shortened chest tube 
duration.
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