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Abstract

Background: The usefulness of digital chest drain is still debated. We are carrying out a study to determine if the
use of a digital system compared with a traditional system reduces the duration of chest drainage. To evaluate
safety, benefit, or futility of this trial we planned the current interim analysis.

Methods: An interim analysis on preliminary data from ongoing investigator-initiated, multicenter, interventional,
prospective randomized trial. Original protocol number: (NCT03536130). The interim main endpoint was overall
complications; secondary endpoints were the concordance between the two primary endpoints of the RCT (chest
tube duration and length of hospital stay). We planned the interim analysis when half of the patients have been
randomised and completed the study. Data were described using mean and standard deviation or absolute
frequencies and percentage. T-test for unpaired samples, Chi-square test, Poisson regression and absolute
standardized mean difference (ASMD) were used. P-value < 0.05 was considered significant.

Results: From April 2017 to November 2018, out of 317 patients enrolled by 3 centers, 231 fulfilled inclusion criteria
and were randomized. Twenty-two of them dropped out after randomization. Finally, 209 patients were analyzed:
among them 94 used the digital device and 115 the traditional one. The overall postoperative complications were
35 (16.8%) including prolonged air leak (1.9%). Mean chest tube duration was 3.6 days (SD = 1.8), with no
differences between two groups (p = 0.203). The overall difference between hospital stay and chest tube duration
was 1.4 days (SD = 14). Air leak at first postoperative day detected by digital and traditional devices predicted
increasing in tube duration of 1.6 day (Cl 95% 0.8-2.5, p < 0.001) and 2.0 days (Cl 95% 1.0-3.1, p < 0.001),
respectively.

Conclusions: This interim analysis supported the authors' will to continue with the enrollment and to analyze data
once the estimated sample size will be reached.

Trial registration: Trial registration number NCT03536130, Registered 24 May 2018 - Retrospectively registered.
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Postoperative complications

Background

Air leaks are common after pulmonary resection, affect-
ing patients with a prevalence ranging from 3 to 33%,
and are associated with increased morbidity, prolonged
hospital stay and increased costs [1, 2].

Conventionally, assessment of air leaks relied on the
measurement of “bubbles in a chamber” by using trad-
itional chest drainage systems. In recent years, novel
digital devices have been introduced; it is believed that
these devices have specific advantages. Digital drainages
provide a continuous and objective assessment of air
leaks, minimizing interobserver variability [3], thus redu-
cing the need for tube clamping trials and finally opti-
mizing the timing of chest tube removal. Moreover,
these modern systems could be able to distinguish an ac-
tive air leak from pleural space effect by evaluating the
differential intrapleural pressure [4]. Finally, digital de-
vices could help identify patients at high risk for pro-
longed air leak, allowing a better patient management in
terms of either active intervention or early discharge
from the hospital with a one-way valve system [5, 6].

Few studies, either retrospective or randomized con-
trolled trials (RCT), comparing digital and analog chest
drainage systems have been published, and results are
conflicting regarding the advantages of one system over
the other. In particular, it is not clear yet if the novel
systems could actually lead to optimization of chest tube
management in terms of chest tube duration and there-
fore length of hospital stay [7-9].

Considering that additional evidence is needed to fur-
ther probe the potential clinical utility and impact of
digital chest drainage devices, we implemented a ran-
domized controlled trial; the title was “Comparison
Between Electronic and Traditional Chest Drainage Sys-
tems” (NCT 03536130). This trial started in 2017; re-
cruitment will finish by the end of 2020.

To evaluate safety, benefit, or futility of this RCT we
planned the current interim analysis.

Methods
This is the interim analysis on preliminary data from on-
going investigator-initiated, multicenter, interventional,
prospective randomized trial. The interim main endpoint
was overall complications within 30 days of the surgery;
secondary endpoints were the concordance between the
two primary endpoints of the RCT (chest tube duration
and length of hospital stay).

The RCT protocol was published online (clinicaltrials.
gov/ct2/show/study/NCT03536130. Briefly, three different

staff surgeons from three Italian high-volume thoracic
surgery units enrolled all adult patients scheduled for
video assisted thoracic surgery (VATS) lobectomy for both
malignant and benign disease. All patients signed and
dated an Italian-written informed consent form approved
from ethical committees of the three hospitals. Individual
randomization, stratified by centers, was performed with a
1:1 allocation to the intervention (Digital group) and con-
trol groups (Traditional group); the nature of the interven-
tion did not allow blind randomization. At the end of
surgery, a 28 Ch chest tube was connected to a digital de-
vice (Drentech™ Palm Evo system - Redax, Fig. 1) or trad-
itional water-seal drain system. Chest tube was removed
when chest X-rays show a complete lung expansion and
there was no detectable air leak on traditional devices or
when airflow is lower than 20 ml/min for at least 8 h on

Fig. 1 Chest drainage connected to digital device (Drentech™ Palm

Evo system - Redax)
- J
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digital ones. In addition, daily fluid drainage should be less
than 300 ml. When air leaks exceed 7 days they are con-
sidered “prolonged”. The sample size of the RCT is 382
patients (191 per group); the calculation was based on the
two co-primary outcomes: duration of chest drain and
length of hospital stay. The trial protocol was previously
published meticulously detailing the study procedure [10].
We planned the interim analysis when half of the patients
have been randomised and completed the study.

In this interim analysis, safety was measured by com-
plication rates; complications were defined according the
Common Terminology Criteria for Adverse Events v4.03
and they were recorded when classified as grade 2 or
greater. The concordance between co-primary outcomes
was measured by difference between hospital stay and
chest tube duration (days). Benefit and futility were esti-
mated by comparing the duration of drainage between
the two groups (days).

The study adheres to CONSORT guidelines, and a
completed CONSORT checklist is available as Supple-
mentary Material.

Statistical analysis
Data are presented as mean and standard deviation (SD).
Categorical variables are shown as absolute frequencies
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and percentages. Student’s T and x2 tests were per-
formed as appropriate. The normality assumption was
assessed by visual inspection of histogram and Q-Q plot.
We used the absolute standardized mean difference
(ASMD) to evaluate covariance balance between study
groups; a value equal or less than 0.20 was considered as
a small effect size. The Poisson regression was per-
formed. The 95% Wald confidence intervals were com-
puted. Two-sided p-value was considered statistically
significant when <0.05. All analyses were carried out
using R version 3.2.2 software [11].

Results

Three-hundred and seventeen patients who potentially
met the inclusion criteria underwent lung resection be-
tween April 2017 and November 2018. CONSORT flow
diagram summarizes patients’ recruitment (Fig. 2); fi-
nally, 209 patients were included in the current interim
analysis: 94 assigned to Digital group and 115 to Trad-
itional group. Table 1 shows preoperative and intraoper-
ative patients characteristics; the comparison of the two
groups with the ASMD did not overstep the value of
0.20 for any of the characteristics showing a substantial
balance of the covariates. The overall postoperative com-
plications were 35 (16.8%) including prolonged air leak

[ Enrollment ]

Assessed for eligibility (n= 317 )

Excluded (n= 86)

+ Not meeting inclusion criteria (n= 86)

» No lobectomy (n= 46)

Conversion to thoracotomy (n= 23)

Using of sealants buttressing material, or pleural
tents (n=17)

I Randomized (n= 231) |

]

Y { Allocation }I Y

Allocated to Digital group (n= 106)
+ Received allocatedintervention (n= 106 )
+ Did not receive allocated intervention (n= 0)

.

v Follow-Up | v

Allocated to Traditional group (n= 125)
+ Received allocated intervention (n= 125)
+ Did not receive allocated intervention (n= 0)

J

Discontinued intervention (n=12)
+Change of drain system (n= &)
+Reinteryention (n=2)

« Patienttransferredto otherward(n=2)

2 Analysis v

Discontinued intervention (n= 10)
+Change of drain system (n= 9)
+Reintervention(n=1)

Analysed (n=94)
+ Excludedfrom analysis (n=0)

Fig. 2 CONSORT Flow Diagram of the study

Analysed (n= 115)
+ Excluded from analysis (n=0)
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Table 1 Preoperative and intraoperative patients’ characteristics
Digital group Traditional group ASMD
(n =94) (n=115)
Age, years, mean (SD) 67 (9) 66 (11) 0.10
Male, n (%) 57 (60.6) 61 (53.0) 0.15
Co-morbidity, n (%) 68 (72.3) 89 (77.4) 0.05
COPD, n (%) 15 (16.0) 12 (104) 0.17
Asthma, n (%) 3(3.2) 3(26) 0.04
FEV1, %, mean (SD) 96.6 (20.2) 98.9 (204) 0.11
FVC, %, mean (SD) 101.6 (19.9) 1039 (189) 0.12
Tiffeneau, %, mean (SD) 77.7 (9.7) 76.8 (12.0) 0.08
DLCO, %, mean (SD) 83.1 (184) 81.6 (19.0) 0.08
Induction CT, n(%) 6 (64) 3(26) 0.18
Induction RT, n(%) 0 (0.0) 0 (0.0) 0.0
Surgical time, min, mean (SD) 164 (67) 169 (65) 0.08
Hemostatic devices, n (%) 49 (52.1) 52 (45.2) 0.14
Type of lobectomy, n (%)
Right upper lobectomy 24 (25.5) 35 (30.4) 0.11
Right middle lobectomy 6 (6.4) 8 (6.9) 0.00
Right lower lobectomy 15 (15.9) 15 (13.0) 0.08
Left upper lobectomy 32 (34.0) 28 (24.3) 0.20
Left lower lobectomy 17 (18.1) 29 (25.2) 0.15
Lymphadenectomy, n (%) 93 (98.9) 113 (98.3) 0.05
Systematic 72 (76.6) 86 (74.8) 0.04
Sampling 21 (22.3) 27 (23.5) 0.03

ASMD Absolute standardized mean difference, SD Standard deviation, COPD Chronic obstructive pulmonary disease, FEV1 Forced expiratory volume at 1, FVC
Forced vital capacity, DLCO Diffusion Lung CO, CT Chemotherapy, RT Radiation therapy. No significant differences were observed (p > 0.05)

(1.9%); Table 2 shows the results distributed per group;
none of the described complications could be correlated
with the drainage devices. Mean chest tube duration was
3.6 days (SD = 1.8); there were no statistically significant
differences between groups: difference of means was -
0.33days (95% CI: -0.83 to -0.018; p=0.203). The
overall difference between hospital stay and chest tube
duration was 1.4 days (SD = 1.4).

The mean duration of chest tube drainage in patients
with POD1 air leaks was 4.4 days (SD = 1.8 days) and 5.1

Table 2 Postoperative events

days (SD =1.9 Days) in Digital group and Traditional
group respectively (p = 0.175).

The mean duration of chest tube drainage in patients
without POD1 air leaks was 2.8 days (SD = 1.3 days) and
3.3days (SD=14days) in Digital and Traditional
groups, respectively (p = 0.022).

Air leak at first postoperative day detected by digital
and traditional device predicted increasing in tube dur-
ation of 1.6 day (CI 95% 0.8-2.5, p <0.001) and 2.0 days
(CI 95% 1.0-3.1, p < 0.001), respectively.

Digital group Traditional group p value
(n =94) (n =115)

Total complications, n (%) 17 (18.1) 18 (15.6) 0.999
Cardio-vascular complications, n (%) 6 (64) 6 (5.2) 0.951
Pulmonary complications, n (%) 7(74) 11 (9.6) 0.767
Other, n (%) 4 (43) 2(1.7) 0.505

Prolonged air leak, n (%) 1(1.1) 3(26) 0.999

Chest tube duration, days, mean (SD) 34 (1.8) 38(1.8) 0.999

Difference between hospital stay and chest tube duration, days (SD) 13 (1.0) 14 (1.7) 0.999
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Discussion

The RCT “Comparison Between Electronic and Trad-
itional Chest Drainage Systems” aims to identify the pos-
sible benefit of electronic drainage for managing patients
who underwent VATS lobectomy. We regarded Data
and Safety Monitoring Committee as unnecessary, con-
sidering that the device is commercially available and
the device was approved by the Ministry of Health;
nevertheless, we planned the interim analysis to assess
safety, benefit or futility.

This RCT had a dropout rate of 9.5%, which was close
to the median percentage of patients with a missing out-
come from RCTs published in 4 top medical journals re-
cently reviewed [12]. We considered the missing data as
“missing completely at random”; we are aware that this
is a strong assumption but, on the other hand, the
intention-to-treat principle was impossible to apply due
to the very nature of this RCT. We have not recorded
any unfavorable events directly attributable to the drain-
age devices, whether they are digital or not. Postopera-
tive complications were similar between the two groups
and not directly related to the type of device. We can af-
firm that the study protocol did not cause any harm to
the enrolled patients and therefore proved to be safe.

The difference between the two groups in terms of
chest tube duration was not statistically significant, thus
the study cannot be stopped for benefit. However, a
trend toward shorter chest tube duration and length of
stay was observed in the Digital group; as a consequence,
we consider it cost-effective and justified to continue the
study to determine if this trend will reach statistical
significance.

Finally, two additional items worth some comments:
the primary objective and a predictive factor for pro-
longed air leak. Our RCT has a primary composite
objective, therefore we wanted to check that the two
parameters (duration of chest tube drainage and
length of hospital stay) were actually correlated; we
assumed that the difference between the two parame-
ters should remain within 2days. Indeed, the data
collected in this interim analysis showed that the two
parameters remained closely related and consequently
a re-modulation of the study protocol will not be ne-
cessary. Despite this study was not planned to identify
prognostic factors for air leak, we observed that the
presence of air leakage on the first postoperative day
predicted the prolonged chest tube requirement as re-
ported by others [13].

Conclusions

In conclusion, this interim analysis supported the
authors’ will to continue with the enrollment and to
analyze data once the estimated sample size will be
reached.

Page 5 of 6

Abbreviations

ASMD: Absolute standardized mean difference; Cl: Confidence interval;
RCT: Randomized controlled trial; SD: Standard deviation; VATS: Video
assisted thoracic surgery

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513019-021-01567-y.

[ Additional file 1. ]

Acknowledgements
Not applicable.

Authors’ contributions

PM and DT have the idea, wrote and designed the study. MN, GM and FR
designed the study. GMC, SP, VR, GI, DB, LGA collected and assembled the
patient data; GB made the statistical analysis. CL contributed in writing of the
manuscript. All authors read and approved the manuscript.

Funding
No specific funding for the project was received.

Availability of data and materials
The datasets generated and analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study has been approved by the Ethics Board of Fondazione IRCCS Ca'
Granda Ospedale Maggiore Policlinico, Milan, Italy (reference number
400_2017bis).

All participants receive brief and comprehensible oral and written
information, in accordance with the Helsinki Declaration. Before
commencing screening and outcome assessment, all procedures are
explained by the assessor and the informed consent form is reviewed and
signed.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interest to declare.

Author details

"Thoracic Surgery and Lung Transplant Unit, Foundation IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Via Francesco Sforza, 35, 20122 Milan, Italy.
Thoracic Surgery Unit, Universita degli Studi di Bari, Bari, Italy. *Thoracic
Surgery Unit, Universita di Padova, Padova, Italy. “Thoracic Surgery Unit, “Vito
Fazzi" Hospital, Lecce, Italy. *Department of General and Specialistic Surgery
“Paride Stefanini”, Policlinico Umberto I, University of Rome Sapienza, Rome,
Italy.

Received: 29 September 2020 Accepted: 26 June 2021
Published online: 05 July 2021

References

1. Lackey A, Mitchell JD. The cost of air leak: physicians' and patients'
perspectives. Thorac Surg Clin. 2010;20(3):407-11. https.//doi.org/10.1016/].
thorsurg.2010.04.004.

2. LiS, Lv W, Zhou K, Che G. Does the fissureless technique decrease the
incidence of prolonged air leak after pulmonary lobectomy? Interact
Cardiovasc Thorac Surg. 2017;25(1):122-4. https;//doi.org/10.1093/icvts/
ivx061.

3. Cerfolio JR, Varela G, Brunelli A. Digital and smart chest drainage systems to
monitor air leaks: the birth of a new era? Thorac Surg Clin. 2010;20(3):413-
20. https://doi.org/10.1016/j.thorsurg.2010.03.007.


https://doi.org/10.1186/s13019-021-01567-y
https://doi.org/10.1186/s13019-021-01567-y
https://doi.org/10.1016/j.thorsurg.2010.04.004
https://doi.org/10.1016/j.thorsurg.2010.04.004
https://doi.org/10.1093/icvts/ivx061
https://doi.org/10.1093/icvts/ivx061
https://doi.org/10.1016/j.thorsurg.2010.03.007

Mendogni et al. Journal of Cardiothoracic Surgery

(2021) 16:188

Marasco RD, Giudice G, Lequaglie C. How to distinguish an active air leak
from a pleural space effect. Asian Cardiovasc Thorac Ann. 2012,20(6):682-8.
https.//doi.org/10.1177/0218492312451918.

Brunelli A, Salati M, Refai M, Di Nunzio L, Xiumé F, Sabbatini A. Evaluation of
a new chest tube removal protocol using digital air leak monitoring after
lobectomy: a prospective randomised trial. Eur J Cardiothorac Surg. 2010;
37(1):56-60. https://doi.org/10.1016/j.jcts.2009.05.006.

Takamochi K, Imashimizu K, Fukui M, Maeyashiki T, Suzuki M, Ueda T, et al.
Utility of objective chest tube management after pulmonary resection using
a digital drainage system. Ann Thorac Surg. 2017;104(1):275-83. https//doi.
org/10.1016/j.athoracsur.2017.01.061.

Wang H, Hu W, Ma L, Zhang Y. Digital chest drainage system versus
traditional chest drainage system after pulmonary resection: a systematic
review and meta-analysis. J Cardiothorac Surg. 2019;14(1):13. https//doi.
0rg/10.1186/513019-019-0842-x.

Plourde M, Jad A, Dorn P, Harris K, Mujoomdar A, Henteleff H, et al. Digital
air leak monitoring for lung resection patients: a randomized controlled
clinical trial. Ann Thorac Surg. 2018;106(6):1628-32. https://doi.org/10.1016/
jathoracsur.2018.06.080.

Lijkendijk M, Licht PB, Neckelmann K. Electronic versus traditional chest tube
drainage following lobectomy: a randomized trial. Eur J Cardiothorac Surg.
2015;48(6):893-8. https://doi.org/10.1093/ejcts/ezu535.

Marulli G, Comacchio GM, Nosotti M, Rosso L, Mendogni P, Natale G, et al.
Multicenter randomized study on the comparison between electronic and
traditional chest drainage systems. Trials. 2019;20(1):730.

Core Team R. R: a language and environment for statistical computing.
Vienna: R Foundation for StatisticalComputing; 2019. https://www.R-project.
org/. Accessed 2 Mar 2020

Bell ML, Fiero M, Horton NJ, Hsu CH. Handling missing data in RCTs; a
review of the top medical journals. BMC Med Res Methodol. 2014;14(1):118.
https.//doi.org/10.1186/1471-2288-14-118.

Rodriguez M, Jiménez MF, Hernandez MT, Novoa NM, Aranda JL, Varela G.
Usefulness of conventional pleural drainage systems to predict the
occurrence of prolonged air leak after anatomical pulmonary resection. Eur
J Cardiothorac Surg. 2015;48(4):612-5. https://doi.org/10.1093/ejcts/ezu470.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1177/0218492312451918
https://doi.org/10.1016/j.ejcts.2009.05.006
https://doi.org/10.1016/j.athoracsur.2017.01.061
https://doi.org/10.1016/j.athoracsur.2017.01.061
https://doi.org/10.1186/s13019-019-0842-x
https://doi.org/10.1186/s13019-019-0842-x
https://doi.org/10.1016/j.athoracsur.2018.06.080
https://doi.org/10.1016/j.athoracsur.2018.06.080
https://doi.org/10.1093/ejcts/ezu535
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1186/1471-2288-14-118
https://doi.org/10.1093/ejcts/ezu470

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

