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Abstract

Background

The sensitivity of postoperative pleural air leakage (PAL) after pulmonary resection is evalu-

ated by a simple subjective grading method in clinical practice. A new electronic digital chest

drainage evaluation system (DCS) recently became clinically available. This study was

designed to evaluate the clinical application of the DCS in monitoring the airflow volume and

managing postoperative PAL.

Methods

We prospectively enrolled 25 patients who underwent pulmonary resection. Postoperative

PAL was evaluated using both conventional PAL grading based on the physician’s visual

judgment (analog chest drainage evaluation system [ACS]: Level 0 = no leakage to 4 = con-

tinuous leakage) and the DCS. The DCS digital measurement was recorded as the flow

volume (ml/min), which was taken once daily from postoperative day 1 to the day of chest

drainage tube removal.

Results

In total, 45 measurements were performed on 25 patients during the evaluation period.

Postoperative PAL was observed in five patients (20.0%) and judged as ACS Level >1. The

mean DCS values corresponding to ACS Levels 0, 1, 2, and 3 were 2.42 (0.0–11.3), 48.6

(35.4–67.9), 95.6 (79.7–111.5), and 405.3 (150.3–715.6), respectively. The Spearman cor-

relation test showed a significant positive correlation between the ACS PAL level and DCS

flow volume (R = 0.8477, p < 0.001).
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Conclusions

A relationship between the visual PAL level by the ACS and the digital value by the DCS

was identified in this study. The numeric volume obtained by the DCS has been successful

in information-sharing with all staff. The digital PAL value evaluated by the DCS is appropri-

ate, and the use of the DCS is promising in the treatment of postoperative PAL after pulmo-

nary resection.

Introduction

Chest drainage systems are used to resolve pleural air leakage (PAL), lymphatic or exudative

effusion, and blood accumulation after chest surgery, trauma, or other disease conditions such

as pneumothorax or pleuritis and to help re-establish normal intrathoracic pressure. Postoper-

ative PAL after pulmonary resection is evaluated in clinical practice by a simple analog chest

drainage evaluation system (ACS) with a subjective grading method such as “low/middle/

high” or “none/intermittent/continuous.” Appropriate evaluation of the air leakage grade is

clinically important for safe postoperative management. The Thopaz™ (Medela AG, Baar, Swit-

zerland) is a new electronic digital chest drainage evaluation system (DCS) that maintains a

constant pleural pressure and provides an instantaneous digital value of the PAL flow volume

(S1 Fig). This system is a portable suction unit with a drainage canister and mobile battery

unit. It thus minimizes the patients’ ambulation during recovery from surgery. Several reports

regarding the clinical usefulness of the DCS have been published, and randomized studies

have shown that the DCS was superior to the ACS in terms of management of the chest drain-

age tube [1–7]. However, few studies have objectively analyzed the digital value of the DCS

compared with the conventional diagnosis of PAL using a method such as the ACS.

The aim of this study was to analyze the PAL flow volume by the DCS and discuss its possi-

ble clinical application.

Patients and methods

Patients

This study initially included 27 consecutive patients who underwent lung resection at the

Department of Thoracic Surgery, Kyusyu Medical Center, from August 2013 to September

2013. The study conformed to the principles of the Declaration of Helsinki and was approved

by the Institutional Review Board of Kyusyu Medical Center (No. 13–49). Prior to surgery, all

patients provided written informed consent regarding the use of their clinical data for the pres-

ent study. They were fully instructed about the study, had the option to confirm ongoing stud-

ies, and could opt out of the consent at any time.

Two patients were excluded because of difficulty with the DCS (a circuit leak caused by

damage to the connection between the drain and drainage canister). Ultimately, 25 patients

were enrolled in the study, and their clinical profiles are summarized in Table 1. The study

group comprised 11 women and 14 men ranging in age from 48 to 85 years (mean age, 71

years). Twenty-one patients (84.0%) had primary or metastatic lung cancers, and the remain-

ing four patients (16.0%) had pneumothorax or benign tumors. Lobectomy and lung partial

resection were performed on 19 (76.0%) and 6 (24.0%) patients, respectively. All surgeries

were performed with a video-assisted thoracoscopic approach. A flexible mechanical stapler

(Endo GIA Universal Stapling System™; Covidien, Dublin, Ireland) was used for resection of
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bronchi, pulmonary vessels, and pulmonary parenchyma, including incomplete interlobar fis-

sures. A double-lumen 20-French trocar catheter (Covidien) was placed inside the chest cavity

at the end of the operation. The chest tube was connected to a “water seal” chest drainage can-

ister device, which is a low-pressure continuous-suction unit (MERA Succume™, MS-008EX;

Senko Medical Instrument Manufacturing Co. Ltd., Saitama, Japan). DCS measurements were

performed with the Thopaz™.

Connection and measurement of ACS and DCS

After the lung surgery, a chest drainage tube was connected to the ACS parallel with the DCS.

Thus, these systems could be switched manually for analysis using a Y-tube and clamp forceps

(Fig 1). The ACS was mainly used for PAL management, and the DCS was used only when

data were collected. The suction level was −2 cm H2O (“water seal”) in the ACS and −8 cm

H2O (physiological intrathoracic mode) in the DCS. In the physiological intrathoracic mode,

the DCS works passively as a sophisticated one-way valve driven by the patient when PAL is

absent.

PAL observed by the ACS was assessed using a previously reported PAL grading system [8].

Visual PAL levels were applied as follows: Level 0 = never, Level 1 = coughing, Level 2 = talking,

Level 3 = expiration, and Level 4 = always. The digital values of the PAL flow volume (ml/min)

calculated by the DCS were recorded once each morning in the patient’s bed until removal of

the chest drainage tube. Data were collected every 10 seconds for 10 minutes (S2 Fig). The

chest drainage tube was removed after confirming the absence of visual PAL as observed by

the ACS. The visual PAL levels were evaluated by at least two experienced thoracic surgeons.

Statistical analysis

The association between the PAL level and digital value of PAL using the DCS was analyzed

with the Spearman rank correlation test. A p-value of<0.05 was considered statistically signifi-

cant. All statistical analyses were performed using JMP version 10.0 (SAS Institute, Cary, NC,

USA).

Results

Timing of chest drainage tube removal in 25 patients

Postoperative PAL occurred in five patients (20.0%), including four patients with lung cancer

and one with spontaneous pneumothorax. Table 2 shows the timing of chest drainage tube

Table 1. Clinical profiles of 25 patients enrolled in this study.

Patient characteristics No. (%) or Median (Range)

Total assessable patients 25 (100)

Age, years 72 (48–85)

Gender

Male 14 (56.0)

Female 11 (44.0)

Disease

Primary and Metastatic lung cancer 21 (84.0)

Benign tumor and Pneumothorax 4 (16.0)

Surgical procedure

Lobectomy 19 (76.0)

Wedge resection 6 (24.0)

https://doi.org/10.1371/journal.pone.0187705.t001
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removal for all 25 patients. Four patients (16.0%) who underwent lobectomies and one patient

(4.0%) who underwent wedge resection had postoperative PAL on postoperative day (POD) 1.

Seventeen patients (68.0%) had no PAL; thus, the chest drainage tubes were removed on POD

1. Four patients underwent tube removal on POD 2, one on POD 3, one on POD 4, and one

on POD 8. One patient with intense, persistent Level 3 PAL underwent a re-operation on POD

6. No patients in this study underwent chest drainage tube reinsertion.

Comparison between PAL level and actual volume using DCS

In total, 45 measurements were performed among the 25 patients in this study. The visual

PAL level and digital PAL flow volume are shown in Table 3. The mean PAL flow volume

was 2.42 ml/min (range, 0.00–11.31) in Level 0, 48.62 ml/min (range, 35.41–67.87) in Level 1,

Fig 1. Connection and measurement of the ACS and DCS. (A) Normal state. (B) Measurement state.

https://doi.org/10.1371/journal.pone.0187705.g001

Table 2. Timing of chest drainage tube removal in 24 patients.

Postoperative day 1 2 3 4 5 6 7 8

Lobectomy (n = 19) 14 2 1 1 1

Wedge resection (n = 5) 3 2

https://doi.org/10.1371/journal.pone.0187705.t002
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95.57 ml/min (range, 79.67–111.48) in Level 2, and 405.25 ml/min (range, 150.33–715.57) in

Level 3. No patients had Level 4 PAL.

The Spearman correlation test showed a statistically significant positive correlation

between the PAL classification (Level 0–4) and actual value using the DCS (ml/min)

(R = 0.8477, p< 0.001).

Discussion

Digitalization is widely established in the medical field. For instance, computed tomography

images are recorded and stored digitally and can be sent over various networks. Bronchoscopic

examination was dependent upon the experience of the operator until the appearance of the

bronchial navigation system, which uses virtual bronchoscopy and real-time three-dimen-

sional computed tomography images. With the advent of this system, safer and more accurate

inspection became possible [9].

Conventional pulmonary physicians and pulmonologists are accustomed to using the ACS

for the management of chest drainage. However, as in other medical devices and techniques,

progress is being made in digitalization of the management of chest drainage. The DCS has

allowed for standardization of the postoperative management of chest drainage in Europe and

the United States since 2008. The DCS became clinically available in Japan in 2013.

Whether an association exists between bubbles observed in the ACS and the numeric vol-

ume determined by the DCS is unknown. Conventional pulmonary physicians and pulmonol-

ogists are concerned with the specific PAL flow volume, which can be obtained with the

numeric data provided by the DCS. In the present study, we analyzed the correlation between

the visual PAL grade as observed by the ACS and the digital PAL volume as measured by the

DCS to facilitate clinical use of these parameters.

The clinical usefulness and benefits of the DCS have been reported in many recent studies

[1–6,10,13]. To clarify the relationship between the ACS and DCS, we thought that it was

important to simultaneously examine the bubbles of the ACS and the numeric volume of the

DCS in the same patient because all previous studies compared these parameters separately

[4–7,11,12]. We also considered that the use of two study arms did not allow for strict compar-

ison. Therefore, in the present study, we evaluated the relationship between the ACS and DCS

in the same patients to directly estimate the appearance of PAL. In total, 45 measurements

were performed, and a significant positive correlation was observed between the bubbles of the

ACS and the numeric volume of the DCS. To the best of our knowledge, no similar studies

have been performed; thus, the present study is considered to be novel in this regard.

Postoperative PAL after pulmonary resection is typically evaluated in clinical practice using

the ACS with a subjective grading method such as “low/middle/high” or “none/intermittent/

continuous.” These are usually subjective estimates reported by one observer [10]. Nakanishi

Table 3. Comparison between PAL level and actual value using DCS.

Level Total number of measurement Actual value using DCS (ml/min)

Average Range

0 30 2.42 0.00–11.31

1 5 48.62 35.41–67.87

2 2 95.57 79.67–111.48

3 8 405.25 150.33–715.57

4 0 - -

PAL: pulmonary air leakage, DCS: digital chest drainage evaluation system

https://doi.org/10.1371/journal.pone.0187705.t003
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et al. [8] reported the use of a PAL grading system in 2013. This grading system is considered

to be most easily understood ACS-based PAL grading system, and we conducted the present

study using this classification: Level 0 = never, Level 1 = coughing, Level 2 = talking, Level

3 = expiration, and Level 4 = always.

In the present study, we proved that the DCS-based PAL level is positively correlated with

Nakanishi’s classification. The DCS-based PAL volume gradually increased along with higher

visual PAL grades. The present study allowed us to quantify the Nakanishi classification, signi-

fying the clinical value of our research.

This study proved the validity of the numeric volume obtained by the DCS and indicated a

positive correlation. The DCS numeric volume can be viewed as the amount of PAL subjec-

tively observed before the DCS appears (by the ACS). Thus, the numeric volume obtained by

the DCS can be used to objectively evaluate the amount of PAL. This facilitates smooth and

accurate information sharing between medical personnel. Use of the ACS only allows for eval-

uation of the PAL at a certain point of time. However, the DCS allows for evaluation of the

numeric volume of PAL at a specific time as well elucidation of its trends. Whether the PAL

shows a decreasing or increasing trend as shown by the DCS is clinically meaningful. If the

PAL is increasing, we can confidently choose the most appropriate medical procedure such as

pleurodesis or surgical treatment; if it is gradually decreasing, we can decide to wait. An advan-

tage of the DCS is that the clamp test is unnecessary. Repeated clamp tests are occasionally

required for assessment of PAL. This is stressful for both medical care staff and patients. Tun-

nicliffe and Draper [2] reported a useful role of the DCS in management of pneumothorax. In

their retrospective analysis of 13 cases of pneumothorax, DCS graphical data appeared to indi-

cate that the DCS might predict earlier chest drain removal and persistent PAL requiring sur-

gical intervention [2].

Some clinical trials have shown advantages of the DCS. After the present study, we evalu-

ated 233 patients who underwent lung resection and compared the PAL volume, duration of

chest drainage, and incidence of complications between patients managed with the DCS versus

ACS using propensity score matching [11]. The drainage duration was 2.7 days for the DCS

and 3.7 days for the ACS with a statistically significant difference (p = 0.031). Similarly, Pom-

pili et al. [6] performed a multicenter international randomized study comparing the ACS and

DCS. Patients managed with the DCS had a significantly greater (>50%) reduction in the air

leakage duration and a 1-day shorter duration of both chest drainage tube placement and hos-

pitalization compared with patients managed with the ACS.

Gilbert et al. [12] conducted a randomized controlled trial to compare the DCS versus the

ACS in patients with or without PAL. In contrast to previous trials, they reported that although

the DCS was associated with fewer clamping trials, the impact of the DCS on the chest tube

duration and length of stay was not statistically significant [12]. Despite many reports in this

field, no reports have indicated that the DCS is inferior to the ACS, and no report has denied

the clinical value of the DCS [1–7,10–13]. We predict that the DCS will become increasingly

more important in the near future, as have other medical digital devices. The numeric volume

obtained by the DCS is objective and has been successful for information sharing among all

staff members. Our results might help thoracic surgeons or pulmonologists to easily transition

from the ACS to DCS for PAL management.

The DCS is smaller, lighter, and quieter than the sound of bubbling produced by the ACS,

and its systems are convenient for patients. Patients who use the ACS sometimes complain

of its weight and size, reporting that it is too heavy to carry (the ACS we use weighs about 5

kg (11 lb)), and indicate that the bubbling sound is bothersome [1,6,7]. After switching to

the DCS, these complaints ceased at our institution, as in other reports [1,4,6,10,11]. The
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DCS does not use water for management and therefore does not need to be maintained in an

upright position. This promotes free movement of the patient after the operation.

There were some limitations within this study. The major limitation of this study was its

sample size. Among the 45 measurements, Level 0 PAL was obtained 30 times, Level 1 was

obtained 5 times, Level 2 was obtained 2 times, and Level 3 was obtained 8 times. No patients

had Level 4. PAL was observed in only five patients. Recent advances in staplers and sealant

devices have led to more reliable operations and less PAL [14–16]. As a result, the proportion

of Level 0 has increased, and it is difficult to increase the number of Level 1 to 4 samples. Fur-

ther studies are needed to investigate Level 1 to 4 PAL.

Conclusions

In conclusion, we found a positive relationship between measurements of PAL obtained by the

ACS and DCS. To the best of our knowledge, this is the first study to evaluate the relationship

between the ACS and DCS in the same patients and to directly estimate the appearance of

PAL. Our objective results might help thoracic surgeons or pulmonologists to easily transition

from the ACS to DCS for PAL management. Moreover, the numeric volume obtained by the

DCS has allowed for successful sharing of objective information among all staff members. Dig-

ital PAL values obtained by the DCS are considered reasonable for management of postopera-

tive PAL.

Supporting information

S1 Fig. Thopaz™, a new electronic digital chest drainage evaluation system. (A) Thopaz™.

(B) Digital display. (C) Graph of air leakage.

(TIFF)

S2 Fig. Datasheet. Data were collected every 10 seconds for 10 minutes once each morning.

(TIFF)

S3 Fig. Spearman correlation test between AAL classification and actual value using DCS.

The Spearman correlation test showed a statistically significant positive correlation between

the pleural air leakage classification (Level 0–4) and actual value using the DCS (ml/min)

(R = 0.8477, p< 0.001). AAL: alveolar air leakage; DCS: digital chest drainage system.

(TIF)

S1 Table. Characteristics of each patient. Patients #3 and #17 were excluded because of diffi-

culty with the DCS (a circuit leak caused by damage to the connection between the drain and

drainage canister). Patient #21 had intense, persistent Level 3 PAL and underwent a re-opera-

tion on POD 6. M: male, F: female, PLC: primary lung cancer, MLT: metastatic lung tumor,

RUL: right upper lobe lobectomy, RML: right middle lobe lobectomy, RLL: right lower lobe

lobectomy, LUL: left upper lobe lobectomy, LLL: left lower lobe lobectomy, Rpart: right partial

resection, Lpart: left partial resection.

(TIF)

Acknowledgments

The authors wish to thank the administrative staff at the Clinical Research Institute, Kyusyu

Medical Center for their support. Susan Bruinooge, Hiroko Okutsu and Rui Mori for their

native English proofing support.

Digital evaluation of postoperative alveolar air leakage

PLOS ONE | https://doi.org/10.1371/journal.pone.0187705 November 6, 2017 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0187705.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0187705.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0187705.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0187705.s004
https://doi.org/10.1371/journal.pone.0187705


Author Contributions

Conceptualization: Ryo Mori, Koji Yamazaki.

Data curation: Ryo Mori, Koji Yamazaki, Hidenori Kouso, Chie Ushijima, Tomoyoshi Take-

naka, Sadanori Takeo.

Formal analysis: Ryo Mori, Fumihiro Shoji.

Investigation: Ryo Mori, Naoko Miura.

Project administration: Ryo Mori, Koji Yamazaki, Sadanori Takeo.

Resources: Ryo Mori, Koji Yamazaki, Hidenori Kouso, Chie Ushijima, Sadanori Takeo.

Software: Ryo Mori, Fumihiro Shoji.

Supervision: Koji Yamazaki, Sadanori Takeo.

Validation: Ryo Mori, Koji Yamazaki, Naoko Miura.

Visualization: Ryo Mori, Koji Yamazaki.

Writing – original draft: Ryo Mori.

Writing – review & editing: Ryo Mori, Koji Yamazaki, Fumihiro Shoji.

References
1. Rathinam S, Bradley A, Cantlin T, Rajesh PB. Thopaz portable sunction system in thoracic surgery: an

end user assessment and feedback in a tertiary unit. J Cardiothorac Surg. 2011; 6: 59. https://doi.org/

10.1186/1749-8090-6-59 PMID: 21510897

2. Tunnicliffe G, Draper A. A pilot study of a digital drainage system in pneumothorax. BMJ Open Resp

Res. 2014; 1: e000033. https://doi.org/10.1136/bmjresp-2014-000033 PMID: 25478182

3. Tsim S, Paton L, Nicholson F, Blyth KG. Rescue therapy using an endobronchial valve and digital air

leak monitoring in invasive pulmonary aspergillosis. Respir Med Case Rep. 2015; 14: 27–29. https://

doi.org/10.1016/j.rmcr.2014.12.001 PMID: 26029572

4. Cerfolio RJ, Bryant AS. The benefits of continuous and digital air leak assessment after electronic pul-

monary resection: a prospective study. Ann Thorac Surg. 2008; 86: 396–401. https://doi.org/10.1016/j.

athoracsur.2008.04.016 PMID: 18640304

5. Bertolaccini L, Rizzardi G, Filice MJ, Terzi A. ‘Six sigma approach’–an objective strategy in digital

assessment of postoperative air leaks: a prospective randomized study. Eur J Cardiothorac Surg. 2011;

39: e28–e32.

6. Pompili C, Detterbeck F, Papagiannopoulos K, Sihoe A, Vachlas K, Maxfield MW, et al. Multicenter

international randomized comparison of objective and subjective outcomes between electronic and tra-

ditional chest drainage systems. Ann Thorac Surg. 2014; 98: 490–497. https://doi.org/10.1016/j.

athoracsur.2014.03.043 PMID: 24906602

7. Ponpili C, Brunelli A, Salati M, Refai M, Sabbatini A. Impact of the learning curve in the use of a novel

electronic chest drainage system after pulmonary lobectomy: a case-matched analysis on the duration

of chest tube usage. Interact Cardiovasc Thorac Surg. 2011; 13: 490–493. https://doi.org/10.1510/

icvts.2011.280941 PMID: 21852268

8. Nakanishi K, Shimotakahara A, Asato Y, Ishihara T. A new method to detect air leakage in a patient

with pneumothorax using saline solution and multidetector-row spiral CT scan. Chest. 2013; 144: 940–

946. https://doi.org/10.1378/chest.12-2678 PMID: 23558756

9. Asano F. Advanced bronchoscopy for the diagnosis of peripheral pulmonary lesions. Respir Investig.

2016; 54: 224–229. https://doi.org/10.1016/j.resinv.2015.11.008 PMID: 27424820
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