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Abstract

Background: We investigated the most effective suction pressure for preventing or promptly improving
postoperative air leaks on digital drainage devices after lung resection.

Methods: We retrospectively analyzed the postoperative data of 242 patients who were monitored with a digital
drainage system after pulmonary resection in our institution between December 2017 and June 2020. We divided
the patients into three groups according to the suction pressure used: A (low-pressure suction group: —5 cm H,0),
B (intermediate-pressure group: — 10 cm H,0), and C (high-pressure suction group: — 20 cm H,0O). We evaluated the
duration of air leaks, timing of chest tube replacement, the amount of postoperative air leak, volume of fluid
drained before chest tube removal, and the total number of air leaks during drainage.

Results: In total, 217 patients were included in this study. The duration of air leaks gradually decreased with
significant difference between the groups, the highest decrease in A, the lowest decrease in C (P =0.019). Timing of
chest tube replacement, on the other hand, did not significantly differ between the three groups (P=0.126). The
number of postoperative air leaks just after surgery did not significantly differ between the three groups (P=0.175),
but the number of air leaks on postoperative day 1 were fewest in group A, then B, and greatest in group C (P =
0.033). The maximum amount of air leaks during drainage was lowest in A, then B, and highest in C (P=0.036).
Volume of fluid drained before chest tube removal did not significantly differ between the three groups (P = 0.986).

Conclusion: Low-pressure suction after pulmonary resection seems to avoid or promptly improve postoperative air
leaks in digital drainage devices after lung resection.

Trial registration: This is a single-institution, retrospective analysis-based study of data from an electronic database.
Study protocol was approved by the Akashi Medical Center Institutional Research Ethics Board (approval number:
2020-9).
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Background

Postoperative air leaks after pulmonary resection are a
major factor in keeping patients in bed and in delaying
early hospital discharge. Chest tubes are critical compo-
nents in postoperative management of air leakage, affect-
ing hospital stay and costs [1, 2]. Moreover, the removal
of chest tubes reduces pain and improves ventilatory
function in the early postoperative course [3]. Chest
drainage tubes are routinely placed in the pleural space
for promotion of re-expansion and for evaluation of
postoperative air leaks and bleeding after pulmonary re-
section. Many studies have examined the optimum chest
tube management for postoperative air leaks after pul-
monary resection. Chest tube drainage followed by water
seal could reduce the duration of air leaks and chest
tube replacement after pulmonary resection [4, 5]. In re-
cent years, with the advent of the digitally monitored
thoracic system (Medela, Healthcare, Baar, Switzerland),
quantitative and temporal evaluations of postoperative
air leakage and pleural pressure after pulmonary resec-
tion have become possible. We hypothesized that low
negative pressure suction on the chest tube after pul-
monary resection could shorten the duration of air leak-
age and reduce the chest tube replacement time.

Methods

This study includes the quantitative and temporal evalu-
ation of the most effective suction pressure for preven-
tion or early improvement of postoperative air leakage
using the digitally monitored thoracic system. This is a
single-institution, retrospective analysis-based study of
data from an electronic database. Study protocol was ap-
proved by the Akashi Medical Center Institutional Re-
search Ethics Board (approval number: 2020-9).

Patient data

We collected the postoperative data of the 242 patients
who were monitored in our institution with a digital
drainage system (Thopaz, Medela, Inc., Baar,
Switzerland) after pulmonary resection. Included were
patients who had lung resection using this digital drain-
age system between December 2017 and June 2020. We
divided the patients into three groups depending on the
suction pressure used: A (low-pressure suction group, —
5 cm H50, October 2019 to June 2020), B (intermediate-
pressure group, —10cm H,O May 2018 to October
2019), and C (high-pressure suction group, -20cm
H,0, December 2017 to May 2018). Decisions regarding
a setting period of respective suction pressure were
made by the attending surgeons. The suction pressure
was set at — 20 cm H,O from the beginning. We changed
the suction pressure from — 20 cm H,O to — 10 cm H,O,
expecting the decrease of the complication rate since
2018 May. According to the previous report in which
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low suction pressure significantly shortened the duration
of air leaks and chest drain replacement [6], we switched
the suction pressure from - 10cm H,O to - 5cm Hy,O
since October 2019. We excluded patients that required
reoperation, those requiring re-drainage, those with
pleurodesis after surgery, and any patients that died peri-
operatively. Patients treated by re-drainage or pleurod-
esis were excluded because they would have remained in
the study for a long period of time owing to chest tube
replacement time, and because their data would have
had limited clinical relevance to the outcomes.

Intervention

Patients underwent lobectomy, segmentectomy, and
wedge resection for benign and neoplastic diseases. Sur-
gery was performed by video assisted thoracoscopic sur-
gery (VATS) and posterolateral thoracotomy. Before
closing a surgical incision, a sealing test was performed.
The method of sealing air leaks was managed with soft
coagulation system. We also covered the stapler line and
bronchial stump with polyglycolic acid sheets and fibrin
glue to prevent further air leaks in patients undergoing
lobectomy or segmentectomy. One chest tube (18-20
Fr) was inserted before closure of the chest. After the
surgery, the digital drainage system (Thopaz) was con-
nected. The suction pressure in each group was set ac-
cording to the abovementioned group assignment
immediately after the operation until removal of the
chest tube. The chest tube was removed when an air
leak was <20 ml/min and there were no spikes for at
least 8 h, and when the fluid drainage was <200 ml over
24 h. In patients undergoing lobectomy or segmentect-
omy, chest tubes were removed after at least two postop-
erative days. Clinical outcomes were duration of air
leaks, duration of chest tube replacement, the amount of
one-day postoperative air leak, fluid volume drained be-
fore chest tube removal, and the maximum amount of
air leaks during drainage. We analyzed clinical outcomes
with ThopEasy software (Thopaz, Medela, Inc., Baar,
Switzerland).

Statistical analysis

Demographic characteristics of the patients are de-
scribed using the mean with standard deviation (SD) for
continuous variables and the frequency with proportion
for categorical variables. The Kruskal-Wallis test was
used to compare the continuous outcomes, and Wil-
coxon test with Holm adjustment was used to compare
the three groups pairwise. To assess the trends of the
chest and outcomes, we performed Jonckheere-Terpstra
trend tests. All statistical analyses were performed with
EZR software version 1.40 (Saitama, Medical Center,
Jichi Medical University, Saitama, Japan), a graphical
user interface for R (The R Foundation for Statistical
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Computing, Vienna, Austria) [7]. A P value <0.05 was
considered statistically significant.

Results

We analyzed data from 242 consecutive patients who
were digitally monitored by Thopaz system after under-
going pulmonary resection during the study period
(Fig. 1). Patient characteristics and operative data are
presented in Table 1. Of these patients, 25 met the ex-
clusion criteria; nine patients underwent reoperation be-
cause of postoperative air leaks (n=7) or bleeding (n =
2), thirteen patients required pleurodesis, and two pa-
tients treated with re-drainage needed additional thora-
costomy because of severe subcutaneous emphysema
leading to lung expansion failure after surgery. One pa-
tient died of perioperative cardiac disease.

Patients comprised 156 men and 61 women with ages
ranging between 14 and 94 years (median 58 years). The
most common diagnosis was primary lung cancer (n =
106), followed by pneumothorax (nz=79), and lung me-
tastases (7 =9). Anatomical pulmonary resection was re-
quired in 110 patients (51%), and there were 107 wedge
resections.

Group A, the low-pressure suction group, comprised
49 patients (25 underwent lobectomy, 4 underwent seg-
mentectomy, 20 wedge resection). Of these patients,
three met the exclusion criteria (1 underwent reopera-
tion, 1 required pleurodesis, 1 died). Group B, the
intermediate-pressure group, comprised 100 patients (30
underwent lobectomy, 17 underwent segmentectomy, 53
wedge resection). Of these patients, sixteen met exclu-
sion criteria (7 underwent reoperation, 7 required
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pleurodesis, 2 required re-drainage). Group C, the high-
pressure group, comprised 68 patients (30 underwent
lobectomy, 4 underwent segmentectomy, 34 wedge re-
section). Of these patients, six met exclusion criteria (1
underwent reoperation, 5 required pleurodesis). Patient
characteristics were not distributed evenly. There were
no statistically significant differences between the groups
in terms of sex, age, primary disease, comorbidities,
VATS, or surgical procedures. An intraoperative air leak
was observed in 87 patients (40%), 22 in group A (45%),
36 in group B (36%), and 29 in group C (43%). Postoper-
ative air leak was observed in 56 patients (26%), 8 in
group A (16.3%), 24 in group B (24%), and 24 in group
C (35%).

Clinical outcomes are presented in Table 2. Assess-
ment of air leaks of patients was performed every morn-
ing. The mean duration of air leaks was 0.57 days in
group A, 0.78 days in group B, and 1.13 days in group C.
In the order of A, B, and C groups, duration of air leaks
gradually decreased and a significant trend was observed
(P =0.019 by the Jonckheere-Terpstra test). In this ana-
lysis, chest tube suction pressure was significantly associ-
ated with duration of air leaks and low suction pressure
promptly improved postoperative air leaks early. How-
ever, the mean duration of chest tube replacement did
not significantly differ between the three groups, it was
2.12 days in group A, 2.17 days in group B, and 2.35 days
in group C (P=0.126 by the Jonckheere-Terpstra test).
The amount of postoperative day 1 air leak was signifi-
cantly the lowest in group A, then group B, and then it
was highest in group C (P=0.033 by the Jonckheere-
Terpstra test). The amount of postoperative day 2 air
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Fig. 1 Patient algorithm for this retrospective study
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Table 1 Patient characteristics and operative data
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Characteristics

No. (%) (n =217)

Low-pressure suction

Intermediate-pressure suction (n = 100)

High-pressure suction

(n =49) Group B (n =68)
Group A Group C
Sex (males/females) 37/12 73/27 46/22
Age (mean £ SD) 63.7£19.1 548 £24.2 582+209
Primary disease
Lung Cancer 28 47 31
Metastatic Cancer 4 2 3
Pneumothorax 14 38 27
Others 3 13 7
Comorbidities
Emphysema 8 9 7
Interstitial pneumonia 2 4 2
Diabetes mellitus 5 9 3
VATS 48 (98) 94 (94) 66 (97)
Surgical procedure
Anatomical resection 29 (59) 47 (47) 34 (50)
Wedge resection 20 (41) 53 (53) 34 (50)

leak did not significantly differ between the three groups
(P =0.520 by the Jonckheere-Terpstra test). The amount
of postoperative air leak just after surgery did not signifi-
cantly differ between the three groups (P =0.175 by the
Jonckheere-Terpstra test). Regarding maximum amount
of air leaks during drainage, A group had the biggest de-
crease, followed by B group and then C group (P =0.036
by the Jonckheere-Terpstra test). Mean fluid volume
drained before chest tube removal was 304.5mL in
group A, 289.7 mL in group B, and 289.0 mL in group C.
Fluid volume drained before chest tube removal did not
significantly differ between the three groups (P =0.986
by the Jonckheere-Terpstra test).

Table 2 Clinical outcomes

Clinical outcome in patients who underwent anatom-
ical resection are presented in Table 3. The mean dur-
ation of air leaks was 0.90 days in group A, 1.55days in
group B, and 1.94 days in group C. There was a statis-
tical significance in decrease between the groups. (P =
0.010 by the Jonckheere-Terpstra test). The mean dur-
ation of chest tube replacement was 2.72 days in group
A, 3.10days in group B, and 3.15 days in group C, there
was no significant difference between the three groups
(P =0.141 by the Jonckheere-Terpstra test). The amount
of postoperative air leaks just after surgery and postoper-
ative day 1 was greatest in group A, followed by B and
then C, with statistical significance (P =0.017 and 0.008

Clinical Outcome Low Intermediate  High P value (difference between groups) P value
peare | fmawe femr s Awc  buc | Umdhe
test
statistics)
Duration of air leaks, d 057 +1.60 0.78 + 165 113+ 1.70 0.297 0.016 0.055 0.019
Duration of chest tube replacement, d 212+ 1.78 217 £ 166 235+ 167 0.730 0.380 0380 0.126
Postoperative air leak, mL/min 1571 £ 4818 6.00 + 12.87 2250 +£7892 0454 0.089 0.110 0.060
Postoperative 1st day air leak, mL/min 7.76 + 28.00 340 + 831 853 + 1641 0.353 0.035 0.041 0.033
Postoperative 2nd day air leak, mL/min 759 £ 2355 312 +£8.15 840 £ 2951 0.980 0.980 0.980 0.520
Maximum air leaks, mL/min 1694 £49.04 720 + 16.09 27.06 £ 81.77  0.507 0.059 0.059 0.031
Fluid volume, mL 3045 £ 3566 2897 £2950  289.0 +280.1 1.000 1.000 1.000 0.986

Postoperative air leak: Postoperative air leak immediately after surgery. Maximum air leaks: the maximum amount of air leaks during drainage. Fluid volume: Fluid

volume drained before chest tube removal
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Table 3 Clinical outcomes (anatomical resection)
Clinical Outcome Low Intermediate High P value (difference between groups) P value
poae | fewe  fewt o Aws  Awc  Bwc e
test
statistics)
Duration of air leaks, d 0.90 £+ 2.00 155+ 213 1.94 £ 198 0.175 0.009 0.194 0.010
Duration of chest tube replacement, d ~ 2.72 + 2.03 3.10 £ 2.00 315+ 196 0.580 0.250 0.580 0.141
Postoperative air leak, mL/min 2620 £ 60.79 851 £12.15 4294 + 10836 0467 0.061 0.061 0.017
Postoperative 1st day air leak, mL/min 12.76 £ 3575 681 £ 11.05 15.59 + 20.63 0.160 0.019 0.082 0.008
Postoperative 2nd day air leak, mL/min 846 + 2477 522 + 10.05 1206 £3531  0.830 0.790 0.830 0.389
Maximum air leaks, mL/min 2828 £ 6159 893 £ 1255 118 £ 111.02  0.647 0.043 0.020 0.010
Fluid volume, mL 4246 £ 4135 4593 £3490 4777 £ 3548 0.940 0.940 0.940 0.288

Postoperative air leak: Postoperative air leak immediately after surgery. Maximum air leaks: the maximum amount of air leaks during drainage. Fluid volume: Fluid

volume drained before chest tube removal

by the Jonckheere-Terpstra test). The amount of postop-
erative day 2 air leak did not significantly differ between
the three groups (P =0.389 by the Jonckheere-Terpstra
test). The maximum amount of air leaks during drainage
decreased the most in group A, followed by B and then
C groups (P=0.010 by the Jonckheere-Terpstra test).
The mean fluid volume drained before chest tube re-
moval was 424.6 mL in group A, 459.3 mL in group B,
and 477.7 mL in group C. Fluid volume drained before
chest tube removal did not significantly differ between
the three groups (P =0.288 by the Jonckheere-Terpstra
test). Clinical outcomes of patients that underwent
wedge resection are presented in Table 4. There were no
significant differences between the three groups.

Discussion

Postoperative air leaks after pulmonary resection are
major factors in the recuperation period. Postoperative
air leakage generally stops spontaneously after a period
of few hours up to few days [4, 5, 8]. Prolonged air leaks
can cause various complications, however, such as atrial
fibrillation, thromboembolism, emphysema, pneumonia

Table 4 Clinical outcomes (wedge resection)

and respiratory failure, which lead to prolonged hospital
stay and increasing costs [1, 2]. There have been various
approaches to chest drain management for postoperative
air leaks. Alphonso et al. and Brunelli et al. described no
differences between suction groups and non-suction
groups in duration of air leaks in their randomized stud-
ies of the patients that underwent pulmonary resection
[9, 10]. Meanwhile, Leo et al. suggested the routine use
of external suction reduces the rate of prolonged air
leaks after anatomic lung resection [11], Gocyk et al. re-
ported in their prospective randomized study that non-
suction drainage is more effective than suction drainage
regarding drainage volume, drainage duration, and the
rate of prolonged air leak [5]. In recent meta-analysis of
randomized controlled trials on the effect of the addition
of suction to water-seals on the postoperative outcomes
in patients undergoing pulmonary resection, there were
no significant differences between the suction and non-
suction groups concerning duration of air leaks,
hospitalization, or in occurrence of prolonged air leaks
[12]. Where there is concern about residual or increas-
ing pneumothorax, it was concluded that the addition of

Clinical Outcome Low Intermediate  High P value (difference between groups) P value
fome  hewre  Pewe o Aws  Awc  pwc o
test
statistics)
Duration of air leaks, d 0.10+045 0.09+ 040 032+0.77 0.940 0.390 0.220 0.363
Duration of chest tube replacement,d  1.25+0.72 136 +0.52 1.56+0.75 0.300 0.120 0.300 0.079
Postoperative air leak, mL/min 050+ 224 3.77+13.19 206+ 640 1.000 1.00 1.00 0.706
Postoperative 1st day air leak, mL/min 050+ 2.24 038+1.92 147 +£4.36 0.830 0.820 0450 0.596
Postoperative 2nd day air leak, mL/min - - - - - - -
Maximum air leaks, mL/min 050+224 566 + 18.66 294+£7.19 0.770 0.530 0.770 0466
Fluid volume, mL 13035+12386 169.88+173.06 136.19+119.56 1.000 1.00 1.000 1.000

Postoperative air leak: Postoperative air leak immediately after surgery. Maximum air leaks: the maximum amount of air leaks during drainage. Fluid volume: Fluid

volume drained before chest tube removal
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suction should be carefully, selectively considered. Sev-
eral limitations were suggested, however, including het-
erogeneity among patients included in the study, lack of
standard procedures for chest tube management, and in-
sufficient sample size. The optimum postoperative suc-
tion pressure remains controversial.

Evaluation of the amount of air leak by traditional
closed chest tube drainage system has been difficult. Re-
cently, however, with the advent of the digitally moni-
tored drainage system, it became possible to perform
quantitative and temporal evaluations of postoperative
air leaks and pleural pressure after pulmonary resection.
Additionally, digitally monitored drainage system is ex-
pected to be a useful predictor of postoperative pro-
longed air leaks [13]. There are advantages of evaluation
of the postoperative course after pulmonary resection by
digitally monitored drainage system. Miller et al. re-
ported a single-center study of 108 patients that under-
went VATS lobectomy or segmentectomy [14]. Digitally
monitored drainage system was shown to reduce the
duration of air leaks, the need for chest tube replace-
ment, hospitalization and the rate of complications.
Moreover, there was significant reported reduction in
the duration of air leaks, the need for chest tube replace-
ment, and hospitalization compared with traditional
closed chest tubes [15]. Even in meta-analysis of ran-
domized controlled trials, the effect of the digitally mon-
itored drainage system compared with the traditional
closed chest tube in patients undergoing pulmonary sur-
gery was reduction in duration of air leaks and the need
for chest tube placement, and hospitalization [16]. In an-
other recent meta-analysis, the digital drainage system
was said to benefit patients in attaining faster recovery
and higher quality of life as well as reduction of the risk
of postoperative complications [17].

The main strength of our study is that the effect of
chest tube suction pressure on the postoperative air
leaks was quantitatively evaluated. Duration of air leaks
had clear tendency to be significantly shortened with de-
creased suction pressure. Holbek et al. reported similar
findings in a prospective randomized study [6]. Their
228 patients undergoing VATS lobectomy were allocated
to either — 2 cmH20 or -10cmH20O suction drainage on
digital pleural drainage device after surgery. They con-
cluded that low suction pressure significantly shortened
the duration of air leaks and chest drain replacement. In
the current study, however, duration of chest tube re-
placement did not significantly differ between the three
groups, perhaps due to the chest tube removal after at
least two postoperative days in patients undergoing lob-
ectomy or segmentectomy. In addition, low-pressure
suction tends to make the amount of air leak fall just
after surgery and on postoperative 1 day. There were no
significant differences on postoperative day 2 in our

Page 6 of 7

analysis of anatomical pulmonary resection. In conclu-
sion, we suggest that low-pressure suction, at least on
postoperative 1day, may help early improvement of air
leakage in patients whose air leakage can be expected to
stop spontaneously. Gentle handling of the lungs by
low-suction pressure probably allows for early improve-
ment of damage of lung parenchyma and prevents new
tears in lung parenchyma. There was no significant dif-
ference in fluid volume drained before chest tube re-
moval between the three levels of suction pressure. We
believe high-pressure suction drainage is unnecessary
when postoperative pleural effusions and hemorrhage
are considered. The difference across all categories be-
tween low-suction pressure group (group A) and
intermediate-suction pressure group (group B) is un-
clear, but there is a good possibility that more accumula-
tion was significant due to differences in the number of
cases. Clinical outcomes of patients who underwent
wedge resection did not significantly differ between the
three groups. Given the lower numbers of postoperative
air leakage among the patients who underwent wedge
resection, this may be attributable to a lack of statistic
power.

This study has several limitations. As a retrospective
study, it was performed without the randomization of
patient selection and in a single center. Patient charac-
teristics did not have significant difference in all categor-
ies between three groups, but we cannot not deny some
sample bias could distort our result because it was not
randomized. In addition, the number of excluded cases
increased to 25 cases because the next treatment criteria
for postoperative air leakage was undecided. In some
cases, pleurodesis and surgery were performed early after
surgery, and in some cases second treatments were per-
formed after 1 week, so we had no choice but to exclude
all cases of second treatment for postoperative air leak-
age and bleeding.

Conclusion

Low suction pressure (- 5cm H,0) shortened the dur-
ation of air leaks after pulmonary resection compared
with groups that had higher suction pressure (- 10 cm
H,O and - 20 cm H,0), although fluid volume drained
before chest tube removal did not significantly differ be-
tween the three groups. Low-pressure suction after pul-
monary resection could prevent or promptly improve
postoperative air leakage after pulmonary resection.

Abbreviation
VATS: Video assisted thoracoscopic surgery
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