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Summary

Background: Video-assisted thoracoscopy and atypical resection of lung parenchyma is a surgical procedure that is carried out
very commonly around the world, mainly to determine the degree of malignancy of a suspect pulmonary nodule. A pleural drain
is routinely inserted at the end of the procedure. The goal of our study was to evaluate the outcomes of this procedure with and
without pleural drainage.

Methods: From June 2015 to January 2018, 74 patients were prospectively randomized to either the chest-tube group (CT
group, 37 patients) or the no-chest-tube group (NCT group, 37 patients) and were followed up until the seventh day after
surgery. The postoperative duration of hospital stay was the primary endpoint; the secondary endpoints were the rates of
pneumothorax and repeated chest drainage, pain intensity, and analgesic consumption. Blinding was not possible. An intention-
to-treat analysis was performed. (Study registration; DRKS00008194, www.drks.de/drks.)

Results: Hospital stays were significantly shorter in the NCT group (means and first and fourth quartiles: 1.5 [1.5; 1.5] versus 2.5
[2.5, 2.5] days, p<0.001). The two groups did not differ significantly with respect to the frequency of postoperative complications.
There were two occurrences of postoperative pneumothorax in the NCT group, with one patient needing drainage via chest tube

and the other needing no treatment. Pain intensity and analgesic consumption were markedly lower in the NCT group; the
cumulative oral intake of metamizole and acetaminophen was also lower in the NCT group (mean + standard deviation: 3.7
+ 2.2 gin the NCT group versus 10.0 £ 4.2 g in the CT group, p<0.001).

Conclusion: Not inserting a chest tube after video-assisted thoracoscopic lung biopsy significantly shortens the postoperative
hospital stay, and the complications in the chest-tube and no-chest-tube groups are similar. Postoperative pain and analgesic

consumption are markedly less when no chest tube is inserted.
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suspicious for malignancy (larger than 8-10 mm),

surgery should generally be performed to evaluate
for malignancy (1, 2). The procedure of choice is the
minimally invasive video-assisted thoracoscopic surgery
(VATYS) for atypical (or wedge) lung parenchymal resec-
tion, which is mainly performed using three thoracic ports
(of 1-cm to 3-cm long incisions). Another indication for
wedge resection is for histological clarification of unclear
interstitial lung disease. At the end of surgery, a pleural
drainage is usually inserted to drain air and fluid from the
pleural cavity. Wedge lung resection is performed with
endoscopic staplers. These are able to seal the lung paren-
chyma against air or blood leakage. After airtight sealing,
the lung can be fully expanded intraoperatively by selec-
tive manual inflation. Thus, placement of an additional
drainage of the pleural space is possibly no longer
necessary. Previous studies have concluded that surgical

F or patients with a solitary pulmonary nodule that is

Deutsches Arzteblatt International | Dtsch Arztebl Int 2019; 116: 329-34

operation without drainage is safe and can shorten the
hospital stay (3—6). The aim of our study was to carry out
a prospective randomized evaluation of VATS lung
resection with or without drainage.

Methods
A prospective, randomized, two-arm intervention study
was initiated to evaluate the outcome (primary
endpoint: length of postoperative [PO] hospital stay) of
patients with pleural drainage (chest tube [CT] group)
as compared to those without pleural drainage
(non—chest tube [NCT] group) following VATS atypi-
cal lung parenchymal resection (Ethics Committee
LAK Thiiringen, Germany: 23302/2015/65; DRKS
00008194).

From June 2015 to January 2018, all patients over
the age of 18 who presented at the SRH Wald-
Klinikum Gera for diagnostic lung resection were
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Figure 1: Video-
thoracoscopic view
of an atypical lung
parenchymal
resection (linear
resection) with an
endostapler, on the
partially collapsed,
non-ventilated lung

FIGURE 2
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Flow chart CT, chest tube; NCT, non—chest tube

examined for suitability for study participation.
Exclusion criteria for study participation were:
® Lack of study consent
® Pulmonary nodule greater than 3 ¢cm in diameter
® Nodule location deeper to visceral pleura than the
nodule diameter
® More than one wedge resection required
® Bullous emphysema
® Preoperative pleural effusion
© Intraoperative air fistula
o Diffuse pleural adhesions
® Injury of the visceral pleura visible
operatively

intra-

Under standardized conditions (one-lung venti-
lation, three-trocar technique), the pulmonary nodule
was resected from the lung tissue using an endoscopic
stapler (Figure ). This was followed by thoraco-
scopic control of potential sources of bleeding, air
leakage testing along the staple line (underwater
air-tightness test), and targeted insertion of a chest
drain (size 24 Fr). With the patient in a reverse
Trendelenburg posture, the pleural space was
ventilated by manual inflation of the lungs under con-
tinuous suction (—20 cm H,0) to the chest drain. After
air leakage was excluded, patients were randomized.
Depending on the result, the pleural drainage was
either left in place (CT group) or removed during in-
tubation anesthesia (NCT group).

The primary endpoint of the study was the length
of PO hospital stay. This was measured in half days
after surgery (surgery day = 0). Secondary endpoints
were: pneumothorax, rate of renewed drainage
placement, pain severity, and analgesic consump-
tion. Parameters were collected according to a stan-
dardized management plan. On the day of surgery,
pleural ultrasonography was performed at bedside at
three and six hours postoperatively, using a 4-
quadrant examination (5-2 MHz C60e convex trans-
ducer, MicroMaxx, FUJIFILM SonoSite GmbH,
Frankfurt/Main, Germany). Chest radiographs were
taken at six hours PO, before and after drainage
placement, and as an outpatient on PO day (POD) 7.
Radiographs on the day of the surgery were taken
with the patient in bed with the upper body raised,
and on the other days, with the patient standing. Pain
therapy was applied according to a standardized
scheme: basic analgesics (metamizole or, in case of
a metamizole allergy, paracetamol) of 1 g given in-
travenously as a short infusion every six hours at
pain intensity 1-3 (numerical rating scale [NRS]
from 0-10), with piritramide given additionally
(7.5 mg subcutaneously, with a maximum of every
six hours) at NRS values >3.

Patients were discharged if: pneumothorax requir-
ing treatment was excluded by radiotherapy; wound
healing was favorable; pain severity was NRS <3; and
patient consent was given. Largely independent care
at home also had to be guaranteed.

Continuous variables were presented as mean +
standard deviation (SD) or as median (25" percen-
tile, 75™ percentile) as a function of the normal dis-
tribution test using a Q-Q plot. Categorical variables
were given as absolute and relative frequency (%).
Continuous variables were compared between the
CT and NCT groups using the Mann-Whitney U test
for independent samples, and the Wilcoxon test for
two connected, non-normally distributed samples.
Categorical variables were examined for differences
between the CT group and NCT group using
Fisher’s exact test for expected case numbers <5,
and using Chi-squared tests for expected case
numbers >5. For p-values <0.05, a statistically sig-
nificant difference was assumed. Statistical analysis
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was done using the SPSS software (version 25.0
Multilingual). Detailed information can be found in
the eMethods section.

Results

Clinical characteristics

From June 2015 to January 2018, 109 patients were
screened. Twenty-four patients were excluded from the
study, and eleven patients did not consent to participate
in the study. Of the 74 patients who were randomized,
37 patients were assigned to the CT group, and 37 to
the NCT group. The intended treatment was completed
for all patients without loss to follow-up, so that 37
patients per group could be evaluated (Figure 2).

No differences were observed for age, sex, height,
weight, Karnofsky index, ASA classification, or co-
morbidities (such as COPD, diabetes, and chronic
renal insufficiency) between the two groups
(eTable 1).

Likewise, no significant differences were observed
for the size, localization, or stage of disease of the
pulmonary findings between the two groups
(eTable 2).

Intra- and postoperative course

In more than 80% of cases, biopsies were removed with
a linear resection technique in both groups. Except for
one case in the CT group, the same type of stapler
(Endo-GIA 45) was used, with median use in each
group of three cartridges (EGIA 45 AMT) [2; 4]. For
one patient in the CT group, and two patients in the
NCT group, adhesions observed intraoperatively had to
be detached. No intraoperative complications occurred
for any patient (eTable 3).

The primary endpoint (length of PO hospital stay)
was significantly lower in the NCT group. Patients
without pleural drainage were medically discharged
one day earlier (CT versus NCT: 2.5 days [25™ and
75t percentiles: 2.5, 2.5] versus 1.5 days [1.5, 1.5 ],
p<0.001). In the NCT group, 86% of patients were
discharged after 1.5 days, and in the CT group, 81%
of patients were discharged after 2.5 days (Figure 3).

With respect to the secondary endpoints (pneumo-
thorax, rate of renewed drainage), no significant dif-
ferences were found between the groups. In the NCT
group, pneumothorax was suspected in two patients
based on pleural ultrasonography, and it was con-
firmed by radiograph (5.4%; 95% CI, 0.6% to
18.2%). One patients received conservation treat-
ment; the other patient (apical pneumothorax >2 cm)
required pleural drainage placement. The frequencies
of other specific complications (air fistula, skin
emphysema, reoperation) as well as general compli-
cations did not differ significantly between the two
groups (eTable 3).

Postoperative pain and the need for analgesics
were positively influenced by avoiding pleural drain-
age (Figure 4). The pain intensity for the NCT group
was lower on all days as compared to the CT group
(p<0.05, except on POD 6 at noon and in the even-
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ing). On POD 1 (at noon), 40.5% of patients in the
NCT group were pain-free, while no patient in the CT
group was pain-free (NRS 0). Low pain scores (NRS
1-3) were reported by 48.6% of patients in the NCT
group, and by 8.1% of patients in the CT group. The
pain intensity in the CT group was 1.6 points lower on
the following day after removal of the pleural drain-
age (mean £ SD of NRS prior to removal as compared
to after removal: 3.6 & 2.0 versus 2.0 + 1.9; p<0.001).

On POD 1, the analgesic use of metamizole or
acetaminophen in the NCT group was 60% lower than
in the CT group (mean=SD: 1g=+0.9 versus
2.4 g+0.9; p<0.001 ). From POD 2 to the end of ob-
servation (POD 7), daily use in the NCT group was
80% to 96% lower (Figure 5). Cumulatively, a
2.7-fold increase in analgesic requirement (with
metamizole or paracetamol) in the CT group as com-
pared to the NCT group was observed postoperatively
(including the day of surgery and the POD 7)
(10.0 g £ 4.2 for the CT group, versus 3.7 g + 2.2 for
the NCT group; p<0.001). The cumulative use of
piritramide was lower in the NCT group than in the
CT group (11.5mg=+19.3 versus 18.5 mg+ 19.1;
p=0.072).

Additionally, a positive effect on the number of
chest radiographic images was observed for the
NCT group: on average, fewer chest X-rays were
taken for the NCT group as compared to the CT
group (3 [3, 3] versus 4 [4, 4]; p<0.001). One patient
in the CT group was X-rayed six times due to a
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persistent air fistula, and one patient in the NCT
group was X-rayed 12times due to recurrent
pneumothorax.

Discussion

Length of hospital stay

Avoiding chest drain placement led to a significant
reduction of the length of PO hospital stay in our study,
in median by one day. Most patients (86%) in the NCT
were discharged with subjective well-being and
without suspicion of pneumothorax at 1.5 days after
surgery. Three retrospective analyses and a randomized
controlled study also showed a reduced length of hospi-
tal stay when pleural drainage was avoided (3, 7, 8). In
a randomized trial from Wales (UK), patients without
chest drain were discharged on the day of surgery (6).
This would be currently inconceivable in the German
hospital reimbursement system. In our study, with a
median total hospital stay of three days in the NCT
group, no deduction in the German diagnosis-related
group (G-DRG) system would be expected. Our pa-
tients were discharged once independent care at home
was guaranteed and always under consideration of the
patient’s request. In a prospective randomized study of
early chest tube removal (1 to 2 hours after surgery), no
decrease in length of hospital stay could be
demonstrated (9).

Complications

The rate of PO complications was not significantly dif-
ferent in the groups with or without a chest drain. We
observed two cases (5.4%; 95% CI, [0.6%; 18.2%]) of
patients with pneumothorax in the NCT group, one of
whom required drainage (2.7% [0.1%; 14.2%]). Almost
identical frequencies were reported in comparable
studies: any pneumothorax: 7.6% and 9.5%, respec-
tively; and pneumothorax requiring chest drain: 2.3%
and 2.4%, respectively (3, 7). Comparable rates (4% to
7%) of patients with postoperative pneumothorax also
have been observed for patients with chest drain place-
ment (7, 9). Postoperative bleeding was not observed in
either the CT group or the NCT group in our study. In
comparable studies, one patient in the CT group experi-
enced bleeding from a trocar incision and required
treatment (7). For the patients in the NCT group, bleed-
ing was ruled out by taking periodic bedside pleural
sonography on the day of surgery. Pleural sonography
can diagnose pneumothorax or hematothorax with high
accuracy (10). This advantage is particularly useful for
supine patients postoperatively. Thus, we see no reason
for pleural drainage to remain in place postoperatively
for 2 to 6 hours, as was the case in early drainage
studies (9, 11). The rate of postoperative bleeding as a
complication after VATS is very low (between 0.4% and
1.9%), independent of the type of intervention (12—15).
In VATS lung resection, bleeding can only result from
pleural adhesions after adhesiolysis, parenchyma stap-
ling, or trocar incisions (16). Therefore, a thorough
thoracoscopic examination of the suture as well as of
the trocar incisions is necessary at the end of surgery.
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Key messages

® Avoiding pleural drainage leads to a significant reduction of the length of postoperative hospital stay, as well as to a reduction in

the number of chest X-rays performed.

® No differences in postoperative complications were observed for surgery with or without drainage. Further evaluation of a larger

observational study is required.

® Postoperative pain and analgesic consumption were lower for each of the seven days following surgery in the group without

pleural drainage.

@ |mportant prerequisites for performing video-thoracoscopic lung biopsy without pleural drainage include a thorough intraoperative
control of potential sources of bleeding and air leakage, regular postoperative pleural sonography, and sufficient de-airing of the

pleural cavity at the end of surgery.

In addition, pleural effusion could be ruled out for
patients in the NCT group using chest ultrasound. We
would like to further evaluate the risk of post-
operative complications with a larger observational
study.

Pain and analgesic consumption

We were able to show that pain intensity and analgesic
consumption were lower in the NCT group on all days
in the postoperative phase (except for POD 6, due to
placement of drainage for recurrent pneumothorax). In
the few studies that examined the influence of pleural
drainage on pain (3, 6, 9), only one observational study
showed a significant reduction in opiate use in the
group after early drainage removal (within 90 minutes
of surgery) (11).

In general, VATS lung resection is a painless oper-
ation. Pain complaints are predominantly projected in
the area of the entry point of the pleural drainage (17).
We also found that patients in the NCT group had a
lower pain intensity in follow-up than the CT group,
even after pleural drainage removal in the CT group.
This situations could be explained by a drainage-
induced intercostal neuralgia.

To be able to identify differences with respect to
pain between the two procedures, the surgical tech-
nique was standardized, with particular attention paid
to certain pain-sparing techniques, such as minimal
incision lengths, use of flexible plastic trocars, and
avoidance of intercostal neuralgia due to instrument
levering. Furthermore, pain therapy was adapted to
the concept of a minimally invasive, painless pro-
cedure. The positive effect on pain reduction in the
patient group without chest drain placement cannot be
demonstrated if epidural anesthesia is used (3).

Chest X-rays

By avoiding chest drain placement during VATS lung
resection, the number of PO X-rays taken was reduced
by one. The early removal of the pleural drainage (on
the day of surgery) also leads to a reduction in X-ray
examinations (9, 11). Pneumothorax diagnostics were
also performed on the day of surgery using pleural
ultrasonography. According to our experience and to
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published literature, PO X-rays can be completely
omitted if ultrasound detects ubiquitous evidence of
lung gliding (18, 19).

Prerequisites for avoiding chest drainage

Avoiding placement of a chest drain in VATS atypical
lung parenchymal resection is justifiable if the follow-
ing conditions are met:

® No bleeding or air leakage at staple closure of lung

parenchyma

® No injury to the visceral pleura

® Careful thoracoscopic inspection of the trocar inci-

sions after their removal has ruled out bleeding

o Complete evacuation of pleural air has been done

before definitive closure of thoracic incisions

The exclusion of air leakage can be done by thora-
coscopic inspection of the staple line with inflation of
the lungs after the instillation of a saline solution
(“underwater air-tightness test”). As this technique
can be difficult and uncertain, it is recommended to
additionally digitally measure air leakage by con-
necting an active suction with —20 cm H,O and using
mechanical ventilation with at least 15 cm H,0 peak
pressure over five minutes. The initial flow should
drop to 0 mL/minute.

The main cause of a PO pneumothorax in the
absence of chest drainage is incomplete de-airing of
the pleural space at the end of surgery. For complete
de-airing, the following measures are necessary from
our point of view:

® Thoracoscopic placement of drain tube apico-

ventral

® Thoracoscopic monitoring of complete re-

expansion of lungs without atelectatic regions

® Active suction of 20 cm HZO at the drain port

o Inflation of the lung manually / mechanically with

up to 20 cm H20 peak pressure

® Removal of drainage tubes with intermittently

increasing suction and constant inflation with the
patient in a supine position (reverse Trendelenburg
posture) under general anesthesia

After VATS lung resection without pleural drain-
age, it is recommended to perform periodic pleural
ultrasounds on the day of surgery, in order to detect
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postoperative bleeding by sonographic detection of
pleural fluid in a timely manner. This method can re-
place the lost diagnostic function of having a pleural
drainage. Thus, we see no convincing reason to leave
the drainage in place on the day of surgery for two to
six hours, especially given the risk of air entering the
pleural cavity during drainage removal on
spontaneously breathing patients who are often not
fully cooperative.

Conclusion

The study showed that thoracoscopic lung biopsy with-
out pleural drainage in a selected patient population
that meets certain prerequisites has advantages for
length of PO hospital stay, the number of chest X-rays
needed, and pain as compared to the classic surgery
with drainage. No differences in complication rates
were observed. These results should be tested in a
larger observational study. If successful, it would be
useful to introduce thoracoscopic lung biopsy without
pleural drainage into routine care.
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eMETHODS

Study design

A prospective, randomized, two-arm intervention study
was initiated (Ethics Committee LAK Thiiringen, Ger-
many: 23302/2015/65; DRKS 00008194). In one group
of patients (chest tube [CT] group), pleural drainage
was placed following a minimally invasive video-
assisted thoracoscopic surgery (VATS) for atypical (or
wedge) lung parenchymal resection; the other group
did not receive pleural drainage (non—chest tube [NCT]
group). Each group was assigned 37 patients, all of
whom received the respective intervention; all patients
were analyzed without loss to follow-up. The incidence
of dropout, loss, or change of group was zero.

Patient selection
All patients over the age of 18 who presented for
diagnostic lung parenchymal resection at the SRH
Wald-Klinikum Gera (Germany) in the period from
June 2015 to January 2018 were assessed for eligibility
for study participation. An indication for VATS lung re-
section was based on the CT scan of the thorax and on
functional operability. After providing information
about the surgery and the study, written consent was
obtained from each patient. Exclusion criteria for study
participation were:

® Lack of study consent

® Pulmonary nodules larger than 3 cm in diameter

® Nodule location deeper to the visceral pleura than

the nodule diameter

® More than one resection required

® Bullous emphysema

® Preoperative pleural effusion

® Intraoperative air fistula

o Diffuse pleural adhesions

® Injury of the visceral pleura, visible intraoper-

atively

Intervention/treatment

The procedure was performed under general anesthesia
after intubation with a double-lumen endotracheal tube
(DLT), with the patient in a lateral side position on an
operating table angled at 30°. After one-lung venti-
lation, three chest incisions were made: 10.5-mm trocar
incision for a 10 mm, 30° fixed angle optic, a 7-mm
trocar incision for a parenchymal clamp, and a
11.5-mm trocar incision for the endostapler (MICTEC

Flexible Trocar Set, MICASEPT parenchymal clamp;
Dufner, Tuttlingen, Germany). The endostapler Endo
GIA with a Turple cartridge EGIA 45 AMT (Covidien,
Norderstedt, Germany) was used for resection.

In the non-ventilated, partially collapsed lung, the
pathological findings were located either visually or
by instrumental palpation and then clamped with a
parenchymal clamp below the nodule. Resection was
performed with the endostapler using either a typical
wedge or linearly below the clamp (Figure I). The
resected lung parenchymal tissue was removed from
the thorax via the stapler trocar incision (widened to a
maximum of 3 c¢m, as required for the nodule) using a
specimen pouch. The airtightness of the staple seam
was tested by instillation of a saline solution along the
stapling seam with re-ventilation of lung. Addition-
ally, after removal of the trocars, the trocar incisions
were examined by videothoracoscopy for blood dry-
ness. Finally, using a videothoracoscopic view, a
pleural drainage (silicone round drain, 24 Fr; PFM
Medical, Nonnweiler-Otzenhausen, Germany) was
inserted apico-ventrally, and full re-expansion of the
lung was checked by manual ventilation. After air-
tight closure of the thorax incisions and placement of
the pleural drainage and of the U-sutures, a suction of
—20 cm H,O was applied to the chest drain using an
electric pump (Thopaz, Medela Medizintechnik
GmbH, Eching, Germany). After this point, the
patient was in a supine position. After ruling out air
leakage (flow: 0 mL/min) with double-lung venti-
lation for five minutes, patient randomization was
performed.

For patients assigned to the NCT group, the chest
drain was removed as follows:

® Application of continuous suction to chest drain
(40 cm H2O), while maintaining constant
inflation of lungs over the presented DLT, with a
maximum of 20 cm H_O (1% assistant)

o Simultaneously airtight skin closure of the drain
incision using the presented U- sutures (2nd assis-
tant)

® Weaning and extubation after sufficient sponta-
neous breathing

For the CT group, a continuous suction of
—20 cm H,O was applied to the chest drain on the day
of surgery. On the first postoperative day (POD), a
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physiological negative air pressure was applied in the
absence of air leakage (gravity mode). The drainage
system was removed according to the following crite-
ria:

® No air leakage (0 mL/min flow under gravity

mode [-8 cm HZO])

® Secretion amount <200 mL/24 hours

® No pneumothorax or peak pneumothorax <2 cm

(based on chest X-ray in standing position)

The removal of the chest drain was carried out at
the end of inspiration during a Valsalva maneuver.
The skin incision was sealed and made airtight by
tying a presented U-suction.

Radiographic criteria (performed in standing) for a
renewed placement of drainage in the postoperative
course in both groups were:

® An apical pneumothorax >2 cm (cranio-caudal

extension

® A mantle (minor) pneumothorax

Pain therapy was provided on the day of surgery
with regular administration of metamizole or para-
cetamol (in case of metamizole allergy) (using 1 g
intravenously as a short infusion every six hours).
Piritramide (7.5 mg intravenously, not more fre-
quently than every six hours) was administered as a
required medication if the patient reported a pain
severity >3 (NRS, numeric rating scale). On the
following days, metamizole or paracetamol was ad-
ministered for NRS values of 1-3 (1 g intravenously
as a short infusion, not more frequently than every six
hours), and piritramide was administered at NRS
values >3 (7.5mg subcutaneously, not more
frequently than every six hours). Decisions about pain
therapy were taken after assessment of pain history by
the visiting physician according to the above-
mentioned protocol. After discharge, patients were
advised to take 1 tablet of metamizole or paracetamol
(500 mg/tablet, up to four times daily) for milder
levels of pain (NRS 1-3). For NRS values of >3,
patients in outpatient care were advised to visit the
hospital. Patient records were retrieved on POD 7 for
the outpatient examination.

Endpoints

The primary endpoint of the study was the length of the
postoperative (PO) hospital stay. This was measured in
half days after surgery (surgery day =0). Secondary
endpoints were: pneumothorax, rate of renewed
drainage placement, pain severity, and analgesic con-
sumption. Parameters were collected according to a
standardized management plan. Twice daily during
hospitalization, and on the POD 7, a diagnosis-oriented
clinical examination was performed (physical lung
examination, palpation for identifying a skin emphyse-
ma). On the day of surgery, pleural ultrasonography
was performed at bedside at three and six hours post-
operatively, using a 4-quadrant examination (5-2 MHz
C60e convex transducer, MicroMaxx, FUJIFILM
SonoSite GmbH, Frankfurt am Main, Germany). Chest

radiographs were taken postoperatively at six hours,
before and after drainage placement, and as an out-
patient on POD 7 (taken on the day of the surgery with
the patient in bed with the upper body raised, and on the
other days, with the patient standing). An apical
pneumothorax <2 cm was not considered to require
treatment. Pain severity was recorded daily in the
morning, at noon, and in the evening after prompting
for a cough while sitting (using the NRS scale of 0-10).
Patients were not explicitly informed about the ex-
pected benefit in terms of pain. After discharge, the
pain intensity was independently self-documented by
patients.

Patients were discharged if: pneumothorax requir-
ing treatment was excluded by radiotherapy; wound
healing was favorable; pain severity was NRS <3; and
patient consent was given. Largely independent care
at home also had to be guaranteed.

The planned secondary endpoint—pleural effu-
sion—was not evaluated in the study, as objective
measurement was not guaranteed.

Case number determination

An internal retrospective analysis (unpublished) of the
length of PO hospital stay after VATS lung parenchy-
mal resection with pleural drainage in our clinic in 2014
showed a mean length of PO hospital stay of 4.6 days
(+ 1.22). It has been hypothesized that the length of PO
hospital stay can be reduced by avoiding pleural drain-
age. The one-day difference between the CT and NCT
groups was considered clinically relevant for this
minimally invasive procedure that has a generally short
PO hospital stay. To prove the difference with a two-
tailed #-test for independent samples, 37 patients in
each group need to be evaluated (o = 5%, power: 90%,
drop-out rate: 10%). The case number determination
was carried out with the software PASS 2014.

Randomization

Block randomization was carried out (1:1 distribution,
block size 4) and was performed by Dr. T. Lehmann
(Institute of Medical Statistics, Computer Science and
Data Science, University Hospital Jena, Germany)
(software: nQuery 7.0). Anonymous numbered en-
velopes were opened by the surgical scrub nurse at the
end of surgery (after exclusion of an air fistula) under
anesthesia and with double-lung ventilation. Depend-
ing on the outcome of the randomization, pleural
drainage was either left in place (CT group) or removed
during intubation anesthesia (NCT group). Blinding
was not possible, as patients in the CT group were iden-
tifiable by visible chest drain tubes.

Statistical methods

The continuous variables were presented as mean +
standard deviation (SD) or as median (25" percentile,
75™ percentile) as a function of the normal distribution
test using the Q-Q plot. Categorical variables were
given as absolute and relative frequency (%). Continu-
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ous variables were compared between the CT and NCT
groups by Mann-Whitney test (U test) for independent
samples, and by Wilcoxon test for two connected, non-
normally distributed samples. Categorical variables
were examined for differences between the CT group
and NCT group using Fisher’s exact test for expected

case numbers <5, and using Chi-squared tests for
expected case numbers >5.

For p-values below 0.05, a statistically significant
difference was assumed. Statistical analyses were
performed using the SPSS software (version 25.0
Multilingual).

eTABLE 1

Patient characteristics

I 7 e
Age (years) 67.4+11.3 63+11.5 0.095
Sex (M: W) 21:16 25:12 0.341
Height (cm) 170+ 9 172£9 0.294
Weight (kg) 769+ 155 83.7+13.9 0.088
Karnofsky Index (%) 86.5+7.7 90+8.8 0.062
ASA (n) 0.108*
I 3(8) 2(5)
I 10 (27) 19 (51)
Il 24 (65) 15 (41)
I\ 0 1(3)
COPD (n) 8(22) 5(14) 0.655 *
| 3 2
I 5 3
Diabetes mellitus (n) 5(14) 7(19) 0.531
Chronic renal insufficiency (n) 4(11) 2(5) 0.398

Mean + standard deviation or number (%),
*'Mann-Whitney U test, with exceptions
*2Chi-squared test

ASA, American Society of Anesthesiologists; COPD, chronic obstructive lung disease (according to Gold); CT, chest tube; M, men

NCT, non-chest tube; W, women
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eTABLE 2

Characteristics of lung findings*'

CT group

(n=37)

NCT group

Solitary 18 (49) 14 (38)
Multiple 19 (51) 23(62)
Right 21(57) 21 (57)
Left 16 (43) 16 (43)

Lung upper lobe 13 (35) 16 (43)
Lung middle lobe 2(5) 3(8)
Lung lower lobe 22 (60) 18 (49)

Subpleural

25 (68)

0-9 14.(38) 10 (27)
10-20 19 (51) 18 (49)
>20 2(5) 6(16)
“ground-glass” 2(5) 3(8)

Intraparenchymal

12 (32)

F. mediastinalis 1(3) 2(5)

F. costalis 23 (62) 30 (81)
F. diaphragmatica 3(8) 0

F. interlobaris 10 (27) 5(14)

Metastasis 17 (46) 13 (35)
Interstitial lung disease 1(3) 1(3)
Lung carcinoma 4(11) 5(14)
Benign nodule 15 (40) 18 (49)

*'Median [25"; 75" percentile], mean # standard deviation or amount (%)

*2Mann-Whitney U test
CT, chest tube; NCT, non—chest tube
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eTABLE 3

Intra- and postoperative course*’

(n=37) (n=37)

Intraoperative course
Type of atypical resection 0.746*

Linear 32 (86) 31(84)

Wedge 5(14) 6 (16)
Stapler

EndoGia 45 Turple (EGIA45 AMT) | 36 (97) 37 (100) 0.314*

Other stapler 1(3) 0 1
Number of cartridges 3[2;4] 3[2;4] 0.839*
Local adhesiolysis 1(3) 2(5) 0.5+
Intraoperative complications 0 0 i
Postoperative course
Number of chest X-rays 414; 4] 3[3; 3] <0.001*
Skin emphysema 0 2(5) 0.493*
Pneumothorax (within 48 h postop- 0.493*
erative)

<2 cm apical 0 1(3)

> 2 cm apical 0 1(3)
Air fistula 1(3)
Other complications

Pneumonia 1(3) 0 1+

Heart arthythmias 0 1(3) 1+
Duration of pleural drainage (days) | 1.5[1.5; 1.5]
Re-operation 0 0 i
Renewed pleural drainage 0 1(3) i
Length of PO hospital stay (day) 25[25,25] | 15[15/15 | <0.001*2

*'Number (%), median [25™; 75" percentile] ; **Mann-Whitney U test; **Chi-squared test;

*Fisher’s exact test
CT, chest tube; NCT, non—chest tube
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