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Postoperative air leak is a frequent complication after pulmonary resection. Different
approaches have been used to control the incidence of air leaks after pulmonary resection.
Objectives: To compare stapled pulmonary resection and hand-sewn, i.e. manual pulmonary
resection for the incidence and duration of resolution of air leaks. Methods: This was a
prospective comparative study, conducted from August 2019 to July 2020 in the Department of
Thoracic Surgery Jinnah Postgraduate Medical Centre, Karachi. Patients indicated for
pulmonary resection were randomized to either stapled pulmonary resection (Group A) or
manually sutured (Group B) pulmonary resection and were followed till their discharge or
resolution of airleak. Results: The total number of airleaks in group Awas 9(30%), out of which 8
(26.6%) resolved conservatively and only one (3.3%) required re-exploration and surgical
intervention. The total number of air leaksin group Bwas 7(25%), out of which 6(21.4% ) resolved
conservatively and only one (3.5%) required re-exploration and surgical intervention. The
difference was notsignificantintheincidence of air leak of both groups. Persistent air leak (PAL)
was present in 5(16.6%) patients in group A and 3(10.7%) patients in group B. Conclusion: Our
study suggests that both stapled pulmonary resection and manually sutured pulmonary
resectiontechniquesare comparable in terms of incidence of air leak and its resolution. Hence,
the choice of technique should be based on parameters, including the technical aspects and
surgeon's preference.

INTRODUCTION

Postoperative air leak (AL)is a frequent complication after
pulmonary resection (PR)[1-2]. It may further lead to other
complications, such as prolonged chest tube drainage,
empyema, pneumonia, atelectasis and increase duration
of hospitalization[3-4]. Hence, while managing air leaks, it
is important to rule out if leak originate from lung
parenchyma (alveo-pleural) or from bronchial stump
(broncho-pleural)[5]. Minorairleaks of parenchymal origin
are observed in around 50% of the patients undergoing
lung resections and they may resolve spontaneously,
taking a few hours up to three days [1, 6]. AL that persists
for more than 4 to 10 days after surgery is defined as
persistent airleak(PAL). Conservative management of PAL
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includes prolonged chest tube drainage, provocative chest
tube clamping and permissive chest tube removal,
chemical and autologous blood patch pleurodesis,
outpatient management with Heimlich valve [6-7]. Female
gender, smoking history, steroid use, low preoperative
forced expiratory volume in 1 second (FEV1) and pleural
adhesions are predictive risk factors for air leak after
pulmonary resection [7]. Different approaches have been
used to reduce the incidence of ALs after lung resection
[8]. PR via manual technique or with the help of stapling
devices have been used for decades in various pathologies
of lung. Both techniques are reliable and safe, with notable
short- and long-term results. Despite routine use of
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sutures and stapling devices, AL remain a significant
problemin the daily practice of thoracic surgery, occurring
in 75% of patients during PR[9]. Locally, very little data is
available related to the safety of manual suturing and
stapling devicesinreducing AL. In this study, we compared
thetwotechniquesof pulmonaryresectionintermsof their
safetyforreducingairleaks

METHODS

This was a prospective comparative study, conducted in
the Department of Thoracic Surgery, Jinnah Postgraduate
Medical Centre (JPMC), Karachi, from August 2019 to July
2020. Informed consent was obtained from patients and
the study was approved by the Institutional Review Board
(IRB no.:F.2-81/2019-GENL/30036/JPMC, dated July 27,
2019). 58 patients were enrolled who needed pulmonary
resection during the study period. Patients were
randomized into two groups via online randomization
software, Research randomizer (https://www.randomizer.
org/), i.e. 30 and 28 patients in group A and group B,
respectively. Group A patients were scheduled for staple
PR while Group B patients were scheduled for manual PR.
All patients had preoperative pulmonary function tests.
Preoperative exclusion criteria were ipsilateral
thoracotomy, chronic obstructive pulmonary disease
(COPD), bullous lung disease, chronic steroid therapy and
uncontrolled diabetes. All patients had PR in double-lumen
endotracheal tubeinastandard thoracotomy position. The
principal surgical stapler used was the COVIDIEN-GIA Auto
Suture Stapler with DST series; 4.8 mm for the main
bronchus and 3.8 mm for lobar bronchus and for wedge
resection. In group B, the bronchial stump was manually
closed in double layers in interrupted fashion with a non-
absorbable (Silk 2/0) suture and wedge resection was
performed in U-shaped manner with the help of cautery
and then suturing lung parenchyma in double layers
interrupted fashion with non-absorbable (silk 2/0) suture.
AL were checked per-operatively with positive pressure of
30-35 cm of H20 under warm saline. All chest tubes were
kept on low suction of -15 to -20 cm H20 pressure after
surgery. ALs were classified as defined by Robert David
Cerfolio Classification System for Air Leaks (RDC System).
There are four types of AL classified as Continuous (C) AL
present throughout respiratory cycle, Inspiratory (I) AL
present only during inspiration, Expiratory (E) AL present
only during expiration, Forced Expiratory (FE) AL present
onlywith cough(Table1).

S No. Description
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Patients were followed till discharge or resolution of AL,
whichever came first. Air leaks were diagnosed on the
chest drain. AL that persisted for more than 4 days after
surgery were defined as persistent air leak (PAL).
Expiratory (E) and Forced Expiratory (FE) AL were first
managed conservatively with oral and aerosol
bronchodilators and incentive spirometry and observe for
any clinical and radiological improvement or deterioration,
if still leak persisted for more than 4 days after surgery then
patient was labelled as PAL and shifted to Heimlich valve
andobserve for12hoursforanydeterioration; if stable then
patient was discharged with Heimlich valve and managed
onoutpatient basis. Age, gender, presence and grade of air
leak, indication and type of resection were noted in the
preformed questionnaire. The Statistical Package for
Social Sciences® software version 23.0 (SPSS; IBM Corp.,
Armonk, NY, USA)was used for data analysis. For numerical
variables, data was expressed as mean * standard
deviation. Frequencies and percentages were used for
categorical variables. Differences were examined using
the student's t-test for continuous variables and the chi-
square test and ANOVA for categorical variables. A p-value
oflessthan 0.05 meant thatthereisasignificant difference
betweenthetwogroupsandthe nullhypothesisisnotvalid.

RESULTS

This study had 58 patients, out of which group A had 30
patients and group B had 28 patients. There were 21 males
and 9 females in group A and 20 males and 8 females in
group B. Cough was the most common presentationin both
groups. A comparison of demographic and clinical
manifestationsingroup Aandgroup Bisgivenin Table 2.

Characteristics Group A (n=30) Group B (n=28)

Age(years) 40+14 37+
Male 21(70%) 20(7.4%)
Female 9(30%) 8(28.5%)
Cough 19(63%) 15(53.5%)
Dyspnea 11(36%) 10(35.7%)
Chest pain 9(30%) 9(32%)
Hemoptysis 9(30%) 7(25%)
Fever 6(20%) 8(28.5%)

Table 2: Comparison of demographics and clinical
manifestationsof group Aandgroup B

The commonest indication for pulmonary resection was
bronchiectasis in both groups i.e. Group A (n=9;30%) and
group B(n=7;30.4%), followed by destroyed lungin group A
(n=6;20%)and group B(n=6;21.4%)(Table 3).

Indication for pulmonary resection Group A (n=30) Group B (n=28)

1 Continuous (C) air leak
2 Inspiratory (1) air leak
3 Expiratory (E) air leak
4 Forced Expiratory (FE) air leak

Table1: RDC System of Air Leaks
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Bronchiectasis 9(30%) 7(30.4%)
Destroyed lung 6(20%) 6(21.4%)
Pulmonary nodules 5(16.6%) 5(17.8%)
Metastasis 4(13.3%) 2(7.1%)
Chest wall mass 2(6.6%) 3(10.7%)
133
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Indication for pulmonary resection Group A(n=30) Group B(n=28)

Aspergilloma 1(3.3%) 3(10.7%)
Lung laceration 1(3.3%) 1(3.5%)
Fibrocystic disease 1(3.3%) 0(0%)
Carcinoid tumor 0(0%) 1(3.5%)
Hydatid cyst 1(3.3%) 0(0%)

Table 3: Indication of pulmonaryresectioninboth groups

In group A, nine (30%) patients had AL and twenty one
patients did not. Out of nine, eight (26.6%) patients; (two
lobectomies, three wedge resections, three
segmentectomies) had expiratory (E) AL which resolved
conservatively. One lobectomy patient developed
inspiratory air leak on the 2nd postoperative day after
episode of forceful cough which became continuous AL in
few hours with dyspnea, chest pain and decreased oxygen
saturation on room air. Patient was re-explored, revealing
dehisced bronchial stump. The stump was re-sutured
manually and covered with a pericardial fat pad. No air leak
was observed on the next day and the patient was
discharged after three days with a radiologically expanded
lung. One patient underwent lobectomy had PAL till 5th
postoperative day with apical pneumothorax, patient was
discharged on Heimlich valve and followed on out-patient
basis, resolved air leak on 14th day with radiologically
expanded lung. Four patients (one lobectomy, three
segmentectomies) also had PAL but without radiological
evidence of pneumothorax, they were also managed on
out-patient basis with Heimlich valve, and showed
resolution of AL on7th, 9th, 10thand 12th postoperative day
respectively. In group B, seven (25%) patients had AL and
twenty one did not. Out of seven, 6 (21.4%) patients; (two
lobectomies, two wedge resections, two
segmentectomies) had expiratory (E) AL which resolved
conservatively. One patient with pneumonectomy
developed continuousairleak onthe 2nd postoperative day
and was planned to re-explore in emergency. Finding was
partially dehisced bronchial stump which was re-sutured
manually and covered with a pericardial fat pad. No air leak
was observed on the next day and the patient was
discharged on 4th postoperative day. Two patients had PAL
(one lobectomy, one segmentectomy) without
pneumothorax and managed with Heimlich valve and
resolution of air leak were observed on 8th and 12th
postoperative dayrespectively(Table 4).

Procedure Group A(n=30) Group B (n=28) p-value
Wedge resection 10(33.3%) 10(35.7%) 0.848

Lobectomy 10(33.3%) 10(35.7%) 0.848
Pneumonectomy 6(20%) 6(21.4%) 0.893
Segmentectomy 4(13.3%) 2(7.1%) 0.439

Table &: Comparison of type of pulmonary resection in both
groups
The total number of air leaks in group A was 9(30%), out of
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which 8 (26.6%) resolved conservatively and only one
(3.3%) required re-exploration and surgical intervention.
The total number of air leaks in group B was 7(25%), out of
which 6(21.4%)resolved conservatively and only one(3.5%)
required re-exploration and surgical intervention.
However, the difference was not significant in the
incidence of air leak of both groups. PAL was present in
5(16.6%) patients in group A and 3(10.7%) patients in group
B(Tableb).

Outcome Group A (n=30) Group B (n=28) p-value

Total air leak 9(30%) 7(25%) 0.67
8(26.6%) 6(21.4%) 0.641
Air leak required intervention 1(3.3%) 1(3.5%) 0.96
Table 5: Comparison of outcome and grade of air leaks in both
groups

DISCUSSION

In concordance with the results of our study, literature
provides evidence that patients who underwent
anatomical lung resections reported an air leak in 26-58%
[10-11]. This is comparable with our results, being 30% in
group Aand 25% in group B. Moreover, keeping in mind the
extent of lung resection, lobectomies and bilobectomies
are also knowntoimpose anincreasedrisk of prolonged air
leak[12]. Pneumonectomy or lobectomy may lead to a fatal
and morbid complication, i.e. BPF in 1-4% of patients.
Management includes placement of large-bore chest
drains, and surgical repair in refractory cases. However,
researchers believe that the operative technique used for
the closure of bronchiholds supreme importance[13]. This
is because several techniques have been observed to
reduce the incidence of BPF. One of the methods includes
using monofilament non-absorbable sutures, including
staples[14]. No particular technique has been declared to
be superiorinterms of efficacy, but the use of non-reactive
and non-absorptive suture material has been reported to
considerably lessen the chances of inflammation at the
closure line [15]. Due to this, the use of prolene for hand
suturing and stainless steel and titanium staples are being
adopted [16]. Moreover, comparison between manual vs
stapled bronchial suturing is an ongoing debate to date.
Some studies favor manual suturing as it is a reliable, safe,
and cheap technique with beneficial outcomes in all types
of situations, being performed by an experienced surgeon;
whereas, others suggest mechanical suturing as it is also
found to be reliable, safe, and easy to apply[17]. The added
benefit of stapling devices is their use by junior surgeons,
showing commendable results in the short-and long term.
Furthermore, staplersare also believed to play a major role
in consuming less time during the operation, secure
bronchial sealing, and lesser morbidity and mortality rates
[18]. Weissberg et al., found that the time taken with
stapling was lesser than suture closure of bronchial stump

Air leak resolved spontaneously|

PBM'J VOL- 51 Issue- 7 Ju'y 2022 Copyright (c) 2022. PBMJ, Published by Crosslinks International Publishers
[ This work is licensed under a Creative Commons Attribution 4.0 International License. 134




Incidence of Air Leak in Stapled Versus Hand Sewn Pulmonary Resections

Nasreen S etal.,

(90 seconds versus 5-15 minutes), and no incidence of BPF
was reported after stapling as compared to 4.5% cases of
BPF after manual closure[19]. In contrast, Al-Kattan et al.,
reported a 1.3% incidence of BPF after 530 consecutive
pneumonectomies using a uniform hand-suturing
technique, and concluded that bronchial manual suturingis
a cheap and reliable technique with good results in the
hands of experienced surgeons[20]. Many theories state
that thickened bronchi usually seen in chronic bronchitis
and proximal tumors could be labeled as contraindications
for staple closures [21]. It is also believed that initial
mechanical integrity is significant in maintaining a balance
between an airtight and watertight barrier between the
area resected and the remaining lung to eliminate the
chances of aspiration and mediastinal shifts due to
resection [22]. PAL is frequently occurring complication
after PR which also increases the chances of prolong
hospital stay and morbidity. Management of PAL depends
on clinical and radiological stability of patient. If patient is
stable clinically and radiologically, can be managed
successfully with bronchodilators and breathing exercises
under observation [23-24]. If PAL still persists after
conservative management, then patient can be shifted to
ambulatory device i.e. Heimlich valve, one way valve that
allow air to escape from chest and prevent it from entering
into chest. If patient tolerates Heimlich valve without
clinical or radiological deterioration, then patient can be
discharged home safely with follow up on outpatient basis
to avoid prolong hospital stay. Heimlich valve has shown
successful results in managing PAL. If PAL still persists
despite managing on bronchodilators, breathing exercises
and one way valve, other options like chemical pleurodesis,
autologous blood patch pleurodesis and endobronchial
valve (EBV) should be sought as all of these have reported
successfulresultsintreating PAL.[7,25]. Theresults of our
study point towards the fact that the treatment modality
does not cause any significant difference in postoperative
outcomes and air leak. The total air leak was reported in
both the groups; in most cases, resolved spontaneously,
and very few required intervention. However, future
studiesincluding alarger sample size should be carried out
toconfirmthefindings.

CONCLUSION

Following pulmonary resection, AL is a very frequent
pulmonary complication. However, the methods adopted
forresolvingairleaki.e.manual suturingand staples, do not
show any significant differences. Therefore, surgeons
should make sure to keep other parameters in mind,
depending on the condition of the patient, making sure to
achieve maximumstumpintegrity.
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