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Background: Prolonged air leak (PAL) due to an alveolar-pleural fistula (APF) is the most common 
complication after lung surgery. PAL is associated with an increased risk of morbidity and mortality, a longer 
chest tube duration, hence a prolonged hospitalization. Management of PAL may be challenging, and the 
thoracic surgeon should be aware of the possible therapeutic strategies. 
Methods: A systematic literature review was performed in PubMed, Cochrane Library, EMBASE, Ovid 
and Google Scholar. Title, abstract and full-text screening was performed, followed by structured data 
extraction, methodological quality assessment and Cochrane risk of bias assessment. Inclusion criteria 
were: case-control studies/randomized controlled trials (RCTs) comparing the new tested method with the 
standard of care to manage PAL after lung surgery; PAL due to APF; at least 10 patients; English-written 
papers. 
Results: A total of 942 initial papers from literature search, resulted in 43 papers after the selection. This 
systematic review found that the use of intraoperative measures as surgical sealants or pleural tenting, as well 
as a proper management of the chest drain and the use of blood patch or sclerosant agents seem to reduce 
postoperative air leaks incidence and/or duration and length of chest drain stay and hospitalization. 
Conclusions: Different measures have been described in literature to manage or prevent postoperative 
PAL. Most of them seem to be safe and efficient if compared to the “wait and see” strategy, even if large 
comparative studies that standardize the intra- and post-operative management of APF after lung resection 
are lacking and, actually, hard to conceptualize. However, there is a large consensus on the value of a 
preoperative PAL-risk stratification and on the necessity of tailoring PAL management or prevention’s 
strategy and its timing on each patient’s features.
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Introduction

Prolonged or persistent air leak (PAL) after lung resection 
is defined as air loss from the residual lung parenchyma 
persisting beyond the fifth postoperative day and, 
according to literature, is the most common post-operative 
complication after pulmonary resection with an incidence 
ranging from 5% to 25% (1). In most cases, PAL is due to 
an alveolar-pleural fistula (APF), defined as communication 
between the parenchymal alveoli distal to a terminal 
bronchus with the pleural space, whereas the second main 
cause might be ascribed to the broncho-pleural fistula (BPF), 
consisting in a communication between the bronchus and 
pleura (2). 

Risk factors are related both to the surgical procedure 
and to the patients’ features: the most at-risk patients are 
usually those who underwent major lung resection, who 
present incomplete interlobar fissures or pleural adhesion, 
and were affected by chronic obstructive pulmonary disease 
(COPD), emphysema, diabetes or who are under steroid 
therapy (3).

PAL is usually associated with an increased risk of 
morbidity and mortality (especially when it occurs after 
pneumonectomy), a longer chest tube duration, hence a 
prolonged hospitalization with all that it entails (4). 

As reported by Cerfolio et al., severity of post-operative 
air leak could be classified according to the stage of the 
respiratory cycle in which the air leak is appreciated trough 
the drainage system. In this classification, air leakage 
severity increases over the following interval: Grade 1, 
air leak is appreciated only during a forced exhalation 
(coughing); Grade 2, expiratory phase (in spontaneous 
breathing), Grade 3, during the inspiration (positive 
pressure ventilation or in large BPF); Grade 4, both during 
inhalation and exhalation (5).

Most of literature, however, is focused on the potential 
prognostic factors leading to PAL, such as age, COPD, 
smoking history, pleural adhesions and upper lobe resections 
(6-8) rather than on its management which, in fact, has 
never been systematically analyzed. The main reason is the 
high number of measures described to prevent or solve the 
intra- or post-operative PAL, that each Center would rather 
adopt according to its availability and surgeon’s expertise 
and confidence (9); therefore, despite the high incidence of 
post-operative PAL, specific guidelines are lacking. 

PAL can be prevented by adopting some intraoperative 
measures or treated both intraoperatively and postoperatively 
in many ways. 

The most common intraoperative measures described 
in literature are the pleural tent (especially after an upper 
lobectomy), reinforcement or buttressing of the staple line, 
the fissure-less technique, and the use of biological glues 
or sclerosant agents. On the other hand, different authors 
proposed several techniques to better manage the PAL as 
the routinely application of suction to the chest drains, the 
use of digital drainage system, intrapleural blood patch 
or sclerosant injection (3,4). We present this article in 
accordance with the PRISMA reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
736/rc).

Methods

The aim of this systematic review was to compare the 
efficacy of the most common adopted measures intra or 
post-operatively to prevent and manage the PAL caused by 
APF after lung resection.

Management of BPF, that represent a severe and life-
threating complication, is beyond the scope of this review.

Last literature search was carried out on the 31st of 
March 2022. Data collection and analysis was independently 
conducted by two reviewers according to the PRISMA 
statement (http://www.prisma-statement.org/). We searched 
the available literature in PubMed, Cochrane Library, 
EMBASE, Ovid and Google Scholar, between 2000 to 
2021 using “prolonged air leak” and “persistent air leak” as 
search terms. The reviewers assessed all articles obtained 
to determine whether they met our inclusion criteria. To 
be included, a study must have been an original article 
comparing the tested measure versus the standard of care. 
All reports on PAL due to BPF were excluded. Outcomes 
of interest were: reduced PAL duration, decreased APF 
incidence, shortened chest drain duration and postoperative 
length of stay. Publications were included if the following 
criteria were met (Figure 1): 

(I)	 Patients underwent lung resection, excluded 
pneumonectomy.

(II)	 Original case-control studies, where the tested 
measure to prevent PAL was compared to the 
standard of care.

(III)	 At least one chest drain applied after surgery.
(IV)	 Studies including ≥10 patients per group.
(V)	 Articles in English language.
Exclusion criteria were:
(I)	 Reviews/meta-analyses, case reports and book 

chapters.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-736/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-736/rc
http://www.prisma-statement.org/
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Figure 1 PRISMA flow-chart of the selected articles.

(II)	 Reports based on national tumor registries/
outcome reports (i.e., SEER, NCDB) to avoid 
multiple inclusion of patients.

(III)	 Patients exclusively affected or treated for 
pneumothorax.

(IV)	 Patients undergone exclusively lung decortication 
or lung volume reduction surgery.

(V)	 Studies with less than 10 patients for each group.
(VI)	 Reports published before the year 2000.
(VII)	Articles whose full text was not available.
(VIII)	PAL due to broncho-pleural fistula.
To achieve maximum sensitivity, all search terms were 

combined with Boolean operators and searched as both key 
words and MeSH terms. Following exclusion of articles 
based on title or abstract, full-text articles selected had 
reference lists searched for any potential further articles to 
be included in this review. 

The search Query of this study was (“prolong”[All Fields] 
OR “prolongation”[All Fields] OR “prolongations”[All 
Fields] OR “prolonged”[All Fields] OR “prolonging”[All 
Fields] OR “prolongs”[All Fields]) AND (“air”[MeSH 
Terms] OR “air”[All Fields]) AND “leak”[All Fields]. 
Translations: prolonged: “prolong”[All Fields] OR 
“prolongation”[All Fields] OR “prolongations”[All Fields] 
OR “prolonged”[All Fields] OR “prolonging”[All Fields] 

OR “prolongs”[All Fields]; air: “air”[MeSH Terms] OR 
“air”[All Fields].

The PICOs strategy was the following: 
	 Population: human adult (>18 years) patients 

underwent lung resection for both benign and 
malignant disease. During the operation and 
postoperatively, air leak due to APF was evaluated 
and managed.

	 Intervention: various measures adopted to prevent 
PAL during surgery or to manage the air leak both 
intra and post-operatively.

	 Comparison: experimental treatment versus 
standard care.

	 Outcomes: reduced PAL duration or decreased 
APF incidence, shortened chest drain duration and 
postoperative hospital stay.

	 Study des ign:  only  or iginal  art ic les ,  both 
retrospective case-control studies and prospective 
randomized clinical trials, were selected.

Risk of bias was assessed using the Cochrane tool  
(Table S1).

Results

The initial search yielded 942 studies of which 899 were 
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Records indentified from databases 
(n=942)

Records removed before screening:
Duplicate records (n=495) 
Records removed for other reasons (n=102)

Records screened 
(n=345)

Records excluded 
(n=31)

Reports excluded:
Studies on PAL for other reasons than lung 
surger—no case-control setting; no data 
on chest tube duration or length of hospital 
stay (n=271)

Reports sought for retrieval 
(n=314)

Reports not retrieved 
(n=0)

Reports assessed for eligibility 
(n=314)

Studies included in review 
(n=43)

https://cdn.amegroups.cn/static/public/JTD-22-736-Supplementary.pdf


Journal of Thoracic Disease, Vol 15, No 2 February 2023 881

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(2):878-892 | https://dx.doi.org/10.21037/jtd-22-736

excluded based on non-matching abstracts and titles. 
Subsequently, we identified matching references in the 
remaining 43 studies and repeated this process iteratively 
until no new, matching studies could be identified.

Studies selected were divided in blocks according to 
the timing (intra- and post-operative) and the kind of the 
measure adopted: reinforced staplers, sealants, fat pads 
apposition, fissure-less technique for lobectomy, pleural 
tenting and others intra-operative invasive techniques; 
autologous blood patch or chemical pleurodesis, and 
chest (digital) drain management for what concerns post-
operative methods.

For each study, we reported in Table 1 and Table 2 
the following features: name of the first author and 
the publication year, study design, population of the 
experimental and the control groups, outcomes on PAL, 
chest drain duration and hospitalization, types of lung 
resection performed, and other relevant data if available. 

Intraoperative prevention of PAL and management of APF

In Table 1 we reported the main features of the selected 
studies that compared intraoperative measures to prevent 
postoperative air leak (POAL) or seal APF, dividing them 
according to the technique adopted.

Miller and Deguchi tested reinforced staplers with 
bovine pericardium and polyglycolic acid, respectively, to 
complete lung resection preventing potential APF. Both 
authors, however, did not report statistically significant 
benefits in terms of air leak duration or hospitalization from 
the use of such buttressed staplers (10,11).

Literature reports dozens and dozens of sealants to 
prevent PAL after lung resection (12,13,16,18-26). Most 
studies, however, were case series or conducted on small 
cohorts of patients. 

By selecting the most structured studies, we noted 
fluctuating results with no clear and unequivocal 
recommendations, although Coseal® (13,16,18), Progel® 
(19,21) and TachoSil® (24-26) have been proven to 
significantly reduce post-operative PAL incidence and 
duration as well as the hospitalization in most studies 
in which they were used. Conversely, a multicentric 
randomized study performed by De Leyn and colleagues in 
2010 on PleuraSeal®, a synthetic biodegradable hydrogel, 
showed to be effective in sealing intraoperative air leak 
sources (71% of success rate), especially in case of Grade 2 
and 3 leaks, but its use was not associated to shorter chest 
drain maintenance or length of stay (14).

Two retrospective studies described the results obtained 
by combining polyglycolic acid sheets with fibrin glue and 
reported significant shorter chest tube and hospital stay in 
the group treated with mesh and glue if compared to the 
group treated with the glue alone. Noticeably, the groups of 
these studies were comparable in terms of COPD incidence 
and surgical procedures performed (15,17).

Anyway, none of these studies reported sealant 
application-related complications.

Yoshimura and Shintani reported the application of 
autologous fat pads on intraoperative detected APF, with 
satisfying results in terms of reduced air leak incidence and 
chest tube duration (27,28).

Stamenovic and Murakami described a different surgical 
technique to prevent APF and its consequence, named 
fissure-less technique (29,30). According to the Authors, 
working on the interlobar fissure at the end of the surgical 
operation, reduces the APF incidence without increasing 
postoperative morbidity and surgery time.

Brunelli, Allama and Okur, instead, reported a different 
and efficient technique to prevent air leak consisting in 
the pleural tenting after upper lobectomies, which aims to 
reduce the residual pleural space (31-33).

Lastly, we reported the use of less common measures 
described by Marulli, Pan and Decaluwe who experienced 
novel techniques to prevent PAL by using Thelium laser 
system to complete fissures, cryoneuroablation of phrenic 
nerve to reduce the residual space after lung resection 
and the tunnel technique for fissure-first lobectomy in 
uncomplete fissure patients, respectively (34-36).

Postoperative PAL conservative management

In Table 2, the principal postoperative air leak control 
methods are reported. 

Autologous blood patch (ABP) is one of the most 
worldwide used technique to seal APF, since it has many 
advantages: it can be performed bedside and repeated about 
every 48 h, it has no risks of allergic reactions and low risk 
of adverse events or complications (37-39). It consists in 
the administration, through the chest tube, of 50–120 mL 
of autologous venous blood. After that, the chest tube is 
elevated above the level of its insertion in the thorax to 
avoid the early reflux of the blood, and the patient should 
turn on his/her sides every 15 min for about 2 h to allow 
the blood to distribute uniformly in the pleural space. 
Many Authors reports this method as safe and effective 
in stopping air leakage, even if some precautions must be 
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Table 1 Comparative table of study focused on intraoperative expedients to prevent postoperative PAL or seal APF

Author, year Used method Study design Groups
Number of 
patients

Mean AL/chest drain/LOS duration Morbidity/mortality Type of lung resection Conclusions/notes

Reinforced staplers

Miller, 2001 
(10)

Buttressed stapler 
(bovine pericardium)

Multicentric 
RCT

Buttressed stapler vs. ST 40 vs. 40 POAL: 2 vs. 3 days (P=0.27); Chest 
tube: 5.9 vs. 6.3 days (P=0.6); LOS: 
8 vs. 9 days (P=0.24)

Morbidity 17.5% vs. 12.5% 
(not significant); mortality: 5% 
vs. 0 (P=0.15)

Lobectomy: 65; segmentectomy: 15 Mean FEV1 =1.88 vs. 1.93 L; no differences between the two groups, even if the 
buttressed staplers’ group shows a trend toward shortened air leak time and 
earlier tube removal

Deguchi, 
2020 (11)

Polyglycolic acid (PGA) 
reinforced stapler

Retrospective Stapler vs. PGA-stapler 125 vs. 
125 

Chest tube: 5.2 vs. 4.9 days 
(P=0.201); LOS: 10.6 vs. 11.5 days 
(P=0.386)

No differences between the 
two groups

Lobectomy: 125 vs.125 PGA-staplers group’s patients are significantly more affected by respiratory 
diseases (COPD, interstitial pneumonia), but the Authors level out the difference 
by analyzing propensity-score matched groups; POAL incidence 12.5% vs. 
25.2% (P<0.001); use of PGA-staplers is identified as an independent factor for 
preventing POAL (OR =0.38, P=0.015)

Sealants

Allen, 2004 
(12)

Biodegradable 
polymeric sealant

Multicentric 
RCT

Sealant group vs. control group 103 vs. 58 POAL: 2 days in both groups 
(P=0.410); chest drain: 6.8 vs.  
6.2 days (P=0.679); LOS: 6 vs.  
7 days (P=0.028)

No differences between the 
two groups; no sealant-related 
complications

Bilobectomy: 4 vs. 1; lobectomy: 
70 vs. 41; segmentectomy: 5 vs. 4; 
wedge resection: 20 vs. 9

COPD incidence is comparable between the two groups (34% vs. 27.6%); 35% 
of patients in the sealant group are POAL-free vs. 14% of the control group 
(P=0.005); number and sources of IOAL affects outcomes

D'Andrilli, 
2009 (13)

CoSeal® RCT CoSeal® vs. ST 102 vs. 
101

POAL: 3.5 vs. 4.2 days (P=0.01); 
LOS: 5.7 vs. 6.2 days (P=0.18)

No sealant-related adverse 
events; morbidity rate: 2% vs. 
3% (P=0.64)

Bilobectomy: 3 vs. 3; lobectomy: 60 
vs. 44; segmentectomy/wedge: 38 
vs. 53; sleeve lobectomy: 1 vs. 1

COPD: 13.7% vs. 17.8%; smoking history: 59.8% vs. 62.4%; AL POD1: 19.6 vs. 
4.6% (P=0.001); POD2: 23.5 vs. 41.6% (P=0.006). CoSeal® is safe, effective and 
superior to ST

De Leyn, 
2010 (14)

PleuraSeal® Multicentric 
RCT

PleuraSeal®group vs. ST 62 vs. 59 Chest drain: 93.7 vs. 94.1 hours 
(P=0.559); LOS: 312 vs. 288 hours 
(P=0.292)

No differences between the 
two groups; no sealant-related 
complications

Lobectomy: 61 vs. 58; 
segmentectomy: 1 vs. 1

COPD: 46.8% vs. 33.9% (P=0.195); emphysema: 25.8% vs. 15.3% (P=0.181); 
smoking history: 75.5% vs. 86.4% (P=0.719); IOAL successful sealing: 71% 
vs. 23.7% (P<0.001); POAL: 4.8% vs. 11.9% (P=0.303); in patients with 
clinically significant air leaks (grade 2 and 3), significantly fewer patients have 
postoperative air leaks when treated with the pleural sealant

Ueda, 2010 
(15)

PGA and fibrin glue Retrospective Mesh-and-glue (MG) vs. glue 
alone (G)

61 vs. 61 Chest drain: 1.1 vs. 3 days 
(P<0.001) 
LOS: 8.7 vs. 11 days (P=0.007)

No differences between the 
two groups; no sealant-related 
complications

Not reported Intraoperative air leak: 62% of both groups. Emphysema index >10%: 25% of 
G group; 20% of MG group; authors recommend the use of the combination 
PGA + fibrin glue especially in patients undergoing upper lobectomies and with 
severe emphysema

Tan, 2011 
(16)

CoSeal® RCT CoSeal® vs. ST 60 vs. 59 POAL: P=0.09; 
Chest drain: 4 vs. 3 days 
LOS: 7 vs. 6 days

AL POD1: 61 vs. 63%; POD2: 
49 vs. 39%

Lobectomy: 44 vs. 50; bilobectomy: 
7 vs. 5; wedge resection: 4 vs. 5; 
lobectomy + wedge: 5 vs. 1 

Median FEV1: 2.0 vs. 1.96 L/min; authors don’t recommend CoSeal® routinary 
use

Yano, 2012 
(17)

PGA and fibrin glue Retrospective Mesh-and-glue (MG) vs. glue 
alone (G)

173 vs. 
204

Chest drain: 2.7 vs. 4.2 days 
(P<0.01)

Not reported Lobectomy:120 vs. 158; 
segmentectomy: 10 vs. 9; wedge 
resection: 43 vs. 37

IOAL rate: not reported; POAL incidence 0 vs. 6.6% (P<0.01); COPD rates: 
25.8% vs. 23.7% (P=0.67)

Lequaglie, 
2012 (18)

CoSeal® RCT CoSeal® vs. ST 111 vs. 
105

LOS: 4.3 vs. 8.4 days (P=0.0001) Not reported Lobectomy: 74 vs. 76; wedge 
resection: 34 vs. 25

FEV1 values are comparable between the two groups; PAL incidence:2.7% vs. 
11.4% (P=0.0013); study also included decortications; CoSeal® is an effective 
method of reducing postoperative alveolar air leaks

Klijian, 2012 
(19)

Progel® (polymeric 
biodegradable hydrogel 
sealant)

Retrospective PSG: pleural-sealant group; CG: 
control group

36 vs. 34 Chest tube: 1 vs. 2.5 days 
(P<0.0001)
LOS: 1.5 vs. 3 days (P=0.047)

No differences between the  
2 groups

Lobectomy: 8 vs. 11; 
wedge resection: 24 vs. 30; 
segmentectomy/bisegmentectomy: 
9 vs. 2

COPD and emphysema prevalence are similar in both groups; study also 
included decortications and bullectomies; in the sealant’s group there are  
5 patients affected by PNX (0 in the control group); POAL incidence: 11% vs. 
58.8% (P<0.0001)

Petrella, 
2016 (20)

Enable-Innoseal TP4® 
(Cyanoacrilate + vitamin 
E) for air leak grade 1/2

RCT Innoseal® vs. standard aerostasis 30 vs. 30 Chest drain: 3.5 vs. 5 days 
(P=0.005)

10% (6.6% minor, 3.3% major: 
BPF)

Anatomic resection (lobectomy, 
bilobectomy, or typical 
segmentectomy): 12 vs. 12; non 
anatomic resection (wedge resection, 
tumorectomy): 18 vs. 18

The case-control population is matched 1:1 according to surgical procedure and 
the male/female ratio, median age, and median preoperative FEV1; Innoseal® 
group: earlier drain removal; biases: good pulmonary function and grade 1 air 
leak in the majority of patients, non-randomized, inclusion of both anatomical 
and wedge lung resections

Table 1 (continued)



Journal of Thoracic Disease, Vol 15, No 2 February 2023 883

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(2):878-892 | https://dx.doi.org/10.21037/jtd-22-736

Table 1 (continued)

Author, year Used method Study design Groups
Number of 
patients

Mean AL/chest drain/LOS duration Morbidity/mortality Type of lung resection Conclusions/notes

Gologorsky, 
2019 (21)

Progel® on staple lines Retrospective Progel® group vs. control group 84 vs. 92 Chest drain: 23.5 vs. 23 hours 
(P=0.721)

1% in both groups Wedge resection: 84 vs. 92 COPD rates: 14.29% vs. 13.33% (P=0.856); no differences between the two 
groups in terms of POAL rate (23.81% vs. 17.39%, P=0.33); progel does not 
improve POAL and LOS

Porrello, 
2019 (22)

Fibrin glue RCT Glue arm vs. Control group 90 vs. 99 Chest drain: 4.15 vs. 4.45 days 
(not significant); LOS: 7.4 vs. 9.1 
(P=0.010)

Not reported Lobectomy/bilobectomy: 90 vs. 90 Mean FEV1: 85% vs. 88%; PAL incidence: 1.1% vs. 8.1% (P=0.025)

Kawashima, 
2020 (23)

Autologous fibrin glue 
(AFG)

Retrospective Partially AFG (PAFG); completely 
AFG (CAFG); non-AFG

83 vs. 94 
vs. 30

Chest tube: 3.23 vs. 3.16 vs.  
3.17 days (P=0.405) 
LOS: 6.45 vs. 7.97 vs. 7.40 days 
(P=0.604)

No AFG or non-AFG-related 
complications

Lobectomy:48 vs. 54 vs. 16
Segmentectomy: 35 vs. 40 vs. 14

Method: 1–2 mL of AFG + PGA sheet applied to the exposed parenchyma; there 
are no statistically significant differences among the three groups regarding 
smoking habit, COPD or interstitial pneumonia; however, patients in the non-
AFG group tend to be older, and have higher rates of COPD and interstitial 
pneumonia compared with the PAFG and CAFG groups; incidence of PAL: 
13.3% vs. 12.8% vs. 16.7% (P=0.821); no differences in terms of costs; AFGs 
could be a viable alternative to conventional allogenic fibrin glues

Anegg, 2006 
(24)

TachoSil® RCT TachoSil® vs. ST for air leak 
grade 1/2

75 vs. 77 Chest drain: 5.1 vs. 6.3 days 
(P=0.022); LOS: 6.2 vs. 7.7 days 
(P=0.01)

No TachoSil®-related 
complications; similar morbidity 
rate in both groups

Lobectomy: 68 vs. 68; 
segmentectomy: 10 vs. 9

AL POD1: 43.6 vs. 86.1% (P=0.004); POD2: 20.13 vs. 42.46% (P=0.023); AL  
>48 h: no significant differences between the two groups. TachoSil® is safe, 
effective and superior to ST

Rena, 2009 
(25)

TachoSil® RCT Stapler group vs. electrocautery 
dissection + TachoSil® group

30 vs. 30 POAL: 4.3 vs. 1.6 days (P=0.0018) 
Chest drain: 5.9 vs. 3.5 days 
(P=0.0021) 
LOS: 7.5 vs. 5.87 days (P=0.01)

No differences between 
the two groups. No stapler/
TachoSil® related complications

Upper lobectomy: 30 vs. 30 Pilot trial on COPD patients scheduled for upper lobectomy. The two groups are 
comparable in terms of respiratory function test parameters. Incidence of POAL: 
96% vs. 55% (P=0.03)

Marta, 2010 
(26)

TachoSil® Multicentric 
RCT

TachoSil® vs. ST for mild air leak 148 vs. 
151

AL: better in the TachoSil group 
(P=0.030); chest drain: 4 vs.  
5 days (P=0.054); LOS: 8 vs. 9 days 
(P=0.35)

Similar in both groups with 
exception for atrial fibrillation 
(11 vs. 5 patients)

Lobectomy: 148 vs. 151 The two groups are comparable in terms of respiratory function test parameters 
or smoking habit. TachoSil is safe, effective and superior to ST. High between-
centers variability

Fat pads apposition

Yoshimura, 
2002 (27)

Fibrin glue + pedicled 
pericardial fat pad

RCT A: fibrin glue; B: fibrin glue+ 
pericardial fat pad

15 vs. 15 POAL: 4.8 vs. 3.6 days (P=0.4233); 
chest drain: 8.6 vs. 8.4 days 
(P=0.9021)

No procedure-related adverse 
events

Lobectomy: 9 vs. 12; 
segmentectomy: 6 vs. 3

The two groups are comparable in terms of respiratory function test parameters; 
POAL cessation within 24 h: 6.6% vs. 40% (P=0.0309); the pedicled pericardial 
fat pad is safe and effective as an additional sealant to stop IOAL

Shintani, 
2015 (28)

Subcutaneous fat pad Retrospective S: fibrin glue + absorbable PGA 
mesh sheet for superficial air 
leak; F: subcutaneous fat pad + 
fibrin glue + sutures for deep air 
leak

100 vs. 66 POAL: 2.7 vs. 1.4 days (P=0.015); 
chest drain: 5.8 vs. 4 days 
(P=0.002)

Not reported Lobectomy: 68 vs. 49; 
segmentectomy: 32 vs. 17

Mean Tiffeneau index: 74% vs. 75% (P=0.64); PAL incidence: 15% vs. 7% 
(P=0.15); re-operation for PAL: 2% vs. 0; the proposed method is useful for 
IOAL repair

Fissureless Technique

Stamenovic, 
2015 (29)

Fissureless technique Retrospective 1: conventional VATS lobectomy; 
2: fissureless

24 vs. 30 Chest drain: 7.1 vs. 4.2 days 
(P=0.028); LOS: 12.7 vs. 8.9 days 
(P=0.020)

No differences in postoperative 
complications between the two 
groups (P=0.15). Postoperative 
complications are more present 
in patients with PAL (P=0.013)

Lobectomy: 24 vs. 30 Mean FEV1: 80% vs. 76% (P=0.57); incidence of POAL and PAL > in Group 1 
(P=0.004 and P=0.003); Predictors of PAL: age, ASA score, surgical technique, 
operation time, preoperative chemotherapy. FEV1 values did not impact on 
IOAL or PAL; fissureless technique is superior to conventional VATS lobectomy 
in preventing PAL and reducing LOS

Murakami, 
2021 (30)

Fissureless technique 
for VATS right upper 
lobectomy

Retrospective A: fissureless; B: traditional 
technique

54 vs. 159 POAL: 1 vs. 1.7 days (P=0.047); 
chest drain: 3.9 vs. 4.8 days 
(P=0.017)

A =11%; B =24%. No mortality. 
No need for reoperation. No 
PNX after chest drain removal

All patients underwent right upper 
lobectomy

The two groups are comparable in terms of FEV1 or emphysema prevalence; 
POAL incidence: 5.6% vs. 17% (P=0.037); greater fissural grade is associated 
with prolonged air leak

Table 1 (continued)
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Table 1 (continued)

Author, year Used method Study design Groups
Number of 
patients

Mean AL/chest drain/LOS duration Morbidity/mortality Type of lung resection Conclusions/notes

Pleural tenting

Brunelli, 
2002 (31)

Pleural tenting for 
upper lobectomies

RCT Pleural tenting vs. no pleural 
tenting

100 vs. 
100

POAL: 2.5 vs. 7.2 days (P<0.0001); 
LOS: 8.2 vs. 11.6 days (P<0.0001)

No differences between the 
two groups

Upper lobectomy: 100 vs. 100 The two groups are comparable in terms of respiratory function test parameters 
and COPD prevalence; PAL incidence: 14% vs. 32% (P=0.003); pleural tenting 
is a safe procedure that reduces AL duration

Allama, 2010 
(32)

Pleural tenting after 
upper lobectomy/
bilobectomy

RCT Pleural tenting vs. no pleural 
tenting

23 vs. 25 
(excluded 
from 
analysis: 
3 vs. 1)

POAL: 2.96 vs. 4.68 days (P=0.015); 
chest tube: 4.6 vs. 5.6 days 
(P=0.11); LOS: 4.96 vs. 5.7 days 
(P=0.05)

No differences between the 
two groups

Upper lobectomy: 23 vs. 25 
(excluded from analysis: 3 vs. 1)

Mean FEV1 80.3 l vs. 77.4 l (P=0.14); COPD prevalence: 30% vs. 40% (P=0.49); 
PAL incidence: 9% vs. 40% (P=0.02); factors affecting PAL incidence: COPD, 
adhesions, intraoperative air leak from lower lobes, pleural tent; pleural tenting 
is safe and useful

Okur, 2015 
(33)

Pleural tenting after 
upper lobectomies/
bilobectomies

RCT Pleural tenting vs. no pleural 
tenting

20 vs. 20 Chest drain: 4.3 vs. 7.4 days 
(P<0.0001); LOS: 7.6 vs. 9.35 days 
(P=0.024)

15% of the non-tented group 
needed apical drainage 
insertion for residual space. No 
tenting-related complications

Lobectomy: 16 vs. 19; bilobectomy: 
4 vs. 1

The two groups are comparable in terms of respiratory function test parameters; 
operative time for pleural tenting: 5–10 min

Miscellaneous

Marulli, 2013 
(34)

Laser system to 
complete fissure

RCT S (staplers) vs. L (laser) 22 vs. 22 POAL: 3.6 vs. 2.1 days (P=0.98); 
chest drain: 6.3 vs. 6.4 days 
(P=0.44)

77.3% vs. 36.4% (P=0.006); no 
laser-related adverse effects

Lobectomy: 22 vs. 22 A Thulium laser 2,010 nm (Cyber TM, Quanta System, Italy) is used at power 
of 40 W; the two groups are comparable in terms of respiratory function 
test parameters or smoking habit; operative time 158 vs. 197 min (P=0.004); 
significantly lower costs for L group; aero-haemostatic laser properties allow a 
safe application during pulmonary lobectomy

Pan, 2017 
(35)

Cryoneuroablation of 
phrenic nerve

RCT Cryoneuroablation of PN vs. 
standard treatment

104 vs. 
103

Chest drain: 3.2 vs. 4.3 (P<0.01); 
LOS: 7.8 vs. 8.2 (P=0.486)

No differences between the 
two groups

Lobectomy: 95 vs. 91; bilobectomy: 
9 vs. 12

The two groups are comparable in terms of COPD prevalence (P=0.597), 
smoking habit (P=590) and FEV1 (P=0.435); PAL 1.9% vs. 8.7 % (P=0.023); 
operative time for PN cryoablation: 5 min; reversible diaphragmatic paralysis 
after 1–2 months

Decaluwe, 
2015 (36)

Tunnel technique for 
fissure-first lobectomy 
in uncomplete fissure 
lung

Retrospective Fissure-first (FF) vs. hilum-first 
(HF)

198 vs. 45 Chest drain: 5 vs. 6.9 days 
(P=0.010); LOS: 8.3 vs. 9.7 days 
(P=0.165)

Major intraoperative 
complications: 6.7% vs. 1%; 
conversion rates: 4% vs. 8%

Segmentectomy: 7.6% vs. 2.2%; 
lobectomy: 86.4% vs. 97.8%; 
bilobectomy: 5.6% vs. 0%

All procedures are carried out by triportal VATS. No data on fissure 
completeness; mean FEV1: 89% vs. 90%; frequency of PAL: 13.2% vs. 21.4% 
(P=0.172); FF lobectomies are feasible and the technique is non-inferior 
compared to the HF technique

ABP, autologous blood patch; AL, air leak; BPF, broncho-pleural fistula; COPD, chronic obstructive pulmonary disease; DD, digital drainage; FEV1, forced expiratory volume in 1 second; IOAL, intra-operative air leak; LOS, length of stay; PAL, prolonged air leak (>5 days); PN, phrenic nerve; PNX, 
pneumothorax; POAL, post-operative air leak; POD, post-operative day; RCT, randomized controlled trial; ST, standard treatment.
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Table 2 Comparative table of post-operative measures to manage prolonged air leak

Author, year Used method Study design Groups
Number of 
patients

Mean AL/chest drain/LOS duration Morbidity/mortality Type of lung resection Conclusions/notes

Autologous blood patch

Shackclot, 
2006 (37)

Autologous 
blood patch 

RCT ABP vs. no ABP 10 vs. 10 POAL: 5 vs. 11 days (P<0.001); Chest 
drain: 6.5 vs. 12 days (P<0.001); LOS: 
8 vs. 13.5 days (P<0.001)

1 patient (10%) in the study group 
developed empyema on 7th POD, 
successfully treated by drainage and 
antibiotics

Lobectomy: 10 vs. 10 The two groups are comparable for smoking habit (P=1.0) and presence of 
underlying lung disease (P=1.0); ABP can be repeated every 48 h until the AL 
stops; after ABP, the AL was sealed by the next day in 58.6% of treatments; ABP is 
effective in sealing AL after lobectomy

Andreetti, 
2007 (38)

Autologous 
blood patch

RCT A: 50 mL, B: 100 mL, C: no 
ABP

A: 12, B: 13, 
C: 15

POAL: 2.3 vs. 1.5 vs. 6.3 days (p<0.05) None Lobectomy: 12 vs. 13 Mean FEV1: 2.5 vs. 2.4 vs. 2.3 L; 100% success rate. No costs

Campisi, 2021 
(39)

Autologous 
blood patch

Retrospective 
multicentric

A= ABP for POAL >5 days; 
B= observation

109 vs. 109 Chest drain: 8.12 vs. 9.30 days 
(P=0.004) LOS: 10 vs. 11 (P=0.045)

No ABP-related adverse events Lobectomy:109 vs. 109 The two groups are comparable for smoking habit (P=0.491) and COPD prevalence 
(P=0.278). Those variables are not associated to chest removal timing at univariate 
analysis; ABP is associated with fewer postoperative complications (6 vs. 17, 
P=0.015) and need for reoperation (0 vs. 4, P=0.044); 120 mL of blood are better 
than 60 mL

Hasan, 2021 
(40)

Autologous 
blood patch

Retrospective ABP (90 mL) vs. no ABP for 
POAL >5 days

34 vs. 76 Chest drain: 11 vs. 16 days (P=0.14); 
LOS (P=0.13)

No differences. Empyema < in ABP 
group

Wedge resection: 9 vs. 18; 
segmentectomy: 1 vs. 7; lobectomy: 
18 vs. 44; combined: 6 vs. 7

No significant differences between the two groups in terms of FEV1 (P=0.17) and 
smoking history (P=0.88); ABP is associated with a lower readmission rate (P=0.02) 
and reoperation (P=0.05); ABP patients are less likely to be discharged with a chest 
tube

Chemical pleurodesis

Liberman, 
2010 (4)

Chemical 
pleurodesis by 
talc, bleomycin, 
doxycycline, 
minocycline

Retrospective Observation vs. pleurodesis 33 vs. 41 POAL: 10.7 days (all cohort); in patients 
underwent pleurodesis, AL ceased after 
a mean of 2.8 days after the procedure

No adverse event related to 
pleurodesis. One patient in the 
pleurodesis cohort developed 
empyema

Lobectomy: 69; bilobectomy: 5 Differences between respiratory function tests parameters and respiratory 
comorbidities are not reported; pleurodesis successful in 40 of 41 patients (97.6%), 
5 patients required repeated sclerosis; chemical pleurodesis is a simple, effective, 
and a rapid method of treating prolonged air leak after pulmonary resection

Jabłoński, 
2018 (41)

Chemical 
pleurodesis 
by Iodine or 
Doxycycline

RCT Iodine group; doxycycline 
group; drainage alone group

30 vs. 34 
vs. 35

Chest drain: 9.23 vs. 11.5 vs.  
13.09 days (P<0.0001); LOS: 12.67 vs. 
16.5 vs. 15.89 days (significantly better 
in Iodine group)

No differences between the three 
groups. Few allergic reactions to 
doxycycline (1 patient) and Iodine  
(2 patients)

Wedge resection: 3 vs. 4 vs. 5; 
segmentectomy: 1 vs. 2 vs. 1; 
lobectomy: 24 vs. 25 vs. 26; sleeve 
lobectomy: 1 vs. 0 vs. 1; lower 
bilobectomy: 1 vs. 2 vs. 1; upper 
bilobectomy: 0 vs. 1 vs. 1

Data on respiratory function tests parameters and respiratory comorbidities are 
not reported; pleurodesis was performed in the 6th, 7th and 8th POD in patients 
with PAL; PNX recurrence rate is similar between the three groups (P=0.42); iodine 
pleurodesis showed favorable results compared with Doxycycline pleurodesis or 
drainage alone

Chaari, 2021 
(42)

Chemical 
pleurodesis by 
povidone iodine 
for PAL

RCT A: povidone iodine; B: no 
povidone iodine

19 vs. 21 Chest drain: 9.21 vs. 15.62 days 
(P=0.001); LOS: 11.05 vs. 18.9 days 
(P<0.0001)

21% (4 patients) vs. 19% (4 patients); 
povidone iodine-related adverse 
events (Group A): mild fever, chest 
pain, bad taste sensation; Group B: 
lung atelectasis, wound infection, 
respiratory distress, pleural empyema

Lobectomy 4 vs. 6; segmentectomy 
1 vs. 0; wedge resection: 2 vs. 1

Group A and B are similar in terms of respiratory diseases prevalence (emphysema 
and COPD) and smoking habit; mean number of injections per patient: 2.11; no 
recurrence of PNX in Group A (effectiveness: 100%), 1 in Group B (4.76%); the 
study includes also patients underwent bullectomy and/or pleurodesis (10 vs. 9), 
lung decortication (3 vs. 6) and surgery for hydatid cyst (1 vs. 3)

Chest drain management

Brunelli, 2004 
(43)

Suction RCT Suction −20 cmH2O vs. 
water seal

73 vs. 72 POAL: 6.1 vs. 8.0 days (P=0.9); chest 
drain: 10.0 vs. 12.5 days (P=0.9); LOS: 
10.9 vs. 11.3 (P=0.9)

17.8% vs. 31.9% (P=0.056). Water 
seal group had higher incidence of 
pneumonia and arrhythmia

Lobectomy: 73 vs. 72 The two groups are comparable in terms of respiratory function tests parameters, 
smoking habit and pleural adhesions prevalence; incidence of PAL: 30.1% vs. 
27.8% (P=0.8); no significant differences even when corrected for length of stapled 
parenchyma and site of resection; authors routinely perform pleural tenting in 
upper lobectomies/bilobectomies

Alphonso, 
2005 (44)

Suction RCT Suction vs. no suction 116 vs. 123 AL for more than 6 days: 7.8% vs. 
10.1%

Recurrent PNX: 2 cases vs. 3 cases Wedge resection: 18 vs. 19; 
lobectomy: 55 vs. 56; lung biopsy:  
10 vs. 11

In both groups there were current (42 vs. 49) and ex-smokers (50 vs. 55). No 
data on respiratory function tests or lung diseases’ prevalence are available; no 
differences between the two groups in terms of persistence of AL (P=0.62); authors 
are in favor of no-suction policy; study comprehends also patients underwent 
surgical pleurodesis for pneumothorax (33 vs. 37) and lung biopsies (10 vs. 11)

Table 2 (continued)
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Table 2 (continued)

Author, year Used method Study design Groups
Number of 
patients

Mean AL/chest drain/LOS duration Morbidity/mortality Type of lung resection Conclusions/notes

Brunelli, 2005 
(45)

Alternative 
suction 

RCT Water seal vs. alternate 
suction

47 vs. 47 POAL: 4.2 vs. 3.1 days (P=0.3); chest 
drain: 8.6 vs. 6.2 days (P=0.002); LOS 
10.4 vs. 8 days (P=0.004)

No differences between the two groups Lobectomy: 47 vs. 47 The two groups are comparable in terms of respiratory function tests parameters, 
smoking habit and pleural adhesions prevalence; alternate suction patients showed 
a reduced incidence of POAL >4 days (P=0.04) and >7 days (P=0.02); suction 
applied overnight allows early mobilization of patients

Brunelli, 2013 
(46)

Suction RCT Group 1: regulated 
individualized suction 
(range: −11 to −20 cmH2O, 
according to lobectomy 
type); Group 2: regulated 
seal (−2 cmH2O)

50 vs. 50 POAL: 28 vs. 22.2 h (P=0.6) in the 
whole cohort; between those having 
POAL immediately after extubation, 
patients of Group 2 had an air leak 
lasting 34.5 h less than those of Group 
1 (52.9 vs. 87.4 h, P=0.07)

No differences between the two groups Lobectomy: 50 vs. 50 Group 1 patients have significantly higher mean Tiffeneau Index value if compared 
to Group 2 (0.74 vs. 0.69, P=0.006); nevertheless, other respiratory function test 
parameters are comparable between the two groups, as well as the prevalence of 
pleural adhesions; PAL incidence: 5 vs. 4 patients (P=0.7); the regulated seal mode 
had the same effect as the regulated suction one; patients with immediate POAL 
managed with regulated seal showed a trend towards a shorter duration of air leak

Holbek, 2019 
(47)

Suction RCT −2 vs. −10 cmH2O 111 vs. 111 Chest drain: 27.4 vs. 47.5 h (P=0.047); 
LOS: 2 vs. 3 days (P=0.18)

No differences in the proportion or 
the size of the PNX or subcutaneous 
emphysema after drain removal, nor in 
postoperative morbidity

Lobectomy: 111 vs. 111 Mean FEV1: 87.1% of expected vs. 87.4%; mean Tiffeneau Index value: 68% of 
expected vs. 71.3%; current or ex-smoker status: 103 vs. 97; COPD prevalence: 
57 patients vs. 48; previous ipsilateral surgery: 12 patients vs. 6; incidence of PAL 
>5 days: 14.4% vs. 24.3% (P=0.089); a low suction level significantly shortened 
time to air leak cessation and total fluid production

Mitsui, 2021 
(48)

Suction Retrospective A (−5 cmH2O); B (−10 
cmH2O); C (−20 cmH2O)

49 vs. 100 
vs. 68 

POAL: 0.57 days A, 0.78 days B, 
1.13 days C (P=0.019; P=0.010 for 
anatomical resections only)

Not reported Wedge resection:20 vs. 53 vs. 34; 
segmentectomy: 4 vs. 17 vs. 4; 
lobectomy: 25 vs. 30 vs. 30

Study included also patients who underwent surgery for PNX; patients with 
emphysema/interstitial pneumoniae: 8/2 vs. 9/4 vs. 7/2; IOAL: 45% A, 36% B, 29% 
C; POAL: 16% A, 24% B, 35% C; low-pressure suction after pulmonary resection 
seems to avoid or promptly improve postoperative air leaks

Digital drainage systems

Filosso, 2015 
(49)

Digital drainage RCT DDs vs. TDs 40 vs. 40 Chest tube: 3 vs. 5 days (P=0.0009); 
LOS: 7 vs. 8 days (P=0.0385)

Not reported. Wedge/segmentectomy: 6 vs. 8; 
lobectomy 32 vs. 31; bilobectomy:  
2 vs. 1

FEV1 <80% of expected: 10 vs. 10 patients (P=1). Smokers: 24 vs. 25 (P=0.818); 
TDs were connected to wall suction; DDs were settled to maintain a constant 
negative pressure; DDs reduce the interobserver variability on AL quantification 
and allow early patient mobilization

Gilbert, 2015 
(50)

Digital drainage RCT DDs vs. TDs 43 vs. 42 LOS: 6 vs. 6 days (P=0.36) 
Chest tube: 4.9 vs. 5.6 days (P=0.11)

Chest tube reinsertions occurred only 
in patients randomized to TDs

Lobectomy: 31 vs. 37 The two groups are comparable in terms of comorbidities, lung diseases 
prevalence, smoking habit, pleural adhesions and intraoperative use of sealants; 
clamping trials: 23% vs. 50% (P=0.01): digital technology can alter chest tube 
management by significantly reducing clamping trials before removal of the chest 
tube

Mendogni, 
2021 (51)

Digital drainage Multicentric 
RCT 

DDs vs. TDs 94 vs. 115 Chest tube: 2.4 vs. 3.8 days (P=0.203); 
difference between LOS and chest tube 
duration: 1.3 vs. 1.4 days (P=0.999)

No differences between the two groups Lobectomy: 94 vs. 115 Interim analysis of RCT’s preliminary data; COPD: 15 vs. 12 patients (P=0.17). 
Asthma: 3 vs. 3 patients (P=0.04). Respiratory function test values are comparable 
in the two groups; incidence of PAL: 1.1% vs. 2.6% (P=0.999); presence of AL in 
the 1st POD predicts the prolonged chest tube requirement

ABP, autologous blood patch; AL, air leak; BPF, broncho-pleural fistula; COPD, chronic obstructive pulmonary disease; DD, digital drainage; FEV1, forced expiratory volume in 1 second; IOAL, intra-operative air leak; LOS, length of stay; PAL, prolonged air leak (>5 days); PN, phrenic nerve; PNX, 
pneumothorax; POAL, post-operative air leak; POD, post-operative day; RCT, randomized controlled trial; ST, standard treatment; TD, traditional drainage.
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taken: first of all, the maneuvers have to be performed 
without compromising sterility to avoid infections. In 
the reports examined, however, only Shackclot et al. in 
2006 reported a case of empyema after ABP (37). In 
another study performed by Hasan and colleagues in 2021, 
conversely, empyema was less encountered in the ABP 
group (40). Moreover, Andreetti et al. recommended, in 
their randomized controlled trial published in 2007 (38), to 
use 100 mL of autologous blood, since patients undergone 
ABP with 50 mL of blood met longer mean air losses  
(2.3 vs. 1.5 days). Similarly, Campisi and his equip stated 
in 2021 (39) that 120 mL of blood is more effective than 
60 mL in reducing chest drain duration, hospitalization, 
postoperative morbidity and need for reoperation.

Other than the autologous blood patch, also the 
intrapleural instillation of fresh frozen plasma has been 
successfully used by some Authors to treat postoperative 
PAL. This method is still not standardized, even if it is 
reported as feasible and safe (52,53). Unfortunately, no 
case-control studies or RCT have been performed to assess 
the actual effectiveness of this technique.

Pleurodesis can also be induced chemically using various 
agents, among which the more known are Povidone Iodine 
and Doxycycline. In a prospective randomized study of 
2018, Jabłoński et al. compared the use of Povidone Iodine, 
Doxycycline (administered in 6th, 7th and 8th postoperative 
day) and water seal alone for patients affected by PAL (41). 
They reported that Iodine pleurodesis showed favorable 
results compared with Doxycycline pleurodesis or drainage 
alone, since POAL and LOS was significantly shorter in the 
first group, at the cost of slightly increased thoracic pain and 
few allergic reactions (6%). Also, Chaari and colleagues (42)  
evaluated the role of Povidone Iodine injection to treat PAL, 
finding out that after a mean number of 2.11 treatments 
per patient, drainage period and LOS were significantly 
shorter if compared to those of untreated patients. In 
addition, morbidity in the group of untreated patients was 
more severe, including infections and respiratory distress 
probably due to persistently incomplete lung re-expansion. 

Talc pleurodesis has rarely been used for PAL. Its application 
is described in a 2010 retrospective study performed by 
Liberman et al. (4), in which the Authors evaluated the 
effectiveness of various agents (talc: 30 patients, bleomycin: 
1 patient, doxycycline: 7 patients, minocycline: 1 patient) in 
a cohort of 78 patients underwent lung resections (mostly 
lobectomies) with postoperative PAL. They reported a 
pleurodesis success rate of 97.6% and concluded that 
sclerosis is a simple and effective treatment of PAL.

Other authors focused on chest drainage management 
to overcome the problem of postoperative air leak: suction 
application, timing and negative pressure, and the benefit 
from the use of digital systems are still uncodified. Brunelli 
and colleagues wrote three papers since 2004 on this topic 
(43,45,46), concluding that an alternative (applied overnight) 
individualized regulated (range, −11 to −20 cmH2O) suction 
can be applied to allow patients’ mobilization during the 
daytime and it seems to be associated to a shorter air leak 
duration if compared to water seal; however, their findings 
did not reach the statistical significance. Alphonso et al. in 
their paper written in 2005 (44) declared to be in favor of a 
no-suction policy, while Holbek et al., in their randomized 
controlled trial of 2018 (47) compared water seal to a low 
suction (−10 cmH2O), encountering a significantly shorter 
chest drain duration in the second group. Finally, Mitsui 
and coauthors highlighted, in their retrospective report of 
2021 (48), as a low-pressure suction (−10 cmH2O) promptly 
improve postoperative air leaks if compared to lower 
negative pressures (−20 cmH2O).

Digitally monitored thoracic drainage systems (DDs) 
are nowadays increasingly used thanks to the possibility of 
monitoring daily and hourly the air flow and of applying 
a constant negative pressure avoiding the wall suction, to 
allow patients’ mobilization (54). DDs effectiveness in PAL 
patients’ management was evaluated in two prospective 
studies, compared to traditional (analogue) drainages (TDs). 
Filosso et al., in 2015 (49), published significantly better 
results in the group of patients managed with DDs in terms 
of chest tube duration and length of hospital stay. The 
Authors concluded that these outcomes may be related to 
the fact that DDs reduce the interobserver variability on 
air leak quantification and allow early patient mobilization. 
In the same year, a RCT from Gilbert et al. showed similar 
LOS and chest drain removal timing between patients with 
POAL, randomized to DDs or TDs. The only significant 
difference was recorded in terms of chest tube clamping 
trials rate, lower in the DDs group. They hypothesized that 
DDs can be perceived as more reliable than TDs, and let 
surgeons remove the tube(s) more confidently. Moreover, 
only few patients in the TDs group needed the reinsertion 
of the chest tube after its removal because of PNX and/or 
subcutaneous emphysema occurrence (50). More recently, 
Mendogni and colleagues published an interim analysis of 
preliminary data of a prospective randomized multicentric 
study which aims to compare DDs to TDs. In contrast with 
Filosso’s findings, they did not encounter any difference 
between the two groups, neither in terms of chest drain 
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maintenance or hospitalization, nor in terms of incidence 
of PAL. The Authors concluded that the only predictor of 
PAL is the presence of air leak in 1st postoperative day (51).

For medically healed patients with postoperative PAL 
and with low fluid daily output, a valid option meeting the 
criteria of Fast-Track protocols can be the discharge with 
the indwelling chest tube connected to a one-way valve and 
a collection system. For instance, Varela et al. performed 
a review on this topic’s literature reporting the experience 
of four Centers with different devices. Readmission rates 
varied from 2.2% and 8.3%, mostly because of pleural 
empyema, and the mean duration of outpatient chest tube 
management ranged between 7.8 and 11.5 days. They 
concluded that ambulatory chest drainage after lung 
resection is a safe procedure in selected patients, and the 
choice of the device depends on each Center criteria (55).

Moreover, Royer et al., in 2015, described this method as 
effective in reducing LOS, with a re-admission rate of 3% 
and nil 30-days mortality on a cohort of 65 patients (56).  
One year later, Schmocker and colleagues reported their 
results in patients underwent pulmonary lobectomy/
bilobectomy and early discharge protocol, with substantially 
similar rates of readmission and complications than patients 
discharged without chest drain. Moreover, they performed 
a costs analysis which showed a saving of about 686$ per 
patient (57).

Unfortunately, these studies lack a comparable control 
group and data on the exact duration of air leak, since the 
investigators didn’t evaluate patients every day. For these 
reasons, their results are not suitable for being included in 
this systematic review.

Discussion

APF and the consequent air leak is the most common 
complication following lung surgery with an incidence 
that is reported to be up to 70% intraoperatively and up to 
25% after the fifth post-operative day. PAL is the leading 
cause of postoperative pulmonary morbidity, prolonged 
hospitalization, and increased hospital costs. In the last 
decades, surgeons paid close attention to the peri-operative 
management of the patients underwent surgery for lung 
cancer, with the double aim of reducing the cost of the 
hospitalization and enhancing the post-operative recovery. 
In this scenario, different techniques were tested to reduce 
clinical and socio-economic impact of the most common 
post-operative complications. Thus, several studies have 
been performed on the various surgical and post-operative 

measures to manage or prevent air leaks following lung 
resection; most of them concluded that the adopted 
technique is superior to the standard of care to prevent and 
handle this complication. 

Each study included in this systematic review focuses on 
a specific surgical technique, agent or strategy to deal with 
APF management. The studies’ endpoints are well defined 
and it has been possible for us to achieve data on PAL 
duration and/or incidence, chest drain removal timing and 
LOS in the analyzed groups. By contrary, the populations 
are mostly heterogeneous and for this reason it has not 
been possible drawing a conclusion on the effectiveness 
of the single examined strategy by stratifying patients 
for PAL risk factors (i.e., COPD, emphysema, smoking 
habit) or for type of surgery (lobectomy/segmentectomy/
wedge resection). However, most Authors compared these 
features between the study and control groups, showing 
basically no differences; this may mean that those variables 
have not influenced the results. Authors as Miller (10) and  
Deguchi (11) highlighted the role of the reinforced staplers 
that showed a PAL-preventive role, especially in patients 
with emphysematous lungs. Many authors (12-26), instead, 
reported their experience with sealants, which number is 
steadily on the rise, that showed effective and safe sealant 
capacities. However, due to their costs, availability, and the 
lack of evidence-based medicine on their routinary use, 
sealants are, to date, not recommended for PAL prevention 
but only for intraoperative air leak treatment according to 
the surgeon’s experience.

Surgical techniques, as fat pads apposition, fissure-
less lobectomy, and pleural tenting seems to be safe and 
effective in preventing PAL but are time-consuming and 
highly depending on the surgeon’s experience and choices, 
even if the selected studies did not report any procedure-
related complications (27-36).

However, air leaks from APF may not be detected 
during surgery, and it’s not always possible for surgeons 
to adopt PAL-preventing strategies intraoperatively. For 
this reason, most of literature is about postoperative PAL 
conservative management, that can rely on fewer options 
than intraoperative air leak treatment. To date, in case of 
completely expansible residual lung parenchyma, PAL 
treatment may be safely attempted by autologous blood 
patch or chemical pleurodesis (37-42), whereas in case of 
residual pleural space, applying suction to the chest drain is 
still the most effective option available (43-48). In all cases, 
digital drainage systems are useful since they allow early 
patients’ mobilization and a real time quantification of air 
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flow (49-51).
One of the most unsolved issues is the definition of the 

standard of care, since it is different from center to center. 
No one of the above-mentioned measures, in fact, has 
succeeded in becoming the recognized standard of care 
to prevent or manage PAL, except for the digital drainage 
system that are increasingly adopted worldwide. 

As reported by some authors (6-8), a correct management 
of prolonged postoperative air leak should begin even 
before surgery, with the proper identification and, whereas 
possible, reduction of the risk factors. However, most 
of them cannot be modified; hence, the adoption of the 
abovementioned intraoperative precautions, especially in 
high-risk patients, is advisable. We are far from electing 
of one of those techniques as “gold standard”, since every 
equip is more confident with one approach than another 
and the choice must be tailored on the surgical intervention 
and on the single patient’s conditions. Even more when all 
the pre- and intraoperative precaution failed, an accurate 
post-operative management of the chest drain is essential to 
handle air leaks and prevent PAL. Measures as autologous 
blood patch or sclerosant agent to induce a chemical 
pleurodesis may help to control the PAL; moreover, their 
cost is not prohibitive although their efficacy is lower than 
some surgical sealants. 

Conclusions

To date, a unanimous consent on the best treatment 
therapeutic strategy is still far from being achieved. 
Larger RCTs are needed to better assess which method(s) 
should deserve to be considered as the standard care 
of PAL management, but their realization is utopistic 
because of many hurdles: firstly, the high heterogeneity 
of patients (especially for what regards the presence of 
COPD or emphysema), then, the surgeon’s expertise and 
confidence with each technique, the costs and availability 
of some agents and sealants and, finally, the absence of a 
standardized postoperative management of pain control and 
mobilization.

The increasing diffusion of Enhanced Recovery After 
Surgery protocols in Thoracic Surgery may help to lay 
the foundations for studies with more homogeneous 
baseline population, by improving pre-operative general 
conditions and promoting standardized measures to 
reduce post-operative morbidity (including PAL) and  
hospitalization (58).
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