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Simple Summary: Postoperative residual pleural space and postoperative air leaks after lung resec-
tion are two different clinical entities requiring completely different approaches. Residual postopera-
tive pleural space is a part of the pleural cavity that is not fully reoccupied by the remaining lung after
pulmonary resection. No treatment is needed in the asymptomatic residual pleural space without
any persistent air leak, and chest drain removal can be safely planned. On the contrary, an active and
prolonged air leak after lung resection is an absolute contraindication to chest drain removal that
may culminate in hypertensive pneumothorax, subcutaneous emphysema, and severe respiratory
symptoms. In order to further contribute to an appropriate differential diagnosis between these two
settings, we propose a radiological sign that is observed only in the case of residual plural space. In
this case, in fact, the lung takes the form of a round balloon due to the hyperinflation condition, which
is governed by the Young–Laplace equation describing the capillary pressure difference sustained
across the interface between two static fluids, such as water and air, due to the phenomenon of
wall tension.

Abstract: In this paper, we propose a radiological sign for an appropriate differential diagnosis
between postoperative pleural space and active air leak after lung resection. In the case of residual
pleural space without any active air leak, the lung takes the form of a round balloon due to the
hyperinflation condition, which is governed by the Young–Laplace equation describing the capillary
pressure difference sustained across the interface between two static fluids, such as water and air,
due to the phenomenon of wall tension. The two principal mechanisms by which a lung forms a
spherical image are shear-controlled detachment induced by shear stress on the membrane surface,
and spontaneous detachment induced by a gradient in Young–Laplace pressure. On the contrary, the
lung maintains its tapered shape in the case of an active air leak because the continuous air refill does
not allow a complete parenchyma re-expansion.

Keywords: residual pleural space; postoperative air leaks; Young–Laplace equation

1. Introduction

Residual postoperative pleural space is a part of the pleural cavity that is not fully
reoccupied by the remaining lung after pulmonary resection. It is a widespread problem
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after lung resection, and its clinical implications may range from a completely asymptomatic
postoperative course to pleural empyema requiring surgical therapy. It is reported to
occur in about 20% of patients receiving anatomical lung resection; in this group, 40% of
cases are bilobectomies or lobectomies and wedge resections, while 5%–10% of cases are
segmentectomies or wedge resections alone [1].

No treatment is needed in the asymptomatic residual pleural space without any
persistent air leak, and chest drain removal can be safely planned [2,3]. On the contrary,
an active and prolonged air leak after lung resection is an absolute contraindication to
chest drain removal that may culminate in hypertensive pneumothorax, subcutaneous
emphysema, and severe respiratory symptoms [4–6].

In some cases of residual pleural space without persistent air leak, pleural drain systems
may mimic an active air leak—as witnessed by an air bubble in the drain chamber—that
is due to the pleural space effect, which can be indistinguishable from an active air leak
on checking a traditional water seal chest drain system [3]. Although it has been reported
that a digital chest drain system might be helpful in identifying a pleural space effect,
preventing the misinterpretation of active air leaks and allowing safe chest drain removal at
the right time [3], the safest approach would be to clamp the chest tube for at least 24–48 h
and repeat the chest X-ray to monitor the expansion of the lung; only in the case of the
absence of lung expansion modification is chest drain removal then recommended.

Here, we report a radiological sign that helps to distinguish between postoperative
pleural space and active air leak.

2. Physical Considerations

In the case of residual pleural space without any active air leak, the lung takes the
form of a round balloon (Figure 1a1,a2,b) due to the hyperinflation condition, which is
governed by the Young–Laplace equation describing the capillary pressure difference
sustained across the interface between two static fluids, such as water and air, due to the
phenomenon of wall tension [7–9].

Inflating the alveoli during the respiratory process requires increased internal pressure
relative to the surrounding environment. This is accomplished by lowering the pressure
in the thoracic cavity below that of the surrounding atmosphere. The required amount
of net pressure for inflation is determined by the surface tension and radius of the tiny
balloon-like alveoli. One of the standard, well-known forms of the Young–Laplace equation
is the following:

∆p = −σC f = −σ

(
1
r1

+
1
r2

)
where ∆p is the Laplace pressure (the external pressure minus the internal pressure), σ
is the surface tension (or wall tension), Cf is the mean curvature, and r1 and r2 are the
principal radii of curvature. This law essentially states that the pressure inside an elastic
sphere is inversely proportional to the radius, assuming that the surface tension remains
constant. According to this relationship, smaller spheres with smaller radii will have
a higher transmural pressure at any given surface tension value, i.e., they will want to
collapse the larger spheres. The implications of this law for alveoli are that small alveoli
(collapsed and nearly collapsed) are more difficult to inflate than large alveoli, which
contributes to the low compliance observed at small lung volumes; smaller alveoli will
accelerate their demise by emptying into larger adjacent alveoli; and the filtration of fluid
across the pulmonary capillary wall is dependent on the hydrostatic pressure gradient,
which is increased by alveolar surface tension [10]. Within the lungs, as an adjunctive
variable, the alveoli are internally coated by surfactant, whose concentration increases
proportionately to the increasing pressures generated by their walls when deflating, which
eventually allows the lungs to function normally [11,12].
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Figure 1. Posterior–anterior chest roentgenogram in the upright position of a patient after lower 

bilobectomy, showing a rounded well-aerated residual lung parenchyma (white arrows in (a1,a2)), 

like an inflated balloon (b). 
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Figure 1. Posterior–anterior chest roentgenogram in the upright position of a patient after lower
bilobectomy, showing a rounded well-aerated residual lung parenchyma (white arrows in (a1,a2)),
like an inflated balloon (b).

Additionally, the Young–Laplace equation could describe the pressure by which the
lung could form a balloon-like appearance:

∆p = Pi − Pp =
4σip cos α

2r

where σip is the equilibrium interfacial tension between the dispersed and continuous phase
and α is the contact angle. Because the visceral pleura is a hydrophilic membrane, ∆p > 0
and Pi > Pp are observed. The two principal mechanisms by which a lung forms a spherical
image are shear-controlled detachment induced by shear stress on the membrane surface,
and spontaneous detachment induced by a gradient in Young–Laplace pressure [8]. On the
contrary, the lung maintains its tapered shape in the case of an active air leak because the
continuous air refill does not allow a complete parenchyma re-expansion (Figure 2a,b).
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Figure 2. Posterior–anterior chest roentgenogram in the upright position of a patient after left lower
lobectomy, showing undulated margins (white arrows) in (a), due to the incomplete re-expansion of
the lung parenchyma due to air leaks, like a deflated balloon (b).

We suggest the hypothesis that extended volume resections (bilobectomy) cause
bigger residual pleural spaces, and the combination of these two factors determines the
“balloon” sign, which is frequent after bilobectomy, but rarer after standard lobectomy and
subanatomical resection.

3. Clinical Considerations (Prolonged Air Leak)

The most commonly used method for the qualitative assessment of air leakages is
inviting the patient to cough and observe the water column of the drain chamber. If no air
bubbles are observed, it means that there is no active air leak in an airtight lung; on the other
hand, whenever bubbles are detected in the chamber, it discloses air in the pleural space,
without effectively discriminating between active or passive leakage. When the number
and intensity of bubbles remain stable at repeated coughs, we may suppose an active air
leak; on the other hand, if they decrease—and in some cases stop after few coughs—it is
more likely to indicate a small active leakage or a passive one [13].

About half of the operated patients disclose at least minor leakages after pulmonary
resection, although the vast majority of these leakages stop two or three days after surgery.
On the contrary, persistent air leaks are defined as those lasting from four days to greater
than ten days postoperatively [14]. Prolonged postoperative air leaks are considered a
complication when they persist for more than five days, and they are the most important
determinant of length of postoperative hospital stay [15].

The most common risk factors for prolonged postoperative air leaks are: a low pre-
dicted forced expiratory volume in 1 s (FEV 1), upper lobe lobectomies, incomplete or
fused fissures, emphysema, extensive pleuro-pulmonary adhesions, infectious diseases,
and chronic inflammatory conditions [16–20].

Several options are available for preventing or treating prolonged postoperative air
leaks, depending on their entity and aetiology. Intraoperative pneumoperitoneum is a
possible option in case of incomplete lung re-expansion after right upper lobectomy [21,22].
The injection of autologous blood into the pleural cavity through the chest drainage is a
non-surgical alternative to cause pleurodesis. Although the sclerosing effect of the injected
blood might be not as effective as that of chemical sclerosing agents or drugs like sterile
talc, it can be indicated in some cases of mild/moderate air leaks because of its property
of occluding alveolar leaks by fibrin formation [23,24]. A bronchoscopic approach to
prolonged air leaks by endobronchial valve treatment can be indicated in selected patients
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and might offer effective results [25–27]. A Heimlich valve—which is a one-way valve
allowing air passing through the valve in one direction (from the chest cavity to external
space)—is usually used to reduce the length of hospital stay and to safely discharge patients
with a chest tube still in place. It has been reported that the Heimlich valve is an excellent
option for the outpatient treatment of pneumothorax [28].

When conservative approaches fail, surgical treatment of prolonged air leaks should
be taken into consideration. The minimally invasive video-assisted thoracoscopic approach
(VATS) or an open approach allow the application of aerostatic agents under vision, pleu-
rodesis, pleurectomy, and stapling of parenchymal lesions, when indicated [29]. Pleural
tenting is another surgical option for preventing postoperative air leaks following upper
lobectomies and bilobectomies [30,31]. Buttressing of the staple line is recommended in
lung resection in emphysematous patients; on the contrary, in non-emphysematous pa-
tients, the use of buttressed staples is not well established [14]. Air leaks represent one of
the most common complications after standard pulmonary resection; it prolongs hospital
stay, causing patient discomfort and increasing hospitalization costs [32]. Many trials have
been carried out to assess the ideal techniques, devices, and methods to prevent or reduce
postoperative air leaks, but at least 5% of operated patients still show an active air leak at
the time of discharge [6].

In the case of high-risk patients for prolonged postoperative air leaks, additional
procedures could be taken intraoperatively to help prevent them. Moreover, the use of a
protective ventilation plan by the anaesthesiologists can further support these procedures
to minimise the risk of ventilation-dependent barotraumas. In addition, postoperative phys-
iotherapy should be tailored to the patient’s needs, thus preferring volume incentivisation
exercises rather than forced expiratory ones and provoked cough.

In our previous experience, the computed tomography (CT) assessment of emphysema
was found to be a helpful predictor of prolonged postoperative air leaks, being more
accurate than pulmonary function tests [6]. This is probably due to the fact that CT
results only rely on the volumetric measurement of emphysema, and are not affected by
some dynamic variables conditioning pulmonary function tests results such as pulmonary
parenchyma compliance, diaphragm motility, expiratory and inspiratory muscle resistance,
and strength.

We usually do not apply postoperative suction to chest drainages to manage air leaks;
in fact, on one hand, active suction applied to healthy lung tissue may improve parenchyma
re-expansion, creating pulmonary adhesions and limiting air leaks. On the other hand,
uninterrupted aspiration—put on emphysematous and fragile lung parenchyma—may
extend and worsen air leaks, thus inhibiting rather than supporting effective pleural
healing. Given that the majority of operated patients are emphysematous, we do not apply
routinely postoperative suction to chest drainages and would rather suggest only applying
continuous aspiration in cases of significant active bleeding [6].

We observed that induction chemotherapy did not impact on postoperative prolonged
air leaks; on the contrary, it only significantly affected preoperative carbon monoxide lung
diffusion capacity (DLCO) because of chemical damage to the alveolo–capillary membrane.

4. Clinical Consideration (Residual Pleural Space)

Any residual postoperative intrathoracic space represents a major concern for tho-
racic surgeons because of possible complications and risks related to this condition [3].
Its incidence was historically reported to range between 22% and 40%, more frequently
after lobectomy for infectious diseases and in particular for tuberculosis [33,34]. Although
the main cause of residual pleural space was initially thought to be postoperative bron-
chopleural fistula, later studies ruled out this hypothesis, disclosing a completely benign
aetiology consisting of a size mismatch between the residual lung volume and pleural
cavity [1,35]. In addition, a long-lasting residual pleural space may significantly impact on
the postoperative course and increase morbidity and mortality rates. The main physiologi-
cal mechanisms that eliminate the dead space after lung resections are: (1) residual lung
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parenchyma hyperinflation, (2) ipsilateral mediastinal shift, (3) hemidiaphragm elevation,
and (4) the reduction of intercostal spaces. On the contrary, the main factors contributing to
residual pleural space development are: (1) the volume of the resected pulmonary lobe,
(2) the volume of the remaining healthy lung, (3) the compliance of the remaining lung
parenchyma, and (4) the underlying pulmonary parenchyma disease.

In a series of studies by Misthos et al., residual pleural space was significantly more
frequent in female patients, after right-sided procedures and after prolonged air leaks; on
the other hand, benign underlying diseases and lower lobectomies were less frequently
complicated by residual pleural space [3]. In order to prevent postoperative residual
pleural space, an accurate preoperative assessment of pulmonary compliance is highly
recommended, as well as careful intraoperative air leak management, pleural decortication
whenever needed, correct chest drainage positioning, and eventually a preventive pleural
tent, if indicated [3].

Proper residual pleural space management can lead to the successful elimination of
dead space, but, in some cases, a residual, small-sized apical space may persist. It can
be filled by trapped pleural effusion, without any clinical impact; on the other hand,
fibrothorax may develop in some cases with chest pain and pleural empyema, requiring
surgical treatment [3].

Postoperative residual pleural space can be defined as a “dynamic” event: Solak et al.,
in fact, demonstrated a postoperative incidence of 41.4% on postoperative day 1 and
10.3% 12 weeks after surgery [2]. Moreover, an active medical therapy based on toilette
bronchoscopy, thoracic physiotherapy, bronchodilatator therapy, and negative pressure
applied to chest drainages contributed to a gradual lung parenchyma reinflation [2].

5. Conclusions

Postoperative residual pleural space after lung resection and postoperative air leaks
are two different clinical entities requiring completely different approaches. Residual
postoperative pleural space is a part of the pleural cavity that is not fully reoccupied by the
remaining lung after pulmonary resection. No treatment is needed in the asymptomatic
residual pleural space without any persistent air leak, and chest drain removal can be
safely planned. On the contrary, an active and prolonged air leak after lung resection is
an absolute contraindication to chest drain removal that may culminate in hypertensive
pneumothorax, subcutaneous emphysema, and severe respiratory symptoms. In order to
further contribute to an appropriate differential diagnosis between these two settings, we
propose a radiological sign that is only observed in the case of residual plural space. In this
case, in fact, the lung takes the form of a round balloon due to the hyperinflation condition,
which is likely governed by the Young–Laplace equation describing the capillary pressure
difference sustained across the interface between two static fluids, such as water and air,
due to the phenomenon of wall tension.

Author Contributions: F.P., S.R., and L.B. conceived the study. All authors contributed to the design
and implementation of the research, to the analysis of the results, and to the writing of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was partially supported by the Italian Ministry of Health with “Ricerca Corrente”,
“5 × 1000” funds.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Available on request.

Acknowledgments: The authors thank Martina and Beatrice Petrella for the drawings.

Conflicts of Interest: The authors declare no conflict of interest.



Cancers 2022, 14, 3533 8 of 9

References
1. Barker, W.L. Natural history of residual air spaces after pulmonary resection. Chest. Surg. Clin. N. Am. 1996, 6, 585–613.
2. Solak, O.; Sayar, A.; Metin, M.; Turna, A.; Erdogu, V.; Pekçolaklar, A.; Gürses, A. Definition of postresectional residual pleural

space. Can. J. Surg. 2007, 50, 39–42.
3. Misthos, P.; Kokotsakis, J.; Konstantinou, M.; Skottis, I.; Lioulias, A. Postoperative residual pleural spaces: Characteristics and

natural history. Asian Cardiovasc. Thorac. Ann. 2007, 15, 54–58. [CrossRef] [PubMed]
4. Venuta, F.; Rendina, E.A.; De Giacomo, T.; Coloni, G.F. Postoperative strategies to treat permanent air leaks. Thorac. Surg. Clin.

2010, 20, 391–397.
5. Mueller, M.R.; Marzluf, B.A. The anticipation and management of air leaks and residual spaces post lung resection. J. Thorac. Dis.

2014, 6, 271–284. [PubMed]
6. Petrella, F.; Rizzo, S.; Radice, D.; Borri, A.; Galetta, D.; Gasparri, R.; Solli, P.; Veronesi, G.; Bellomi, M.; Spaggiari, L. Predicting

prolonged air leak after standard pulmonary lobectomy: Computed tomography assessment and risk factors stratification.
Surgeon 2011, 9, 72–77. [CrossRef] [PubMed]

7. Marasco, R.D.; Giudice, G.; Lequaglie, C. How to distinguish an active air leak from a pleural space effect. Asian Cardiovasc.
Thorac. Ann. 2012, 20, 682–688. [CrossRef]

8. Kuhn, K.F.; Noschese, F. Basic Physics: A Self-Teaching Guide; Jossey–Bass: San Francisco, CA, USA, 2020.
9. Casha, A.R.; Bertolaccini, L.; Camilleri, L.; Manche, A.; Gauci, M.; Melikyan, G.; Gatt, R.; Dudek, K.; Solli, P.; Grima, J.N.

Pathophysiological mechanism of post-lobectomy air leaks. J. Thorac. Dis. 2018, 10, 3689–3700. [CrossRef]
10. College of Intensive Care Medicine of Australia and New Zealand. Syllabus for the basic sciences in intensive care medicine. In A

Guide to the CICM First Part Examination, 3rd ed.; College of Intensive Care Medicine of Australia and New Zealand: Wellington,
New Zealand, 2017.

11. Basford, J.R. The Law of Laplace and its relevance to contemporary medicine and rehabilitation. Arch. Phys. Med. Rehabil. 2002,
83, 1165–1170. [CrossRef]

12. Sugiura, S.; Nakajima, M.; Kumazawa, N.; Iwamoto, S.; Seki, M. Characterization of spontaneous transformation-based droplet
formation during microchannel emulsification. J. Phys. Chem. 2002, 106, 9405–9409. [CrossRef]

13. Okereke, I.; Murthy, S.C.; Alster, J.M.; Blackstone, E.H.; Rice, T.W. Characterization and importance of air leak after lobectomy.
Ann. Thorac. Surg 2005, 79, 1167–1173. [CrossRef] [PubMed]

14. Singhal, S.; Ferraris, V.A.; Bridges, C.R.; Clough, E.R.; Mitchell, J.D.; Fernando, H.C.; Shrager, J.B. Management of alveolar air
leaksafter pulmonary resection. Ann. Thorac. Surg. 2010, 89, 1327–1335. [CrossRef]

15. Steéphan, F.; Boucheseiche, S.; Hollande, J.; Flahault, A.; Cheffi, A.; Bazelly, B.; Bonnet, F. Pulmonary complications following
lung resection: A comprehensive analysis of incidence and possible risk factors. Chest 2000, 118, 1263–1270. [CrossRef] [PubMed]

16. Ciccone, A.M.; Meyers, B.F.; Guthrie, T.J.; Davis, G.E.; Yusen, R.D.; Lefrak, S.S.; Patterson, G.A.; Cooper, G.D. Long-term outcome
of bilateral lung volume reduction in 250 consecutive patients with emphysema. J. Thorac. Cardiovasc. Surg. 2003, 125, 513–525.
[CrossRef] [PubMed]

17. Gómez-Caro, A.; Calvo MJ, R.; Lanzas, J.T.; Chau, R.; Cascales, P.; Parrilla, P. The approach of fused fissures with fissureless
technique decreases the incidence of persistent air leak after lobectomy. Eur. J. Cardiothorac. Surg. 2007, 31, 203–208. [CrossRef]
[PubMed]

18. DeCamp, M.M.; Blackstone, E.H.; Naunheim, K.S.; Krasna, M.J.; Wood, D.E.; Meli, Y.M.; McKenna, R.J.; NETT Research
Group. Patient and surgical factors influencing air leak after lung volume reduction surgery: Lessons learned from the National
Emphysema Treatment Trial. Ann. Thorac. Surg. 2006, 82, 197–206. [CrossRef]

19. Amin, R.; Noone, P.G.; Ratjen, F. Chemical pleurodesis versus surgical intervention for persistent and recurrent pneumothoraces
in cystic fibrosis. Cochrane Database Syst. Rev. 2009, 2, CD007481.

20. Csekeo, A.; Agócs, L.; Egerváry, M.; Zeiler, H. Surgery for pulmonary aspergillosis. Eur. J. Cardiothorac. Surg. 1997, 12, 876–879.
[CrossRef]

21. Carbognani, P.; Spaggiari, L.; Solli, P.; Rusca, M. Pneumoperitoneum for prolonged air leaks after lower lobectomies. Ann. Thorac.
Surg 1998, 66, 604–605.

22. Toker, A.; Dilege, S.; Tanju, S.; Kiyan, A.; Kalayci, G. Perioperative pneumoperitoneum after lobectomy—bilobectomy operations
for lung cancer: A prospective study. Thorac. Cardiovasc. Surg. 2003, 51, 93–96. [CrossRef]

23. Lang-Lazdunski, L.; Coonar, A.S. A prospective study of autologous ‘blood patch’ pleurodesis for persistent air leak after
pulmonary resection. Eur. J. Cardiothorac. Surg. 2004, 26, 897–900. [CrossRef]

24. Droghetti, A.; Schiavini, A.; Muriana, P.; Comel, A.; De Donno, G.; Beccaria, M.; Canneto, B.; Sturani, C.; Muriana, G. Autologous
blood patch in persistent air leaks after pulmonary resection. J. Thorac. Cardiovasc. Surg. 2006, 132, 556–559. [CrossRef]

25. Wood, D.E.; Cerfolio, R.J.; Gonzalez, X.; Springmeyer, S.C. Bronchoscopic management of prolonged air leak. Clin. Chest. Med.
2010, 31, 127–133. [CrossRef] [PubMed]

26. Firlinger, I.; Stubenberger, E.; Müller, M.R.; Burghuber, O.; Valipour, A. Endoscopic one-way valve implantation in patients with
prolonged air leak and the use of digital air leak monitoring. Ann. Thorac. Surg. 2013, 95, 1243–1249. [CrossRef] [PubMed]

27. Petrella, F.; Borri, A.; Casiraghi, M.; Cavaliere, S.; Donghi, S.; Galetta, D.; Gasparri, R.; Guarize, J.; Pardolesi, A.; Solli, P.; et al.
Operative rigid bronchoscopy: Indications, basic techniques and results. Multimed. Man. Cardiothorac. Surg. 2014, 2014, mmu006.
[CrossRef]

http://doi.org/10.1177/021849230701500112
http://www.ncbi.nlm.nih.gov/pubmed/17244924
http://www.ncbi.nlm.nih.gov/pubmed/24624291
http://doi.org/10.1016/j.surge.2010.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21342670
http://doi.org/10.1177/0218492312451918
http://doi.org/10.21037/jtd.2018.05.116
http://doi.org/10.1053/apmr.2002.33985
http://doi.org/10.1021/jp0259871
http://doi.org/10.1016/j.athoracsur.2004.08.069
http://www.ncbi.nlm.nih.gov/pubmed/15797045
http://doi.org/10.1016/j.athoracsur.2009.09.020
http://doi.org/10.1378/chest.118.5.1263
http://www.ncbi.nlm.nih.gov/pubmed/11083673
http://doi.org/10.1067/mtc.2003.147
http://www.ncbi.nlm.nih.gov/pubmed/12658193
http://doi.org/10.1016/j.ejcts.2006.11.030
http://www.ncbi.nlm.nih.gov/pubmed/17175163
http://doi.org/10.1016/j.athoracsur.2006.02.050
http://doi.org/10.1016/S1010-7940(97)00272-8
http://doi.org/10.1055/s-2003-38990
http://doi.org/10.1016/j.ejcts.2004.07.034
http://doi.org/10.1016/j.jtcvs.2006.05.033
http://doi.org/10.1016/j.ccm.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/20172438
http://doi.org/10.1016/j.athoracsur.2012.12.036
http://www.ncbi.nlm.nih.gov/pubmed/23434254
http://doi.org/10.1093/mmcts/mmu006


Cancers 2022, 14, 3533 9 of 9

28. Brims, F.J.; Maskell, N.A. Ambulatory treatment in the management of pneumothorax: A systematic review of the literature.
Thorax 2013, 68, 664–669. [CrossRef]

29. Miller, J.I., Jr.; Landreneau, R.J.; Wright, C.E.; Santucci, T.S.; Sammons, B.H. A comparative study of buttressed versus nonbut-
tressed staple line in pulmonary resections. Ann. Thorac. Surg. 2001, 71, 319–322. [CrossRef]

30. Allama, A.M. Pleural tent for decreasing air leak following upper lobectomy: A prospective randomised trial. Eur. J. Cardiothorac.
Surg. 2010, 38, 674–678. [CrossRef]

31. Brunelli, A.; Al Refai, M.; Monteverde, M.; Borri, A.; Salati, M.; Sabbatini, A.; Fianchini, A. Pleural tent after upper lobectomy:
A randomized study of efficacy and duration of effect. Ann. Thorac. Surg. 2002, 74, 1958–1962. [CrossRef]

32. Varela, G.; Jimenez, M.F.; Novoa, N.; Aranda, J.L. Estimating hospital costs attributable to prolonged air leak in pulmonary
obectomy. Eur. J. Cardiothorac. Surg. 2005, 27, 329e33. [CrossRef] [PubMed]

33. Bell, J.W. Management of the postresection space in tuberculosis. I. Following segmental and wedge resection. J. Thorac. Surg.
1955, 29, 649–657. [CrossRef]

34. Bell, J.W. Management of the postresection space in tuberculosis. II. Following lobectomy. J. Thorac. Surg. 1956, 31, 442–451.
[CrossRef]

35. Langston, H.T.; Barker, W.L. Pleural effusions and infections of the pleura. In General Thoracic Surgery, 2nd ed.; Shields, T.W., Ed.;
Lea & Febiger: Philadelphia, PA, USA, 1983.

http://doi.org/10.1136/thoraxjnl-2012-202875
http://doi.org/10.1016/S0003-4975(00)02203-7
http://doi.org/10.1016/j.ejcts.2010.04.021
http://doi.org/10.1016/S0003-4975(02)03989-9
http://doi.org/10.1016/j.ejcts.2004.11.005
http://www.ncbi.nlm.nih.gov/pubmed/15691691
http://doi.org/10.1016/S0096-5588(20)30673-5
http://doi.org/10.1016/S0096-5588(20)30914-4

	Introduction 
	Physical Considerations 
	Clinical Considerations (Prolonged Air Leak) 
	Clinical Consideration (Residual Pleural Space) 
	Conclusions 
	References

