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We read with great interest the study by Murakami ez /.
recently published in Ann Thorac Surg. regarding grading
of emphysema for predicting a prolonged air leak (PAL)
following a lobectomy (1). One of the most common
causes of complications and protracted hospital stay
in patients who have received a pulmonary resection
is PAL, which can cause distress, anxiety, and pain, as
well as other complications, and also increases the risk
of other cardiopulmonary complications and empyema.
Therefore, management of pulmonary air leakage is an
important clinical issue for thoracic surgeons (2,3). A
variety of studies have reported the incidence of PAL and
several have developed tools to calculate risk in order to
identify patients at high risk using preoperative variables
(Table 1). Generally, patients with PAL are more likely to
be older, male, and smokers, as well as have peripheral
vascular disease and a history of steroid use, along with
a more fragile lung parenchyma with reduced healing
capacity and lower body mass index (BMI), a marker of
poor nutrition status. Furthermore, several authors who
focused on preoperative pulmonary function testing have
revealed that the ratio of lower forced expiratory volume
in 1 second (FEV1)/forced vital capacity (FVC) and diffuse
capacity of carbon monoxide (DLCO) are independent risk
factors for predicting PAL (3,13,14). Those results revealed
that the most consistent risk factor is chronic obstructive
pulmonary disease (COPD), as reflected by most of the risk
factors noted above. Some have also created an aggregate
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risk score to stratify the incidence of PAL in patients who
have undergone a pulmonary resection (3,4,8,9). Reliable
information regarding the risk of PAL is very helpful to
inform attending physicians regarding useful intraoperative
preventative measures to minimize PAL occurrence, such as
pleural testing and use of surgical sealants (9).

Murakami and colleagues focused on quantitative
computed tomography (CT)-based grading of emphysema
for predicting PAL after a lobectomy. Presently, whole-
lung CT is routinely performed prior to lung cancer
surgery. An “emphysema index” value can be calculated
based on the volume of the total lung and that of the
emphysematous lung, two parameters nearly automatically
obtained using computer-based evaluation of whole-lung
CT scans (1). Thus, calculation of that index seems to
be easy to perform and the results obtained reasonable
for predicting PAL before surgery. In univariate analysis
findings, they also found that the “emphysema index” value
was a significant predictor of the length of drainage and that
remained significant in multivariate analysis results, thus
was concluded to be a reliable predictor of PAL. Although
previous reports noted that preoperative CT quantification
of emphysema is one of the best predictors of PAL (5,7),
the study by Murakami er /. describes how to define
“emphysema index” as the proportion of emphysematous
lung volume (<-910 HU) to total lung volume (-600 to
-1,024 HU), thus showing the index to be reproducible and
allowing for widespread adoption by thoracic surgeons. In
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Table 1 Studies regarding risk factors for development of PAL

Shintani et al. Preoperative variables predicting PAL

Author (Est::ls Procedure de:r/;\ilt_ion inci d::lz_e (%) Risk factors

Brunelli et al. (3) 685 Lobectomy >5 days 13 Age >65, adhesion, FEV1 <80, BMI <25.5

Riveraetal. (4) 24,113 Lung resection >7 days 6.9 Male, BMI, dyspnea score, adhesion, surgical procedure,
bulla resection, LVRS, upper lobe

Petrella et al. (5) 121 Lobectomy >5 days 21.2 Male, right side, age, TLC, percentage emphysema on CT

Elsayed etal. (6) 1,911 Lung resection >6 days 6.7 FEV1, upper lobectomy, different consultant practice

Liang et al. (7) 380 Lung resection >5 days 18 Radiologic emphysema, histopathologic emphysema, FEV1
<80, lobectomy

Gilbert et al. (8) 225 Lung resection >7 days 8 Male, smoking history, BMI <25, dyspnea score, %DLCO <80

Pompilietal. (9) 5,069 VATS lobectomy >5 days 9.9 Male, FEV1 <80, BMI <18.5

Zhao et al. (10) 1,051 VATS major lung resection >5 days 10.6 Adhesion

Okadaetal. (11) 146 Lobectomy >5 days 16 Serum Alb <4.0 g/dL, air leakage on POD1

Attaaretal. (12) 2,317 Lung resection >5 days 8.6 FEV1, smoking history, bilobectomy, high annual surgeon
caseload, prior chest surgery, Zubrod score >2

Murakami et al. (1) 284 VATS lobectomy >7 days 5.3 Emphysema on CT

FEV1, forced expiratory volume in 1 second; BMI, body mass index; LVRD, lung volume reduction surgery; TLC, total lung capacity; CT,
computed tomography; DLCO, diffusing capacity for carbon monoxide; Alb, albumin; POD, postoperative day; PAL, prolonged air leak.

addition to emphysema grade, physiological considerations
may suggest that incomplete fissures and inflammation
changes around pulmonary vessels and the bronchus are
additional synergistic risk factors for PAL. Therefore, it is
important to consider evaluation of CT findings, including
emphysema severity, distribution, and fissure integrity, in
order to provide important information for identification of
patients at high risk for PAL in the future.

Surgical procedures such as an upper lobectomy and
bilobectomy have been reported to increase the risk for
developing PAL, because a larger residual pleural space
precludes parietal-visceral pleural apposition (6). Other surgical
factors reported to be correlated with PAL include a lobectomy
rather than a wedge resection or segmentectomy (15),
right-sided rather than left-sided resection (5), upper rather
than lower or middle lobectomy (4), thoracotomy rather
than video-assisted thoracoscopic surgery (16), and a primary
surgeon with a high annual caseload (12). In addition, several
studies have noted that detection of the presence of severe
pleural adhesions is a relevant risk factor for PAL because of
lung parenchyma injuries that occur during division of those
adhesions (3,4), while factors related to the surgical technique
employed are also important to prevent PAL during a
pulmonary resection. The fissureless technique, in which
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dissection of the lung parenchyma over the pulmonary artery
is avoided, appears to be a superior approach for patients
with incomplete fissures (17), and use of surgical sealants
and buttressing with or without fibrin sealant for air leakage
after a pulmonary resection has been examined (18,19). A
recent study found that placement of a free subcutaneous
fat pad during a pulmonary resection reduced the duration
of air leakage and chest tube drainage (20). Although these
findings suggest that occurrence of air leaks is the result of
multiple factors related to patient and disease characteristics,
as well as the specific surgical technique used, evaluation of
preoperative risk factors for PAL provides a more meaningful
method of risk assessment prior to surgery, thus allowing
selection of patients with a high risk for PAL who may benefit
most from intraoperative preventative measures to reduce its
occurrence. Nevertheless, additional investigations are needed
to determine more effective intraoperative preventative
measures in patients with an elevated risk for PAL.

In conclusion, CT-based grading of emphysema described
by Murakami ez a/. (1) may be useful for identification of
patients at high risk for PAL. Thoracic surgeons should
validate those predictive models prospectively, and make an
effort to reduce occurrence of PAL for high risk patients via
intraoperative preventative measures.
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