
Original
Article

This work is licensed under a Creative 
Commons Attribution-NonCommercial- 
NoDerivatives International License.

©2022 The Editorial Committee of Annals of Thoracic and  
Cardiovascular Surgery

Necessity of Multi-Step Surgical Treatment for 
Patients with Interstitial Lung Disease and a 
Pneumothorax

Akira Iyoda, Yoko Azuma, Takashi Sakai, Satoshi Koezuka, Hajime Otsuka, and Atsushi Sano

Introduction

Interstitial lung disease (ILD) is featured by a dam-
aged lung parenchyma associated with variable patterns 
of inflammation and fibrosis.1) Patients with ILD typi-
cally have co-existing diseases with variable pathophys-
iologic features and undergo a variety of treatments.1) 

Lung cancer, for example, occurs in 3%–48% of patients 
with idiopathic pulmonary fibrosis (IPF).2) Indeed, 
peritreatment acute exacerbation of ILD in patients 
with ILD and lung cancer has appeared as a serious 
problem.2)

The incidence of spontaneous pneumothorax is 
17–24/100000 for men and 1–6/100000 for women.3–5) 
A pneumothorax occurs in 3%–8% of patients with IPF.6) 
A pneumothorax may predict a poor outcome in patients 
with ILD,7) and it is difficult to treat the pneumothorax 
due to ILD.8)

Herein we report favorable results, including multi-
step surgical treatment, of patients with ILD and a 
pneumothorax.

Patients and Methods

The ethics committee of Toho University Omori Med-
ical Center approved this study (M22012 20033).

Purpose: A pneumothorax occurs in 3%–8% of patients with idiopathic pulmonary fibro-
sis. A pneumothorax may predict a poor outcome in patients with interstitial lung disease 
(ILD), and it is difficult to treat patients with ILD and a pneumothorax.
Patients and Methods: We retrospectively studied data from all 12 patients with ILD and 
a pneumothorax who underwent surgical treatment at Toho University Omori Medical 
Center Hospital between 2009 and 2021.
Results: Of the 12 patients, 2 had home oxygen therapy preoperatively and were classified 
with grade IV interstitial pneumonia (IP). Six patients had preoperative pleurodesis and 
two had postoperative one using auto-blood. Three patients (25%) had multi-step surgery 
≥2, and 5 patients had surgical resection of bullae. No patients had postoperative acute 
exacerbations and all were discharged from the hospital in a stable condition. The 5-year 
overall survival rate for all patients was 70.0%. The median survival time was not reached. 
One patient with unclassified IP was doing well 116 months after surgery.
Conclusion: Patients with ILD and a pneumothorax were shown to require multi-step 
surgical treatment and can anticipate long-term survival.
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We excluded patients with ILD, a pneumothorax, 
and lung or gastric cancer in this study because we 
wanted to determine the prognosis of only patients with 
ILD and a pneumothorax. Patients with malignant 
tumors and ILD have a very poor prognosis; the prog-
nosis of patients with ILD may be affected by malig-
nant tumors.2)

We retrospectively examined data from all patients 
with ILD and a pneumothorax who received surgical 
treatment at Toho University Omori Medical Center 
Hospital between 2009 and 2021.

We performed surgical treatments for a pneumothorax 
in patients with ILD and a pneumothorax if chest drain-
age with or without preoperative pleurodesis using auto-
blood was not effective for a pneumothorax and the 
patients could undergo general anesthesia. Pulmonolo-
gists, thoracic surgeons, and sometimes anesthesiolo-
gists were involved in the decision on the indications for 
surgery.

The following parameters were extracted from the 
medical records: gender, age, ILD type, ILD grade,9) 
combined emphysema, blood gas analysis, preoperative 
treatment for ILD, portion of air leakage, preoperative 
pleurodesis, perioperative rehabilitation, surgical time, 
intraoperative bleeding, surgical methods, intraoperative 
covering for bulla or staple line, frequency of surgery, 
postoperative complication, and postoperative acute 
exacerbation of ILD.

Statistical analysis
Survival time was calculated from the date of surgery 

until death or last follow-up evaluation and was assessed 
using the Kaplan–Meier method.

Results

Of the 12 patients, 5 had IPF, 2 had pleuroparenchy-
mal fibroelastosis, 2 had collagen vascular disease–
interstitial pneumonia (IP), 1 had fibrotic non-specific 
IP, and 2 had others. Table 1 lists the demographic 
factors.

Two patients had home oxygen therapy preoperatively 
and were classified with grade IV IP (Table 1).

The portion of air leakage intraoperatively was known 
for all patients except one (Table 2). Six patients had 
preoperative pleurodesis using auto-blood (Table 2). Six 
patients had perioperative rehabilitation (Table 2).

Three patients (25%) had multi-step surgery ≥2 
(Table 3). Only 5 patients had surgical resection of 

bullae. All patients had additional covering with sur-
gery (Table 3).

No patients had postoperative acute exacerbations. 
Two patients needed postoperative pleurodesis using 
auto-blood because of postoperative air leakage. All 
patients were discharged from the hospital in a stable 
condition (Table 4). Two patients had a postoperative 
ipsilateral recurrence after discharge from the hospital; 
however, one patient improved with chest drainage alone 
and the other patient only required observation (Table 4).

The median duration of follow-up for all patients was 
27 months. Postoperatively, two patients died of IP. The 
5-year overall survival rate for all patients was 70.0% 
(Fig. 1). The median survival time was not reached. One 
patient with unclassified IP was doing well 116 months 
after surgery.

Table 1  Clinical characteristics of patients with ILD and a 
pneumothorax

Clinical factor Data %

Patient number 12

Age, mean (range) 65 (57–72)

Gender (male:female) 10:2

Side (right:left) 7:5

Type of IP

 IPF 5 41.7

 PPFE 2 16.7

 CVD–IP 2 16.7

 f-NSIP 1 8.3

 Others 2 16.7

Combined emphysema

 Yes:no 6:6

Blood gas analysis

 Room air in 11 cases (range) 79.2 torr 
(45.1–92.5)

 Under 1 L nasal in 1 case 76.0 torr

Grade of IP

 I 6 50.0

 II 3 25.0

 III 1 8.3

 IV 2 16.7

Preoperative treatment for ILD

 Prednisolone 2 16.7

 Nintedanib + prednisolone 1 8.3

 N-acetylcysteine 1 8.3

 No 8 66.7

ILD: interstitial lung disease; IP: interstitial pneumonia; IPF: 
idiopathic pulmonary fibrosis; PPFE: pleuroparenchymal fibro-
elastosis; CVD–IP: collagen vascular disease–interstitial pneumo-
nia; f-NSIP: fibrotic non-specific interstitial pneumonia
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Discussion

The treatment of pneumothorax in patients with ILD 
is difficult because of postoperative complications. Ichi-
nose et al.10) defined surgery without hospital mortality, 
postoperative complications, death within 6 months, or 

ipsilateral pneumothorax recurrence within 2 years as 
treatment success and reported that only 9 of 20 patients 
(45%) with IP and a pneumothorax had treatment 
success. Moreover, Ichinose et al.10) referred to postoper-
ative pneumothorax recurrence and showed that 7 of 
20 patients (35%) with IP had a recurrence (ipsilateral, 
3 patients [15%]; contralateral, 4 patients [20%]). These 
results highlighted the difficulty in managing a pneumo-
thorax in patients with ILD.

Nakajima et al.8) reported that 3 patients with ILD had 
difficulty with one-lung ventilation during surgery. In 
addition, 2 patients with ILD had postoperative air leak-
age (>14 days).8) In the current study, 50% of patients 
had preoperative pleurodesis using auto-blood, 3 patients 
(25%) had multi-step surgery ≥2, and 2 patients had 
postoperative auto-blood pleurodesis for postoperative 
air leakage. No patients had postoperative acute exacer-
bations and all patients were discharged from the hospital 
in a stable condition. We did not experience difficulty 
with respect to intraoperative one-lung ventilation. These 

Table 2  Treatments of patients with ILD and a 
pneumothorax

Clinical factor Number %

Portion of air leakage

 Upper lobe 7 58.3

 Middle lobe 1 8.3

 Lower lobe 3 25.0

 Could not specify 1 8.3

Preoperative pleurodesis

Yes 6 50.0

 Auto-blood (2 times) 2 16.7

 Auto-blood (3 times) 1 8.3

 Auto-blood (5 times) 1 8.3

 Auto-blood (6 times) 1 8.3

  Auto-blood (2 times)  
+ glucose (1 time)

1 8.3

No 6 50.0

Perioperative rehabilitation

 Yes 6 50.0

 No 6 50.0

ILD: interstitial lung disease

Table 3  First-operative findings in patients with ILD and a 
pneumothorax

Clinical factor Number %

Surgical time, mean 
(range, minute)

140.2 (86.0–240.0)

Bleeding, mean 
(range, ml)

24.1 (0–121)

Number of surgery

 1 9 75.0

 2 2 16.7

 4 1 8.3

Surgical method

 Resection 5 41.7

 Covering only 5 41.7

 Ligation 2 16.7

Covering

 Fibrin 11 91.7

 Fibrinogen–thrombin 
patch

8 66.7

 Oxidized cellulose 8 66.7

ILD: interstitial lung disease
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Fig. 1  Five-year overall survival rate for all patients was 70.0%. 
The median survival time was not reached. One patient 
with unclassified IP did well 116 months after surgery. IP: 
interstitial pneumonia 

Table 4  Postoperative complications in patients with ILD 
and a pneumothorax

Clinical factor Number %

Postoperative complications

 Air leakage 2 16.7

 Contralateral pneumothorax 1 8.3

 HOT 1 8.3

Postoperative acute exacerbation 0 0

Discharge 12 100

Postoperative ipsilateral 
recurrence after discharge

2 16.7

ILD: interstitial lung disease; HOT: home oxygen therapy
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may be due to preoperative stable condition and postop-
erative controlled air leakage. It is very important for 
their prognoses to control air leakage caused by IP, and 
multi-step treatment using pre- and postoperative auto-
blood pleurodesis and multi-step surgery may be neces-
sary to be performed for patients with IP and a 
pneumothorax.

In patients with ILD, postoperative acute exacerbation 
is a severe problem in patients with not only surgery for 
lung cancer2) but also surgical lung biopsy for the diag-
nosis of ILD.11) Nakajima et al.8) reported that 3 of 
14 patients (21.4%) with ILD and a pneumothorax died 
of postoperative acute exacerbations (2 patients) and 
empyema (1 patient). Moreover, postoperative acute 
exacerbations are associated with intra- and periopera-
tive management in spite of the extent of surgical resec-
tion of the lung.2,11)

Ogawa et al.12) reported that pleurodesis using OK-432 
was associated with acute exacerbations in 4 of 
39 patients; 2 patients died of the acute exacerbations. 
We primarily use auto-blood rather than OK-432. As a 
result, our patients did not experience acute exacerba-
tions associated with pleurodesis.

Although polyglycolic acid mesh is used for directly 
covering the staple line after bullectomy, the mesh pro-
vokes an inflammatory reaction and adhesions between 
the parietal and visceral pleura.8) Because inflammation 
may be associated with the onset of postoperative acute 
exacerbations,2) we did not use polyglycolic acid mesh 
as a covering during surgery. We used fibrin glue, a 
fibrinogen–thrombin patch, or oxidized cellulose for all 
patients with ILD and a pneumothorax in this study 
because of the known efficacy and safety for air leak 
management in thoracic surgery.13)

Postoperative acute exacerbation occurred within 
30 days of pulmonary resection in 9.3% of the patients 
with ILD and lung cancer.14) The risk factors for acute 
exacerbations were identified based on univariate analy-
sis as follows: gender, Krebs von den Lungen-6 (KL-6), 
percent vital capacity, findings of computed tomography, 
past acute exacerbations, preoperative use of steroids, 
and surgical procedures.14) Of note, there is no definitive 
prophylaxis or treatment for postoperative acute 
exacerbations,2) although several trials involving lung 
cancers have been conducted.2) Although pirfenidone 
may prevent postoperative acute exacerbations in 
patients with ILD and lung cancer,2) pirfenidone was not 
used in the current study. We managed the invasiveness 
of surgery for the treatment of patients with ILD and a 

pneumothorax as follows: the timing of surgery before 
the development of an empyema; perioperative rehabili-
tation for preventing postoperative complications, such 
as pneumonia; short duration of surgery; minimal bleed-
ing during surgery; surgical methods, including multi-
step surgery; or postoperative care. As a sequel to these 
treatments, no patients had postoperative acute exacer-
bations and no patients had an in-hospital mortality.

Our study had some limitations. First, this was a retro-
spective study. Second, only a small number of patients 
with ILD and a pneumothorax were enrolled. Neverthe-
less, we believe that we have reported significant find-
ings despite these limitations.

Conclusions

Patients with a pneumothorax due to ILD need to have 
multi-step surgical treatment including preoperative/
postoperative auto-blood pleurodesis, surgery, and intra/
postoperative care. Although the patients required spe-
cial management for intra/postoperative air leakage and 
prophylaxis of postoperative acute exacerbation of ILD, 
they could anticipate long-term survival.
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