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ABSTRACT
Intractable pneumothorax with poor lung function that 
has received multiple conservative treatments may oc-
cur. Case 1 was a 70-year-old woman with aspergilloma 
who was admitted for pneumothorax. Case 2 was a 
68-year-old man with acute exacerbation of interstitial 
pneumonia who developed pneumothorax. In both cas-
es, multiple conservative therapies were administered, 
but the leak continued; thus, operations using veno-
venous extracorporeal membrane oxygenation (ECMO) 
were planned. By video-assisted thoracoscopic surgery 
(VATS), we obtained the optimal surgical field by lung 
collapse. We removed many blood clots that were used 
for pleurodesis, ligated the bulla in case 1, and covered 
the leak point with strengthening agents in case 2. For 
cases of intractable pneumothorax, lung collapse by 
ECMO is advantageous because we can check details 
and leak points even in blood clots or in poor condition 
of the lung, and we can maneuver the lung in poor 
condition with a clear surgical field.
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Intractable pneumothorax with poor lung function that 
has received multiple conservative treatments may 
occur. If we consider surgery, managing respiration by 
bilateral ventilation or selective ventilation using an 
endobronchial blocker may make it difficult to check the 
leak point quickly, as visualization is poor. Moreover, 
blood clots that have been used for pleurodesis, adhesion 
by pleurodesis and the condition of the lung complicated 
by interstitial pneumonia or emphysema may make it 
difficult to check details; most importantly, it may be 

difficult to maneuver the lung in poor condition without 
lung collapse. We herein describe cases of intractable 
pneumothorax that were treated successfully by surgery 
using ECMO.

PATIENT REPORT
Case 1 was a 70-year-old woman with chronic obstruc-
tive pulmonary disease, aspergilloma, and nontuber-
culosis mycobacteria (NTM). She was admitted to our 
hospital with dyspnea. Her blood gas analysis was pH 
7.32, arterial partial pressure of carbon dioxide was 
43.9 mmHg, and oxygen was 43.3 mmHg with a 15 L 
reservoir mask. Chest tube drainage was performed 
for her right pneumothorax (Fig. 1a). Chest CT after 
chest tube drainage showed emphysema and shadows of 
aspergilloma and NTM in the left lung (Fig. 2). Multiple 
conservative therapies (infusion of self-blood and infu-
sion of OK432 from the chest tube) were administered 
twice for the pneumothorax; however, the leak did not 
stop, and the lung expansion was not complete (Fig. 1b). 
Considering the risk of single-lung ventilation due to her 
poor respiratory function, especially caused by COPD, 
aspergilloma and NTM, an operation using extracorpo-
real membrane oxygenation (ECMO) was planned.

As her circulation status was stable, veno-venous 
(V-V) ECMO was selected. Under general anesthesia, 
a double-lumen endotracheal tube was placed. She 
was heparinized (45 U/kg), and a drainer cannula (22 
Fr, SENKO MEDICAL INSRUMENT Mfg. Co., Ltd. 
Tokyo, Japan) was inserted from the right femoral 
vein, and an infuser cannula (15 Fr, TERUMO, Tokyo, 
Japan) was inserted from the right internal jugular vein. 
ECMO was commenced at a blood flow of 3 L/min and 
an oxygen flow of 2 L/min. In the operation with one 
lung ventilation, we selected 3 port VATS. Many blood 
clots that were used for pleurodesis were removed. The 
surgical field was good due to lung collapse, and a major 
leak was seen from the bulla near the adhesion (Fig. 
3a); thus, we cauterized the bulla and ligated it with 
monofilament yarn (Fig. 3b), and the leak stopped. She 
was decannulated from ECMO and extubated in the 
operating room after an operation time of 52 minutes. 
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Fig. 1.  Chest radiograph on admission revealed a right pneumothorax (a). The lung 
expansion was not complete after multiple conservative therapies (b).

Fig. 2.  Chest CT after chest drainage showed bullous change and shadow of aspergilloma and 
NTM in the left lung.

Fig. 3.  Intraoperative findings. A major leak was seen from the bulla near the adhe-
sion (a). The bulla was cauterized and ligated with monofilament yarn (b).
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The blood loss was 5 grams, and the circulation time of 
ECMO was 105 minutes. Her postoperative recovery 
was uneventful. The chest drain was removed on the 3rd 
postoperative day, and she was discharged home on the 
6th postoperative day without supplemental oxygen.

Case 2 was a 68-year-old man admitted for acute 
exacerbation of interstitial pneumonia (Figs. 4a and 
5a). His blood gas analysis was pH 7.45, arterial partial 
pressure of carbon dioxide was 38.1 mmHg, and oxygen 
was 47.3 mmHg with a 3 L oxygen mask. Chest tube 
drainage was performed for right pneumothorax that 
developed the day after admission (Fig. 4b). He was 
intubated and had been managed by ventilation for 
four days. Steroid pulse therapy was started. Multiple 
conservative therapies were performed [infusion of self-
blood (five times), infusion of 50% glucose from chest 
tube (two times)] for the pneumothorax; however, the 

leak did not stop despite expansion of the lung (Figs. 4c 
and 5b).

Considering the risk of single-lung ventilation 
due to his poor respiratory function, especially caused 
by acute exacerbation of interstitial pneumonia, an 
operation using ECMO was performed using the same 
procedure as Case 1. V-V ECMO was selected. Under 
general anesthesia, a double-lumen endotracheal tube 
was placed. He was heparinized (45 U/kg), and a drainer 
cannula (22 Fr, SENKO MEDICAL INSRUMENT 
Mfg. Co., Ltd. Tokyo, Japan) was inserted from the right 
femoral vein, and an infuser cannula (15 F, SENKO 
MEDICAL INSRUMENT Mfg. Co., Ltd. Tokyo, Japan) 
was inserted from the right internal jugular vein. ECMO 
was commenced at a blood flow of 2.5 L/min and an 
oxygen flow of 1.5 L/min. In the operation with one 
lung ventilation, we selected 3 port VATS. Many blood 

Fig. 4.  A chest radiograph on admission revealed bilateral interstitial shadow (a). A chest radiograph 
of right pneumothorax that developed the day after admission (b). A chest radiograph after conserva-
tive therapies (c). The right lung expanded but the leak did not stop.

Fig. 5.  Chest CT on admission showed shadow of interstitial pneumonia (a). Chest CT after con-
servative therapies (b). The shadow of interstitial pneumonia was improved, and the right lung 
expanded. This CT revealed blood clots that were used for pleurodesis in right thoracic cavity, 
the atelectasis in left lower lobe.
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clots that were used for pleurodesis were removed. The 
surgical field was good due to lung collapse, and a major 
leak was seen from part of the right lower lobe (Fig. 6a). 
As the lung was torn by suturing or ligation, the pleura 
that included the lesion was covered with strengthening 
agents (Fig. 6b), and the leak stopped. He was decannu-
lated from ECMO and extubated in the operating room 
after an operation time of 95 minutes. Blood loss was 
5 grams, and the circulation time of ECMO was 155 
minutes. His postoperative recovery was uneventful. 
The chest drain was removed on the 4th postoperative 
day, and he was transferred for rehabilitation on the 57th 
postoperative day without supplemental oxygen.

DISCUSSION
The present high-risk cases, which had intractable leaks 
despite conservative therapies, were treated success-
fully by surgery using ECMO. The use of ECMO for 
the treatment of residual lung after pneumonectomy,1–4 
bilateral pneumothorax,5, 6 bilateral giant bullae,7, 8 and 
pneumothorax with poor respiratory function9 has been 
reported though it is an expensive procedure.10 In cases 
of intractable pneumothorax, previous studies also 
performed multiple conservative therapies.1, 9 Kameda 
et al.1 administered pleurodesis (infusion of self-blood, 
OK432, or minocycline) six times, and Okada et al.9 
administered pleurodesis (infusion of self-blood or 
glucose) four times and endobronchial occlusions twice.

ECMO can achieve gas exchange despite the col-
lapsed lung and provide a clear surgical field. Especially 
for cases of intractable pneumothorax, ECMO is 
advantageous because blood clots that were used for 
pleurodesis, adhesion by pleurodesis and the condition 
of the lung complicated by interstitial pneumonia or 
emphysema may make it difficult to check details; most 
importantly, it may be difficult to maneuver a lung in 

poor condition without lung collapse. We did not select 
VATS with local anesthesia11 because we couldn’t get 
enough space to maneuver a lung and check details 
in thoracic cavity by lung expansion. As Gillon men-
tioned,3 an intermittent apneic approach, with complete 
cessation of ventilation for short periods, is limited by 
the need for gas exchange, and bronchial blockade risks 
excessive alveolar pressure; both approaches do not al-
low for an optimal field.

To treat intractable pneumothorax, bronchial embo-
lization using an Endobronchial Watanabe Spigot,12, 13 
thoracographic fibrin glue sealing,14, 15 and endoscopic 
infusion of fibrin glue,16, 17 may also be used. But it is 
not easy to treat intractable pneumothorax by single 
treatment13, 18, 19 and as a result, a combination of these 
treatments has been selected.18–20 Thus, we decided to 
use ECMO for the operations as the most reliable way.

When ECMO is used for a long time, inflammatory 
thrombus formation or bleeding tendency3 may occur. 
As we obtained good surgical fields with lung collapse, 
we could perform the operation quickly and could wean 
the patient from ECMO.

In conclusion, for cases of intractable pneumo-
thorax with poor lung function, surgery supported by 
ECMO may be a reliable method.

The authors declare no conflict of interest.
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