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Outcomes of Surgically Treated Pneumothorax

in Patients with Interstitial Pneumonia
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Background : Pneumothorax with interstitial pneumonia (IP) is a refractory and life-threatening disease. The
aim of the study was to clarify the benefits of surgical treatment of initial-onset pneumothorax in patients with
IP.
Methods : The medical records of 37 patients with IP who developed initial-onset pneumothorax were retro-
spectively reviewed. Two groups of patients were analyzed : a surgical treatment group (n=20) and a non-sur-
gical treatment group (n=17). The clinical characteristics of the two groups were compared. Risk factors for re-
spiratory complications in hospital were assessed by univariate and multivariate logistic regression analyses.
Results : A Respiratory complications in hospital in the surgical treatment group included two patients who de-
veloped bacterial pneumonia; however, no patient developed acute exacerbation of IP. The location of air leak-
age was determined during surgery in 19 of the 20 (95 %) patients. Air leakage developed from the bulla in 18
patients and from a crack of the lung parenchyma in one patient. Univariate and multivariate logistic regression
analyses showed that surgery was independently associated with a significantly lower risk of respiratory com-
plications in hospital (hazard ratio [HR]=0.115, p =0.022).
Conclusion : Surgical treatment yielded relatively better results than non-surgical treatment in patients with IP
who develop initial-onset pneumothorax. Surgical treatment should be considered for IP patients who develop
pneumothorax. Shinshu Med J 65 : 163—170, 2017
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. and their morbidity and mortality rates are high?.
I Introduction ) ] ) .
As excursive continuation of chest tube drainage

Pneumothorax with interstitial pneumonia (IP) is a
life-threatening condition, with a frequency of 3.7
%-7.6 %" . Because patients with pneumothorax with
IP have hard lungs and poor compliance, and be-
cause they often use steroids or immunosuppressive
drugs (ISDs), this condition is often refractory to

treatment. Treatment of these patients is difficult
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carries a risk of empyema, surgery or pleurodesis is
considered for some patients. However, these ag-
gressive treatments may result in the acute exacer-
bation of IP, and decision on timing is difficult. Al-
though studies have reported the effectiveness of
pleurodesis in patients with pneumothorax with
IPY™® fewer studies have assessed the effectiveness
of surgical operations”'”. Relatively little is known
about the comparative safety and effectiveness of
surgical treatment and non-surgical conservative

treatment of pneumothorax with IP. This study there-
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fore analyzed the benefits of surgical treatment in
these patients, with the goal of optimizing strategies

for the management of pneumothorax with IP.
I Materials and Methods

A Selection of patients and variables

The medical records of all patients with initial-on-
set pneumothorax with IP, who were seen at Nation-
al Hospital Organization Matsumoto Medical Center
from January 2000 to December 2013, were retro-
spectively reviewed. Clinical data recorded included
patient age, sex, smoking history, Eastern Coopera-
tive Oncology Group (ECOG) performance status
(PS), serum Krebs von den Lungen-6 (KL-6) con-
centrations, receipt of long-term oxygen therapy
(LTOT), regular treatment with steroids and/or
ISDs, history of pulmonary fungus disease, and clas-
sification of IP. The patients were categorized into
two groups, those treated surgically and those treat-
ed non-surgically, with the latter including patients
who underwent pleurodesis or chest tube drainage.
Clinical outcomes and in-hospital complications were
compared in the two groups. The relationships be-
tween respiratory complications in hospital and pa-
tient demographic and clinical characteristics were
evaluated. This study was approved by the institu-
tional research ethics committee of National Hospital
Organization Matsumoto Medical Center in August
9, 2016 (approval number 28-13).

B Methods of treatment

All of the included patients were admitted to hos-
pital just after onset of pneumothorax, with chest
tube drainage performed immediately upon admis-
sion.

Surgical treatment was performed via thoracoto-
my or video-assisted thoracic surgery (VATYS). Fail-
ing lesions were treated by bulla resection using sta-
pling instruments, suture repair, heat ablation using
a ball chip for electrocoagulation, and ligation. Fibrin
glue was used to repair lesions in all patients. A sin-
gle-lumen chest drainage tube was inserted and
continually suctioned at —10 ¢cmH,O pressure. Prior
to removal of the chest draining tube, a 12-hour

clamp test was performed and non-collapse of the
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lungs was assessed by chest X-ray.

Pleurodesis was performed by injecting picibanil
(OK-432) into the chest drainage tube, followed by
clamping of the tube for approximately 30-60 min-
utes and release of the clamp.

C Respiratory complications in hospital

Bacterial pneumonia and exacerbations of IP in
hospital were diagnosed and distinguished by chest
computed tomography (CT) and by clinical indica-
tions of inflammation, including white blood cell
count and serum concentration of C-reactive pro-
tein. Sputum culture was used to diagnose some pa-
tients.

D Statistical analysis

The distribution of numerical data in the two
groups was assessed with Bartlett’s test. Normally
distributed variables were compared using paramet-
ric Student’s t-tests, whereas non—-normally distrib-
uted variables were compared using nonparametric
Mann-Whitney U-tests. Categorical variables were
compared by chi-squared tests. Univariate and mul-
tivariate logistic regression analyses were performed
to identify risk factors for in-hospital respiratory
complications. Variables with P-values < 0.05 on uni-
variate analyses were included in the multivariate
model. All statistical analyses were performed using
SPSS version 23 software (Chicago, IL, USA), with

P-values < 0.05 considered statistically significant.
I Results

A Clinical features of the patients

From January 2000 to December 2013, 37 patients
admitted to the National Hospital Organization Mat-
sumoto Medical Center, Matsumoto, Japan, experi-
enced first episodes of pneumothorax with IP ; Table
1 shows their demographic and clinical characteris-
tics. Of these 37 patients, 33 (89.2 %) experienced id-
lopathic interstitial pneumonia (IIP), three (8.1 %) de-
veloped rheumatoid arthritis-related IP, and one (2.7
%) developed drug-induced IP. Serum KL-6 concen-
trations were elevated in 17 patients (45.9 %) just be-
fore the onset of pneumothorax, 17 (459 %) received
LTOT and 18 (486 %) were regularly treated with
steroids and/or ISDs. Twenty patients (54.1 %) un-
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Table 1 Clinical features of all included patients

. Number
Variables n=37
Age (mean * SD) 709+88
Gender, male/female 31/6
ECOG Performance Status
0/1/2/3/4 7/11/7/9/3
Smoking history, +/— 13/24
Serum KL-6 at diagnosis, higher than the normal range ( =500 U/ml)/normal 17/20
LTOT, +/- 17/20
Regular treatment with steroid and/or ISDs, +/— 18/19
History of pulmonary fungus diseases, +/— 11/26
Classification of IP
1P 33
Others (Rheumatism/Drug-induced) 4(3/1)
Operation/Pleurodesis/Drainage only 20/5/12

Abbreviations : ECOG, Eastern Cooperative Oncology Group ; KL6, Krebs von den Lungen-6;LTOT,
long-term oxygen therapy ; ISDs, immunosuppressive drugs ; IP, interstitial pneumonia ; IIP, idiopathic in-

terstitial pneumonia.

Table 2 Clinical characteristics of patients in the surgical and non-surgical treatment groups

Surgical treatment

Yes (1=20) No (n=17) p-value
Age (mean = SD) 71285 708+9.2 0.9
Gender, male/female 17/3 14/3 0.83
ECOG Performance Status
0/1/2/3/4 5/8/3/4/0 2/3/4/5/3 0.15
Smoking history, +/— 7/13 6/11 0.99
Serum KL-6 at diagnosis (mean * SD) 784.4+399.1 616.6 £467.0 0.31
LTOT, +/- 12/8 5/12 0.06
Regular treatment with steroid and/or ISDs, +/— 7/13 6/11 0.99
History of pulmonary fungus diseases, +/— 3/17 7/10 0.07
Classification of IP, IIP/Others 17/3 16/1 0.37
Respiratory complicatio n in hospital, +/— 2/18 10/7 <0.01
Bacterial pneumonia 2 7
TP exacerbation 0 3
Death in hospital, +/— 0/20 8/9 <0.01
Respiratory failure caused by pneumonia 0 8

Abbreviations : ECOG, Eastern Cooperative Oncology Group ; KL-6, Krebs von den Lungen-6;LTOT,
long-term oxygen therapy ; ISDs, immunosuppressive drugs ; IP, interstitial pneumonia ; IIP, idiopathic in-

terstitial pneumonia.

derwent surgical treatment and 17 (45.9 %) were

treated non-surgically ; of the latter, five patients un-

derwent pleurodesis, and the remaining 12 under-

went only chest tube drainage.

B Comparative clinical features of the surgical
and non-surgical treatment groups

Table 2 shows the clinical features of the surgical-
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ly and non-surgically treated groups. The rates of
in—hospital complications (p<0.01) and deaths (p<0.01)
were significantly higher in the non-surgical than in
the surgical treatment group. Two surgically treated
patients developed bacterial pneumonia as respirato-
ry complications, whereas 10 non-surgically treated

patients developed respiratory complications, with
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Table 3 Detailed clinical records of patients who experienced respiratory complications in hospital
. o . . Total duration
Respiratory G Classification . Steroid/  Death in .
Therapy L Age Gender Fungus Smoking  KL-6 K of drainage
complication of IP ISD hospital
(days)
1 Operation Pneumonia 77 M 3 0 1P never 400 - - 28
2 Operation Pneumonia 87 M 2 0 1P never 553 - - 15
3 Drainage only Pneumonia 74 F 3 1 1P never 333 - + 4
4 Drainage only Pneumonia 76 M 2 0 1P never 392 Steroid + 95
5 Drainage only Pneumonia 66 M 4 1 1P never 480 Steroid + 30
6  Drainage only IP exacerbation 56 M 0 1 1P former 747 - - 30
7  Drainage only IP exacerbation 63 M 3 1 1P never 2180 - + 35*
8  Drainage only Pneumonia 68 F 4 0 1P never  unknown - + 23
9  Drainage only Pneumonia 56 M 2 1 g former 396 Steroid + 21°%
10 Pleurodesis Pneumonia 79 M 4 0 1P former 450 ISD + 47
11 Pleurodesis Pneumonia 75 M 3 0 1P never 587 Steroid + 30
12 Pleurodesis IP exacerbation 77 M 1 0 1P former 510 - - 20

Abbreviations : IP, interstitial pneumonia ; ECOG, Eastern Cooperative Oncology Group ; IIP, idiopathic interstitial pneu-

monia ; KL-6, Krebs von den Lungen-6 ; ISDs, immunosuppressive drugs
% Bilateral pneumothorax

§ Recurrence of pneumothorax and reinsertion of a chest drainage tube.

Table 4 Clinical features of the surgical treatment group

Variables Number
Duration from onset of pneumothorax to the operation, mean days (range) 23.0 (8-60)
VATS/Thoracotomy, n 13/7
Operation methods
Bulla resection, n 10
Sutural repair, n 5
Ablation only, n 4
Ligation, n 1
Operation time , minutes (mean * standard deviation of the mean) 63.0£17.8
Location of air leakage, bulla/crack/unknown, n 18/1/1
Durations of drainage after operation, mean days (range) 4.7 (2-21)
Recurrence within 30 days, n (%) 2 (10 %)
Respiratory complication after operation, n (%) 2 (10 %)
Bacterial pneumonia, n 2

Abbreviations : VATS, video—assisted thoracic surgery ; IP, interstitial pneumonia

eight of the latter group dying of respiratory compli-
cations. Table 3 shows the detailed clinical records of
patients with in-hospital respiratory complications.
Of the five patients who underwent pleurodesis,
three (60 %) responded and were cured. However,
bacterial pneumonia developed in two patients and
IP became exacerbated in one patient. Two patients
who underwent pleurodesis died of respiratory fail-
ure caused by bacterial pneumonia in hospital.
C Clinical features of the surgical treatment group
Table 4 shows the clinical features of the surgical

treatment group. The mean time from diagnosis of
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pneumothorax to surgery was 23 days (range, 8-60
days) and the mean operation time was 63.0 minutes.
The chest drainage tube was removed an average
4.7 days after surgery. Only one patient experienced
prolonged air leakage, requiring 21 days for tube re-
moval. The location of air leakage was detected in-
traoperatively in 19 (95 %) patients, occurring from
the bulla in 18 patients and from a crack of the lung
parenchyma in one. Treatments included bulla re-
section in 10 patients, fistula closure by manual su-
turing in five, bulla ablation and application of ab-

sorbable seats and fibrin spray in four, and bulla
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Table 5 Univariate and multivariate analyses of the relationships between in-hospital respiratory

complications and patient demographic and clinical characteristics

Variable HR 95 % CI p-value
Univariate analysis
Age 1.004 0.927-1.087 0.92
years
Gender 0.952 0.149-6.099 0.96
Male
ECOG PS 2.607 1.272-5.341 0.009
Grade2-4
Smoking history 1.125 0.263-4.804 0.87
yes
Serum KL-6 at diagnosis 1.292 0.322-5.19 0.72
higher than the normal range (=500 U/ml)
LTOT 2.167 0.516-9.09 0.29
yes
Regular treatment with steroid and/or ISDs 1517 0.378-6.09 0.56
yes
History of pulmonary fungus diseases 0.35 0.077-1.583 0.17
yes
Surgical treatment 0.078 0.013-0.048 0.002
yes
Multivariate analysis
ECOG PS 2.167 0.989-4.748 0.053
Grade2-4
Surgical treatment 0.115 0.018-0.735 0.022

yes

Abbreviations : ECOG, Eastern Cooperative Oncology Group ; KL6, Krebs von den Lungen-6;LTOT, long-

term oxygen therapy ; ISDs, immunosuppressive drugs

ligation in one. Two patients experienced recurrence
of pneumothorax within 30 days after surgery ;one
patient underwent repeat surgery, and the other pa-
tient underwent repeat chest tube drainage. These
two patients were finally cured. The patient who un-
derwent repeat surgery experienced air leakage
from a new location, a crack in the lung parenchyma
near the staple line of the first operation.
Postoperative complications included bacterial
pneumonia in two patients. One had undergone bulla
resection and developed bacterial pneumonia during
chest tube drainage 3 days after the operation. The
other patient had undergone ligation of the bulla and
developed bacterial pneumonia after removal of the
chest drainage tube 5 days after the operation.
These two patients were cured using antibiotic ther-

apy. No patient experienced acute exacerbation of
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IP after surgery. All of the patients were discharged
from the hospital.
D Relationships between respiratory complica-

tions in hospital and patient backgrounds

Table 5 shows univariate and multivariate logistic
regression analyses of factors associated with the
risk of respiratory complications in hospital. Univari-
ate logistic regression analysis showed that lower
ECOG PS (hazard ratio [HR]=2.607, 95 % confidence
interval [CI] 1.272-4.804, p=0.009) and surgery (HR =
0.078, 95 % CI 0.013-0.048, p=0.002) were significant-
ly associated with a lower risk of in—hospital respira-
tory complications. Interestingly, age, sex, smoking
history, serum KL-6 levels, administration of LTOT,
regular treatment with steroids and/or ISDs, and
history of pulmonary fungal disease were not signifi-

cantly associated with a risk of respiratory complica-
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tions in hospital. Lower ECOG PS and surgical treat-
ment were included in the multivariate analysis, which
showed that surgery was independently associated
with a lower risk of in-hospital respiratory compli-
cations (HR=0.115, 95 % CI 0.018-0.735, p=0.022).
Because no surgically treated patient had an ECOG
PS of 4, sub-analyses were performed to examine
the relationship between respiratory complications
in hospital and the clinical characteristics of the 34
surgically and non-surgically treated patients with
ECOG PS of 0-3 (n=34), an analysis that yielded

similar results (data not shown).
IV Discussion

The present study found that all of the surgically
treated patients with pneumothorax with IP were
cured and discharged. Univariate logistic regression
analysis showed that age, sex, smoking history, se-
rum KL-6 levels, administration of LTOT, regular
treatment with steroids and/or ISDs, and history of
pulmonary fungal disease were not associated with a
risk of respiratory complications in hospital. Multi-
variate logistic regression analysis showed that sur-
gical treatment was independently associated with a
lower risk of respiratory complications in hospital,
suggesting the effectiveness of surgical treatment in
patients with pneumothorax with IP.

None of the surgically treated patients in the pres-
ent study experienced acute exacerbations of IP. In
contrast, acute exacerbation of IP has been reported
in 135 %-15 % of patients surgically treated for lung

W19 with these pa-

cancer under general anesthesia
tients having a mortality rate of 80 %Y. Factors as-
sociated with acute exacerbation of IP include pre-
operative serum KL-6, lactate dehydrogenase, and
C-reactive protein concentrations, duration of sur-
gery, and exposure to high oxygen concentrations'® .
In our institution, we attempt to shorten the dura-
tion of surgery and the duration of exposure to high
oxygen concentrations by shortening one-lung ven-
tilation. Furthermore, to rapidly detect the location
of air leakage, we change video-assisted thoracic
surgery to small-incision thoracotomy under direct

view.
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We found that almost all air leakages in patients
with pneumothorax from IP were caused by punc-
ture of the bulla. Therefore, preoperative chest CT
may predict the location of air leakage. Preoperative
determination of air leakage may affect the placement
of the surgical wound or ports, as well as shortening
the operation time. Two of our surgically treated
patients experienced recurrence of pneumothorax
within 30 days after surgery. Both of these patients
had undergone bulla resection using an auto suture
stapler. One of these two patients underwent repeat
surgery, resulting in a new air leak near the staple
line from the first operation. Because lungs with IP
are hard, they can be easily cracked by the auto suture
stapler. Use of fibrin glue and wide covering of the
staple line with absorbable material may prevent
such incidents".

Another issue is related to the timing of surgery
in patients with pneumothorax with IP. One study
recommended that if air leakage is prolonged for 48
hours, surgery should be considered in patients with
secondary spontaneous pneumothorax'®. Although
six of our patients were cured by chest tube drain-
age alone, this required an average of 14 days (range,
9-30 days). Prolonged continuation of chest tube
drainage carries the risks of empyema and malnutri-
tion, as well as gradually worsening the general con-
dition of patients. Because conservative non-surgical
methods require a longer treatment duration to cure
pneumothorax with IP, additional therapy, such as
surgical treatment or pleurodesis, should be consid-
ered before patient conditions worsen.

Generally, chemical pleurodesis is ineffective in pa-
tients with deflated lungs, and may result in acute
exacerbation of IP'”. In contrast, blood-patch pleu-
rodesis has been reported safe and effective in such
patientsg). Autologous blood-patch pleurodesis showed
a cure rate of 72.7 %, with respiratory complications,
in patients with pneumothorax with IP. However, 50
% of cured patients experienced recurrence of pneu-
mothorax® . Pleurodesis may be considered first-line
therapy prior to surgery for patients with poor gen-
eral condition and/or poor PS.

Previous results have suggested that patients with
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air leakage for over 48 hours be considered for sur-
gery before developing acute exacerbation of IP or
other respiratory complications. However, surgery was
successful in some patients when performed >48
hours after initial development of air leakage, up to
60 days in this study. These findings suggest that
the optimal timing of surgery should be assessed in
each individual patient.

This study had several limitations. First, this was
a single—center, retrospective study of uncontrolled
design. Furthermore, there was no standard to de-
termine whether or not to perform surgery. Addi-
tional prospective studies with larger sample sizes

are required to confirm the present results. Second,

there was a potential for selection bias. National Hos-
pital Organization Matsumoto Medical Center is a
major hospital with a department of thoracic sur-
gery, and may have more patients with very severe
respiratory diseases than other general hospitals.
Third, we did not investigate long-term patient prog-
nosis.

In conclusion, surgical treatment should be consid-
ered in patients with pneumothorax with IP before
their general condition worsens owing to prolonged

continuation of chest tube drainage.
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