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Abstract

OBJECTIVES: Women are the minority among patients with spontaneous pneumothorax, but catamenial pneumothorax (CP) is unique to
them. We aimed to clarify the clinical characteristics of female patients with spontaneous pneumothorax using a nationwide database.

METHODS: Medical records from the Japanese Diagnosis Procedure Combination database for inpatients with pneumothorax between
July 2010 and March 2016 were retrospectively reviewed. Age, underlying diseases, body mass index, smoking status, laterality, number of
hospitalizations and treatments were studied.

RESULTS: We identified 157 087 patients with pneumothorax, including 27 716 (17.6%) women and 129 371 (82.4%) men. The age distri-
bution of female patients with pneumothorax had 3 peaks: 18 years, around 40 years and 80 years; male patients had 2 peaks: 18 years and
79 years. We identified 873 patients with CP; this number was not sufficient to account for the female-specific peak around 40 years. The
characteristics of female patients of reproductive age were significantly different between those with and without CP. The patients with CP
were older (average age: 37.9 +7.7 years vs 31.3 + 11.5 years, P <0.001), were right side dominant (right: 64.9%, left: 6.5%), had more hospi-
talizations (average number of hospitalizations: 1.6+0.9 vs 1.3+0.6, P<0.001) and had more frequently undergone surgery (57.1% vs
37.3%, P<0.001).

CONCLUSIONS: The age distribution of women with pneumothorax had 3 distinct peaks while that of men had 2. CP has different charac-
teristics from other types of pneumothorax, thus requiring different treatment strategies for women of reproductive age.

Keywords: Female pneumothorax + Catamenial pneumothorax « Epidemiology of pneumothorax

INTRODUCTION in patient backgrounds (i) between men and women with
pneumothorax and (ii) between CP and other types of pneumo-

Spontaneous pneumothorax is a common disease that mostly af- thorax in female patients of reproductive age.

fects men [1-6]. Being thin and tall in stature is a risk factor for
spontaneous pneumothorax among young men [7-9]; the clinical

features of pneumothorax among women remain unknown.

Catamenial pneumothorax (CP), a type of female-specific
pneumothorax, is defined as recurrent pneumothorax that occurs
within 72 h of menstruation [10]. Although there are several re-
ports of female pneumothorax, including CP, the difference in
the characteristics of pneumothorax between men and women
remains unclear. This is because most reports are based on rela-
tively small amounts of data collected from a single institution, or
only from surgically treated patients [10-14].

In the present study, we aimed to use large-scale data from a
national inpatient database in Japan to examine the differences

MATERIALS AND METHODS
Data source

For this study, we used the Diagnosis Procedure Combination
database, a national administrative claim and discharge abstract
database in Japan. The details of this database have been
described elsewhere [15], and numerous clinical studies based on
this database have been published [16, 17]. Data collection for
this registry has only been consecutive since July 2010, and ap-
proximately 8 million inpatients are entered into the database

©The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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each year, a number that accounts for approximately 55% of all
acute-care hospitalizations in Japan. The database includes the
following data: patient age and gender; main diagnosis, comor-
bidities at admission and complications after admission, recorded
according to the International Classification of Diseases 10th
Revision (ICD-10) and text data in Japanese; procedures coded
with the Japanese original coding system; body height and
weight and smoking status.

The present study was approved by the Institutional Review
Board at the University of Tokyo (No. 3501). The requirement for
informed consent was waived because of the anonymous nature
of the data.

Patient selection and data

We identified patients with pneumothorax or CP as the main
diagnosis or comorbidity occurring between 1 July 2010 and 31
March 2016. The case selection and definition for each group are
presented in Fig. 1. Patients with pneumothorax were identified
with the ICD-10 code J93 (‘pneumothorax). Patients with CP
were identified with code N948 (‘other specified conditions asso-
ciated with female genital organs and menstrual cycle’), along
with the text data ‘catamenial pneumothorax’ written in

Japanese. We excluded ‘suspected pneumothorax’, iatrogenic
pneumothorax (T812) and traumatic pneumothorax (S27). Cases
in which a patient was rehospitalized in the same facility were
recognized by the patient’s unique hospital identification number
as a returning patient, and data could be aggregated. However, if
a patient was rehospitalized in a different institution, then data
would be seen as 2 separate cases because the patient would
have been registered under different hospital identification num-
bers at different hospitals.

Patient background data included age, underlying diseases, body
mass index (kg/m?) classification [18], the affected side and smoking
status (current/ex-smokers or non-smokers). Underlying diseases
included chronic obstructive pulmonary disease, interstitial pneumo-
nia, primary lung cancer, lung metastasis, asthma, tuberculosis,
sarcoidosis, Marfan syndrome, Ehlers-Danlos syndrome, Birt-Hogg-
Dubé syndrome and lymphangioleiomyomatosis. We compared the
backgrounds of male and female patients.

We classified female patients into the following 3 age catego-
ries: young (13-30years), middle aged (31-53years) and aged
(>53 years). We compared the background of patients with the
number of hospitalizations among these 3 categories.

We also compared patient background, cases of endometriosis
(any endometriosis and thoracic endometriosis) and the number
of hospitalizations and treatments (chemical pleurodesis and

Whole data
n =42 million

193 Exclude*
n= 192,858

= latrogenic pneumothorax; T812 (n = 84)

» Traumatic pneumothorax; S27 (n = 964)
! + “suspected pneumothorax” (n = 3,361)

All pneumothorax hospitalization
n = 189,497

cases into same facility

All pneumothorax patients
n= 157,087

Male pneumothorax

‘ Aggregate re-hospitalized

& pneumothorax
female in reproductive age
pneumothorax n=10,726

Other female

Other
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“Catamenial pneumothorax™
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13-30 wy 31-53 ¥y 54-
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Figure 1: Case selection and definition for each group. Asterisk indicates overlapping of some of the cases. CP: catamenial pneumothorax.
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surgery) between CP and other types of pneumothorax in female
patients of reproductive age. Surgical procedures included lung
resection, thoracoscopic lung resection, diaphragm resection and
suture and resection of the parietal pleura. Reproductive age was
defined as 13-53 years, according to the age distribution of CP in
the present study.

Statistical analysis

The Mann-Whitney U-test or Kruskal-Wallis test was used to
compare continuous variables (age and number of hospitaliza-
tions) between the groups. The y° test was used to compare the
categorical variables (underlying diseases, body mass index classi-
fication, affected side, smoking status, pleurodesis and surgery).
After conducting a multivariate analysis of the risk factors for CP
in female pneumothorax of reproductive age, we performed a lo-
gistic regression analysis and calculated the odds ratios and 95%
confidence intervals. The threshold for significance was P-value
<0.05. All statistical analyses were performed using SPSS Statistics
version 22.0 (IBM SPSS Inc., Armonk, NY, USA).

RESULTS

From all inpatient data (42 million hospitalizations), we identified
192858 hospitalizations with ICD-10 code J93. After iatrogenic

and traumatic cases (84 and 964, respectively, with 1 overlap) and
suspected pneumothorax cases were excluded, identical patient
cases were aggregated. Ultimately, we identified 157 087 eligible
patients with spontaneous pneumothorax, including 129371
(82.4%) male patients and 27716 (17.6%) female patients (Fig. 1).
In terms of the total number of cases, the most common underly-
ing disease was chronic obstructive pulmonary disease, especially
among male patients. Male patients were significantly more likely
to have primary lung cancer than were female patients, while fe-
male patients were significantly more likely to have interstitial
pneumonia, asthma, lung metastasis, tuberculosis, sarcoidosis,
Marfan syndrome, Birt-Hogg-Dubé syndrome, CP and lymphan-
gioleiomyomatosis (Table 1). Lymphangioleiomyomatosis and CP
accounted for 0.9% and 3.1% of female pneumothorax, respect-
ively. The female patients with pneumothorax were thinner than
were the male patients with pneumothorax. There was no appar-
ent laterality in male patients (right, 27.1%; left, 26.7%), whereas fe-
male patients with pneumothorax appeared to exhibit right-sided
dominance (right, 22.6%; left, 18.2%). Among the male patients,
approximately half were current or ex-smokers.

The age distribution of all patients was biphasic (Fig. 2A); the
age distribution of male patients alone was also biphasic
(Fig. 2B). For both groups, the younger peak was observed at
18years, and the older peak was observed at 79years. In con-
trast, the age distribution of female patients had a peak around
40vyears, in addition to peaks at 18 and 80years (Fig. 2Q).

=
v
<
-3
o
XL
-

Table 1:  Characteristics of patients with pneumothorax, by gender (n =157 087)
Female patients Male patients P-value
Number of patients (%) 27716 (17.6) 129371 (82.4)
Age (years) 55.9+256 51.1+256 <0.001
Underlying diseases
Chronic obstructive pulmonary disease 869 (3.1) 11620 (9.0) <0.001
Interstitial pneumonia 2706 (9.8) 8256 (6.4) <0.001
Primary lung cancer 1420 (5.1) 8163 (6.3) <0.001
Asthma 1378 (5.0) 5592 (4.3) <0.001
Lung metastasis 974 (3.5) 2340 (1.8) <0.001
Tuberculosis 143 (0.5) 510 (0.4) 0.002
Sarcoidosis 70(0.3) 122 (0.1) <0.001
Marfan syndrome 58(0.2) 110(0.1) <0.001
Ehlers-Danlos syndrome 6 (0.0) 10 (0.0) 0.048
Birt-Hogg-Dubé syndrome 13(0.0) 14 (0.0) <0.001
Catamenial pneumothorax 873(3.1) 0(0.0) <0.001
Lymphangioleiomyomatosis 231(0.9) 2(0.0) <0.001
Body mass index classification (kg/m?) <0.001
Underweight (<18.5) 11344 (40.9) 42897 (33.2)
Normal (18.5-24.9) 11638 (42 o) 68437 (52.9)
Overweight (>25.0) 1337 (4.8 6247 (4.8)
Missing data 3395 (12. 2) 11774 (9.1)
Affected side <0.001
Right 6275 (22.6) 35124(27.1)
Left 5041 (18.2) 34533 (26.7)
Bilateral 917 (3.3) 6473 (5.0)
Missing data 15483 (55.9) 53241 (41.2)
Smoking status <0.001
Current or ex-smoker 4591 (16.6) 65302 (50.5)
Never smoked 20560 (74.2) 51085 (39.5)
Missing data 2565 (9.3) 12984 (10.0)
Treatments
Pleurodesis 2060 (7.4) 12108 (9.4) <0.001
Surgery 5635 (20.3) 37598 (29.1) <0.001

Continuous data are presented as the mean + standard deviation; categorical data are presented as the n (%).
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Figure 2: Age distribution of patients with pneumothorax in Japan between July 2010 and March 2016. (A) All patients (n =157 087); (B) male patients (n=129 371);
(€) female patients (n =27 716); (D) catamenial pneumothorax (n = 873) and (E) female patients without catamenial pneumothorax (n =26 843).

The ages of patients with CP ranged from 13 to 53 years, with a
peak around 40 years (Fig. 2D). Figure 2E shows the age distribu-
tion of female patients without CP. The peak around 40 years of
age was not diminished by the exclusion of patients with CP.

The characteristics of female patients with pneumothorax ac-
cording to age group are shown in Table 2. Focusing on the fact
that there were 3 age peaks for female patients, we subdivided
the adult female pneumothorax patients into 3 groups—young
(premenopausal, younger): 13-30years; middle-aged (premeno-
pausal, older): 31-53 years and aged (postmenopausal): >53 years.
The aged group was more likely to have most of the underlying
diseases, while the proportion of patients with Marfan syndrome
was highest in the young group and that of CP was highest in the
middle-aged group. The proportion of underweight patients was

highest in the young group. The middle-aged group had the
highest smoking rate.

Table 3 presents the comparison between CP and other types
of pneumothorax in female patients of reproductive age. The
average age of patients with CP was significantly higher than that
of patients with other types of pneumothorax. The proportions
of underweight patients and smokers were significantly lower in
the CP group. All types of endometriosis and thoracic endometri-
osis were found in 28.8% and 9.4% of CP patients, respectively. In
contrast, the 2 types were found in 1.4% and 0.0% of patients
with other types of pneumothorax, respectively. In both groups,
the right side was more commonly affected; however, the ten-
dency was stronger in the CP group (CP: right, 64.9%; left, 6.5%;
Other: right, 32.7%; left, 30.4%). Female patients with CP were
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Table 2: Differences in characteristics of female patients with pneumothorax, by age group (n =27 125)

Variables Young Middle aged Aged P-value %
(13-30 years) (31-53 years) (>53 years) ;)
Number of patients 5562 6037 15526 E
Underlying diseases
Chronic obstructive pulmonary disease 39(0.7) 80(1.3) 748 (4.8) <0.001
Interstitial pneumonia 26 (0.5) 145 (2.4) 2531 (16.3) <0.001
Primary lung cancer 4(0.1) 114 (1.9) 1301 (8.4) <0.001
Asthma 149 (2.7) 272 (4.5) 911 (5.9) <0.001
Lung metastasis 16 (0.3) 165 (2.7) 789 (5.1) <0.001
Tuberculosis 7(0.7) 13(0.2) 123(0.8) <0.001
Sarcoidosis 1(0.0) 13(0.2) 56 (0.4) <0.001
Marfan syndrome 36 (0.6) 13(0.2) 2(0.0) <0.001
Ehlers-Danlos syndrome 2(0.0) 4(0.1) 0(0.0) 0.010
Birt-Hogg-Dubé syndrome 1(0.0) 8(0.1) 4(0.0) 0.003
Catamenial pneumothorax 141 (2.5) 732(12.1) 0(0.0) <0.001
Lymphangioleiomyomatosis 48(0.9) 168 (2.8) 15(0.1) <0.001
Body mass index (kg/m?) <0.001
Underweight (<18.5) 2832 (50.9) 1979 (32.8) 6459 (41.6)
Normal (18.5-24.9) 2314 (41.6) 3386 (56.1) 5927 (38.2)
Overweight (>25.0) 43(0.8) 275 (4.6) 1019 (6.6)
Missing data 373 (6.7) 397 (6.6) 2118 (13.6)
Smoking status <0.001
Current or ex-smoker 590 (10.6) 1741 (28.8) 2259 (14.5)
Never smoker 4638 (83.4) 3801 (63.0) 11563 (74.5)
Missing data 334 (6.0) 495 (8.2) 1704 (11.0)
Number of hospitalization 13207 13£07 1.1£05 <0.001
Treatments
Pleurodesis 129 (2.3) 428(7.1) 1498 (9.6) <0.001
Surgery 2466 (44.3) 2035 (33.7) 1099 (7.1) <0.001

Continuous data are presented as mean # standard deviation; categorical data are presented as n (%).

more frequently hospitalized than other pneumothorax patients
(mean number of hospitalizations: 1.6 £0.9 vs 1.3 £0.6, P <0.001).
Patients with CP were also more likely to undergo pleurodesis
(8.5% vs 4.5%, P<0.001) and surgical treatment for pneumo-
thorax (57.1% vs 37.3%, P<0.001) compared with patients with
other types of pneumothorax. Patients with CP required multiple
surgical treatments more frequently than did those with other
types of pneumothorax (7.6% vs 5.4%, P <0.001).

We performed a multivariate analysis to determine the pre-
dictors of CP in female pneumothorax of reproductive age
(Table 4). Being aged >25years (especially 36-45 years), having
coexisting endometriosis, right-sided pneumothorax or a history
of hospitalization for pneumothorax was associated with a higher
probability of having a CP diagnosis; however, being under- or
overweight or a current or ex-smoker was associated with a
lower probability of having CP.

DISCUSSION

The present study investigated the differences in patients with
spontaneous pneumothorax according to sex. The male-to-female
ratio in the present study was 4.7:1, which was consistent with
similar ratios reported previously [1-6]. The present study showed
a biphasic age distribution for all patients and for male patients
alone and a triphasic distribution for female patients. The reason
the age distributions for both total and male data sets were
biphasic was that men comprised more than 80% of the cohort.
A previous epidemiological study reported that female idiopathic
pneumothorax was most common in the 3rd decade of life and

that secondary pneumothorax was more common in the 4th dec-
ade of life [3]. In a study of the French national inpatient database
[6], age distributions for both men and women had 2 peaks;
among women, the Tst peak of incidence was older than that of
men and incidence remained stable up to 40years. The present
study confirmed that the age distribution of female pneumothorax
had a distinct peak around 40years, along with those at 18 and
79years; the latter 2 peaks exactly matched those seen in men.
The present study also showed that the peak age at which CP
occurred was around 40vyears, a finding that is consistent with
those in previous reports [11, 13]. CP and pneumothorax related
to lymphangioleiomyomatosis are unique to women of reproduct-
ive age. However, the present study showed that the number of
these diseases diagnosed was insufficient to account for the peak
that was observed around 40years of age. The fact that the 3rd
peak was maintained even without CP patients suggests that the
number of CP cases was underdiagnosed in the data set.

CP is clinically defined as recurrent pneumothorax that occurs
within 72h of menstruation [10]. Some patients with CP have
histologically demonstrated ectopic endometrial tissues on their
diaphragms or pleura, although others do not [10, 11, 13].
When histological findings of thoracic endometriosis are observed
in a patient with pneumothorax, she is diagnosed as having thor-
acic endometriosis-related pneumothorax (TERP), regardless of
whether the onset of pneumothorax met the criteria for CP [19].
Because these diagnoses are not stated definitely in the ICD-10,
CP may have included both original CP and TERP in the present
study. The present study showed that the proportion of CP was
3.1% among all cases of female pneumothorax. Previously re-
ported proportions of either CP or TERP among all cases of female
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Table 3: Characteristics and treatments of female patients
of reproductive age, by type of pneumothorax (n=11 599)

Variables Catamenial Other P-value
pneumothorax pneumothorax
Number of patients (%) 873 (7.5) 10726 (92.5)
Age (years) 379+77 313115 <0.001
Body mass index (kg/m?) <0.001
Underweight (<18.5) 271(31.0) 4540 (42.3)
Normal (18.5-24.9) 552 (63.2) 5148 (48.0)
Overweight (>25.0) 20(2.3) 298 (2.8)
Missing data 30(3.4) 740 (6.9)
Smoking status <0.001
Current or ex-smoker 168 (19.2) 2163 (20.2)
Never smoked 670 (76.7) 7769 (72.4)
Missing data 35(4.0) 794 (7.4)
Endometriosis
Any endometriosis 251(28.8) 154 (1.4) <0.001
Thoracic endometriosis 82(9.4) 4(0.0) <0.001
Affected side <0.001
Right 567 (64.9) 3508 (32.7)
Left 57 (6.5) 3258 (30.4)
Bilateral 28(3.2) 461 (4.3)
Missing data 221(25.3) 3499 (32.6)
Number of hospitalizations ~ 1.6+0.9 13206 <0.001
Treatments
Pleurodesis 74 (8.5) 483 (4.5) <0.001
Surgery 499 (57.1) 4002 (37.3) <0.001
Diaphragm 55(11.0) 23(0.6) <0.001
Pleura 10 (2.0) 1(0.0) <0.001
Exploratory 10 (2.0) 37(0.9) <0.001
Lung 447 (89.6) 3957(989)  <0.001
Multiple surgeries 38(7.6) 218 (5.4) <0.001

Continuous data are presented as mean * standard deviation; categor-
ical data are presented as n (%).

pneumothorax have varied widely. According to a Japanese na-
tionwide study on female pneumothorax in 1986 [3], only 0.9% of
all patients with pneumothorax and 2.8% of patients with second-
ary pneumothorax had CP. The most common cause of secondary
pneumothorax at that time was pulmonary tuberculosis. In several
previous studies of surgically treated patients [10-14, 19, 20], 21-
23% of the female patients with pneumothorax had CP or TERP
[12, 19]. Among the patients of reproductive age [10, 11, 13, 14],
24-41% had CP or TERP. In our latest nationwide study, CP ac-
counted for only 7.5% of the cases of pneumothorax in female pa-
tients of reproductive age. Even considering that these previous
studies only included surgically treated patients in expert centres
and, therefore, selection bias was inevitable, CP might still be
underdiagnosed by general clinicians.

The present study showed a lower proportion of underweight
patients with CP than with other types of pneumothorax.
However, approximately one-third of the patients with CP were
classified as underweight, a proportion that was much larger
than that of healthy Japanese women (14.5%) of the same age
[21]. This implies that patients with CP are generally thin, similar
to patients with endometriosis [22]. In our study, 28.8% of CP pa-
tients had endometriosis. Previous studies have shown that the
proportions of patients with pelvic endometriosis among those
with CP or TERP vary broadly, with values ranging from 18.0% to
58.7% [19, 20]. We speculate that the diagnosis of endometriosis
may have been under-reported, possibly because most of the
clinicians who treated CP were not gynaecologists.

Table 4:  Multivariate analysis for predictors of catamenial
pneumothorax in female pneumothorax of reproductive age

Variables Odds ratio P-value
(95% CI)
Age (years) (vs under 20 years)
21-25 0.7 (0.4-1.1) 0.13
26-30 3.1(1.9-5.1) <0.001
31-35 44 (2.5-7.9) <0.001
36-40 6.8 (3.8-12.0) <0.001
41-45 6.8(4.1-11.5) <0.001
>45 3.8(2.2-6.6) <0.001
Body mass index (kg/m? vs normal)
Underweight (<18.5) 0.8(0.7-0.9) 0.003
Overweight (>25.0) 0.5(0.3-0.8) 0.003
Missing data 0.5(0.3-0.8) 0.005
Smoking status (vs never smoked)
Current or ex-smoker 0.6 (0.5-0.8) <0.001
Missing data 0.6 (0.3-1.0) 0.033
Coexistence of any endometriosis (vs none)
Yes 13.7 (10.4-18.1) <0.001
Affected side (vs left side only)
Right 52(2.8-9.7) <0.001
Bilateral 1.4 (0.9-2.4) 0.17
Missing data 2.5(1.8-3.6) <0.001
Number of hospitalizations (vs single)
Multiple 25(1.9-33) <0.001

Cl: confidence interval.

CP is known to be a right side-dominant pneumothorax, and
left-sided CP was very rare in previous small studies [11-13, 19].
Our results showed that left-sided CP was rare, but certainly
existed. It should be noted that male pneumothorax had no ap-
parent laterality, whereas female patients of reproductive age
without CP still appeared to exhibit right-sided dominance. Thus,
in the non-CP group, there may have been some patients with
underdiagnosed CP.

We found that patients with CP were more frequently hospi-
talized than were other female pneumothorax patients. In other
words, they were more likely to experience recurrence than
those with other types of pneumothorax. Surgical interventions
were more frequently performed on CP patients to stop air
leakage and/or to confirm histological diagnosis; however, re-
peat surgery was required more frequently in these patients
than in patients with other types of pneumothorax. On the
other hand, less than 10% of CP patients underwent chemical
pleurodesis. Because our data included only chemical pleurode-
sis (by talc powder, minocycline or picibanil) but did not in-
clude autologous blood pleurodesis or pleural ablation, more
procedures would have been performed than present results in-
dicate. In Japan, pleurodesis treatment for pneumothorax is not
actively performed, except in patients with high surgical risk;
this is because many surgeons have concerns regarding difficul-
ties associated with reoperation after pleurodesis [23]. For recur-
rent CP, some surgeons perform surgical pleurodesis using an
absorbable mesh [24]. In Western countries, the standard prac-
tice is to perform pleurodesis after the second episode of
pneumothorax, and talc pleurodesis has been reported to pro-
vide better results in terms of preventing recurrence of CP than
pleural ablation [11]. The effectiveness of pleurodesis for CP
should be reconsidered.
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Several previous studies have determined the predictors of CP
and TERP. They identified several factors as predictors: age
(>28 years [25] or >31 years [19]), never smoked [19] or not a current

smoker [25], a history of pelvic endometriosis [19], right-sided . Epidemi0|3vg?z, 0; pneumothorax in Engl;lnd Thorax 2000;55:666-71. ’ S
- " . - rimrose WR. Spontaneous pneumothorax: a retrospective review o <
pnel,JmOthoran (19} infertility and a history of pelvic Surge,ry or aetiology, pathogenesis and management. Scott Med J 1984;29:15-20. g
uterine scraping [25]. Indeed, these .factors were strong predlgtors, [3] Nakamura H, Konishiike J, Sugamura A, Takeno Y. Epidemiology of 3
but because of the small Sample size and because CP had ||ke|y spontaneous pneumothorax in women. Chest 1986;89:378-82. =
been underdiagnosed, they may have missed other suspicious fea- [4] Sadikot RT, Greene T, Meadows K, Arnold AG. Recurrence of primary
tures of CP. We found that the independent predictors of CP in fe- spontaneous pneumothorax. Thorax 199752:805-9.
. . uo Y, Xie C, Rodriguez RM, Light RW. Factors related to recurrence of
male pneumothorax of reproductive age were as follows: aged ; 10
X X spontaneous pneumothorax. Respirology 2005;10:378-84.
>25years (especially 36-45years), normal weight, never smoked, [6] Bobbio A, Dechartres A, Bouam S, Damotte D, Rabbat A, Regnard JF
coexisting endometriosis, right-sided pneumothorax and a history et al. Epidemiology of spontaneous pneumothorax: gender-related dif-
of hospitalization for pneumothorax. To prevent underdiagnosis of ferences. Thorax 2015;70:653-8. o
CP, we should take detailed anamneses and pay particular attention [7] Tan], Yang Y, Zhong ), Zuo C, Tang H, Zhao H et al. Association between
to f . . . BMI and recurrence of primary spontaneous pneumothorax. World |
o female pneumothorax patients presenting with these factors. Surg 2017;41:1274-80.
[8] Kawakami Y, Irie T, Kamishima K. Stature, lung height, and spontaneous
R pneumothorax. Respiration 1982;43:35-40.
Limitations [9] Melton L 3rd, Hepper NG, Offord KP. Influence of height on the risk of
spontaneous pneumothorax. Mayo Clin Proc 1981;56:678-82.
Several limitations of the present study should be acknowledged. [10] Alifano M, Roth T, Camilleri-Broet S, Schussler O, Magdeleinat P,
First, as the large database used in this retrospective study is pri- $§§q%rg4JZCatame”'a' pneumothorax: a prospective study. Chest 2003;
marily intended for the request of medical fees, some data may not [11] Alifano M, Jablonski C, Kadiri H, Falcoz P, Gompel A, Camilleri-Broet S et al.
haV? been as weII—vahdgted as data in plann.eq prospective stud 1€s, Catamenial and noncatamenial, endometriosis-related or nonendometriosis-
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fee. For example, the amount of missing data pertaining to the af- (12] Fukuoka M, Kurihara M, Haga T, Ebana H, Kataoka H, Mizobuchi T et al.
fected side was large (25.3-55.9%), and whether or not data were Clinical characteristics of catamenial and non-catamenial thoracic
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Objectives: To evaluate the clinical features of thoracic endometriosis syndrome (TES) represented by
catamenial pneumothorax (CP), endometriosis-related pneumothorax (ERP), and catamenial hemoptysis (CH).
Study design: In this retrospective study, we enrolled 25 patients with TES, 18 of whom had CP/ERP and 7
had CH, to investigate the clinical presentation, effectiveness of treatment, and recurrence rates in these
disorders.

Results: The age atonset was significantly lower in patients with CH than in patients with CP/ERP (P < 0.05).
In 94.4% of patients with CP/ERP, pneumothorax was observed on either the right side or bilaterally,
however there was no tendency toward laterality of CHamong our cases. In our study, patients with CP/ERP
predominantly underwent surgical management and the recurrence rate during treatment was higher in
patients with CP/ERP than in those with CH. We found that the recurrence frequency of CP/ERP was lowest
under the combination therapy with thoracic surgery and postoperative hormonal therapy.

Conclusion: Our findings suggest that CP/ERP and CH are different pathological conditions and CP/ERP is

Keywords:

Thoracic endometriosis syndrome
Catamenial pneumothorax
Endometriosis related pneumothorax
Catamenial hemoptysis

Recurrence

more difficult to manage than CH.

© 2018 Elsevier B.V. All rights reserved.

Introduction

Thoracic endometriosis syndrome (TES) is one of extra-genital
endometriosis, which is characterized by the presence of
endometrium-like tissues in the thoracic cavity. Manifestations
of TES include: catamenial pneumothorax (CP), catamenial
hemothorax, catamenial hemoptysis (CH), and lung nodules [1].
According to a meta-analysis of published cases between 2001 and
2007, the clinical presentation of TES includes pneumothorax
(72%), hemoptysis (14%), hemothorax (12%) and lung mass (2%) [2].
Recently, endometriosis-related pneumothorax has been reported
to develop as either catamenial pneumothorax or non-catamenial
pneumothorax [3-5]. Non-catamenial endometriosis-related
pneumothorax is also included in TES. TES has been recognized
as arare condition, and the etiology and pathology are still not well
known. The three hypotheses that may explain the pathogenesis of
thoracic endometriosis include coelomic metaplasia, lymphatic or

* Corresponding author.
E-mail address: thira-tky@umin.ac.jp (T. Hirata).

https://doi.org/10.1016/j.ejogrb.2018.04.021
0301-2115/© 2018 Elsevier B.V. All rights reserved.

hematogenous embolization, and retrograde menstruation
through a defect in the diaphragm|1,6]. None of these can explain
all of the clinical presentations of TES. The management of this
condition is highly variable because of the lack of recommenda-
tions. Although combined surgical and hormonal treatment have
been proposed, there is no consensus [7]. A recent study reported
that patients with CP had more hospitalizations and more frequent
surgeries than those with non-catamenial pneumothoraces
according to a large nationwide database of hospitalized patients
[8]. Furthermore, the recurrence rates of CP/ERP, even after surgery
or hormonal therapy were high at 32% and 27%, respectively [3].
Therefore, we sought to perform a retrospective analysis of cases of
TES in our facility to investigate the clinical presentations,
effectiveness of treatment, and recurrence rates.

Materials and methods
Cases

We identified 25 patients treated for thoracic endometriosis
between January 2000 and December 2016 at Tokyo University
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Hospital. We retrospectively analyzed the clinical features and
management (including age, BMI, parity, symptomatology, later-
ality, method of diagnosis, complications, surgical management,
hormonal therapy, and recurrence) by reviewing the medical
records. These factors were compared between patients with
catamenial pneumothorax, or endometriosis-related pneumotho-
rax (CP/ERP), and patients with catamenial hemoptysis (CH). For
recurrent cases of CP/ERP, the cumulative recurrence frequency
was calculated by dividing the number of recurrences by the
observational period, and this was analyzed based on the method
of treatment. The observational period was defined as the time
from the diagnosis of TES to either loss to follow-up or December
2016. This study was approved by the Institutional Review Board of
Tokyo University Hospital and informed consent was waived
owing to the retrospective nature of this study.

Definition of thoracic endometriosis syndrome

In this study, the inclusion criteria for TES were: (1) pathological
diagnosis (presence of endometrial glands and stroma, or isolated
endometrial stroma staining positively with estrogen/progester-
one receptors and/or CD10), (2) intraoperative findings (presence
of endometriotic lesions on visceral and parietal pleura or on
diaphragm), (3) chest computed tomography (CT) imaging (the
presence of pleuro-diaphragmatic nodules, ground glass opacity,
and air filled cavities), (4) Clinical symptoms and chest X-ray
examination (recurrent episodes of pneumothorax, hemoptysis,
hemothorax or chest pain related to menstruation).

Statistical analysis

The statistical analyses were performed using JMP pro version
13 (SAS Institute Inc, Cary, NC, USA). The continuous data are
presented as means and standard deviations (SD) and were
analyzed using t-tests. The categorical data were analyzed using
chi-square test and Fisher’'s exact tests and are presented as
numbers and percentages. A P value <0.05 was considered
statistically significant.

Results
Characteristics of patients

As shown in Table 1, the characteristics of patients with TES
were compared between patients with CP/ERP and those with CH.
Of the 25 patients with TES, 18 presented with CP/ERP (72.0%), and
7 with CH (28.0%). The mean age at diagnosis of TES was
34.8 + 7.3 years, and the mean age of diagnosis was significantly
lower in the CH group (29.6 + 4.6 years) than in the CP/ERP group
(36.8 & 7.3 years). The mean body mass index (BMI) of patients
with TES was 19.5+1.9kg/m? and there was no significant

difference between the two groups. We found that only 13 of our
25 patients had medical histories that provided smoking status, of
which 8 patients were in the CP/ERP group, and 5 patients were in
the CH group. Of these, there was one cigarette smoker in the CP/
ERP group and one cigarette smoker in the CH group. Seven of 25
(28.0%) cases involved coexisting pelvic endometriosis, and we
found no significant difference between the cases of CP/ERP
and CH.

Symptom and diagnosis

As shown in Table 2, all of the CP/ERP cases involved dyspnea,
and all the CH cases involved bloody sputum. As for laterality, 16
cases (89%) in the CP/ERP group were right-sided, one case was
left-sided (5.6%), and one case was bilateral (5.6%). In the CH group,
three cases were right-sided, three cases left-sided, and one case
with unknown laterality. There was a significant difference in the
frequency of right-sided versus left-sided disease between CP/ERP
and CH (P < 0.05). The symptoms occurred during menstruation in
all the 7 CH patients, but only in 14 of 16 CP/ERP patients.
Additionally, in two of the cases, the symptoms occurred during
the non-menstrual period (in these two cases, endometriosis was
confirmed in the thoracic cavity by operative pathology). All of the
patients in the CH group were diagnosed based on their symptoms,
and in the CP/ERP group, 7 of 18 were diagnosed by symptoms and
chest X-ray examination, 6 by pathology of surgical specimens, 3
by operative findings, and 2 by CT imaging.

Treatment and recurrence

The details of recurrence and treatment of the two groups is
shown in Table 3. During or after treatment, ten of 18 cases in CP/
ERP group recurred, and no cases in the CH group recurred
(P <0.05). In 15 of the 18 patients with CP/ERP, thoracic surgery
was performed, as shown in Table 3, while there were no cases of
CH in which thoracic surgery was performed (P < 0.05). Of the 15
cases of CP/ERP, after thoracic surgery recurrence occurred in seven
cases (46.7%), and a second surgery was performed in three cases
due to recurrence. The details of thoracic surgery are listed in
Table 4. Postoperative recurrence occurred even during postoper-
ative hormonal therapy in the CP/ERP group only. No recurrence
was observed during hormonal therapy (HT) in the CH group.

We analyzed the recurrence frequency of CP/ERP according to
the treatment provided. The observational periods, after the
diagnosis of TES, were divided into four periods defined as: “No
surgery/Before surgery,” “After Surgery,” with HT, and without HT.
Next, we determined the cumulative treatment period and the
total recurrence count. The recurrence frequency was calculated as
the total recurrence count divided by each cumulative treatment
period. As shown in Table 5, in the “No Surgery/Before Surgery”
period, one recurrence occurred during the period without HT, and

Table 1

Demographic and clinical characteristics of patients with thoracic endometriosis.
(Number of Cases) In total (25) CP/ERP (18) CH (7) P-value
Age at diagnosis (y.0.) 34.8 +7.3 (18-47) 36.8 +7.3 (18-47) 29.6 +4.6 (22-35) P <0.05

BMI (kg/m2) 19.5+ 1.9 (15.4-22.9) 19.7 £ 1.9 (15.4-22.9) 19.2 £ 1.9 (16.5-21.5) n.s.
Smoking history 2/13 (15%) 1/8 (13%) 1/5 (20%) n.s.
Parity 0 14/25 (56%) 9/18 (50%) 57 (71%) n.s.
>=1 11/25 (44%) 9/18 (50%) 27 (29%) -
Infertility 6/25 (24%) 5/18 (28%) 1/7 (14%) n.s.
Pelvic endometriosis (duplicate included) 7/25 (28%) 6/18 (33%) 1/7 (14%) n.s.
Ovarian Endometrioma 4/25 (16%) 3/18 (17%) 1/7 (14%) n.s.
Adenomyosis 5/25 (20%) 4/18 (22%) 1/7 (14%) n.s.
Intestinal Endometriosis 1/25 (4%) 0/18 (0%) 1/7 (14%) n.s.
History of gynecologic surgery 8/25 (32%) 6/18 (33%) 2[7 (29%) n.s.
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Table 2
Symptom and Diagnosis of thoracic endometriosis.
CP/ERP CH P-value
Symptom Dyspnea 18/18 (100%) 0/7 (0%) P <0.05
Chest pain 18/18 (100%) 3/7 (43%) P <0.05
Bloody sputum 0/18 (0%) 77 (100%) P <0.05
Laterality Right 16/18 (89%) 3/6 (50%) P <0.05
Left 1/18 (5.6%) 3/6 (50/) P <0.05
Both 1/18 (5.6%) 0/6 (0% n.s.
Relation between symptom and menstrual cycle Menstruation 14/16 (88%) 6/6 (1004) n.s.
non-menstrual period 2/16 (13%) 0/6 (0%) n.s.
Diagnosis Duration from First Onset to Diagnosis (month) 8.7+9.7 (1-36) 8.4+ 17.5 (1-48) n.s.
Method of Diagnosis Symptoms and Chest X-ray 7/18 (44%) 7/7 (100%)
Pathology 6/18 (39%) 0/7 (0/)
Thoracoscope 3/18 (17%) 0/7 (0%
Imagings (CT) 2/18 (11%) 0/7 (OA)
Table 3
Recurence and thoracic endometriosis syndrome with/without surgery and hormonal therapy.
CP/ERP CH
cases recurrence cases cases recurrence cases
Recurrence after diagnosis 18 10 (55.6%) 7 1(14.3%) P=.062
Recurrence after treatment 18 10 (55.6%) 7 0 (0%) P <0.05
with surgery 15 (83.3%) 0 (0%) P <0.05
postoperative recurrence 15 7 (46.7%) 0 0
during hormonal therapy 1 0
during no hormonal therapy 5 0
Both 1 0
recurrence before surgery 15 1(6.7%) 0 0
during hormone therapy 1 0
during no hormonal therapy 0 0
wihtout surgery 3(16.7%) 7 (100%)
3 2 (66.7%) 7 1(14.3%)
during hormonal therapy 1 0
during no hormonal therapy 0 1
Both 1 0
Table 4
Surgery for CP/ERP.
cases recurrence cases
First surgery 15 7 (46.7%)
Thoracoscopic diaphragmatic resection 4 2 (50%)
Thoracoscopic partial pneumonectomy 2 2 (100%)
Thoracoscopic partial pneumonectomy + pleurodesis 1 0 (0%)
Thoracoscopic diaphragmatic resection + partial pneumonectomy 4 1(25%)
Thracic surgery (details unknown) 4 2 (50%)
Second surgery 3
(pyothorax after spontaneous pneumothorax) Drainage + partial pneumonectomy + pleurodesis 1 0 (0%)
Pleurodesis 1 0 (0%)
Thoracoscopic partial pneumonectomy + pleurodesis 1 0 (0%)
Table 5
Cumulative recurrence frequency of CP/ERP.
No surgery/Before surgery After Surgery
No hormonal therapy Horomonal therapy No hormonal therapy Horomonal therapy
Total observation period (year and month) 3y Om 12y 7m 43y 5m 42y 1m
number of recurrence 1 3 6 2

Frequency of recurrence (time/year) 0.33 0.24 0.14 0.05
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2 recurrences were seen during HT, and therefore, the overall
cumulative recurrence frequencies were 0.33 times per year and
0.24 times per year, respectively. In the “After Surgery” period, 6
recurrences were detected during the period without HT and two
recurrences occurred during HT, thus the overall cumulative
recurrence frequencies were 0.14 times per year and 0.05 times per
year, respectively.

Hormonal treatment

As shown in Table 6, hormonal therapy was initiated using
either a GnRH agonist, low dose oral contraceptives (OC), dienogest
or danazol. In this case series, various hormone therapy
medications were used to control CP/ERP or CH. Among these,
continuous OC and dienogest were predominant as the optical
treatment in terms of effects, adverse effects, and feasibility of
long-term use. Regarding the patients with CH, no recurrences
were observed after any of the hormonal treatment regimens.
Table 7 shows that the recurrence rates were 18.0%, 33.3%, 16.7% or
0% with continuous OCs, cyclic OCs, dienogest or GnRH agonists,
respectively.

Comments

In this study, we elucidated the difference between the clinical
features of CP/ERP and CH. First, the age at onset was significantly
lower in CH compared to CP/ERP. Second, 94.4% of CP/ERP occurred
on either the right side or bilaterally, while there was no tendency
toward laterality of CH in our cases. Third, most of the patients with
CP/ERP underwent surgical management. Last, the recurrence rate
during treatment was higher in patients with CP/ERP than in those
with CH. These differences suggested that CP/ERP and CH are
different pathological conditions. We also observed that CP/ERP

Table 7
Recurrence rate during each hormonal therapy.

CP/ERP CH

cases cases with rec. cases cases with rec.

Hormonal Therapy

Continuos OC 11 2 (18.0%) 5 0 (0%)
Cyclic OC 6 2 (33.3%) 2 0 (0%)
Dienogest 6 1(16.7%) 2 0 (0%)
GnRH agonist 5 0 (0%) 4 0 (0%)
danazol 0 1 0 (0%)

seemed to be more difficult to manage compared to CH. A
combination of thoracic surgery and postoperative hormonal
therapy were required to reduce the recurrence frequency of CP/
ERP.

Of the 25 patients in our study, 18 patients had CP (72.0%) and 7
patients had CH (28.0%), which is in line with previous literature
showing that CP was the most frequent manifestation of TES [1].
When comparing CP/ERP and CH, the mean age of patients
diagnosed with CH was approximately 9 years lower than that of
the patients with CP/ERP. This result is in line with previous reports
[2,9], indicating that CH is early-onset TES.

The right hemithorax is affected in more than approximately
90% of TES cases [1,2]. In our study, 16 cases (88.9%) of CP/ERP
were right-sided, but there was no significant tendency toward
laterality among the CH cases. Previous reports showed that the
frequency of left-sided CH was 25 to 40%, which was less than that
obtained in our results [2,10]. However, left-sided CH was still
more frequent than left-sided CP/ERP. The three hypotheses that
may explain the pathogenesis of thoracic endometriosis include
coelomic metaplasia, lymphatic or hematogenous embolization,
and retrograde menstruation through a defect in the diaphragm

Table 6
Details of hormonal therapy.

CP/ERP
Case No. operation Recurrence during no HT third to last second to last previous last treatment

Recurrence 1 + + GnRHa cyclic 0OC* conti OC
2 + + GnRHa conti OC
3 + - conti OC*
4 + - conti OC*
5 + + conti OC
6 - - cyclic OC* dienogest®
7 + + conti OC dienogest
8 + + cyclic OC
9 - + cyclic OC
10 + + —

No recurrence 11 + - GnRHa cyclic OC conti OC dienogest
12 + - conti OC dienogest
13 + - conti OC dienogest
14 + - dienogest
15 + - cyclic OC conti OC
16 + - GnRHa conti OC
17 — - GnRHa
18 + - -

CH

Case No. operation Recurrence during no HT third to last second to last previous last treatment

1 - + GnRHa danazol conti OC dienogest

2 - - GnRHa cyclic OC conti OC

3 - - GnRHa conti OC

4 - - conti OC

5 - - conti OC

6 — - GnRHa dienogest

7 — — cyclic OC

2 Denotes recurrence.
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[1,6]. According to the retrograde menstruation theory, right-
sided dominance of CP/ERP occurs because the clockwise flow of
ascites containing endometrial cells reaches the right sub-
diaphragmatic area through the right paracolic gutters [11].
However, the pathogenesis of CH might differ from this theory
because of the lack of laterality in CH. Other authors reviewed the
cases of 74 patients with CH and proposed that the underlying
cause was likely to be lymphatic or hematogenous embolization
[10]. Accordingly, CP/ERP and CH are suggested to be distinct
entities, although both of them are types of TES.

In our cases, the recurrence rate during treatment was higher
in patients with CP/ERP compared to those with CH (P < 0.05).
Fifteen of 18 patients with CP underwent thoracic surgery, while
none of the patients with CH underwent thoracic surgery. With
CH, surgical resection methods including lobectomy, segmentec-
tomy, and video-assisted thoracoscopic surgery (VATS) are still
controversial [12], although VATS as a treatment for CH has been
reported recently [13,14]. Additionally, patients with CH did not
experience recurrence during hormonal therapy. These results
suggested that CH, unlike CP/ERP, is more likely to be treated with
hormonal therapy without surgery. Thoracic surgery for patients
with non-massive hemoptysis seemed to be over-treatment,
because proper control could be achieved by hormonal or
conservative therapy [15]. In our study, OCs, dienogest, and
GnRH agonists were all effective treatments for patients with CH.
However, OCs and dienogest are optimal for patients with mild
symptoms as shown in this study because unlike GnRH agonists,
they do not induce hypo-estrogenic effects even after long-term
treatment [16,17].

The high recurrence rate in CP/ERP was in line with other
previous reports [3]. The recurrence rate after hormonal therapy
alone was reported to be more than 50%, which was inferior to
surgery in preventing recurrence [1]. Furthermore, it has been
suggested that the CP and ERP are best treated using a combined
approach that includes thoracic surgery and subsequent hormonal
therapy [1,6,9,18,19]. In this study, the cumulative recurrence
frequency was lowest after surgery and postoperative hormonal
therapy.

Continuous OCs and dienogest have been reported to be as
effective as GnRH agonists for pelvic endometriosis [20-22], and
also effective for extra-genital endometriosis [23,24]. Further-
more, continuous OC regimens were reported to be more effective
for preventing the recurrence of dysmenorrhea after endome-
trioma surgery than cyclic OC regimens [25]. Compared with
cyclic regimens, the avoidance or delay of cyclic bleeding by
continuous regimens significantly reduced the frequency and
severity of endometriosis-related pain [26]. Likewise, continuous
regimens may reduce the frequency of symptoms associated with
CP/ERP.

The limitations of this study include its retrospective nature
and the limited number of patients due to the rarity of the disease.
Furthermore, the recurrence rate of CP/ERP is still high under the
current methods of management. Therefore, further study is
required to verify our results and develop the optimal treatment
regimen for CP/ERP.

Conclusion

In conclusion, the results of our study suggested that CP/ERP
and CH were different pathological conditions, considering the
difference in age at onset, laterality and recurrence rates.
Furthermore, the current management of CP and ERP is not
satisfactory, because the recurrence rates are still high, despite
surgery and hormonal therapies. Determination of the optimal
management for TES is still required to reduce its high
recurrence rate.
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