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Recurrence of primary spontaneous
pneumothorax

R T Sadikot, T Greene, K Meadows, A G Arnold

Abstract ondary to pulmonary tuberculosis up to 1932
when Kjaergard described primary spon-Background – Primary spontaneous

pneumothorax (PSP) is a common clinical taneous pneumothorax (PSP) as a separate
entity occurring in previously healthy adults.3problem and its incidence is thought to be

increasing. The risk of recurrence is high Devilliers was the first to suggest the rupture
of subpleural blebs as a cause for spontaneousand various studies quote rates of 20–60%.

Factors which may or may not predispose pneumothorax and Hewson described thoraco-
centesis for its relief.1to recurrence have not yet been es-

tablished. PSP is a common clinical problem occurring
in apparently healthy subjects with a reportedMethods – In a study period of four years

291 cases with a diagnosis of pneumo- incidence of 7.4–28/100 000 per year for men
and 1.2/100 000 per year for women.4 Thethorax were reviewed; 153 patients with

PSP were included in the study. Their risk incidence of PSP is believed to be increasing,
and the recurrence rate has been variably re-of recurrence was analysed with particular

reference to the following variables: age, ported as 20–60%5 with few studies of pre-
disposing risk factors.6 7sex, height and body mass index (BMI) of

the patient, the initial size of pneumo- This retrospective study, which preceded
publication of the BTS guidelines,8 was con-thorax, the smoking status of the patient,

and the primary form of treatment em- ducted to evaluate the recurrence rate of PSP
with particular reference to the following vari-ployed. Univariate analysis was carried

out by v2 testing and multivariate analysis ables: age, sex, height and BMI of the patient,
initial size of the pneumothorax, smoking statuswas calculated by a logistic regression

model. of the patient, and the primary form of treat-
ment employed.Results – A retrospective study of 275 epi-

sodes of PSP in 153 patients over a four
year period confirmed a high incidence
of recurrence (54.2%). PSP was twice as Methods
common in men as in women, though The study was carried out at a cardiothoracic
women were significantly more likely to surgical centre (Castle Hill Hospital) for the
develop a recurrence (v2=7.58, df=1, region of East Yorkshire. A total of 429 patients
p<0.01 ). Male height was the second most with a diagnosis of pneumothorax were iden-
important factor, and smoking cessation tified from a computer-generated diagnostic
the only other variable which significantly index for the period from February 1990 to
influenced the risk of recurrence. March 1994. A proportion of patients (n=
Conclusions – Analysis of several potential 104, 24%) were tertiary referrals for surgery
risk factors revealed that recurrence was from neighbouring hospitals and were excluded
not related to the BMI of the patient, the from the analysis to avoid selection bias. Miss-Medical Chest Unit, initial treatment of the pneumothorax, nor ing data (case notes or radiographs) for 34Castle Hill Hospital, to its size. Recurrence was more commonNorth Humberside, patients (8%) left 291 case records for detailed
in taller men and in women. Smoking ces-UK study.R T Sadikot sation appeared to reduce the risk of re- Patients were entered into the study if theyA G Arnold currence. These findings are discussed in were older than 15 years and if the initial index
the context of the possible aetiology ofDepartment of Public episode of pneumothorax occurred during the

Health Medicine, spontaneous pneumothorax, recurrences, study period. The following data were col-University of Hull, and the management thereof.North Humberside, lected: (1) age and sex, (2) height and weight,
(Thorax 1997;52:805–809)UK (3) smoking habits, (4) associated lung dis-

T Greene eases, (5) side and size of pneumothorax, andK Meadows Keywords: primary spontaneous pneumothorax, re- (6) the treatment modalities. Patients withcurrence.Correspondence to: secondary, iatrogenic, and traumatic pneumo-Dr R T Sadikot,
Department of Medicine, thoraces were excluded. Although formal pul-
Mail Slot 634, The pathophysiology of pneumothorax was de- monary function tests were not obtained on allUniversity of Arkansas
for Medical Sciences, scribed by Combulsier in 1747. He recognised patients, the diagnosis of obstructive airways
4301 W Markham, that the decrease in pulmonary function was a disease (COPD/asthma) was excluded byLittle Rock,
Arkansas 72205-7199, USA. result of lung compression due to air in the the clinical history, physical examination and

simple spirometric testing. The follow upReceived 9 December 1996 pleural space.1 The term pneumothorax was
Returned to authors first coined by Itard in 1803,2 and the clinical period ranged from 42 to 62 months (mean 544 February 1997
Revised version received features of this condition were described by months), during which details of recurrences
3 June 1997 Laennec in 1819.2 Most cases of spontaneous and changes in smoking habit were noted. AtAccepted for publication
1 July 1997 pneumothorax were regarded as being sec- the end of the study the data were confirmed
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proximately half way towards the heart border,Table 1 Causes of secondary spontaneous pneumothorax
(c) airless lung separated from the diaphragm,Diagnosis Single Recurrent
(d) tension: pneumothorax associated withpneumothorax pneumothorax
cardiorespiratory compromise.COPD 9 15

Univariate analysis was carried out to deter-Asthma 4 6
Bronchogenic carcinoma 3 mine whether each variable affected the riskSarcoidosis 1

of recurrence, using v2 testing for categoricalBronchiectasis 1
Alveolar microlithiasis 1 variables (sex, smoking status, smoking ces-Hard metal lung disease 1

sation, treatment type, and pneumothorax size)Previous TB 1
Marfan’s syndrome 1 and t tests for continuous measures (age, BMI,Atypical TB 1

and height). BMI and height were analysedTotal 21 23
separately for men and women as these meas-
ures are not comparable between sexes. The
combined effect of variables on the probability
of recurrence was modelled using logistic re-
gression. The effect of each variable on the
number of recurrences was tested using v2 tests
for categorical variables and t tests or F statistics
for continuous variables.

Results
In the study period of four years 291 patients
with a diagnosis of pneumothorax were re-
viewed. Patients with traumatic or iatrogenic
pneumothorax (n=94), and those secondary
to pre-existing lung disease (n=44, table 1)
were excluded from the study (fig 1). Most of
the patients with secondary pneumothorax had
underlying obstructive airways disease (asthma
or COPD, n=34, 77%).

Ages ranged from 15 to 95 with a mean (SD)
of 36.8 (17.4) years and the age distribution

291 patients (1990–1994)

197 patients

153 patients with 275 episodes

70 single 83 recurrent

(94)

(44)

Traumatic
or

iatrogenic

Pre-existing
lung

disease

was similar in both sexes. The peak incidence
Figure 1 Patients excluded from the study (as shown in of PSP was in the first two decades of adult
parentheses). life (fig 2). Spontaneous pneumothorax was

found to be twice as common in men as in
women (n=49, 32%). The height of the

by a telephone interview with the patient or by patients ranged from 60 to 75 inches (mean
a postal questionnaire. (SD) 66.8 (3.6) inches). Two of the women

The following definitions were employed: correlated episodes of pneumothorax with their
PSP was defined as pneumothorax occurring menstrual cycle and were therefore regarded
in a patient with no overt underlying lung as cases of catamenial pneumothorax.
disease, with no apparent alternative aetiology. One hundred and fifty three patients with
Secondary pneumothorax was diagnosed by PSP experienced 275 episodes, a single episode
the concurrent presence of underlying lung in 70 patients while 83 experienced recurrent
disease such as asthma, COPD, lung cancer, episodes (fig 1). The overall recurrence rate
etc. Recurrence was defined as a further was therefore 54%. Sixty patients experienced
pneumothorax occurring more than 30 days one recurrence in the study period, 14 ex-
after the end of treatment in patients who perienced two recurrences (12 patients ex-
had achieved full lung expansion following the perienced episodes outside the study period),
initial pneumothorax. Size of pneumothorax and nine patients experienced more than two
was categorised according to the chest radio- recurrences (three patients experiencing epi-
graphic appearance as (a) shallow or small: a sodes outside the study period).
small rim of air remaining around the lung, Seventy patients experienced left sided epi-
(b) moderate: the lung being collapsed ap- sodes only, 54 experienced right sided episodes

only, and 24 experienced bilateral episodes at
various points in time (one patient presenting
with a bilateral pneumothorax). Twenty eight
patients presented with a shallow pneumo-
thorax, 74 with a moderate, and 46 with a large
pneumothorax. A tension pneumothorax was
recorded in five patients. This study preceded
the publication of the BTS guidelines so that
a standard management protocol did not exist,
patients being treated at the discretion of the
clinician involved. Nine patients were initially
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Figure 2 Age distribution. sequent insertion of an intercostal chest drain
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Table 4 Logistic regression model for recurrenceTable 2 Primary risk factors in the recurrence of spontaneous pneumothorax (univariate
analysis)

Variable Regression Significance Odds ratio
coefficient (B) exp (B)Risk factor Recurrence p value (v2) Significance

n (%)
Constant −6.786 0.296
Sex −8.728 0.179 0.0002Sex
Height 0.103 0.313 1.108Male 48 (46.2)
Sex × Height 0.120 0.236 1.1280.0059 ∗∗

Female 35 (71.4)
Smoking status

Yes 64 (55.7)
0.676 –

No 19 (50.0)
Smoking cessation

Yes 6 (40.0)
0.023 ∗ stopped smoking after their first pneumo-

No 59 (70.2) thorax, but this group had a significantly lowerTreatment
Observation 6 (42.9) recurrence rate (40%; v2=5.16, df=1, p=

0.616 – 0.023) than those patients who continued toICD and A+ICD 70 (53.8)
Initial size smoke (70%).

S 17 (58.6) Other factors that did not significantly affectM 38 (50.7) 0.507 –
C 28 (60.9) the recurrence rate were age, initial size of

pneumothorax, and mode of management.Yes (mean) No p value (t test)
Age 39.4 34.6 0.095 – However, a reliable assessment of the impact
BMI of the different forms of treatment employedMale 37.0 37.5 0.436 –

Female 36.0 36.8 0.529 – cannot be made because of the small numbers
Height (inches) in the treatment groups (aspiration group andMale 69.3 67.9 0.008 ∗∗

Female 62.9 62.9 0.925 – aspiration/ICD group). Testing was only pos-
sible between the “observation alone” and ICDICD=intercostal drain; A=aspiration; S=shallow; M=moderate; C=complete.
groups where no significant difference was
shown.

An analysis of tabulations of recurrence by
Table 3 Pattern of recurrence time and side of recurrence revealed no patterns

Time to recurrence Side of recurrence for any of the study variables except smoking
status. Smokers tended to develop recurrencesYear 1 Year 2 Thereafter Ipsilateral Contralateral
earlier than non-smokers and on the same side

Smokers 38 15 11 54 10 as the initial pneumothorax (table 3). Since theNon-smokers 2 6 11 6 13
numbers of non-smokers were low, and since

(v2=17.02, df=2, p<0.01) (v2=20.38, df=1, p<0.01) this was a subdivision of the main outcome
variable, no firm conclusions could be drawn
from this.

(ICD) because of failed resolution of the
pneumothorax. The initial management of 14
patients was simple observation. An ICD was     

A logistic regression model was fitted for theinserted at the outset without prior aspiration in
124 patients and their recurrence rate (53.8%, logit (probability of a recurrence) with sex,

BMI, smoking status, height, age, and size oftable 2) closely resembled that for the entire
group (54.2%). pneumothorax considered as possible ex-

planatory variables. Because of physiological
differences, interactions between sex and each
of the other variables were also considered as  

 possible explanatory variables. Forward step-
wise selection included the variables “sex” andAn analysis of the effect on the risk of re-

currence of various patient characteristics “sex × height” in the model. With the forced
addition of the “height” variable which reducedfound that women were significantly more

likely than men to develop a recurrence (cor- the significance of the selected variables the
final model was as displayed in table 4.rected v2=7.58, df=1, p=0.006; table 2).

Height and BMI were tested separately for This model correctly predicted recurrence
status in 65.8% of cases. The discriminatorymen and women as the measures are not dir-

ectly comparable between sexes. BMI for both power of the model is not a great improvement
upon chance (which would predict 50% ofsexes and the height of female patients were

not shown to have a significant influence on cases) and is not therefore sufficient to predict
accurately recurrence for individuals.recurrence, but the mean height of male

patients with a recurrence was significantly Interpretation of the parameter values is not
straightforward because of the inclusion of thehigher than those without a recurrence (t=

2.71, df=80, p=0.008). “sex × height” interaction. However, the res-
ults are in keeping with the findings of theOne hundred and fifteen (75%) of patients

were smokers on entry to the trial (char- univariate analysis that women have a greater
risk of recurrence than men, with increasedacteristic=“smoking status”). Whether a per-

son was a smoker or not had no significant height in men making a recurrence more likely.
No other variable or interaction contributedinfluence on subsequent recurrence. Data on

changes in smoking habit (characteristic= significantly to the model. In particular, smok-
ing status and possible interactions between“smoking cessation”) were only available for

99 of the 115 patients. Only 10% of patients sex and smoking do not merit inclusion.
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in the first instance, and these factors may beTable 5 Primary risk factors in multiple recurrence of spontaneous pneumothorax
(univariate analysis) more influential in women than in men. Certain

types of pneumothorax – for example, cata-Risk factors Number of patients p value (v2) Significance
menial and those secondary to lymph-

0 recurrence 1 recurrence 2 or more recurrences angiolyomyomatosis – are specific to women.
Sex However, in our study population there were

Male 56 39 9 only two women with apparent catamenial0.0011 ∗∗
Female 14 21 14 pneumothoraces.

Smoking status
It is tempting to speculate that a hormonalYes 51 44 20

0.0586 – factor might be operating to explain this differ-
No 19 15 4 ence between the sexes. Progesterone hasInitial size
S 12 11 6 been shown to have an effect on collagen.
M 37 25 13 0.403 – Administration of progesterone has been shownC 18 23 5

Treatment to inhibit the progression of emphysema in rats
Observation 8 4 2 by inhibiting the activity of proteolytic enzymes0.687 –
ICD and A+ICD 60 52 18 such as elastase and collagenase, similar to that

of a-antitrypsin and pulmonary surface activeMean value F-test of
linearity lipoproteins.13 In men the development of idio-

0 recurrence 1 recurrence 2 recurrences 2+ recurrences (p value) pathic pneumothorax has been shown to be
Age 39.4 32.7 41.6 35.7 0.463 – associated with low progesterone levels due
BMI to hypofunction of the adrenal cortex.14 It isMale 37.5 37.2 37.1 35.7 0.244 –

Female 36.8 36.3 35.3 35.9 0.476 – possible that low progesterone levels, induced
Height (inches) by cyclical hormonal variation, may predisposeMale 67.9 69.0 69.8 71.0 0.0012 ∗∗

Female 62.9 63.2 62.5 62.0 0.329 – women to recurrence of PSP.
Smoking is clearly implicated in the de-ICD=intercostal drain; A=aspiration; S=shallow; M=moderate; C=complete.

velopment of the initial pneumothorax. Most
of our patients were smokers, and smoking
cessation seemed to reduce the recurrence rate.   

 The pattern of recurrence in smokers seemed
to differ from that seen in non-smokers, withWhen account was taken of the number of

recurrences and the same variables tested (ex- recurrence tending to occur earlier and on the
same side as the initial pneumothorax. Thiscluding “smoking cessation” for which data

were not available), then the same two variables risk might simply be mediated by an increased
tendency to coughing and transmission of in-(sex and male height) were found to affect

recurrence significantly (table 5). No new sig- creased intrathoracic pressures to an area of
healing visceral pleura, or it may be associatednificant effects were found in comparison with

the simple risk of recurrence analysis. with structural changes consequent upon the
reduced antiprotease activity that is associated
with the smoking habit.

The risk of developing a spontaneousDiscussion
This study confirms some of the previously pneumothorax or a recurrence is probably mul-

tifactorial. Our multivariate analysis indicatedestablished facts about the epidemiology of
PSP. The male predominance found in our that the height of male patients was linked to

the risk of recurrence; although this factor wasstudy, with a ratio of 2:1, may suggest a rising
incidence of PSP in women. A similar ob- not evident in our female patients, they, of

course, were a cohort of smaller average height.servation was made by Primrose who also found
a male to female ratio of 2:1,9 in comparison Bullae and blebs are commonly found at the

apex of lungs of patients with spontaneouswith previous studies which have shown a ratio
of 6:1–8:1.4 10 The monophasic age distribution pneumothorax. It has been suggested that these

are formed as a result of degradation of elasticobserved in this study, with a peak incidence
in the first two decades of adult life, is due to fibres due to a focal imbalance between elastase

and a1-antitrypsin.15 They may also result, andthe fact that the study was strictly confined to
patients with PSP. Studies which have included be more likely to rupture, from the increased

forces generated at the apex of the lungs of tallcases of secondary spontaneous pneumothorax
have demonstrated a biphasic age distribution subjects.16

Further factors may also operate. A study bywith a second peak in late adult life, mainly
due to underlying chronic obstructive airways Bense et al17 on a group of patients with PSP

who had never smoked and had a normal a1-disease.9 11 It is well established that smoking
increases the risk of contracting a first pneumo- antitrypsin level showed bilateral bronchial ab-

normalities in most patients at bronchoscopicthorax,12 and our study supports this fact with
75.2% of our patients being smokers. examination. A case of recurrent PSP has also

been reported in a non-smoker with bronchialThe main purpose of this study was to evalu-
ate the factors predisposing to the recurrence atresia.18 It is possible that the presence of such

anatomical abnormalities, not visualised onof PSP, since few data on this are available.
Surprisingly, although women are at a lower plain chest radiographs, may be responsible

for the causation and bilateral recurrences ofrisk of developing the initial pneumothorax,
their risk of recurrence is higher than men. pneumothorax.

The initial management of pneumothoraxWhat is the cause of this paradox? Perhaps the
factors that influence the recurrence rate of remained controversial until the publication of

BTS guidelines in 1994. Our study supportsPSP are different from those that cause PSP
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