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Abstract

Background: Increased risk of spontaneous pneumothorax
has been described in patients with Marfan syndrome and
has been attributed, in part, to the presence of apical blebs
and bullae. Objectives: We assess the risk of pneumothorax
anditsrelationship to the presence of apical blebs and bullae
in patients with Marfan syndrome in the era of CT imaging.
Methods: A retrospective cohort study was performed of all
patients 13 years or older with Marfan syndrome evaluated
at the Mayo Clinic, Rochester, Minn., USA, from 1998 through
2008. One hundred and sixty-six patients met the current
diagnostic criteria for Marfan syndrome and had chestimag-
ing studies available for review. Results: The median age was
40 years (range 14-71); 37% had a smoking history. Eight of
166 patients (4.8%) had experienced 1 or more episodes of
spontaneous pneumothorax, and 2 of these 8 patients had
2 ormore episodes. Apical blebs or bullae were identified on
radiologic imaging in 16 patients (9.6%). Four of 16 (25%) pa-
tients with apical blebs or bullae had a history of spontane-
ous pneumothorax compared to 4 of 150 patients (2.7%)
without blebs or bullae (p = 0.003). Conclusions: The fre-
quency of blebs is relatively low in patients with Marfan syn-

drome but the risk of pneumothorax is significantly higher
in those with radiologically detectable blebs or bullae. Chest
CT scanning to identify blebs and bullae may allow risk strat-
ification for pneumothorax in patients with Marfan syn-

drome. Copyright © 2011 S. Karger AG, Basel

Introduction

Marfan syndrome is one of the most common inher-
ited disorders of connective tissue and occurs worldwide.
It is an autosomal dominant condition with a reported
incidence of 1 in 3,000-5,000 individuals [1]. There is no
predilection for either sex. Most patients with Marfan
syndrome harbor mutations involving the FBNI gene
which is located at chromosome 15q-21.1 [2]. The FBNI
gene encodes the matrix protein fibrillin-1, an important
component of both elastic and nonelastic connective tis-
sues. It is the main protein of a group of connective tissue
microfibrils that are essential to normal elastic fibrillo-
genesis. More than 25% of Marfan syndrome cases prob-
ably represent new mutations. In a minority of cases, a
mutation in FBNI is not identified.

There is a wide range of clinical severity seen in pa-
tients with Marfan syndrome but, to date, no correlation
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between the specific type of FBNI mutation and clinical
phenotype has been recognized. Aortic root disease,
leading to aneurysmal dilatation, aortic regurgitation
and dissection, is the main cause of morbidity and mor-
tality in Marfan syndrome. However, patients with Mar-
fan syndrome display manifestations in other organs in-
cluding ocular, musculoskeletal and central nervous sys-
tems as well as the lung.

Several pulmonary manifestations of Marfan syn-
drome have been described [1, 3]. These include restric-
tive lung disease from pectus excavatum or scoliosis,
emphysema, bullae, apical blebs and increased risk of
spontaneous pneumothorax [3-7]. This increased risk
of pneumothorax has been attributed to the presence of
apical blebs, bullae, abnormal connective tissue constit-
uents in the lung parenchyma, or increased mechanical
stresses in the lung apices due to the tall body habitus (3,
5, 7]. These studies addressing the issue of spontaneous
pneumothorax in Marfan syndrome were performed
before the widespread use of CT in chest imaging. Here-
in, we reassessed the frequency of spontaneous pneu-
mothorax, apical blebs and bullae in patients with Mar-
fan syndrome seen in the current era of CT imaging. We
also explored the relationship between these manifesta-
tions.

Patients and Methods

The study was undertaken at the Mayo Clinic in Rochester,
Minn., USA. A computer-assisted search was performed to iden-
tify all cases of Marfan syndrome undergoing a first-time evalu-
ation during an 11-year period from 1 January 1998 to 31 Decem-
ber 2008. The patients’ confidentiality was maintained and ap-
proval was obtained from the Mayo Foundation Institutional
Review Board prior to beginning the study. The diagnosis of Mar-
fan syndrome was assigned using the revised diagnostic criteria
published in 1996 [8]. This diagnostic scheme is still based large-
ly on clinical findings in various organ systems but the require-
ments for criteria are more stringent compared to previous guide-
lines.

Since pneumothorax in Marfan syndrome has been reported
in individuals beyond childhood, we limited this study to those
13 years or older, similar to a previous study on this topic [5]. Of
202 subjects identified who met these criteria, 27 did not have
chest imaging studies (chest radiography or chest CT scan) avail-
able for current review and 9 other subjects did not have the lung
apex included in CT imaging. The remaining 166 patients formed
the study cohort with 110 chest CT scans and 56 chest radiographs
(for those without a CT scan) reviewed. One of the 56 chest radio-
graphs was performed in the setting of pneumothorax while oth-
ers were taken with lungs fully expanded.
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Table 1. Common manifestations related to Marfan syndrome
(n =166)

Characteristic Patients
Aortic root dilation, dissection or

prior aortic root replacement 111 (67)
Aortic valve regurgitation 69 (41)
Optic lens abnormality 53 (33)
Scoliosis 50 (30)
Pectus excavatum 45 (27)

Figures in parentheses are percentages.

Data Collection and Analysis

Medical records were reviewed to extract demographic data,
smoking history, clinical features including a history of pneumo-
thorax and comorbidities. Only 17 patients had pulmonary func-
tion data available, and thus, pulmonary function data were not
analyzed. Radiologic studies were reviewed by 2 of the authors
(J.H.R. and G.L.A.) independently, and differences in interpreta-
tion were settled by consensus. In those subjects with more than
1 chest imaging study, the most recent study was evaluated. Pa-
renchymal abnormalities were noted, particularly apical blebs
and bullae, along with pneumothorax. A bleb was defined as a
gas-containing space in the subpleural lung, measuring <1 cm in
diameter [9]. A bulla was defined as an airspace measuring >1 cm
in diameter demarcated by a thin wall that is <1 mm in thick-
ness [9].

All data were analyzed using the JMP 7.0 statistical software
(SAS Institute, Cary, N.C., USA). The x? test was used for the anal-
ysis of categorical data when values were >5. Fisher’s exact test was
used for the analysis of categorical data when values were <5.

Results

In this cohort of 166 patients, there were 97 (58%)
males and 69 (42%) females. The median age of the cohort
was 40 years (range 14-71). Sixty-two patients (37%) had
a smoking history. The most common Marfan-related
manifestation (table 1) was aortic root pathology (68%),
followed by aortic valve regurgitation, optic lens abnor-
mality, scoliosis and pectus excavatum. Eighteen (11%)
described dyspnea on exertion or chronic dyspnea. Elev-
en (7%) patients had been diagnosed to have lung disease
that included restrictive lung disease secondary to pectus
or spine deformity (6 patients), asthma (3 patients) and
chronic obstructive pulmonary disease (2 patients).

Eight patients (4.8%), 17-36 years of age, had experi-
enced 1 or more episodes of spontaneous pneumothorax.
Characteristics of these 8 patients and their management
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Fig. 1. CT scan of the chest of a 26-year-old woman with Marfan
syndrome who had previously had 1 episode of left-sided sponta-
neous pneumothorax (at 17 years of age) managed with chest tube
drainage alone. Small apical blebs are seen in the apex of the left
lung. No other lesions were present in the lungs.

A

Table 2. Characteristics of 8 Marfan patients with spontaneous
pneumothorax

Characteristic Patients
Age at first pneumothorax, years

Median 21

Range 17-36
Male sex 6 (75%)
Smoking history

Current 1

Previous

Never 5
Number of pneumothorax episodes

Median

Range 1-3

Management of pneumothorax
Observation only 1
Chest tube drainage only 3
Pleurodesis 2
Surgical resection and pleurodesis 2

are outlined in table 2. Six of these patients had 1 episode
of pneumothorax, 1 patient had 2 episodes of ipsilateral
pneumothoraces, and the remaining patient had 3 epi-
sodes of unilateral pneumothoraces affecting both sides.
The patient with 2 episodes of ipsilateral pneumothoraces
underwent a pleurodesis, and the patient with 3 episodes

Pneumothorax in Marfan
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Fig. 2. CT scan of the chest of a 31-year-old woman with Marfan
syndrome with no previous history of pneumothorax. A subpleu-

ral bulla is seen in the left lower lobe posteriorly. This patient also
had biapical blebs and 2 other bullae.

of pneumothoraces underwent a resection of apical blebs
with pleurodesis on the side of the recurrent pneumotho-
rax. A 36-year-old woman, the oldest of the 8 patients,
experienced a spontaneous pneumothorax requiring
chest tube placement during pregnancy. Two additional
patients had a history of pneumothorax that was not
spontaneous and was identified during the postoperative
period after aortic root surgery.

Apical blebs or bullae were present in 16 (9.6%) pa-
tients as identified on chest CT or chest radiography
(fig. 1, 2). These lesions were identified by CT in 11 pa-
tients (10.0% of those evaluated by CT) and by chest ra-
diography in 5 patients (8.9% of those evaluated by chest
radiography). Four of the 16 (25%) patients with apical
blebs or bullae had a history of spontaneous pneumotho-
rax compared to 4 of the 150 (2.7%) patients without bul-
lae or blebs identified radiologically (p = 0.003). Thus, 4
of the 8 (50%) patients with a history of spontaneous
pneumothorax had evidence of apical blebs or bullae. In
all 4 patients, blebs or bullae were identified on the side
where the pneumothorax occurred.

Of 62 patients with a history of smoking, 19 were ac-
tive and 43 past smokers at the time of evaluation. The
incidence of pneumothorax was similar between the pa-
tients with a smoking history (3 of 62, 4.8%) and the non-
smokers (5 of 104, 4.8%; p = 1.0). We did not find a sig-
nificant difference between the incidence of apical blebs
or bullae in smokers (7 of 62, 11.3%) versus non-smokers
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(9 of 104, 8.6%; p = 0.777). In patients with pectus exca-
vatum, 1 out of 45 (2%) had a history of spontaneous
pneumothorax and 4 (9%) had evidence of blebs or bullae.
Both values were not significantly different (p = 0.684
and 1.0, respectively) when compared to patients without
pectus excavatum.

The presence of blebs, bullae and spontaneous pneu-
mothorax was also assessed in relation to the presence or
absence of aortic root pathology. Five of 111 patients
(4.5%) with aortic root disease had a history of pneumo-
thorax, compared to 3 out of 55 patients (5.4%) without
aortic root disease (p = 0.529). The patients with aortic
root disease tended toward a lower prevalence of blebs
and bullae compared to those without aortic root disease,
i.e. 8 of 111 patients (7.2%) versus 8 of 55 (14.5%), respec-
tively (p = 0.111).

Discussion

Marfan syndrome is a common inherited connective
tissue disorder with several respiratory manifestations,
with spontaneous pneumothorax being the most fre-
quently reported [3]. In the current study, the frequency
of spontaneous pneumothorax was found to be 4.8% in a
cohort of patients with a median age of 40 years. Our pa-
tients with a history of pneumothorax were young adults
with a mean age of 21 years at the time of their initial
pneumothorax and more likely to be male (6 of 8 sub-
jects). A positive correlation was found between the pres-
ence of apical blebs or bullae and the occurrence of spon-
taneous pneumothorax with more than a 9-fold increased
risk of pneumothorax in those subjects with identifiable
apical blebs or bullae. Current or past smoking history
did not appear to increase the likelihood of spontaneous
pneumothorax.

Two prior studies published in the 1980s reported the
prevalence of pneumothorax in Marfan patients to be 4
and 11%, respectively [5, 7]. These 2 studies described pa-
tients experiencing spontaneous pneumothorax to be
young adults and more often men than women, similar
to our findings [5, 7]. Wood et al. [7] noted that spontane-
ous pneumothorax patients had a high prevalence of skel-
etal abnormality (8 of 11) such as pectus deformity, but
we did not note a significant effect of pectus excavatum
on the incidence of pneumothorax. Furthermore, we not-
ed no significant correlation between pulmonary find-
ings and the presence or absence of aortic root disease.
Use of medications to reduce the incidence of aortic root
dilatation may have confounded this analysis.
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With chest radiography alone, Wood et al. [7] identi-
tied 5 0f 100 (5%) patients with Marfan syndrome to have
apical bullae, while Hall et al. [5] noted bullous apical le-
sions in 9 of 249 subjects (3.6%). With the addition of CT
scanning in the majority of subjects, we found a higher
prevalence than expected, with 16 of 166 subjects (9.6%)
having apical bullae or blebs. However, it should be noted
that the presence of blebs and bullae has been described
in normal subjects as well. Amjadi et al. [10] performed
bilateral thoracoscopic evaluation in the course of tho-
racic sympathectomy for idiopathic hyperhidrosis and
identified blebs in 6% of 250 otherwise healthy subjects
(mean age 29 years) with no preexisting lung disease.
Similarly, Lesur et al. [11] described the presence of bullae
on CT scanning in 2 of 20 control subjects (10%) with no
history of lung disease. Thus, it is unclear whether the
frequency of blebs and bullae in Marfan patients is truly
higher than in normal subjects. In addition, it remains
controversial as to whether blebs and bullae are the ac-
tual sites of air leakage in patients with primary sponta-
neous pneumothorax [10-13]. Aside from the presence or
absence of blebs, abnormal connective tissue constituents
in the lung parenchyma of Marfan patients may predis-
pose to pneumothorax.

The frequency of spontaneous pneumothorax is high-
er in patients with Marfan syndrome than in the general
population [3, 5]. Due to this increased incidence, these
individuals have been advised to avoid scuba diving, fast
ascents in elevators and playing brass instruments, as
those activities may lead to a pneumothorax [14, 15]. Our
findings indicate that not all individuals with Marfan
syndrome have the same increased risk of spontaneous
pneumothorax, and by using available imaging studies,
physicians may be able to stratify patients into higher-
and lower-risk groups. If future studies confirm the abil-
ity to risk stratify using chest CT scanning, one may be
able to de-escalate the concern for spontaneous pneumo-
thorax in many patients with Marfan syndrome, i.e. those
without apical blebs or bullae.

Although we find the presence of blebs and bullae to
be associated with the risk of pneumothorax in patients
with Marfan syndrome, it is possible that blebs and bullae
may not be the actual sites of air leak in patients with
these lesions. For example, some investigators have sug-
gested that blebs and/or bullae have no predictive value
for recurrence in patients with primary spontaneous
pneumothorax (patients without underlying lung dis-
ease) and that peripheral airway obstruction with airtrap-
ping may be the main mechanism for pneumothorax in
these subjects [13, 16-18]. In addition, fluorescein-en-
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hanced thoracoscopy has revealed areas of parenchymal
abnormality that are not identified by white light thora-
coscopy and may potentially be the sites of air leak (‘pleu-
ral porosities’) in patients with primary spontaneous
pneumothorax [19]. These types of investigations have
not been performed in patients with Marfan syndrome.
However, previous reports have identified emphysema-
tous changes of varying severity in histopathologic ex-
amination of lung biopsy and autopsy specimens from
patients with Marfan syndrome [20-22]. Aberrant fibril-
lin-1 expression was recently implicated in the pathogen-
esis of early emphysema in humans [23]. It is plausible
that defective connective tissue components may give rise
to both blebs and bullae as well as to the increased risk of
pneumothorax without blebs and bullae necessarily be-
ing the sites of air leak in patients with Marfan syndrome.
Indeed, some of our patients who experienced spontane-
ous pneumothorax did not have radiologically identifi-
able parenchymal lesions.

There are limitations to our study results. Patient se-
lection was based on individuals seeking treatment at a
large referral medical institution. It is possible that evalu-
ation of this cohort led to an overestimation of the preva-
lence of both cardiac and pulmonary comorbidities in the
Marfan population, indicating that the true likelihood of
spontaneous pneumothorax may be less frequent than
described. Not all patients underwent chest CT scanning.
Thus, we provided the data on the frequency of blebs and
bullae separately for those evaluated by chest radiography
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