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Spontaneous pneumothorax in a 24-year-old female
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CASE HISTORY
A 24-yr-old Caucasian female was evaluated in May, 2003 at
the San Martino hospital, Genoa, Italy, for the presence of
‘‘sudden onset’’ chest pain and nonproductive cough. Past
medical history was only characterised by the presence of
frequent headaches. The patient had been playing competitive
tennis from the age of 6–20 yrs and, after retirement from
competitions, had been smoking cigarettes (0.5 pack?day-1) for
the last 4 yrs. The patient was nulliparous and reported the use
of oral contraceptive in the last 3 yrs. Any suggestion of
respiratory symptoms, including cough, shortness of breath or
physical limitations during exercise were denied.

On admission, the patient had no dyspnoea, and physical
examination demonstrated a slight decrease in breath sounds
over the left hemithorax. Heart sounds were normal and there
was no cyanosis, clubbing or oedema. The abdomen was
nondistended, nontender, and without bruits, hepatospleno-
magaly or masses. There were no focal neurological findings.
The patient had normal body temperature with normal values
of blood pressure, pulse and respirations and transcutaneous
blood gas determination in room air showed normal arterial
oxygen and carbon dioxide tension.

A chest radiograph demonstrated the presence of a left-sided
pneumothorax. Blood tests were within normal values. After
successful chest drainage, the patient was discharged.

After a period of 2 weeks, in June 2003, the patient was
evaluated in the outpatient clinic at the G. Gaslini Institute,
Genoa, Italy, complaining of a persistent mild pain on the left
hemithorax. High-resolution computed tomography (HRCT)
scans (figs 1a and b) and pulmonary function tests (fig. 3;
table 1) were performed and a follow-up re-evaluation was
planned after 6–7 months. The patient did not complain of any
symptoms until mid-December 2003, when a sudden onset left-
sided chest pain was again experienced along with mild
dyspnoea, but a chest radiograph failed to demonstrate the
presence of a pneumothorax or any detectable lung abnorm-
ality. Both the chest pain and mild dyspnoea resolved without
any treatment in 24 h. As previously planned in June 2003,
chest HRCT scans (figs 2a and b) and pulmonary function tests
(fig. 4; table 2) were again obtained in January, 2004 at the G.
Gaslini Institute. A lung biopsy was performed and the
surgical specimens were sent for morphological evaluation
(fig. 5a–d).
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a) b)

FIGURE 1. High-resolution computed tomography (CT) scans of the chest at

two different levels of thoracic CT cuts performed on first admission to the

outpatient clinic.

a) b)

FIGURE 2. High-resolution computed tomography (CT) scans of the chest at

two different levels of thoracic CT cuts performed on the second admission to the

outpatient clinic, 7 months later.
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FIGURE 4. Flow–volume curve on the second admission to the outpatient

clinic, 7 months later.
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FIGURE 3. Flow–volume curve on first admission to the outpatient clinic.

TABLE 1 Flow–volume curves performed on the first
admission

Ref Pre-Meas Pre-% Ref

FVC L 3.77 3.61 96

FEV1 L 3.29 3.04 92

FEV1/FVC % 84 84

FEF25–75% L?s-1 4.14 3.17 76

PEF L?s-1 7.22 5.81 80

Ref: reference value for the evaluated patient; Pre-Meas: measurement

evaluated at baseline (before b2-adrenergic bronchodilators); Pre-% Ref:

percentage value of the parameter evaluated at baseline (before b2-adrenergic

bronchodilators); FVC: forced vital capacity; FEV1: forced expiratory volume in

one second; FEF25–75: forced mid-expiratory flow; PEF: peak expiratory flow.

TABLE 2 Flow–volume curves performed on the second
admission, 7 months later

Ref Pre-

Meas

Pre-%

Ref

Post-

Meas

Post-%

Ref

Post-%

Chg

FVC L 3.77 3.99 106 3.96 105 -1

FEV1 L 3.29 3.55 108 3.65 111 3

FEV1/FVC % 84 89 92

FEF25–75% L?s-1 4.14 3.85 93 4.28 103 11

PEF L?s-1 7.22 7.54 104 6.89 95 -9

DL,CO SB mL?min?mmHg-1 23.58 21.45 91.0

DL,CO/VA mL?min?mmHg-1 4.07 4.19 102.9

Ref: reference value for the evaluated patient; Pre-Meas: measurement

evaluated at baseline (before b2-adrenergic bronchodilators); Pre-% Ref:

percentage value of the parameter evaluated at baseline; Post-Meas:

measurement evaluated after treatment with b2-adrenergic bronchodilators;

Post-% Ref: percentage value of the predicted value of the parameter evaluated

after treatment; Post-% Chg: difference between the value of a parameter at

baseline and the value of that parameter after treatment; FVC: forced vital

capacity; FEV1: forced expiratory volume in one second; FEF25–75: forced mid-

expiratory flow; PEF: peak expiratory flow; DL,CO: carbon monoxide diffusing

capacity of the lung; SB: single breath; VA: alveolar volume.
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a) b)

c) d)

FIGURE 5. Histological preparations of lung biopsy specimen: a) haematoxylin and eosin staining at lower magnification (scale bar5100 mm); b) haematoxylin and

eosin staining at higher magnification (scale bar5100 mm); c) immunostaining with monoclonal antibodies reacting against anti-smooth muscle action (scale bar510 mm);

and d) immunostaining with the anti-melanoma-associated antigen (HMB-45) monoclonal antibody (Mab; scale bar510 mm).

BEFORE TURNING THE PAGE, INTERPRET THE PULMONARY FUNCTION TEST DATA,
COMPUTER TOMOGRAPHY SCANS AND LUNG BIOPSY RESULTS AND SUGGEST A
DIAGNOSIS.
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INTERPRETATION
HRCT and pulmonary function tests on first admission to
the outpatient clinic
Figures 1a and b show bilateral small cystic lesions of varying
size, although regularly shaped, that are diffusely distributed
throughout the lungs. The cystic walls are faintly perceptible.
No evidence of interstitial involvement, hilar lymph node
enlargement and pleural thickening or effusions was present.

Figure 3 shows the flow–volume curve, which demonstrates
normal lung volumes, including forced vital capacity (FVC)
and forced expiratory volume in one second (FEV1), and a
slight decrease in forced mid-expiratory flow (FEF25–75%).

HRCT and pulmonary function tests on the second
admission to the outpatient clinic
Figures 2a and b show HRCT scans of the chest performed 7
months later, clearly demonstrating a progression of the cystic
lesions, and an increase in their number and/or size.

Figure 4 shows the flow–volume curve demonstrating normal
volumes and flows, including FVC and FEV1, and a decrease in
FEF25–75%, with increased values, as compared to those
obtained in June, 2003. Carbon monoxide diffusing capacity
of the lung (DL,CO) and the DL,CO to alveolar volume ratio
(DL,CO/VA) were also within normal values.

Diagnostic considerations
In the differential diagnosis of the present case, the authors
considered the following diagnosis: a) lymphangioleiomyoma-
tosis; b) tuberous sclerosis (TS); and c) Langerhans cell
histiocytosis or eosinophilic granuloma (LCH).

Surgical procedure and interpretation of surgical
specimens
A left-sided mini-thoracotomy was performed, and multiple
subpleural cystic lesions were highlighted. Biopsies of the
lingula were obtained and sent to the pathologist for
morphological evaluation of lung tissues.

Macroscopic features
The resected lung tissue showed a variety of small cystic
lesions with thickened walls in subpleural tissue.

Microscopic features
At low magnification, ill-defined cystic lesions with thickened
walls were detected in the lung parenchyma (fig. 5a). At higher
magnification, the cyst walls appeared to be infiltrated by
proliferating smooth muscle-like cells, which are also present
in the alveolar interstitium (fig. 5b). These smooth muscle-like
cells stain positive with monoclonal antibodies reacting against
anti-smooth muscle actin and show a benign appearance
(fig. 5c). A significant proportion of the smooth muscle cells
infiltrating the lung parenchyma and the cyst walls show
reactivity for the HMB-45 antigens (fig. 5d).

Diagnosis: lymphangioleiomyomatosis.

Clinical course
Staging procedures, including abdomen computed tomogra-
phy (CT) scans and ultrasonography, failed to demonstrate the
presence of renal masses (e.g. angiomyolipomas) or dilatations

of the abdominal lymph vessels due to lymphatic obstruction
(e.g. lymphangioleiomyomas) and chylous ascites.

The patient was then referred to J. Moss, at the Pulmonary-
Critical Care Medicine Branch, National Heart, Lung and
Blood Institute, National Institutes of Health (NIH), Bethesda,
MD, USA, for further evaluation and follow-up.

The patient had two admissions at the NIH, the first in April
2004, confirming the diagnosis of lymphangioleiomyomatosis
(LAM), and lack of pulmonary function abnormalities, also
during cardiopulmonary exercise testing. The second visit was
in September 2004, when only a mild decrease in the DL,CO

values (DL,CO SB: from 91 to 80%; DL,CO/VA: from 102 to 91%)
were detected. The patient was well and did not complain of
any symptoms at the time of writing this case study.

DISCUSSION
LAM is an uncommon parenchymal lung disease characterised
by progressive cystic lung lesions, lymphatic tumours, and
angiomyolipomas, primarily affecting females of childbearing
age [1–3]. Onset of symptoms is most common in the 4th
decade of life but may occur in late teenage yrs or those aged
.60 yrs [1, 2, 4]. Diagnosis is made between 8 months and
22 yrs after onset of symptoms [1, 2, 4]. The present patient
was 24-yrs old, and the diagnosis was established ,1 yr after
the initial symptoms. Only a small proportion of LAM patients
appear to be smokers (as was the patient of the present study)
or ex-smokers [2–5].

The presence of proliferating immature-appearing smooth
muscle cells (referred to as LAM cells) in the lungs and in
the axial lymphatic in the thorax and abdomen is considered
the typical pathological hallmark of LAM [5]. Overgrowth of
LAM cells may induce compression of conducting airways
(leading to obstruction of airflow, air trapping, alveolar
disruption, and cystic changes), pulmonary venules (causing
pulmonary haemorrhage and haemosiderosis) and of lympha-
tic vessels (producing chylothorax and chylous ascites) [1–3, 5].
As a result of these changes, the clinical manifestations of LAM
include, almost always, pleuro-pulmonary symptoms, such as
chylothorax, haemoptysis, nonproductive cough, slowly pro-
gressive dyspnoea and recurrent spontaneous pneumothorax
[1–3]. This latter complication occurs in ,40–50% of cases [1–
5]. In the presented case, spontaneous pneumothorax occurred
in a very early stage of the disease, when the subject had no
respiratory symptoms, normal pulmonary function and lim-
ited cystic lung changes. In addition to airway obstruction by
proliferating smooth muscle cells, other factors may induce air
leaking in the pleural space in LAM patients. These include
metalloproteinases expressed and released by proliferating
LAM cells, which degrade the extracellular matrix components
of the lung and may contribute to the development and,
possibly, the rupture of the cysts [6, 7].

The cystic lesions are characteristically round and thin-walled,
of various sizes, and symmetrically and uniformly distributed
throughout the lungs. The appearance of LAM examined by
HRCT is quite characteristic, but two disorders should be
considered in the differential diagnosis: TS and LCH.
Pulmonary involvement in TS is indistinguishable from LAM
[8]. However, isolated pulmonary TS, without extrathoracic
manifestations, is rare and in the vast majority of cases, other
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clinical (mental status, skin, family history) and radiology
(cranial CT) features are present to help make the correct
diagnosis. In contrast, in LCH, a disorder found predomi-
nantly in smokers, there are a number of radiographic features
(pulmonary nodules, the irregular shape of the cysts, and their
uneven distribution, prevalent in the upper and middle lung,
with little or no involvement of the lower lobes), which are not
present in LAM [9].

The profusion of cysts may be quantified by CT scans and
seem to correlate with impairment of clinical conditions and
functional test values [1, 4, 5]. Indeed, in LAM, evaluation of
pulmonary function typically demonstrates chronic, progres-
sive airway obstruction with increased lung volume and
decreased carbon dioxide diffusion [5], leading to dyspnoea,
hypoxaemia and finally to respiratory failure [4]. Since the
severity of lung function impairment often closely reflects the
structural/functional lung abnormalities, it was not surprising
to find normal function values and no exercise-limiting
symptoms in a patient with early stage disease, like the patient
described in the current study [4, 5].

In addition to the lung structures, LAM frequently involves
other organs, such as the kidneys (e.g. angiomyolipomas) and
retroperitoneal lymph nodes [3, 10]. No extrathoracic alter-
ations were detectable in the presented patient.

Light microscopy examination of lung tissue in LAM is
characterised by diffuse interstitial proliferation of ‘‘imma-
ture’’ smooth muscle cells, frequently located in the wall of
enlarged air cavities and, to a larger or lesser degree, making
up part of the wall [11]. The proliferating cells are morpho-
logically heterogeneous in shape and size, have a benign
appearance and react with antibodies against smooth muscle
actin, desmin, and vimentin [11, 12]. However, in contrast to
normal smooth muscle cells, LAM cells and smooth muscle
cells of angiomyolipomas react with the anti-melanoma-
associated antigen monoclonal antibody (HMB45 Mab), which
recognises a 100 kDa glycoprotein (gp100) found in human
melanoma cells [11]. Immunohistochemical study with this
Mab may useful in the diagnosis, especially when evaluating
very early stage disease (as in the patient presented here) or a
biopsy specimen containing small numbers of these cells (as in
transbronchial biopsy samples) [11, 12]. LAM cells are
heterogeneous with respect to their expression of melanoma
antigens; those actively proliferating, which are probably more
relevant to the progression of LAM, are more likely to be
negative for reactivity with the HMB45 Mab [12].
Haemosiderin deposition in the lung interstitium and the
presence of haemosiderin-laden alveolar macrophages are
other typical findings of LAM, the degree of these abnormal-
ities being associated with the degree of myomatosis [13].
These changes were not detectable in the lung biopsy of the
patient in the current study, possibly due to the early stage of
the disease.

The overall prognosis of LAM is not good, due to the lack of
effective treatment, other than lung transplantation, and death
usually occurs from respiratory failure [1–5, 13]. However, the
clinical course of LAM is highly variable. Indeed, in some
patients pulmonary function tests show only a slow decline
(primarily impaired DL,CO and FEV1) whilst in others, loss of

respiratory function is rapid, and the time from the first
symptoms to onset of respiratory failure and lung transplanta-
tion may only be a few years [1–5].

Numerous strategies have been described to treat LAM [1–5,
8]. As a result of evidence of clinical worsening of the disease
during pregnancy and with use of exogenous oestrogens,
hormone manipulation has been extensively applied [13–15].
However, careful evaluation of studies aimed to evaluate the
effects of these therapeutic approaches revealed improvement
in chylothorax or chylous ascites, but no changes on the
progression of pulmonary involvement and no beneficial effect
on the overall course of the disease [1–5, 8, 15].

New hopes for LAM patients are based on molecular biology
approaches aimed at understanding the molecular signalling
pathways responsible for aberrant LAM cell growth and tissue
remodelling [16]. These studies have led to the identification of
promising molecular targets for therapy, which form the basis
for pilot trials now underway in Europe and the USA [17, 18].

The patient presented in this case study clearly shows that
early lung changes in lymphangioleiomyomatosis may not be
detected by plain chest radiography. The availability of new
drugs, such as rapamycyn, able to inhibit (at least in vitro)
lymphangioleiomyomatosis cell proliferation [18], will give
rise to questions on the opportunity to perform computed
tomography scans in females of reproductive age in case of
spontaneous pneumothorax, to detect early stage disease.
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