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Lymphangioleiomyomatosis
S.R. Johnson

ABSTRACT: Lymphangioleiomyomatosis (LAM) is a rare disease of the lungs and lymphatics,

which can occur sporadically or in association with tuberous sclerosis. LAM almost exclusively

affects females, generally developing before the menopause.

The disease is characterised by progressive pulmonary cystic change, recurrent pneu-

mothorax, chylous pleural collections and, in most cases, progressive respiratory failure.

Abdominal manifestations include lymphadenopathy, cystic lymphatic masses (lymphangioleio-

myomas), chylous ascites and angiomyolipoma (a benign tumour). Survival in LAM is ,70% at

10 yrs, although this is highly variable since long-term survivors have been described.

Diagnosis is made by a combination of clinical features and computed tomography scanning or,

in cases of doubt, lung biopsy. In patients with rapidly progressive disease, hormone treatment

(predominantly progesterone) has been used, although no firm evidence supports its use.

Otherwise, treatment is aimed at complications including pneumothorax, chylous collections and

extrapulmonary manifestations. The only treatment for severe LAM is currently lung transplanta-

tion.

Recent developments in the cell biology of lymphangioleiomyomatosis have shown that these

patients have somatic mutations in the genes linked to tuberous sclerosis and that rapamycin may

correct the resulting cellular abnormality. Trials of rapamycin in lymphangioleiomyomatosis are

currently underway and offer hope of evidence-based treatment for the disease.
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BACKGROUND
Lymphangioleiomyomatosis (LAM) is a disease
that predominantly affects young females and
generally progresses to respiratory failure. The
clinical features result from progressive cystic
destruction of the lungs and the accumulation of
LAM cells within the lungs and axial lymphatics.
The disease is rare (termed sporadic LAM) with a
prevalence of ,1 in 1,000,000 people [1, 2] in the
whole population, but is much more common in
patients with the genetic disease tuberous sclero-
sis where signs of the disease can be identified in
up to 40% of adult females with this condition
(tuberous sclerosis-associated LAM) [3–5]. The
disease tends to present between the menarche
and the menopause, with the mean age of onset
being 34 yrs. Occasionally, post-menopausal
females will present with the disease; however,
these patients are often receiving oestrogen
replacement therapy [6]. There are a very small
number of case reports describing LAM in males
and children with tuberous sclerosis; however,
this is extremely unusual and does not appear to
occur in sporadic LAM [7].

HISTORY
The first recorded case of LAM was probably the
death of a female with tuberous sclerosis
from bilateral pneumothoraces described by
LUTEMBACHER [8] in 1918. The first case of
sporadic LAM was reported in 1937 by VON

STÖSSELL [9], who described a young female
who died of respiratory failure with diffuse cystic
lung disease and dilated thoracic lymphatics; the
author called the disease ‘‘muscular cirrhosis’’. In
1966, CORNOG and ENTERLINE [10] reviewed 20
cases of abdominal or pulmonary disease caused
by LAM, which they termed lymphangiomyoma.
In 1975, CORRIN et al. [11] reviewed the literature
and described the clinical and pathological
features and drew attention to a potential link
between LAM and tuberous sclerosis. In the
1990s, major series of LAM were reported from
the USA [12, 13], South-East Asia [14], the UK [1,
15] and France [2]. Increasing interest in LAM
saw the establishment of registries and patient
groups and, as a result, research has increased
exponentially, resulting in greater understanding
in both the clinical and cellular aspects of LAM.
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In 2000, somatic mutations in the tuberous sclerosis complex
(TSC)2 gene were described in sporadic LAM [16] and, since
then, significant advances have been made in determining the
biology of its protein product tuberin [17] to the extent where
biological therapies are now being tested in clinical trials.

CLINICAL FEATURES
The pulmonary symptoms tend to dominate the clinical
course, with the most common features being pneumothorax,
progressive dyspnoea and chylous pleural effusions [2, 6, 11–
14]. Other respiratory symptoms include cough, haemoptysis
and chyloptysis (table 1). Dyspnoea is suffered by the vast
majority of patients with LAM and is the result of airflow
obstruction and replacement of the lung parenchyma by cysts.
Approximately two thirds of patients will have a pneu-
mothorax at some point in their clinical course, which are
recurrent in most and a cause of significant morbidity [6].
Chylous pleural effusions are less common, but again can be
difficult to treat conservatively and tend to recur after simple
aspiration [6, 18]. Haemoptysis and chyloptysis are due to
LAM cell obstruction of pulmonary capillaries and lymphatics,
respectively, and both occur in a small number of patients.
Extrapulmonary manifestations of LAM are lymphadenopa-
thy, large cystic lymphatic masses (termed lymphangioleio-
myomas), chylous abdominal collections [19, 20] and, in
approximately half of patients, the coexistence of a benign
tumour of smooth muscle, blood vessels and fat (termed
angiomyolipoma), which occurs chiefly in the kidneys (table 1)
[20–22]. Enlarged abdominal lymph nodes, either retroperito-
neal, retrocrural or occasionally pelvic, are visible by com-
puted tomography (CT) scanning in approximately one third
of patients, but alone tend not to cause abdominal symptoms
[20]. Lymphangioleiomyomas are larger cystic masses; these
most commonly occur in the abdomen, retroperitoneum and
pelvis but occasionally in the mediastinum and neck.
Symptoms associated with lymphangioleiomyomas are nau-
sea, bloating, abdominal distension, peripheral oedema and
urinary symptoms [23]. These symptoms may worsen during
the day, and this finding has been correlated with an increase
in the size of lymphangioleiomyomas in the afternoon,
presumably due to increased lower limb lymph accumulation
whilst standing throughout the day [23]. Less commonly,
localised swellings or pressure effects can cause symptoms at
other sites. Around 10% of patients will develop chylous
ascites due to lymphatic obstruction. Ascites are associated
with lymphatic obstruction and chylous collections in the

thorax [6] and more advanced lung disease [20]. The most
common abdominal manifestation of LAM is angiomyolipoma,
which is present in up to 50% of patients when screened by CT;
however, the majority of these tumours are asymptomatic [20–
22]. Multiple tumours and those .4 cm are more likely to
grow and cause symptoms [24, 25], which, if present, are
predominantly due to haemorrhage resulting in flank pain,
haematuria and occasionally life-threatening bleeding [26].

PRESENTATION
The first symptom in most patients is either dyspnoea or
pneumothorax. Less common presentations are cough, haemo-
ptysis or chylous pleural effusions. Occasionally, extra-
pulmonary manifestations will be the first symptom of LAM,
most commonly bleeding from angiomyolipomas [2], but
occasionally abdominal and pelvic masses will lead to the
diagnosis [19, 27]. Rarely, abdominal symptoms can pre-date
lung disease by many years with the final diagnosis only being
made with the onset of respiratory symptoms.

Physical examination is often normal early in the disease
unless a pneumothorax or chylous effusion is present. Crackles
and wheezes are present in a minority of patients [13, 14]. In
the occasional patient presenting with abdominal disease,
lymphangioleiomyomas may be palpable; however, in most
cases, abdominal manifestations will not be detectable by
clinical examination alone [19]. All patients with LAM should
undergo a careful clinical examination for stigmata of tuberous
sclerosis. Subungual fibromas, facial angiofibromas and sha-
green patches are all detectable clinically but may be
misdiagnosed or overlooked in milder cases, and hypomela-
notic patches require examination under Woods (ultraviolet)
light for reliable detection. The diagnosis of tuberous sclerosis
is not always straightforward as an increasing number of
patients with mild disease are being identified in adulthood,
including some with LAM as an initial presentation.
Furthermore, two thirds of cases occur as a result of sporadic
mutations and will have no family history of the disease. If
there is a clinical suspicion of tuberous sclerosis, then full
evaluation by a clinical geneticist is warranted to confirm the
diagnosis, for genetic counselling and management of poten-
tial complications [28].

As pulmonary symptoms and findings in LAM are common to
other lung diseases, such as primary spontaneous pneu-
mothorax, asthma and emphysema, the diagnosis of LAM is
often delayed, sometimes for many years. Clinical situations
that should raise the suspicion of LAM are the following:
pneumothorax (especially recurrent) in a young female with
proceeding breathlessness or haemoptysis; and emphysema in
a young female with minimal smoking exposure and airflow
obstruction with interstitial changes.

INVESTIGATIONS AND DIAGNOSTIC STRATEGY
Routine investigations can be supportive but not diagnostic in
LAM. The chest radiograph often appears normal in early
disease, although may show a pneumothorax or pleural effusion.
The most common abnormalities are reticulonodular shadowing
and cysts or bullae (fig. 1; table 2). The lung volumes are
generally preserved and the combination of preserved lung
volumes and interstitial changes occurs in a small number of

TABLE 1 Symptoms and clinical findings

At presentation During course of disease

Dyspnoea 42 (256) 87 (164)

Cough 20 (221) 51 (164)

Chest pain 14 (152) 34 (32)

Haemoptysis 14 (138) 22 (164)

Pneumothorax 43 (256) 65 (213)

Chylous effusion 12 (256) 28 (213)

Data are presented as % (n). Data from [2, 6, 11–14, 20–22].
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conditions including LAM, Langerhans’ cell histiocytosis,
sarcoidosis and chronic hypersensitivity pneumonitis.

Pulmonary function tests may be normal in patients with early
disease, although the majority have airflow obstruction and, in
a third of cases, a modest improvement after b2-agonist
inhalation. The total lung capacity is preserved but the gas
transfer is generally markedly reduced (table 2) [12].

The gold standard for the diagnosis of LAM is a tissue biopsy
of lung or involved lymphatics, which will show nodular
infiltration by abnormal smooth muscle cells, termed LAM
cells. Immunohistochemical staining for the smooth muscle
marker actin and the melanoma-related antigen HMB45 will be
positive in LAM [31]. Immunohistochemical staining is an
important adjunct in analysing lung biopsies, especially
transbronchial biopsies [32], as the LAM cells may be sparse
and difficult to identify in the early stages of the disease. Not
all patients with LAM require tissue biopsy for a definitive
diagnosis as the disease has a characteristic CT appearance in
the majority of cases. CT scanning shows multiple thin-walled
cysts scattered throughout the lung fields in an even distribu-
tion with normal intervening lung parenchyma. The cysts have
thin walls that are usually visible on CT (fig. 2) and when the
CT appearance is classical in the presence of other typical
manifestations of LAM, such as an angiomyolipoma, lym-
phangioleiomyoma or chylous pleural or abdominal collection,
a tissue biopsy is not normally required. Therefore, patients
with suspected LAM should have a high-resolution CT of the
thorax and a CT of the abdomen to examine for the presence of
angiomyolipomas and other lymphatic involvement. Where
the CT scan is not characteristic of LAM, a lung biopsy should
be obtained for a definitive diagnosis. In patients unable to
undergo a lung biopsy due to poor lung function, abdominal

CT may reveal a target for tissue biopsy in the abdomen or
associated features of LAM, which may negate the need for
tissue biopsy. A suggested diagnostic strategy is shown in
figure 3. In a small number of patients, on CT, the cysts will
not have walls and be indistinguishable from emphysema [33].
Other cystic lung diseases may occasionally be confused with
LAM, particularly Langerhans’ cell histiocytosis. However, in
this disease, nodules are often present particularly in the early
stages of the disease, and the cysts are more irregular with
thicker walls and tend to occur predominantly in the upper
and mid zones. Although cystic metastases generally have
thicker walls and are less numerous than LAM cysts, those
from smooth muscle tumours, particularly uterine sarcomas,
occasionally have a very similar appearance to LAM [32].

Angiomyolipoma can usually be identified by CT scanning
without the need for tissue biopsy. The tumour is of mixed
mesenchymal origin, containing smooth muscle, blood vessels
and fat. The presence of fat in these lesions gives a
characteristic CT appearance (fig. 2); diagnostic difficulty
may arise in the small number of angiomyolipomas that do
not contain fat. If the diagnosis of LAM is secure, these lesions
are likely to be angiomyolipomas and can be followed by
repeat imaging; however, in some cases, tissue biopsy may be
required to differentiate them from renal cell carcinoma.
Although more often solitary in sporadic LAM, angiomyoli-
pomas can be multiple, most commonly in patients with
tuberous sclerosis-associated LAM.

PATHOLOGY
During the course of the disease, LAM cells progressively
accumulate in the lungs and lymphatics. LAM cells express
smooth muscle actin, desmin and vimentin consistent with a
smooth muscle lineage, although also have features that are
not typical of normal muscle cells, namely electron-dense
granules, which contain melanoma-related proteins including
glycoprotein 100 (the target of the antibody human melanoma
black (HMB)45) and tyrosinase [35] and receptors for oestrogen
and progesterone [36, 37]. LAM cells tend to proliferate in
nodules, the centres of which contain predominantly spindle-
shaped LAM cells, which have a high proliferative capacity,
whereas the periphery is comprised of epithelioid LAM cells,
which have a lower proliferative capacity but a higher
expression of HMB45 [35]. These nodules line the airways
and cysts and are the hallmark lesion in LAM (fig. 4). Cystic
change is associated with smooth muscle proliferation in the
lung and it is likely to be due to tissue destruction from LAM
cell-derived matrix metalloproteinases (MMPs). MMP-2 is
upregulated particularly in regions of degraded extracellular
matrix lining the cysts [38, 39]. In addition to these findings,
LAM lesions are lined with type II pneumocytes, and a
significant proportion of patients also have airway inflamma-
tion (bronchiolitis) in airways surrounded by LAM cells [40].
Due to obstruction of pulmonary capillaries, haemosiderin
deposits may also be prominent in biopsies [11]. In the
lymphatics, LAM cells form haphazard clumps of cells, leading
to thickening of lymphatic walls and, variably, obliteration of
the vessel lumen and cystic dilatation. The unusual HMB45-
positive LAM cell phenotype also comprises the muscular
elements of angiomyolipomas (fig. 4) and has been termed the
perivascular epithelioid cell [41]. In addition, perivascular

FIGURE 1. Chest radiograph in advanced lymphangioleiomyomatosis show-

ing a combination of left pneumothorax, interstitial changes and pleural shadowing

due to a chylous effusion and pleural surgery.
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epithelioid cells form the rare, benign, clear cell tumour [42],
which can also be associated with both sporadic LAM and
tuberous sclerosis [43]. The smooth muscle cells of angiomyo-
lipomas are clonal [44], as are some of the blood vessels [45]
and possibly fat, suggesting the three elements of the tumour
may derive from a common mesenchymal precursor or stem
cell. In patients with tuberous sclerosis, focal proliferations of
type II pneumocytes (termed multifocal micronodular pneu-
mocyte hyperplasia (MMPH)) may occur [46]. MMPH in
tuberous sclerosis occurs both independently of and in
association with LAM [3]. This finding can be seen as nodules
on high-resolution CT, but is not thought to be clinically
significant.

CLINICAL COURSE
Patients with sporadic LAM generally develop progressive
airflow obstruction. Two studies have recently shown that
forced expiratory volume in one second (FEV1) declines
rapidly in LAM at ,120 mL?yr-1, although the variation about
this mean value was very large in both studies [1, 47].

Typically, in addition to worsening airflow obstruction,
patients may have intermittent pneumothorax, chylous collec-
tions or other complications as mentioned previously. The
clinical course of LAM is highly variable, and it is difficult to
be accurate about the prognosis of individual patients at the
onset of the disease. Studying a cohort of patients, it has been
shown that after 10 yrs, 55% of 77 patients would be more
breathless than their peers or have to stop when walking at
their own pace on the flat, and ,10% would be housebound
due to dyspnoea [48]. There are no prospective data on survival;
early studies based on case reports and post mortem series have
suggested survival is in the order of 4 yrs, although more recent
data have suggested that 10-yr survival is of the order of 55–71%
[2, 13]. However, in one study, one third of patients were alive
at 15 yrs and almost a quarter at 20 yrs after the onset of
symptoms [48]. At present, there is no good way of predicting the
prognosis of individual patients at diagnosis. However, this
variability is likely to be due to polymorphisms in modifier
genes and identification of such polymorphisms, which may
predict the clinical course of patients, is ongoing.

TABLE 2 Physiological and radiological findings from published series

At presentation During disease course

Pulmonary function [11, 12, 14, 29, 30]

Normal# 10 (42) 4 (97)

Obstructive" 29 (42) 63 (97)

Restrictive+ 26 (42) 10 (97)

Combined obstructive/restrictive 36 (42) 15 (97)

Low gas transfer1 96 (31) 91 (89)

Hypoxaemiaf 83 (42) 76 (81)

Chest radiograph [2, 13, 14]

Normal 5 (147) 0 (32)

Reticulonodular infiltrate 68 (147) 94 (32)

Cysts/bullae 47 (147) 41 (32)

Pleural effusion 5 (78) 28 (32)

Pneumothorax 35 (78) 81 (32)

Hyperinflation 27 (147) 25 (32)

Thoracic CT [2, 12, 14]

Cysts 100 (104) 100 (35)

Ground-glass opacities 29 (104)

Nodular densities 9 (104)

Pneumothorax 16 (38) 6 (35)

Pleural effusion 13 (38) 14 (35)

Hilar/mediastinal adenopathy 6 (104)

Dilated thoracic duct 11 (35)

Pericardial effusion 6 (35)

Abdominal CT [20–22]

Normal 5 (80)

Renal angiomyolipoma 53 (111)

Lymphadenopathy 36 (80)

Lymphangioleiomyoma 16 (80)

Ascites 9 (80)

Hepatic angiomyolipoma 3 (80)

Data are presented as % (n). CT: computed tomography. #: all values .80% predicted; ": forced expiratory volume in one second (FEV1) ,80%, FEV1/forced vital

capacity (FVC) ,70% predicted; +: FVC ,80%, FEV1/FVC .70% predicted; 1: all values ,80% predicted; f: ,10.6 kPa.
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LAM IN TUBEROUS SCLEROSIS
In tuberous sclerosis-associated LAM, the spectrum of disease
is greater. Only 2–3% of patients with tuberous sclerosis will
develop symptoms of LAM [49, 50]; however, if screened,
cystic lung disease consistent with LAM is present in 40% of
adult females with tuberous sclerosis [4, 5, 51]. This suggests
that a large number of these patients do not develop significant
lung disease or it may be overlooked in view of severe
involvement of tuberous sclerosis in other organ systems. In

those patients where symptoms do develop, LAM seems to
behave in a similar way to those patients with sporadic
LAM [49].

ADVANCES IN CELL BIOLOGY AND GENETICS
For some years, it had been postulated that LAM and tuberous
sclerosis were related due to the increased prevalence of LAM
in patients with tuberous sclerosis. Tuberous sclerosis is an
autosomal dominant disease characterised by a germline
mutation in one of two genes, TSC1 and TSC2 [52]. Tuberous
sclerosis-related hamartomas develop when loss of the second
allelle results in complete loss of the protein product [52]. In
sporadic LAM, somatic mutations have been found in LAM

a) b)

c) d)

FIGURE 2. Computed tomography (CT) appearances in lymphangioleiomyo-

matosis (LAM). a) High-resolution CT showing a moderate degree of pulmonary

cysts. The cysts have thin walls and the intervening lung parenchyma is normal. b)

Advanced LAM where cysts have coalesced, there is minimal normal lung and the

appearance is less characteristic. c) Abdominal CT showing a retroperitoneal

lymphangioleiomyoma. The low-density centre of the lesion (arrow) representing

fluid appeared cystic using ultrasound scanning (not shown). d) CT appearance of

a renal angiomyolipoma (arrow) showing mixed CT density, with the characteristic

low attenuation areas representing fat.
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FIGURE 3. Flow chart for suggested diagnostic strategy in lymphangioleio-

myomatosis (LAM). HRCT: high-resolution computed tomography. #: consider/

exclude other diseases; ": supportive features, i.e. angiomyolipoma, lymphangio-

leiomyoma, chylous collection.

a)

b)

FIGURE 4. a) Histological appearance of lymphangioleiomyomatosis (LAM)

showing nodular accumulation of LAM cells. b) Angiomyolipoma showing

proliferating smooth muscle cells, fat and blood vessels. The smooth muscle

elements are of the same phenotype as LAM cells.
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cells in the lungs, lymph nodes and angiomyolipomas,
predominantly for TSC2 [16, 53] and a lesser extent TSC1
[54], suggesting that the disease generally develops due to
somatic mutations in TSC2. In tuberous sclerosis, TSC1- and
TSC2-related disease have a slightly different phenotype [55]
with LAM, and larger and more frequent angiomyolipomas
that are more commonly associated with TSC2 mutations [3].
The protein products of TSC1 and 2 (termed hamartin and
tuberin, respectively) form a cytoplasmic complex in normal
cells and function to inhibit the protein mammalian target of
rapamycin (mTOR) via the guanosine triphosphatase rheb [17,
56]. mTOR is activated as a result of growth factor signalling
through phospho-inositide 3-OH kinase and AKT, resulting in
downstream activation of the ribosomal protein P70S6 kinase
and ribosomal S6 [56], leading to increased protein synthesis
and cellular proliferation. Cells with loss of either hamartin or
tuberin have constitutive activation of mTOR and P70S6
kinase, which can be inhibited in cell and animal models by
rapamycin [57], thus suggesting that rapamycin and similar
drugs may be potential therapies for LAM and tuberous
sclerosis. Clinical trials of rapamycin in LAM and tuberous
sclerosis are currently underway.

TREATMENT

Pulmonary complications
The initial approach to pneumothorax in LAM is the same as
other lung diseases; however, when a second pneumothorax or
a persisting air leak occurs, a thoracic surgeon should be
involved early on in the management. A review of pneu-
mothorax in LAM has shown that medical treatment is
associated with a recurrence rate of two thirds [6]. Even
following surgical treatment, pneumothorax may recur, and
loculated pneumothorax on the treated side can result in chest
pain and a gurgling sensation within the chest. Treatment of
pneumothorax in patients likely to require lung transplant-
ation should avoid radical pleural procedures if possible,
especially if bilateral pneumothorax has occurred. However,
improvements in transplant technique have made pleural
surgery a minor contraindication to lung transplantation and,
in general, the patient should have the appropriate procedure
performed for their symptoms at the time.

Chylothorax may contribute to symptomatic dyspnoea in LAM
and occurs by one of three mechanisms: 1) obstruction of the
thoracic duct and its tributaries; 2) leakage from pleural
lymphatics; and 3) transdiaphragmatic flow from chylous
ascites. Treatment is aimed at obliterating the pleural space to
prevent lymphatic accumulation or ligation of the thoracic
duct. The natural history of chylous collections is variable;
while some will have small persisting effusions that require no
treatment, for moderate or large effusions associated with
dyspnoea, treatment is required. In most cases, simple
aspiration or chest tube drainage results in re-accumulation
in a short time. Patients with persisting effusions after
aspiration have been successfully treated by pleurodesis,
pleurectomy and, in some cases, thoracic duct ligation. Early
experience with thoracic duct ligation was poor; however, this
now appears to be a relatively safe procedure in patients with
LAM.

Reduction in lymphatic formation by strictly lowering dietary
fat or substitution of fat by medium-chain triglycerides, which

are absorbed from the intestine and carried in blood rather
than the lymphatics, is difficult for patients to adhere to and
has generally not been very successful. Some reports have
suggested that progesterone may be useful in patients with
chylous collections [14]. However, most of these patients have
also had pleural interventions and this finding is difficult to
evaluate.

In the absence of effective treatments for LAM, dyspnoea
resulting from progressive lung disease rather than pleural
complications is difficult to treat. Twenty-five to 30% of
patients, particularly those with more severe airflow obstruc-
tion, may have some improvement in FEV1 following b2-
agonist inhalation. There is some evidence that lung function
declines more quickly in patients with LAM who take
oestrogen [58, 59] and, therefore, patients should be encour-
aged to stop smoking, avoid hormone replacement therapy
and the combined oral contraceptive pill. Other measures for
severe lung disease, including pulmonary rehabilitation,
oxygen where appropriate, prophylactic pneumococcal and
influenza vaccinations, are important.

Hormone therapy
As LAM generally presents in pre-menopausal females and
may be exacerbated by exogenous oestrogen, various anti-
oestrogen strategies have been used in the treatment of LAM
ever since SILVERSTEIN et al. [60] reported the use of ovarian
ablation in 1974. In 1980, MCCARTY et al. [61] reported the first
successful use of progesterone in a single patient and,
currently, progesterone is the most commonly used hormone
treatment for LAM.

A number of case reports and small series have suggested that
progesterone may be helpful in some patients. There have been
no controlled trials of progesterone (nor any other treatment)
in LAM. Two retrospective studies have tried to assess the
efficacy of progesterone, one showing a nonsignificant reduc-
tion in the rate of decline in FEV1 and a significant reduction in
the rate of decline in carbon monoxide diffusing capacity of the
lung in those treated with progesterone compared with
untreated patients [1]. These effects were small and there
was a wide variation in rates of decline in FEV1. Furthermore,
the effect did not appear to extend beyond 3 yrs. Another
larger study showed no difference in rate of decline in patients
treated with progesterone compared with untreated patients,
although these patients had slightly better lung function than
those in the previous study [62].

In the absence of good evidence, the routine use of pro-
gesterone or other hormonal strategies is not recommended in
LAM and the approach to treatment varies between different
authorities. It is the current author’s practice to use medroxy-
progesterone (400 mg?month-1 i.m.) in patients who have rapid-
ly progressing symptoms or declining lung function. Common
side-effects of progesterone include bloating, fluid retention
and nausea, and these may be severe enough to stop the
drug. Concerns have been raised that progesterone treatment
may be associated with the increased incidence of menin-
giomas in LAM; subsequently, cerebral magnetic resonance
imaging (MRI) scans before and during progesterone treat-
ment have been recommended [63], but are not currently
routine practice in most centres. Oopherectomy is no longer
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generally performed for LAM, and gonadotrophin-releasing
hormone agonists can produce the same reduction in
oestrogen levels as ovarian ablation; however, evidence for
their use is restricted to case reports [64, 65]. Tamoxifen, a
partial agonist of the oestrogen receptor, has been used with
mixed success [13, 66, 67]; the more selective full oestrogen
antagonists may be more effective but have not yet been
evaluated for LAM.

Lung transplantation
The first transplant procedure for LAM was performed in 1983
[68] and, since then, .100 patients with LAM have undergone
lung transplantation with single-lung transplant, the most
commonly performed procedure. Transplantation may be
considered in patients with progressive disease and severe
disability (FEV1 ,30% predicted) and those dependent on
oxygen. Survival following transplant is similar to other lung
diseases at 76, 56 and 51% at 1, 3 and 5 yrs, respectively [69].
Early post-transplant deaths are due to acute lung injury,
haemorrhage and sepsis, with later deaths predominantly due
to obliterative bronchiolitis and sepsis [69]. Haemorrhage due
to adhesions, either due to LAM alone or following previous
pleural surgery, was the main intra-operative complication,
which has resulted in repeat thoracotomy but no deaths [29].
Specific complications related to LAM are native lung
pneumothorax following single lung transplant and post-
operative chylothorax [29]. Recurrence of LAM in the graft has
been reported in several patients, although this did not
compromise graft function [70, 71]. This is now recognised to
be due to the ‘‘metastatic’’ spread of LAM cells to the graft
from residual LAM tissue [72].

Treatment of angiomyolipomas
Although most patients do not have symptoms from renal
angiomyolipomas, these tumours may bleed, which can result
in life-threatening haemorrhage. Patients with LAM should be
screened for angiomyolipoma at diagnosis by CT or MRI
scanning. In general, those with tumours ,4 cm in diameter
are at a lower risk of progression [25, 73–75] and can be
followed-up by ultrasound at 1–2-yr intervals. Those with
larger tumours should have ultrasound more frequently,
possibly at 6-monthly intervals [25]. Some would advocate
prophylactic intervention for large tumours, although most
would only treat symptomatic patients. In patients with
symptoms from enlarging or bleeding angiomyolipomas,
treatments should attempt to conserve renal tissue wherever
possible, especially where patients have multiple or bilateral
tumours. The treatment of choice would be either selective
embolisation or nephron-sparing surgery. Embolisation can be
performed without a general anaesthetic, even in patients who
are actively bleeding, and has been shown to be an effective
treatment in case series followed over several years [75, 76].
Nephron-sparing surgery is also an option but will require
general anaesthetic [74]. The choice between the two mod-
alities will be dependent upon local expertise and technical
considerations of the individual tumours. The most important
aspect of management is to avoid a large haemorrhage being
treated by emergency nephrectomy and compromising renal
function in patients who may develop or have further
angiomyolipomas.

It is not known if hormonal treatment is effective for
angiomyolipoma, although the tumours generally have recep-
tors for oestrogen and progesterone [77] and should behave in
a similar way to pulmonary LAM cells.

Pregnancy
Patients with LAM may develop more complications of the
disease during pregnancy, particularly pneumothorax and
chylous pleural effusions. A significant number of patients
with LAM will develop their initial symptoms during
pregnancy [2, 6]. There are no useful data on whether
pregnancy affects the progression of lung disease, as well as
rates of pneumothorax and pleural effusion. In addition,
patients with angiomyolipoma may have an increased risk of
bleeding from these lesions [78–80] and, in some cases, an
increased rate of growth during pregnancy [81]. However, a
significant number of patients with LAM have had an
uncomplicated pregnancy and this choice should belong to
the patients. Nevertheless, an increased risk of complications
should be discussed prior to conception to allow an informed
decision to be made and to alert the patient that new
symptoms may be due to LAM.

Air travel
Patients with LAM are often advised not to fly due to the risk
of pneumothorax. Although it is difficult to provide firm
guidelines on this issue, the risk may be overstated. In a survey
of several hundred patients with LAM in the USA, one in 20
had experienced a problem when flying, not all due to
pneumothorax (data from the LAM Foundation). Patients with
an existing pneumothorax should not fly and those with new
symptoms compatible with a pneumothorax should have a
chest radiograph before flying. The increased risk of pneu-
mothorax during flight is probably small for most patients and
whether the risk is acceptable or not depends on the patient’s
lung function, those with little reserve being less able to
tolerate a pneumothorax. The risk is probably greater in those
with previous pneumothorax and reduced after pleural
surgery.

CURRENT ISSUES
Although significant progress has been made in the supportive
care of patients and the molecular biology of LAM, there is still
no evidence from placebo-controlled trials on how these
patients should be treated. The use of rapamycin to correct
the cellular abnormality produced by loss of function of TSC1/
2 is an exciting development. The results of initial trials of
rapamycin assessing its safety and efficacy in LAM and
tuberous sclerosis-related angiomyolipoma are eagerly
awaited, and it is hoped that, if the outcome of such trials is
favourable, a suitable collaboration can be formed to perform
placebo-controlled trials of rapamycin on the rate of progres-
sion of the lung disease. The role of progesterone or the
selective oestrogen antagonists in LAM and how these may
compare or work synergistically with rapamycin and its
analogues is still not known. An explanation of why some
patients decline rapidly and others remain stable for many
years is also needed. It is likely that genetic variation in
modifier genes in related pathways is responsible for this
clinical variation. One study has suggested polymorphisms in
the MMP-9 gene may affect the severity of the lung disease in
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LAM [82]. Identification of such gene polymorphisms may
allow prediction of which patients are likely to decline rapidly
and target more aggressive treatment toward them. The
discovery that the LAM cells in the lungs and lymph nodes
contain the same gene mutations has suggested that they
metastasise from one to other sites [16, 72].

In conclusion, understanding the cell type of origin and the
signalling methods used to target lymphangioleiomyomatosis
cells to the lungs, lymphatics and kidneys may bring future
treatment strategies. Clearly, careful clinical and molecular
studies of lymphangioleiomyomatosis are still needed to
improve treatment and outcome in this disease.
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