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ABSTRACT

Background Lymphangioleiomyomatosis is a rare
disease of unknown origin that usually leads to pro-
gressive deterioration of lung function and eventual
death from respiratory failure. It occurs in women of
reproductive age and people with tuberous sclero-
sis. Lung transplantation is a recent therapeutic ap-
proach.

Methods We conducted a retrospective study by
questionnaire of 34 patients, treated at 16 transplan-
tation centers, who underwent lung transplantation
for end-stage lymphangioleiomyomatosis between
1983 and 1995.

Results  Of the 34 patients, 27 received single-lung
transplants; 6, bilateral transplants; and 1, a heart-
lung transplant. As of August 31, 1995, the actuarial
survival calculated by the Kaplan—-Meier method was
69 percent after one year and 58 percent after two
years. Eighteen patients were alive a mean (£SD) of
33+20 months (range, 3 to 74) after transplantation.
Forced expiratory volume in one second increased
from 2412 percent of the predicted value before
transplantation to 48+16 percent six months after
transplantation. Five early deaths (within one month)
were due to hemorrhage (in one patient), acute lung
injury (in three), and dehiscence of the bronchial
anastomosis (in one). Eleven late deaths (after one
month) were due to infections (in eight patients),
bronchiolitis obliterans (in two), and metastatic neph-
roblastoma (in one). Disease-associated problems
were extensive pleural adhesions in 18 patients, lead-
ing to moderate-to-severe intraoperative hemorrhage
in 4; pneumothorax in the native lung after single-
lung transplantation in 6 patients; postoperative
chylothorax in 3; and recurrent lymphangioleiomyo-
matosis in the allograft in 1 patient, who died of dis-
seminated aspergillosis.

Conclusions Although disease-related complica-
tions are frequent, lung transplantation can be a
valuable therapy for patients with end-stage lym-
phangioleiomyomatosis. (N Engl J Med 1996;335:
1275-80.)
©1996, Massachusetts Medical Society.

YMPHANGIOLEIOMYOMATOSIS is a
rare disease of unknown origin, first de-
scribed in 19371 It occurs in women of re-
productive age and in patients of both sex-
es affected by tuberous sclerosis. The pulmonary
complications are due to a hamartomatous prolifer-
ation of smooth-muscle cells preferentially along the
bronchovascular structures, resulting in obliteration
of the airways and the consecutive development of
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cysts in the lungs.2? The disease is usually progres-
sive, and patients die of respiratory failure.+5

The predominant occurrence of lymphangiolei-
omyomatosis in women during their reproductive
years suggests hormonal involvement. Treatment is
therefore targeted against the production and effects
of estrogensé!! but remains largely ineffective. In re-
cent years, lung transplantation has become a thera-
peutic approach.1218 However, most lung-transplan-
tation centers have had experience with only one or
a few patients each. We therefore conducted an in-
ternational survey to obtain information on trans-
plantation for lymphangioleiomyomatosis.

METHODS

From November 1992 to August 1995, we performed 30 lung
transplantations at the University Hospital of Zurich, Switzer-
land,’ 4 of them (13 percent) for lymphangioleiomyomatosis. In
August 1994, questionnaires were sent to 18 other lung-trans-
plantation centers identified through the International Lung
Transplant Registry, in St. Louis, or by personal communication.
By August 1995, 15 centers had responded. The three centers
that did not respond had performed transplantations in five pa-
tients. Five of the patients described here have been included in
previous reports.1213151718,20.21 Data on two patients were incom-
plete and were excluded from some calculations. Data are expressed
as means *£SD. Survival was calculated with the use of Kaplan—
Meier statistics.??

RESULTS

Sixteen transplantation centers, including ours (see
the Appendix), reported on 34 patients who received
transplants for end-stage pulmonary lymphangiolei-
omyomatosis. All were women. The mean age at the
onsct of symptoms was 29 = 8 years (range, 5 to 44).
The age at the diagnosis of lymphangioleiomyomato-
sis was 34 *+10 years (range, 8 to 55). The interval
between the first symptoms and diagnosis was 5*5
years (range, 0 to 20). The age at transplantation was
409 years (range, 24 to 55). The interval between
the onset of symptoms and transplantation was 11 +6
years (range, 3 to 24).

The clinical and radiologic characteristics of the pa-
tients at the time of diagnosis are summarized in Ta-
ble 1. Almost all the patients had shortness of breath.
Typical features were a history of pneumothorax (25
patients), chylothorax (7), and chylous ascites (1). All
available chest radiographs demonstrated pathologic
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TABLE 1. CHARACTERISTICS OF THE PATIENTS
WITH LYMPHANGIOLEIOMYOMATOSIS AT THE TIME OF
DIAGNOSIS.

PER-
CHARACTERISTIC VALUE* CENT
Clinical
Shortness of breath 30/32 93
History of pneumothorax 25/32 78
Cough 13/32 41
Chest pain 8/32 25
History of chylothorax 7/32 22
Hemoptysis 7/32 22
Clubbing 4/32 13
History of chylous ascites 1/32 3
On chest radiography
Hyperinflation 14/32 44
Cysts and bullae 13/32 41
Reticulonodular shadows 9/32 28
Pleural effusion 5/32 16
Pneumothorax 2/32 6
On CT of the thorax
Bilateral lung cysts 24/24 100
Hyperinflation 12/24 50
Pleural effusion 4/24 16
Hilar or mediastinal lymphadenopathy 3/24 13
Pneumothorax 2/24 8
Extrapulmonary lymphangioleiomy-
omatosist
Lymph-node involvement (5 retro- 8/30 27
peritoneal, 3 mediastinal)
Renal angiomyolipoma (3 unilateral, 5/30 17
2 bilateral)
Para-aortic abdominal angiomyo- 1/30 3
lipoma
Thoracic angiomyolipoma 1/30 3
Pelvic myoma 1/30 3
Ocular involvement 1/30 3

*Values are ratios of the number of patients with positive find-
ings to the total number of patients for whom data were avail-
able. Some patients had multiple findings.

1Three patients with tuberous sclerosis were excluded.

findings such as hyperinflation (14 patients), cysts
and bullae (13), and reticulonodular shadows (9).

Before lung transplantation, 26 patients had se-
vere obstructive ventilatory defects (Table 2). Three
patients had restrictive patterns, and an additional
three had combined obstructive and restrictive pat-
terns. Carbon monoxide diffusing capacity was se-
verely reduced in all the patients for whom data
were available. The diagnosis of lymphangioleiomy-
omatosis was made in 23 patients by surgical lung
biopsy, in 9 by high-resolution computed tomogra-
phy (CT), and in 1 as an incidental finding (in the
explanted lung of a patient with end-stage pulmo-
nary disease of unknown origin). Data were lacking
for one patient. The presence (+) or absence (—)
of hormone receptors was reported in seven pa-
tients, as follows (given as progesterone/estrogen):
+/+ (1 patient), +/— (2 patients), —/+ (2 pa-
tients), and —/— (2 patients).

In three patients, pulmonary lymphangioleiomyo-
matosis coincided with tuberous sclerosis. All three
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TABLE 2. PULMONARY FUNCTION AT THE TIME OF EVALUATION
FOR LUNG TRANSPLANTATION.*

VARIABLE VALUE

Obstructive patternf

No. of patients (%) 26/32 (81.2)

FEV, — % of predicted (range) 24+12 (13-66)

FEV,/FVC — % (range) 38+12 (20-61)
Restrictive pattern — no. of patients (%)t 3/32(9.4)
Combined obstructive and restrictive pattern — 3/32 (94)

no. of patients (%)
Decreased carbon monoxide diffusing capacity§
No. of patients (%)
% of predicted value (range)
Hypoxemia{

25,25 (100)
26+13 (10-59)

No. of patients (%) 24/25 (96)
Arterial PO, — mm Hg (range) 56*+11 (41-79)
Hypercapnia — no. of patients (%)|| 3/25 (12)

*Fractional values are ratios of the numbers of patients with positive find-
ings to the total numbers of patients for whom data were available. Plus—
minus values are means =SD. The total number of patients does not equal
34 because data were missing for some subjects (see the Methods section).
FEV, denotes forced expiratory volume in one second, FVC forced vital ca-
pacity, TLC total lung capacity, and PO, partial pressure of oxygen.

tAn obstructive pattern is defined as a total lung capacity =80 percent
of the predicted value, and an FEV,/FVC ratio <75 percent.

tA restrictive pattern is defined as a total lung capacity <80 percent of
the predicted value, and an FEV,/FVC ratio =75 percent.

§A normal carbon monoxide diffusing capacity is =80 percent of the
predicted value.

Hypoxemia is defined as a partial pressure of arterial oxygen <80
mm Hg. To convert values for partial pressure of oxygen to kilopascals,
multiply by 0.133.

[|[Hypercapnia is defined as a partial pressure of arterial carbon dioxide
>45 mm Hg.

had kidney, skin, and cerebral involvement. In addi-
tion, one of them had cardiac, bone, and liver ham-
artomas. The age at the onset of pulmonary symp-
toms in these three patients was between 21 and 27
years, and the age at transplantation was between 23
and 38 years.

Extrapulmonary manifestations of lymphangiolei-
omyomatosis (Table 1) were lymph-node involvement
in eight patients, renal angiomyolipomas in five, para-
aortic abdominal angiomyolipoma in one, and tho-
racic angiomyolipoma in one. As of August 1995,
these extrapulmonary manifestations had caused no
complications, either during surgery or later.

Before lung transplantation, all the patients had
undergone at least one trial of medical treatment.
Sixteen had been treated with steroids, 23 with
progesterone, and 9 with antiestrogens. Five had un-
dergone ovariectomy, and one had received a syn-
thetic analogue of luteinizing hormone-releasing
hormone. Seventeen patients had received more
than one treatment.

The lung transplantations were performed be-
tween 1983 and 1995. Twenty-seven patients re-
ceived single-lung transplants (13 right lungs and 14
left lungs). Bilateral lung transplantation was per-
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formed in six, and one received a heart—lung trans-
plant. In four single and five bilateral transplantation
procedures, cardiopulmonary bypass was necessary.

Extensive pleural adhesions caused the main intra-
operative problems (Table 3). About half the pa-
tients had substantial adhesions, which were judged
on clinical grounds to be moderate in 8 cases and
severe in 10 cases. The adhesions were reported to
be due to the lymphangioleiomyomatosis itself in 13
patients and to lymphangioleiomyomatosis as well as
prior pleurectomy after spontaneous pneumothorax
in 5. Moderate-to-severe hemorrhage occurred in
four patients, leading to intraoperative death in one
patient and requiring repeat thoracotomy in two.
Involvement of the mediastinal lymph nodes was
not reported to have caused surgical problems.

The actuarial one-year and two-year survival after
lung transplantation (Fig. 1) was 69 percent and 58
percent, respectively. Eighteen patients (53 percent)
were alive as of August 31, 1995, which was 3320
months (range, 3 to 74) after transplantation. The
five early deaths (within one month) were due to
acute lung injury (three patients), hemorrhage (one
patient), and dehiscence of the bronchial anastomo-
sis with sepsis (one patient). Eleven patients died
2 to 43 months after transplantation because of
infections (eight patients), bronchiolitis obliterans
(two patients), and metastatic nephroblastoma trans-
ferred by the lung allograft? (one patient). Four of
the eight patients who died of infection had previ-
ously received augmented immunosuppression for
bronchiolitis obliterans (this therapy consisted of re-
peated steroid pulses, antithymocyte globulins or
anti-CD3 monoclonal antibodies, and augmenta-
tion of the maintenance regimen for immunosup-
pression, which was a combination of prednisone,
azathioprine, and cyclosporine).

The forced expiratory volume in one second
(FEV,) was 48*+16 percent of the predicted value
6 months after surgery (range, 24 percent to 105
percent; reported in 23 of 25 survivors) and 4919
percent of the predicted value 12 months after
transplantation (range, 25 percent to 115 percent;
reported in 20 of 21 survivors). The FEV, was
46*16 percent of the predicted value after six
months (range, 24 percent to 105 percent) in 20 of
the 22 surviving single-lung—transplant recipients,
and 55, 61, and 89 percent of the predicted value in
the 3 surviving patients with bilateral transplants.

Postoperative complications (Table 4) consisted of
35 episodes of pneumonia and 37 episodes of acute
rejection in the 29 patients surviving more than
one month (1.3 episodes per patient). Two patients
had invasive aspergillosis of the native lung. One of
them died, and another underwent pneumonecto-
my, which was successful. Bronchiolitis obliterans
was found in 6 of the 18 surviving patients; in 1 pa-
tient, it was severe.

TABLE 3. PREVIOUS SURGERY AND TRANSPLANTATION-
SPECIFIC SURGICAL PROBLEMS.

VARIABLE VALUE* PERCENT
Previous surgery
Pleurectomy (6 unilateral, 1 bilateral) 7/33 21
Pleurodesis (3 unilateral, 3 bilateral) 6/33 18
Surgical lung biopsy 23/33 69
Intraoperative problems
Moderate or severe adhesions 18/33 54
Due to lymphangioleiomyomatosis 13/18
Due to previous pleurectomy and lym- 5/18
phangioleiomyomatosis
Moderate-to-severe hemorrhage 4/331 12
Postoperative problems
Reperfusion injury 2/33 6
Bronchial stenosis or dehiscence 6/33 18
Hematothorax 2/33 6
Hemorrhage due to omentopexy 1/33 3
Left phrenic-nerve paralysis 2/33 6
Cerebral embolism 1/33 3

*Values are ratios of the numbers of patients with positive findings or
complications to the total numbers of patients for whom data were avail-
able. The total number of patients does not equal 34, since data were miss-
ing for 1 patient. Some patients had multiple findings.

tOne patient died during surgery, and two required a second thora-
C()[()l'l]y.
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Figure 1. Overall Survival (Kaplan—-Meier Curve) after Lung
Transplantation in 34 Patients with Lymphangioleiomyomatosis.

The most important post-transplantation com-
plications of lymphangioleiomyomatosis were six
episodes of pneumothorax in the native lung after
single-lung transplantation in five patients, and chy-
lothorax in three patients. In one patient, a right-sid-
ed chylothorax occurred eight weeks after bilateral
lung transplantation and resolved after thoracic-duct
ligation. Another patient had undergone thoracic-
duct ligation for chylothorax before transplantation.
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TABLE 4. COMPLICATIONS AFTER LUNG TRANSPLANTATION.

No. oF No. oF
EVENT EPISODES PATIENTS
Pneumonia* 35 18
Bacterial 12 9
Cytomegalovirus 10 7
Other viruses 4 4
Aspergillust 5
Pneumocystis carinii 2 2
Nocardia 1 1
Mycobacterium avium complex 1 1
Acute rejection episodes (in patients 37 28
surviving >1 month)
Mean number of acute rejection episodes 1.3
per patient
Bronchiolitis obliterans (in 18 surviving 6 6
patients)
Complications specific to lymphangioleio- 10 9
myomatosis
Pneumothorax after single-lung trans- 6 5
plantation (native lung)

Need for chest-tube drainage 5 4
Chylothorax 3 3
Recurrence of lymphangioleiomyo- 1 1

matosis in allograft
Other complications} 8 8

*Numbers for patients with pneumonia do not add up to the totals
shown because some patients had multiple complications.

tInvasive aspergillosis occurred in the transplanted lung in three patients
and in the native lung in two patients.

1The following complications occurred in one patient each: bilateral cer-
ebral cortical ischemia, colitis due to Clostridium difficile, encephalitis of
unknown origin, urosepsis, recurrent pneumatosis coli, metastatic nephro-
blastoma, allograft lymphoma, and pulmonary embolism.

Nevertheless, a right-sided chylothorax developed in
this patient after right single-lung transplantation
and was successfully treated with thoracostomy and
a diet containing medium-chain triglycerides. The
third patient had a large right-sided chylothorax be-
fore receiving a heart-lung transplant; the chylotho-
rax was evacuated intraoperatively. A left-sided chy-
lothorax developed postoperatively in this patient
and was managed successfully by needle aspiration.
Recurrent lymphangioleiomyomatosis in the lung al-
lograft was found at autopsy in one patient, who
died of disseminated aspergillus infection.!s

With the exclusion of the 5 patients who died ear-
ly after transplantation and the 3 with tuberous scle-
rosis, hormonal treatment was continued after trans-
plantation in 8 patients at four centers and was
discontinued in 18 patients at nine centers.

DISCUSSION

Our survey demonstrates the value of lung trans-
plantation in patients with end-stage lymphangiolei-
omyomatosis, taking into account the various prob-
lems associated with this disease. The first successful
transplantation for lymphangioleiomyomatosis — a
combined heart-lung transplantation — was per-
formed in 19831217 A single-lung transplantation
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was performed in 1988, in one of the patients in-
cluded in our survey.!3 Our aim was to use pooled
data from different centers to identify aspects of the
disease that could potentially affect the outcome of
lung transplantation. Therefore, the limitations of a
retrospective, multicenter study have to be consid-
ered. Data sets may be incomplete, and the reliabil-
ity of the information obtained depends on the ac-
curacy of the participants’ recollections.

The mean interval of 11 years between the onset
of symptoms and the time of lung transplantation is
in accordance with the natural history of lymphan-
gioleiomyomatosis, with reported 10-year survival
rates of 23,6 40,* and 78 percent.® Kitaichi et al.* dis-
cussed whether the hormonal therapy they used was
responsible for the better survival among their pa-
tients than in an earlier series of untreated patients.
Although all the patients we studied had received
some kind of hormonal treatment, however, end-
stage disease developed in all of them.

Before transplantation, 81 percent of the patients
had severe obstructive ventilatory defects. The FEV,
was 13 to 33 percent of the predicted value, except in
one patient with an FEV, 66 percent of the predicted
value, who had to undergo transplantation because of
refractory bilateral pneumothorax. These values are
lower than have been reported in other series23:24
and represent a selection of patients with end-stage
pulmonary disease. In many cases, an FEV, below 25
to 30 percent of the predicted value might be used as
a referral guideline for lung transplantation.

Surgical lung biopsy was performed in the major-
ity of patients to establish the diagnosis of lymphan-
gioleiomyomatosis. In about a quarter, however, the
diagnosis was based on high-resolution CT alone
and was confirmed histologically in the explanted
lung. High-resolution CT is considered a reliable,
noninvasive diagnostic method.?® Patients with a
history of smoking must be evaluated most carefully,
however, since emphysema may mimic the radiolog-
ic pattern of lymphangioleiomyomatosis.

When CT is used in the diagnostic workup, the
enlargement of hilar or mediastinal lymph nodes
may be detected more frequently. These may be a
feature of lymphangioleiomyomatosis itself,26 al-
though other diagnoses such as tuberculosis and sar-
coidosis should be considered.?”

Extrapulmonary manifestations of lymphangiolei-
omyomatosis occur in some patients.2%:28 Seventeen
percent of the patients we studied, excluding those
with tuberous sclerosis, had kidney involvement with
unilateral or bilateral angiomyolipomas. This tumor is
well known in patients with tuberous sclerosis and is
less often reported in those with lymphangioleiomy-
omatosis.?? So far, experience with the course of an-
giomyolipoma in patients who have received trans-
plants is limited. In our series, no complications have
been observed, but the follow-up time after lung
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transplantation is still short. Excessive retroperitoneal
bleeding and an increased incidence of renal-cell car-
cinoma have been reported.’® In our view, lymphad-
enopathy due to lymphangioleiomyomatosis should
not be considered a contraindication to lung trans-
plantation. However, lymphadenopathy may lead to
diagnostic confusion in the post-transplantation peri-
od if this condition is not recognized beforehand.

In three study patients, pulmonary lymphangiolei-
omyomatosis coincided with tuberous sclerosis. Tu-
berous sclerosis presenting with end-stage pulmonary
disease is not a contraindication to lung transplanta-
tion. Since patients with this condition often need an-
tiepileptic therapy, however, the interaction of anti-
epileptic drugs with immunosuppressive drugs is of
great concern. Also, some patients with tuberous scle-
rosis are mentally retarded, a fact that might lead to
problems in compliance with treatment after trans-
plantation.

Multiple pleural adhesions were the most impor-
tant problems complicating lung-transplantation sur-
gery. The majority of pleural adhesions were present
in patients who had not previously undergone chest
operations and therefore have to be attributed to the
disease itself.

The overall actuarial one-year and two-year survival
rates after lung transplantation, reported in the St.
Louis International Lung Transplant Registry (in
April 1996), were 71 and 63 percent, respectively. The
rates were 64 and 55 percent for patients with pulmo-
nary fibrosis, and 77 and 69 percent for those with
emphysema, respectively. The survival rates in our sur-
vey (69 and 58 percent, respectively) are similar.

Infections after single-lung transplantation, particu-
larly in the remaining native lung, which may contain
many large cysts, have been considered a major post-
transplantation problem associated with lymphangi-
oleiomyomatosis. Surprisingly, infections in the native
lung were reported in only two patients; both were
due to invasive aspergillosis. In the other 33 cases, pul-
monary infection occurred in the lung allograft and
only occasionally spread to the native lung.

Recurrent chylothorax, another complication as-
sociated with lymphangioleiomyomatosis, occurred
in three patients after transplantation. It could be
explained by a leakage of chylous fluid from dilated
and torn lymphatic vessels in the mediastinum after
single-lung procedures as well as after bilateral and
heart-lung transplantations.

Six episodes of spontaneous pneumothorax of the
remaining native lung after single-lung transplanta-
tion occurred in five patients and caused mild-
to-moderate chest pain. No severe functional im-
pairment was reported since the transplanted lung
was predominant and sufficient for ventilation and
perfusion.

Recently, two patients with recurrent lymphangi-
oleiomyomatosis in the lung allograft after single-

lung transplantation were described.!>16 FEach re-
ceived a transplant from a male donor. One is includ-
ed in this series.!® Both patients had progressive air-
way obstruction, suggesting obliterative bronchiolitis,
but postmortem examinations revealed characteristic
findings of lymphangioleiomyomatosis in the trans-
planted lungs. In contrast to the other patient de-
scribed,!¢ the patient included in our study!'® had no
evidence of obliterative bronchiolitis, suggesting that
the obstructive ventilatory defect was due to the re-
currence of lymphangioleiomyomatosis.

Disease recurrence should be included in the dif-
ferential diagnosis when pulmonary function deteri-
orates after lung transplantation for lymphangiolei-
omyomatosis. Recurrence of underlying disease in
the lung allograft has been described in patients with
sarcoidosis,?32 and in a single case each of giant-cell
pneumonia3? and diffuse panbronchiolitis.3* Sarcoid
granuloma recurs in lung allografts within months
after transplantation in 18 to 80 percent of pa-
tients31:32 but is probably not of clinical concern. In
contrast, recurrent lymphangioleiomyomatosis is rare
(occurring in 1 of 29 patients who survived for more
than one month in our series). It is not known wheth-
er hormonal therapy after transplantation can delay
or prevent recurrence in the allograft. In the major-
ity of the patients in this survey, including the pa-
tient with recurrent disease, hormonal therapy was
discontinued after transplantation.

We found that lung transplantation can be a valu-
able therapy for patients with end-stage lymphangi-
oleiomyomatosis and that the outcome after several
years is similar to that in patients who receive lung
transplants for other diseases. Nonetheless, a wide
range of problems associated with lymphangiolei-
omyomatosis can complicate the transplantation pro-
cedure and the post-transplantation course.

Presented in part at the Annual Congress of the European Respiratory
Society, Barcelona, Spain, September 16-20, 1995.

We ave indebted to the participating institutions, to Joel D. Cooper,
M.D., and to the St. Louis International Lung Transplant Registry.

APPENDIX

The following institutions participated in the survey and con-
tributed data on their patients: North America: Washington Uni-
versity, St. Louis (five patients); Stanford University, Stanford,
Calif. (four); Toronto Hospital, Toronto (three); Cedars—Sinai
Medical Center, Los Angeles (two; one of them underwent trans-
plantation at Stanford University and is now being followed at
Cedars—Sinai Medical Center); University of Minnesota, Minne-
apolis (two); University of Alabama, Birmingham (one); Univer-
sity Hospital, London, Ont. (one); McGill University, Montreal
(one); Virginia Commonwealth University, Richmond (one); Eu-
rope: Hopital Universitaire Erasme, Brussels, Belgium (four); Uni-
versititsspital, Zurich, Switzerland (four); Hospital Universitari
Vall d’Hebron, Barcelona, Spain (three); Hopital Beaujon, Clichy,
France (one); Medizinische Hochschule Hannover, Hannover,
Germany (one); Hopital Louis Pradel, Lyon, France (one); and
Universititsklinik Vienna, Austria (one).

Volume 335 Number 17 1279

Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

REFERENCES

1. von Stéssel E. Uber muskulire Cirrhose der Lunge. Beitr Klin Tuberk
1937,90:432-42.

2. Corrin B, Liebow AA, Friedman PJ. Pulmonary lymphangiomyomato-
sis: a review. Am ] Pathol 1975;79:348-82.

3. Bradley SL, Dines DE, Soule EH, Muhm JR. Pulmonary lymphangi-
omyomatosis. Lung 1980;158:69-80.

4. Kitaichi M, Nishimura K, Itoh H, Izumi T. Pulmonary lymphangio-
leiomyomatosis: a report of 46 patients including a clinicopathologic
study of prognostic factors. Am J Respir Crit Care Med 1995;151:
527-33.

5. Taylor JR, Ryu J, Colby TV, Raffin TA. Lymphangioleiomyomatosis:
clinical course in 32 patients. N Engl ] Med 1990;323:1254-60.

6. Silverstein EF, Ellis K, Wolft M, Jaretzki A III. Pulmonary lymphangi-
omyomatosis. AJR Am J Roentgenol 1974;120:832-50.

7. Eliasson AH, Phillips YY, Tenholder ME. Treatment of lymphangiolei-
omyomatosis: a meta-analysis. Chest 1989;96:1352-5.

8. Clemm C, Jehn U, Wolf-Hornung B, Siemon G, Walter G. Lymphan-
giomyomatosis: a report of three cases treated with tamoxifen. Klin
Wochenschr 1987;65:391-3.

9. Rossi GA, Balbi B, Oddera S, Lantero S, Ravazzoni C. Response to
treatment with an analog of the luteinizing-hormone-releasing hormone in
a patient with pulmonary lymphangioleiomyomatosis. Am Rev Respir Dis
1991;143:174-6.

10. Radermecker M, Broux R, Corhay J-L, Limet R, Radermecker M.
Failure of buserelin-induced medical castration to control pulmonary lym-
phangiomyomatosis in two patients. Chest 1992;101:1724-6.

11. Klein M, Krieger O, Ruckser R, et al. Treatment of lymphangiolei-
omyomatosis by ovariectomy, interferon alpha 2b and tamoxifen — a case
report. Arch Gynecol Obstet 1992;252:99-102.

12. Wellens F, Estenne M, de Francquen B, Goldstein J, Leclerc JL, Primo
G. Combined heart-lung transplantation for terminal pulmonary lymphan-
gioleiomyomatosis. ] Thorac Cardiovasc Surg 1985;89:872-6.

13. Sleiman C, Mal H, Jebrak G, et al. Pulmonary lymphangiomyoma-
tosis treated by single lung transplantation. Am Rev Respir Dis 1992;145:
964-6.

14. Lizotte PE, Whitlock WL, Prudhomme JC, Brown CR, Hershon JL.
Lymphangiomyomatosis. Chest 1990;98:1044-5.

15. O’Brien JD, Lium JH, Parosa JE, Deyoung BR, Wick MR, Trulock ET.
Lymphangiomyomatosis recurrence in the allograft after single-lung trans-
plantation. Am J Respir Crit Care Med 1995;151:2033-6.

16. Nine JS, Yousem SA, Paradis IL, Keenan R, Griffith BP. Lymphangi-
oleiomyomatosis: recurrence after lung transplantation. J Heart Lung
Transplant 1994;13:714-9.

17. Estenne M, de Francquen P, Wellens F, et al. Combined heart-and-
lung transplantation for lymphangioleiomyomatosis. Lancet 1984;1:275.

1280 - October 24, 1996

18. Estenne M, Ketelbant P, Primo G, Yernault JC. Human heart-

lung transplantation: physiologic aspects of the denervated lung and
post-transplant obliterative bronchiolitis. Am Rev Respir Dis 1987;135:
976-8.

19. Speich R, Boehler A, Zollinger A, et al. Die isolierte Lungentransplan-
tation — Evaluation von Patienten und erste Resultate. Schweiz Med
Wochenschr 1995;125:786-95.

20. Knoop C, Jacobovitz D, Antoine M, de Francquen P, Yernault JC, Es-
tenne M. Donor-transmitted tumors in lung allograft recipients: report on
two cases. Transplantation 1994;57:1679-80.

21. Bochler A, Speich R, Russi EW, Meyenberger C, Weder W. Pneuma-
tosis intestinalis and active cytomegaloviral infection after lung transplan-
tation. Chest 1995;107:582-3.

22. Kaplan EL, Meier P Nonparametric estimation from incomplete ob-
servations. ] Am Stat Assoc 1958;53:457-81.

23. Carrington CB, Cugell DW, Gaensler EA, et al. Lymphangioleiomyo-
matosis: physiologic-pathologic-radiologic correlations. Am Rev Respir Dis
1977,116:977-95.

24. Burger CD, Hyatt RE, Staats BA. Pulmonary mechanics in lymphan-
gioleiomyomatosis. Am Rev Respir Dis 1991;143:1030-3.

25. Rappaport DC, Weisbrod GL, Herman SJ, Chamberlain DW. Pulmo-
nary lymphangioleiomyomatosis: high-resolution CT findings in four cases.
AJR Am ] Roentgenol 1989;152:961-4.

26. Woodring JH, Howard RS II, Johnson MV. Massive low-attenuation
mediastinal, retroperitoneal, and pelvic lymphadenopathy on CT from lym-
phangioleiomyomatosis: case report. Clin Imaging 1994;18:7-11.

27. Sider L, Field LR, Courser JI Jr, Yolandis AV, Martin GJ. Recurrent
pneumothorax and adenopathy. Chest 1995;107:860-2.

28. Spencer JA, Smith MJ, Golding SJ. Lymphangioleiomyomatosis with
unusual calcific retroperitoneal lymphangiomyoma: CT findings. Eur J Ra-
diol 1992;14:192-4.

29. Kerr LA, Blute ML, Ryu JH, Swensen SJ, Malek RS. Renal angiomy-
olipoma in association with pulmonary lymphangioleiomyomatosis: forme
fruste of tuberous sclerosis? Urology 1993;41:440-4.

30. Blute ML, Malek RS, Segura JW. Angiomyolipoma: clinical metamor-
phosis and concepts for management. J Urol 1988;139:20-4.

31. Johnson BA, Duncan SR, Ohori NP, et al. Recurrence of sarcoidosis
in pulmonary allograft recipients. Am Rev Respir Dis 1993;148:1373-7.
32. Yeatman M, McNeil K, Smith JA, et al. Lung transplantation in pa-
tients with systemic diseases: an eleven-year experience at Papworth Hos-
pital. ] Heart Lung Transplant 1996;15:144-9.

33. Frost AE, Keller CA, Brown RW, et al. Giant cell interstitial pneumo-
nitis: disease recurrence in the transplanted lung. Am Rev Respir Dis 1993;
148:1401-4.

34. Baz MA, Kussin PS, Van Trigt P, Davis RD, Roggli VL, Tapson VE.
Recurrence of diffuse panbronchiolitis after lung transplantation. Am J
Respir Crit Care Med 1995;151:895-8.

Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission.
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



