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ABSTRACT

Tuberous sclerosis complex (TSC) or
Bourneville disease is a rare autosomal domi-
nant neurocutaneous disorder that affects
various organs. Pulmonary involvement in
TSC may consist of lymphangioleiomyomatosis
(LAM) and multifocal micronodular
pneumocyte hyperplasia (MMPH), occurring
together or alone. In patients with TSC-LAM,
chylous pleural effusion (CPE) is a rare,
though well-recognized, complication with an
unpredictable clinical course. In refractory or
persistent CPE, optimal management remains
a clinical challenge. We report the unique
case of a 29-year-old Caucasian female, never-
smoker, with definite TSC since infancy,
characterized by seizures, facial angiofibromas
(“adenoma sebaceum”), bilateral renal
angiomyolipomas, hepatic angiomyolipomas,
subcortical/cortical tubers, and subependymal
nodules. At 27 years old, due to bleeding from
the renal angiomyolipomas, she underwent
nephrectomy, first of the right, and then a
year and 9 months later, of the left kidney.
She was hemodialysis dependent for the next
five years until cadaveric kidney transplanta-
tion. The medical history was also remarkable
for recurrent exudative lymphocytic PE despite

repeated therapeutic thoracenteses, with first
presentation at 23.5 years of age. Chylothorax
was initially diagnosed at 24 years and 8
months old (PE triglycerides 4.53 mmol/L),
and reconfirmed at age 29 (PE triglycerides
12.46-15.30 mmol/L). Computerized
tomography scan of the thorax showed a large
encapsulated PE in the left lung field, multiple
thin-walled cysts (≤ 5 mm in diameter) in the
lung parenchyma bilaterally, and mediastinal
lymphadenopathy – all prominent features of
LAM – as well as nodular pulmonary lesions
(≤ 3 mm in diameter) consistent with MMPH.
Given the persistent nature of the CPE, a 
five-day course of recombinant human factor
XIII (FXIII) was administered intravenously.
The chylothorax completely resolved within
three months. There has been no recurrence
of CPE on follow-up chest X-rays (i.e., total
follow-up period of 53 months). This report
suggests that the transglutaminase FXIII, a
blood coagulation factor, may have an impor-
tant clinical benefit in treating recurrent or
thoracentesis-refractory CPE in TSC-LAM.
To our knowledge, this is the first known case
in the literature describing the successful
treatment of CPE with FXIII in TSC-LAM.
Because CPE is rare and there is currently no
gold standard for its management, regardless
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of etiology, further research is warranted to
investigate the potential clinical use of FXIII
as an effective and safe treatment strategy in
selected patients.

Keywords: Chylous pleural effusion,
lymphangioleiomyomatosis, mediastinal
lymphadenopathy, multifocal micronodular
pneumocyte hyperplasia, recombinant human
factor XIII, tuberous sclerosis complex

CASE REPORT

A 29-year-old Caucasian female, never-
smoker, was first diagnosed with tuberous
sclerosis complex (TSC) at 1.5 years of age.
She initially presented with seizures and
facial angiofibromas. Diagnostic imaging
later depicted subcortical/cortical tubers,
subependymal nodules, hepatic angiomyo-
lipomas (AMLs), and bilateral renal AMLs.
At 23.5 years old, she developed left-sided
pleural effusion (PE) that spontaneously
regressed. A year later, the patient presented
to the emergency department with progressive
dyspnea and right-sided chest pain. The PE
had returned, this time bilaterally and
predominantly right-sided, along with ascites.
Therapeutic thoracentesis was performed and
exudative chylous PE (CPE) was confirmed
(PE triglycerides 4.53 mmol/L). The right-
sided CPE began to resolve following repeated
thoracentesis and conservative treatment,
while the left-sided CPE persisted throughout
the hospitalization. Nephrectomy was
performed on the right kidney at 27 years of
age, and on the left kidney a year and 9
months later, due to acute spontaneous
bleeding of the bilateral renal AMLs. The
patient was left hemodialysis dependent 
until kidney transplantation five years later.

At 29 years of age, the patient was
admitted to the hospital for additional work-
up of progressively worsening left-sided 
PE and radiologically verified mediastinal
lymphadenopathy. The computerized
tomography (CT) scan of the thorax revealed
diffuse cysts (≤ 5 mm in diameter) and

nodular lesions (≤ 3 mm in diameter) consis-
tent with lymphangioleiomyomatosis (LAM)
and multifocal micronodular pneumocyte
hyperplasia (MMPH), respectively, as well 
as mediastinal lymphadenopathy with
necrosis, in addition to a large PE in the left
hemithorax. During hospitalization, left-sided
pleural aspiration yielded a milky-white 
CPE (protein 58 g/L, cholesterol 2.7 mmol/L,
triglycerides 12.46 mmol/L). Bronchoscopy
with transbronchial needle aspiration of the
enlarged subcarinal lymph nodes yielded
necrosis and detritus. Tuberculosis as a
potential cause was excluded (i.e., negative
tuberculosis skin test, sputum, pleural fluid,
bronchoscopic samples, and quantiferon test).

Three months later, follow-up radio-
logical imaging depicted larger left-sided 
PE and mediastinal lymph nodes. During
readmission after another two months,
thoracentesis was repeated, but without 
long-term success. Lymphocytic CPE with
extremely elevated triglyceride levels (12.75 -
15.3 mmol/L or 493.0 - 591.6 mg/dL) was
established. Repeat bronchoscopy and
transbronchial needle biopsy of mediastinal
lymph nodes revealed granulomatous
reaction with necrosis. Despite tuberculosis
not being detected, the patient was started 
on ex-juvantibus anti-tuberculosis therapy,
lasting a year (four-drug antibiotic therapy
for the first six weeks, then two antibiotics
thereafter). This measure was necessary as
the patient was undergoing pre-kidney
transplantation evaluation and preparation. 

Given the persistent CPE (Figs. 1 a-b),
during this hospitalization, an intravenous
injection of human recombinant factor XIII
concentrate (Fibrogammin® 250 (CSL
Behring GmbH, Marburg, Germany)) at 1250
international units (IU) per day (up to 35 IU
per kg body weight maximal daily dose; the
patient’s weight was 38 kg and height 158
cm) was administered for a total of five days,
as recommended by the manufacturer. The
pre-treatment value of plasma FXIII was 
1.66 (normal value 0.70-1.40). A steady, but
remarkable, reduction in CPE was noted on
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subsequent serial chest X-rays within a few
weeks, with complete resolution within three
months (Fig. 2a). No recurrence of chylothorax
was observed on follow-up chest X-rays three
years later (Fig. 2b). Due to her epilepsy 
and TSC-related brain lesions, everolimus, 
a mammalian target of rapamycin inhibitor
and immunosuppressive therapy, was
initiated in preparation for cadaveric kidney
transplantation the following year (i.e., four
years after FXIII administration). Chylothorax
has not recurred over a total follow-up period
of 53 months.

DISCUSSION

The rare multisystem genetic disorder,
TSC, was first described in 1862 by von
Recklinghausen (1). It is a variable disease,
occurring in about 1 in 6000 live births, and 
is clinically diagnosed based on the presence
of major and/or minor features (2).
Lutembacher first reported the observation 
of cystic and nodular changes in the lungs of
a TSC patient in 1918 (3). Pulmonary
involvement in TSC is predominantly found

in premenopausal females and was once
thought to occur in less than 3% of patients
(4). Over the past several years, however, data
have emerged demonstrating the presence of
thin-walled lung cysts in a greater proportion
of TSC patients (i.e., in one study, 42% of
females and 13% of males) (5). 

LAM, an uncommon cystic lung disease,
and MMPH, with nodular lung lesions, can 
be diagnosed in patients with definite or
probable TSC based on pulmonary charac-
teristics seen on high-resolution CT scan of
the thorax (2). Recent studies on women with
TSC found pulmonary involvement in 77% of
patients (49% LAM with or without MMPH,
and 28% MMPH alone) (6), and an increased
prevalence of LAM in an age-dependent
manner, reaching 81% in subjects 40 years of
age and older (7). Moreover, in TSC patients,
including both males and females, the
prevalence of multiple pulmonary nodules
representing MMPH was 57% (8).

Lymphatic involvement in LAM,
according to a review by Taveira-DaSilva and
Moss (2015), may occur in the posterior,
mediastinal, retroperitoneal and pelvic lymph

Fig. 1.  Chest x-ray showing large left-sided PE at a) one month and b) one week before FXIII treatment.  

a b
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nodes (9). The presentation may include
lymphangioleiomyomas, lymphadenopathy,
PEs (i.e., chylothorax), and ascites, among
others (9). Mediastinal and retroperitoneal
lymphadenopathy in women of child-bearing
age, as seen on CT scan and associated with 
a CPE, is likely to be LAM (10). According to
Gupta et al, lymphadenopathy (abdominal
and/or thoracic) is more common in LAM
only patients (30%) than in those with TSC-
LAM (9%) (11). 

Chylothorax is a relatively rare condition
in LAM (approximately 30% of patients) and
seldom occurs in association with TSC-LAM
(11). Management of CPE remains a clinical
challenge and should be individualized. 
There are a number of conservative, surgical
and interventional radiological therapeutic
options available (12). Human factor XIII
(FXIII) is a multifunctional plasma trans-
glutaminase with many documented clinical
benefits in addition to its role as the final
enzyme in the coagulation cascade (13).
Administration of FXIII in the conservative
treatment of chylothorax has been shown to
be particularly beneficial in the post-operative
setting, such as after lung transplantation for

LAM (14), open-heart surgery in children
(15), or prolonged air leak after pulmonary
lobectomy (16). 

The use of FXIII as a less invasive treat-
ment option for CPE in TSC, however, is a
relatively novel concept that has until now
remained unexplored. We herein presented
the unique case of a young woman with
definite TSC, previously binephrectomized
due to acute hemorrhage from bilateral renal
angiomyolipomas, who developed refractory
CPE in the context of LAM, MMPH, and
mediastinal lymphadenopathy. Complete
resolution of the CPE was observed following
intravenous administration of recombinant
human FXIII, with no further recurrence. 
To our knowledge, this is the first reported
case of CPE associated with TSC that seems
to have been successfully managed with
intravenously administered FXIII. The exact
mechanism of FXIII in diminishing the CPE,
nevertheless, remains unclear. Given that
FXIII is a key factor in wound healing and
tissue repair, in addition to clot stabilization,
its administration may enhance repair of
damaged lymphatic tissues in TSC-LAM
patients with chylothorax.

Fig. 2.  Complete resolution of left-sided CPE is depicted on chest x-ray at a) three months and b) three years after
FXIII administration. 

a b
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CONCLUSIONS

In summary, this report highlights the
potential therapeutic role of FXIII in
efficiently resolving CPE. In addition, it
extends the literature by contributing a first
case of CPE associated with TSC that was
successfully treated with intravenously
administered FXIII. Recombinant factor 
XIII may prove to be clinically beneficial in
successfully managing CPE associated not
only with TSC-LAM, but other etiologies as
well. Future randomized prospective studies
with FXIII are recommended to confirm
efficacy and safety in chylothorax treatment.
Further research is also warranted to elucidate
the mechanism of action of FXIII in repairing
lymphatic vessel damage/obstruction, leading
to complete resolution of CPE.
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