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cocytomas (5%), and papillary renal cell can-
cers (2%) [4].

Birt-Hogg-Dubé syndrome is a rare entity, 
although the precise prevalence of this disor-
der is difficult to estimate. The relationship 
between cystic lung disease and pneumotho-
rax in patients with Birt-Hogg-Dubé syn-
drome is well known and was first described 
by Toro et al. [5]. Lung cysts have been de-
scribed in most patients, 77–89%, with Birt-
Hogg-Dubé syndrome [6], whereas the inci-
dence of pneumothorax has been estimated 
to be approximately 33–38% [6]. The Birt-
Hogg-Dubé gene locus has been mapped to 
17p11.2 [7]; the gene product is thought to be 
a tumor suppressor protein termed “folliculin” 
that may play an important role in lung tissue 
and is expressed in stromal cells and type 1 
pneumocytes [8]. This could explain the pro-
pensity of these patients to form lung cysts. 
Although the association of Birt-Hogg-Dubé 
syndrome with lung cysts and pneumothorax 
is well established, few studies describe the 
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F
irst described in 1977, Birt-Hogg- 
Dubé syndrome is an autosomal-
dominant multiorgan systemic dis-
order that manifests as cutaneous 

lesions, renal tumors, and spontaneous pneu-
mothorax secondary to pulmonary involve-
ment [1, 2]. The classically described skin 
findings are the triad of hamartomas of the 
hair follicles (fibrofolliculomas), tumors of 
the hair disk (trichodiscomas), and skin tags 
(acrochordons). Fibrofolliculomas are the 
most characteristic finding of Birt-Hogg-Dubé 
syndrome and typically appear as multiple, 2- 
to 4-mm, whitish, smooth, dome-shaped pap-
ules on the head, neck, face, and upper trunk 
in patients in the third to fourth decade of life 
[2, 3]. Skin tags alone are not diagnostic be-
cause they can be seen in the general popula-
tion [3]. The renal tumors in patients with 
Birt-Hogg-Dubé syndrome are often multiple 
and bilateral and include hybrid chromophobe 
oncocytomas (50%), chromophobe carcino-
mas (34%), clear cell carcinomas (9%), on-
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OBJECTIVE. Birt-Hogg-Dubé syndrome manifests in the thorax as lung cysts. The pur-
pose of this article is to describe the CT characteristics of cysts in patients with Birt-Hogg-
Dubé syndrome and to note other thoracic findings.

MATERIALS AND METHODS. The thoracic CT examinations of 17 patients with Birt-
Hogg-Dubé syndrome were reviewed retrospectively for the presence, anatomic distribution 
(upper lung predominant, lower lung predominant, or diffuse), extent (size, number), and mor-
phology (shape, wall thickness) of cysts. Any additional thoracic findings were also noted.

RESULTS. The study population consisted of 13 women (76%) and four men (24%) with 
a mean age of 50.2 ±15.2 years. Two patients (12%) had normal findings on CT. Fifteen pa-
tients had cystic lung disease, all of whom had more than one cyst. Most patients had bilateral 
(13/15, 87%) and lower lung–predominant cysts (13/15, 87%). The cysts varied in size from 
0.2 to 7.8 cm. The largest cysts were located in the lower lobes of 14 of 15 patients (93%). Of 
the nine patients with large cysts, most had at least one multiseptated cyst (7/9, 78%). Five 
of 15 patients (33%) had more than 20 cysts. Cyst shape varied among the 15 patients and 
also within individual patients (10/15, 67%) ranging from round to oval, lentiform, and mul-
tiseptated. Cysts showed no central or peripheral predominance.

CONCLUSION. Discrete thin-walled cysts in patients with Birt-Hogg-Dubé syndrome 
are more numerous and larger in the lower lobes and vary in size and shape. Large lung cysts 
are frequently multiseptated. These features may aid in differentiating Birt-Hogg-Dubé syn-
drome from other more common cystic lung diseases.

Agarwal et al.
CT of Birt-Hogg-Dubé Syndrome

Cardiopulmonary Imaging
Original Research



350 AJR:196, February 2011

Agarwal et al.

thoracic CT appearance of this uncommon 
entity, with the articles in the radiology litera-
ture limited to sporadic case reports or inclu-
sion in review articles [9–13].

It is important for radiologists to be aware 
of Birt-Hogg-Dubé syndrome as a cause of 
spontaneous pneumothorax and lung cysts 
because the former may be the initial clinical 
manifestation of this entity and the latter may 
be found incidentally or in patients under-
going cancer staging evaluations for a renal 
mass. In this study, we describe the thorac-
ic CT appearance of patients with confirmed 
Birt-Hogg-Dubé syndrome to elucidate fea-
tures that may help differentiate this condition 
from other more well-known cystic lung dis-
eases, such as lymphangioleiomyomatosis and 
Langerhans cell histiocytosis [14, 15].

Materials and Methods
A computerized medical record search of pa-

tients with a diagnosis of Birt-Hogg-Dubé syn-
drome was performed at our institution for the 
years 1999–2009, yielding four cases. Thirteen 
additional cases were contributed by colleagues 
from three other institutions who recalled seeing 
cases of Birt-Hogg-Dubé syndrome in their prac-
tice. This study was approved by our institutional 
review board, with a waiver of informed consent. 
The diagnosis of Birt-Hogg-Dubé syndrome was 
established in all patients by genetic testing.

Patient Characteristics
The mean age of the 17 patients, 13 women 

(76%) and four men (24%), at the time of the tho-
racic CT examination was 50.2 ± 15.2 years. Four 
patients were smokers or had a history of smok-
ing, three patients had never smoked, and smok-
ing history was not available in the remaining 10 
patients. 

Radiologic Evaluation
Because the study was retrospective, the imag-

ing protocol was not standardized and a variety of 
CT scanners and techniques were used. The CT 
scans of the study group included nine convention-
al thoracic CT examinations and eight high-reso-
lution CT (HRCT) examinations. Standard thorac-
ic CT studies were performed using various slice 
thicknesses, ranging from 2.5 to 7 mm. Five  were 
performed without and four were performed with 
IV contrast administration. The HRCT scans were 
obtained using volumetric technique and a 1.25-
mm slice thickness in four patients and incremen-
tal scanning with a 10-mm interscan gap and 1-mm 
slice thickness in four patients.

Nine patients had a known diagnosis of Birt-
Hogg-Dubé syndrome at the time of thoracic CT, 

whereas two were scanned for other reasons (i.e., 
abnormal findings on an initial chest radiograph 
in one patient and cancer staging in a patient with 
known endometrial cancer without known renal 
malignancy). The clinical indication for the initial 
thoracic CT examination was not available for the 
remaining six patients. Chest radiographs were 
not available for review.

The CT examinations were reviewed by two tho-
racic radiologists, with specialized thoracic imag-
ing experience of 6 years and more than 20 years, 
as a consensus panel for the presence, anatomic dis-
tribution, extent, and morphology of lung cysts.

Cyst distribution was classified for both cran-
iocaudal distribution (as upper lung predominant, 
lower lung predominant, or diffuse) and axial dis-
tribution (as central, peripheral, or diffuse). In-
volvement of the costophrenic sulci was recorded. 
The total number of lung cysts in each patient was 
recorded as few if there were fewer than 10 cysts, 
several if there were 10–20, or numerous if there 
were more than 20. The size of the cysts was cat-
egorized as small if the cysts were less than 1 cm, 

medium-sized if they were 1–2 cm, and large if 
they were greater than 2 cm. Size was measured 
as maximum diameter.

Cyst morphology, including the shape of the 
cyst (round, ovoid, and multiseptated) and the 
thickness of the cyst wall (wall: not identifiable, 
thin [< 3 mm], or thick [> 3 mm]), was recorded. 
Any other associated abnormalities such as nod-
ules, ground-glass opacities, and pleural effusions 
or pneumothoraces were also noted.

Results
Thoracic CT Findings

The thoracic CT findings are summarized 
in Table 1. Cystic lung disease was present 
in 15 of 17 patients (88%), and two patients 
had normal findings on CT. Cysts were bilat-
eral in 12 of 15 patients. Of the three patients 
with unilateral cysts, one had a surgical sta-
ple line in the opposite lung from a resected 
cyst, implying bilateral involvement. Hence, 
overall 13 of 15 patients, or 87%, had bilat-
eral involvement. The cysts were lower lung 
predominant in 13 of 15 patients (87%) (Fig. 
1). Of the two patients without lower lung 
predominance, one had unilateral upper lung 
cysts (1/15, 7%) (Fig. 2). This patient had a 
history of cyst removal at the same side, al-
though the precise operative details regard-
ing the site of cyst resection were not avail-
able. A definite staple line was not seen on 
CT, which was performed using incremental 
technique with a 10-mm interscan gap. The 
other patient had only two cysts, a large low-
er lung cyst and a small upper lung cyst, with 
no clear distribution predominance. If the 
largest cyst were interpreted as an indicator 
of predominant distribution, this case would 
be characterized as lower lobe predominant, 
increasing the lower lobe predominance to 

TABLE 1: Lung Cyst Characteristics 
on Thoracic CT of Patients 
With Birt-Hogg-Dubé 
Syndrome

Lung Cyst  
Characteristics

No. (%) of 
Patients 
(n = 15)

Bilateral distribution  13 (87)

Craniocaudal distribution

Lower lung  13 (87)

Upper lung  1 (7)

No predominance  1 (7)

Axial distribution

No predominance  15 (100)

Largest cyst distribution

Lower lung  14 (93)

Costophrenic sulcus involved  8 (53)

Size

Large (> 2 cm)  9 (60)

Medium (1–2 cm)  5 (33)

Small (< 1 cm)  1 (7)

Number

Numerous (> 20)  5 (33)

Several (10–20)  3 (20)

Few (< 10)  7 (47)

Shape

Multiseptated  7 (47)

Various shapes in individual 
patients

 10 (67)

Fig. 1—66-year-old woman with Birt-Hogg-Dubé 
syndrome. Coronal reformatted image from 
volumetric high-resolution CT of chest reveals lower 
lung–predominant thin-walled cysts that vary in size 
and shape. 
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14 of 15 patients, or 93%. With regard to the 
axial distribution, the cysts were diffuse with 
no central or peripheral predominance. The 
lung at the costophrenic sulci was involved 
in eight of 15 patients (53%) (Fig. 3).

In terms of the number of cysts, five of 15 
patients (33%) had more than 20 cysts, three 
(20%) had 10–20 cysts, and seven (47%) had 
fewer than 10 cysts. The cysts ranged in size 
from 0.2 to 7.8 cm. The largest cyst in all 
cases except one case was found in the low-
er lobes (Fig. 2). One patient (1/15, 7%) had 
subtle CT findings, with cysts measuring up 
to only 0.7 cm; however, the largest cyst in 
all other patients was medium sized, measur-
ing 1–2 cm (5/15, 33%), or was large, mea-
suring more than 2 cm (9/15, 60%).

The morphology of the lung cysts was 
variable among the patients and also within 
individual patients (Fig. 1). Cyst morpholo-
gy ranged from round to oval and lentiform. 
Large cysts, particularly those in the low-
er lungs, had a lobulated multiseptated ap-
pearance (Fig. 4). Of the nine patients with 

cysts larger than 2 cm, seven patients had a 
multiseptated cyst. Cyst shape was variable 
in 10 of 15 patients (67%) and was relative-
ly uniform (with round cysts) in five patients 
(33%). The cyst walls were perceptible, thin, 
and uniform in all patients. 

No lung nodules, ground-glass opacity, 
septal thickening, honeycombing, or airway 
abnormalities were found. One patient pre-
sented with a pneumothorax that was seen on 
CT, and another patient had bilateral small 
pleural effusions.

Discussion
Few articles in the radiology literature de-

scribe imaging findings of patients with Birt-
Hogg-Dubé syndrome and those that do pri-
marily focus on the renal manifestations. 
However, it is important for radiologists to 
be aware of this syndrome because the skin 
manifestations are benign and may go unno-
ticed and the first clinical presentation might 
be a spontaneous pneumothorax or inciden-
tal lung cysts at the lung base found on an ab-

dominal CT examination for the assessment 
of a renal mass. Although Birt-Hogg-Dubé 
syndrome is a rare disorder, it may be under-
recognized because of its variability of clini-
cal expression [16].

The distribution and morphology of the 
lung cysts in Birt-Hogg-Dubé syndrome may 
be useful to differentiate this syndrome from 
other, better known cystic lung diseases. 
However, this hypothesis needs to be prov-
en by additional studies directly comparing 
the patterns of different cystic lung diseas-
es with those of Birt-Hogg-Dubé syndrome. 
The presence of ancillary findings such as 
renal tumors and clinical presentation of der-
matologic findings can be helpful clues to the 
diagnosis. Other more commonly encoun-
tered cystic lung diseases include Langer-
hans cell histiocytosis, lymphangioleiomyo-
matosis, lymphocytic interstitial pneumonia 
(LIP), and Pneumocystis jiroveci pneumonia 
(PJP). The latter two conditions are usually 
suspected in specific clinical scenarios. For 
instance, a clinical history of an underlying 
immunologic process, such as Sjögren syn-
drome, raises the possibility of LIP, which 
may also show ancillary parenchymal ab-
normalities such as ground-glass opacity and 
small nodules [10]. A disease along the same 
continuum of abnormality as LIP and also 
associated with collagen vascular diseases is 
follicular bronchiolitis, which may manifest 
as lung cysts [17]. Patients with PJP typically 
are immunocompromised and have associat-
ed ground-glass opacities [18].

In previous reports, lymphangioleiomyo-
matosis, cystic lung disease associated with 
tuberous sclerosis has been suggested to be 
the closest mimic of Birt-Hogg-Dubé syn-
drome radiologically [10]. Both entities in-
volve the lungs and kidneys, although in 
lymphangioleiomyomatosis the renal lesions 

A

Fig. 2—68-year-old woman with Birt-Hogg-Dubé syndrome. Patient had history of prior cyst removal, but 
operative details were lacking.
A and B, Axial high-resolution CT images show multiple confluent and multiseptated unilateral cysts in upper 
lung distribution. 

B

A

Fig. 3—58-year-old woman with Birt-Hogg-Dubé syndrome. 
A–C, Axial chest high-resolution CT images through upper lungs (A), through lower lungs (B), and at costophrenic sulci (C) show lower lung–predominant cyst with 
involvement of costophrenic sulci.

CB
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are fat-containing angiomyolipomas. Both 
conditions also tend to involve the lungs at the 
costophrenic sulci. Our data indicate that the 
cysts of Birt-Hogg-Dubé syndrome usually 
vary in size and shape and are lower lung pre-
dominant in distribution, whereas the cysts in 
lymphangioleiomyomatosis typically are de-
scribed to be more uniform in size, round, 
and diffuse in distribution. This variability 
of shape and size as well as the lower lung 
predominance seen in our study population 
is similar to that described in the literature 
in a previous case series of 12 subjects with 
Birt-Hogg-Dubé syndrome [13]. The cysts in 
lymphangioleiomyomatosis are small to me-
dium sized compared with the large cystic le-
sions, which are often multiseptated, seen in 
patients with Birt-Hogg-Dubé syndrome. 

Distinction between Birt-Hogg-Dubé syn-
drome and Langerhans cell histiocytosis is 
relatively straightforward because Langer-
hans cell histiocytosis is an upper lung–pre-
dominant disease process that includes nod-
ules in addition to lung cysts, both of which 
are usually irregular in shape [15]. 

Cystic changes have also been described 
in desquamative interstitial pneumonia 
(DIP) and respiratory bronchiolitis–asso-
ciated interstitial lung disease [14]. These 
diseases share histologic features and often 
are considered to be along the same disease 
spectrum. Differentiation of these entities 
from Birt-Hogg-Dubé syndrome is straight-
forward because the cystic changes in these 

diseases are accompanied by ground-glass 
opacities or centrilobular nodules and be-
cause the cysts lack a discernible wall [14].

Bullous lung disease with paraseptal em-
physema can present with large and gas lu-
cencies of various shapes, although it is typi-
cally associated with other manifestations of 
emphysema and is upper lung predominant. 
In our series, we found the largest cysts to be 
located in the lower lungs.

There are a few limitations to our study. 
Our study is limited by the small number 
of patients but the rarity of this syndrome 
makes it difficult to gather a larger series. 
Various scanning techniques and parame-
ters were used, and the cases were acquired 
from multiple institutions utilizing different 
acquisition techniques. This limitation is in-
herent to the rarity of the disease and the ret-
rospective nature of the study. Additionally, 
the clinical information regarding smoking 
and details about prior surgeries was lack-
ing in some cases. The lack of operative de-
tails could potentially have influenced the 
perceived distribution of the disease process, 
resulting in incorrect categorization. Finally, 
we did not have chest radiographs to review, 
even though radiography is usually the first 
imaging test performed in most patients.

In summary, it is important to be aware of 
the thoracic CT findings of Birt-Hogg-Dubé 
syndrome: usually randomly scattered lower 
lung–predominant cysts of various sizes and 
shapes. The large dominant cysts tend to be 
located in the lung bases and may be mul-
tiseptated. Birt-Hogg-Dubé syndrome may 
manifest as a spontaneous pneumothorax or 
as lung cysts found at the lung bases in pa-
tients with a solid renal mass, in which case 
the interpreting radiologist may be the first to 
suggest the diagnosis and initiate workup.
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