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Pulmonary
Lymphangioleiomyomatosis:
Correlation of Ventilation-
Perfusion Scintigraphy, Chest
Radiography, and CT with
Pulmonary Function Tests"

PURPOSE: To determine the findings on ventilation-perfusion (V-P) scintigrams,
computed tomographic (CT) scans, and chest radiographs and correlate them with
pulmonary function test results in patients with lymphangioleiomyomatosis.

MATERIALS AND METHODS: V-P scintigraphy, chest radiography, conventional
and thin-section CT, and pulmonary function tests were performed in 39 patients.
The images were graded on a scale of O (normal) to 3 (severely abnormal).

RESULTS: Imaging abnormalities were found on 92% of ventilation scintigrams,
92% of perfusion scintigrams, 79% of chest radiographs, 100% of CT scans, and 100% of
thin-section CT scans. On ventilation scintigrams, 28 (72%) patients demonstrated a
speckling pattern. On CT scans, all patients had pulmonary cysts. Univariate analysis
showed that extent of disease on chest radiographs and CT scans, cyst size, V-P
abnormalities, and degree of speckling were inversely correlated with forced expiratory
volume in one second (FEV;), diffusing capacity of lung for carbon monoxide, and the ratio
of FEV; to forced vital capacity (FVC) (P < .01) but not with FVC and total lung capacity.
Larger cyst size correlated with extent of disease at CT, but not significantly (P = .056).

CONCLUSION: Scintigraphic and radiologic abnormalities are seen in a majority of
patients with lymphangioleiomyomatosis. On ventilation scintigrams, a frequently
seen speckling pattern may be related to accumulation of radionuclide in pulmonary
cysts—a hallmark of the disease at CT. Findings with each imaging modality correlate
with certain pulmonary functions.

Lymphangioleiomyomatosis is a rare, idiopathic disease affecting exclusively women and is
characterized by progressive smooth muscle proliferation in the pulmonary lymphatic vessels,
blood vessels, and airways (1). The classic chest radiographic manifestations include interstitial
pulmonary disease, recurrent pneumothoraces, and chylous pleural effusions (2). The interstitial
changes shown on radiographs actually result from superimposition of parenchymal cysts,
which are a hallmark of this disease and which are best demonstrated at computed tomography
(CT) (3-9).

The purpose of this study was to determine the findings on ventilation-perfusion (V-P)
scintigrams, chest radiographs, and CT scans and to compare them with the results of
pulmonary function tests in a large group of patients with lymphangioleiomyomatosis.

MATERIALS AND METHODS

The study protocol was approved by the institutional review board at the National Heart,
Lung, and Blood Institute. Subjects were informed of the risks and the benefits of the study.
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Written informed consent was obtained
from all study participants.

We examined 39 women (age range,
23-54 years; mean age * SD, 42 years = 9)
with a previously established diagnosis of
lymphangioleiomyomatosis and without
evidence of tuberous sclerosis. The mean
duration between the diagnosis of disease
and the time of our evaluation was 4.0
years * 3.5 (range, 1 month to 15.5
years). The diagnosis of pulmonary lym-
phangioleiomyomatosis was established
by means of open pulmonary biopsy (17
patients), thoracoscopic pulmonary bi-
opsy (10 patients), transbronchial biopsy
(four patients), and retroperitoneal lymph
node biopsy (three patients).

Five patients did not have a pulmonary
tissue diagnosis of lymphangioleiomyo-
matosis. These five patients had classic
clinical and imaging findings at chest CT,
which consisted of diffusely scattered
thin-walled pulmonary cysts. Of these
five patients, three had a history of pneu-
mothorax and renal angiomyolipoma di-
agnosed after total nephrectomy, one had
persistent chylothorax and a history of
hemoptysis and recurrent pneumothora-
ces, and one had a history of recurrent
pneumothoraces and transbronchial bi-
opsy results that were consistent with,
but not diagnostic of, lymphangioleio-
myomatosis.

Each patient underwent the following
studies: aerosol V-P scintigraphy, antero-
posterior and lateral chest radiography,
conventional CT, thin-section CT, and
pulmonary function tests. These studies
were performed within 5 days of each
other in all patients. Imaging studies were
interpreted by board-certified radiologists
and nuclear medicine physicians who
were aware of the patients’ diagnosis but
blinded to their clinical status or the
results of other imaging modalities or
pulmonary function tests. In the first 31
patients, each study was read indepen-
dently by two radiologists (N.A.A., E.C.J.)
or by two nuclear medicine physicians
(C.C.C., R.D.N.) to determine interob-
server variability. For the correlative analy-
sis performed in all 39 patients, studies
were scored by a single radiologist (N.A.A.)
or nuclear medicine physician (C.C.C.)
who used the methods outlined in this
article.

Chest Radiography

Chest radiographs were evaluated for
the presence and severity of underlying
disease in each of three equal pulmonary
zones from apex to base. Abnormalities
were characterized as cysts, reticulation,
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TABLE 1
Grade Distribution of Imaging Studies

Grade
Imaging Modality 0 1 2 3

Radiography overall extent 8 (21) 15 (38) 8 (21) 8 (21)
CT

Average cyst size 0 11 (28) 20 (51) 8 (21)

Overall extent 0 10 (26) 15 (38) 14 (36)
V-P scintigraphy

Ventilation* 3(8) 19 (50) 8 (21) 8 (21)

Perfusion 3(8) 15 (38) 14 (36) 7 (18)

Speckling 11 (28) 11 (28) 12 (31) 5 (13)

Note.—Data are the number of patients (n = 39). Data in parentheses are percentages.
* One ventilation study was uninterpretable for technical reasons.

pleural thickening, and/or pleural effu-
sion. Cysts were defined as areas of de-
creased opacity with visible walls. Reticu-
lation was defined as a network of straight
or curved lines without associated central
lucencies. The severity of abnormalities
was graded on a four-point scale for each
zone as follows: O, absent; 1, mild; 2,
moderate; 3, severe. For each patient,
these grades were averaged across all pul-
monary zones to provide a global score
for the overall severity of involvement of
the pulmonary parenchyma.

CT Scanning

CT scanning (HiSpeed Advantage; GE
Medical Systems, Milwaukee, Wis) of the
chest was performed in all patients. The
scans were obtained with 10.0-mm colli-
mation at 1-cm intervals. In addition,
thin-section scans with 1.0-mm collima-
tion were obtained at 3-cm intervals. As
with the radiographs, the extent of in-
volvement of each of three equal pulmo-
nary zones was assessed independently
and graded according to the percentage
of the volume judged abnormal as fol-
lows: 0, absent; 1, less than 30% abnor-
mal; 2, 30%-60% abnormal; 3, more than
60% abnormal. A mean, global score was
also obtained. Pulmonary cysts were
evaluated by using thin-section CT to
determine the predominant or mean cyst
diameter as follows: 1, less than 0.5 cm; 2,
0.5-1.0 cm; 3, more than 1.0 cm. Further-
more, abnormalities were assessed for
symmetry and distribution.

V-P Scintigraphy

Aerosol V-P pulmonary scintigraphy
was performed in all patients by using a
low-energy all-purpose parallel-hole colli-
mator and a gamma camera (Orbitor;
Siemens Medical Systems, Hoffman Es-

tates, Ill) peaked to 140 keV with a 20%
window. Technetium 99m diethylenetri-
aminepentaacetic acid (DTPA; Techne-
plex; Bracco Diagnostics, Princeton, NJ)
aerosol ventilation studies were performed
by using nebulizers (Aerovent; Medi
Nuclear, Baldwin Park, Calif). Patients
were placed in a seated position, the
DTPA aerosol was administered until a
count rate of approximately 2,000 counts
per second was achieved, and images of
the lungs were obtained in multiple pro-
jections. After this, 5-6 mCi (185-222
MBQq) of °*mTc macroaggregated albumin
(Pulmolite; Dupont Pharmaceuticals, Bil-
lerica, Mass) was administered intrave-
nously, and imaging was repeated.

V-P scintigrams were evaluated qualita-
tively for abnormalities in ventilation
and perfusion by using the following
scale: 0, absent; 1, mild; 2, moderate; 3,
severe. In addition, ventilation studies
were scored for the degree of speckling
seen, as distinguished from clumping of
aerosol in the large airways. This speck-
ling pattern has been reported before in
lymphangioleiomyomatosis and appears
distinct from the usual appearance of
central clumping (10). Mean, global scores
were obtained for ventilation, perfusion,
and speckling.

Pulmonary Function Studies

Spirometry and measurement of func-
tional residual capacity and diffusing ca-
pacity of lung for carbon monoxide
(DLco) were performed with the patients
in a seated position and with use of a
computerized system (Gold Standard
PLUS; Warren E. Collins, Braintree, Mass).
Spirometry and DLco measurements were
obtained by using standard techniques
recommended by the American Thoracic
Society (11,12). Functional residual capac-
ity was measured by using the closed-
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a.

Figure 1.

Lymphangioleiomyomatosis in a 35-year-old woman. (a) Transverse thin-section CT scan and (b) posterior ventilation (left) and

perfusion (right) images demonstrate minimal extent of disease visible on the CT scan, which consists of pulmonary cysts (arrows in a) involving less
than 30% of the lungs, normal ventilation, minimally abnormal perfusion, and minimal speckling (arrow in b).

Figure 2.

b.

Lymphangioleiomyomatosis in a 54-year-old woman. (a) Transverse thin-section CT scan and (b) posterior ventilation (left) and

perfusion (right) images show the moderate extent of disease visible on the CT scan, which consists of pulmonary cysts (arrow in a) involving
30%-60% of the lungs; mild ventilatory abnormalities, aside from the defect caused by pleural effusion; moderate perfusion defects (arrow in b); and
moderate speckling consisting of focal areas of increased uptake of radionuclide in the lungs.

circuit helium equilibration technique,
with equilibration time of 3-10 minutes.
The expiratory reserve volume was sub-
tracted from the functional residual capac-
ity to obtain the residual volume, and the
vital volume capacity was added to the
residual volume to obtain the total lung
capacity (TLC). The predicted values for
all pulmonary functions were derived
from published standards (13-15).

Statistical Methods

The « statistic for observer agreement
of the imaging studies was calculated
according to standard methods for pro-
portions: poor, k = 0-0.39; fair to good,
k = 0.40-0.75; excellent, k = 0.76-1.00
(16). Spearman rank correlation coeffi-
cients were calculated between the pulmo-
nary function measurements and the glo-
bal scores on the various imaging studies.

Volume 214 « Number 2

The significance probabilities, or P values,
for these correlation coefficients were de-
rived from the t distribution (17,18). AP
value less than .05 was considered to
indicate a statistically significant differ-
ence. Statistical analyses were performed
by using a statistical package (SAS; SAS
Institute, Cary, NC) (18).

RESULTS

Interobserver Variability

For the purpose of evaluating reader
agreement, the imaging studies of the
first 31 patients were read independently
by two readers. Based on rating scales of
four grade levels (0-3), the «k statistics
between readers were 0.78, 0.85, and 0.72
for overall chest radiograph grade, overall
CT grade, and predominant cyst size
grade, respectively. The k statistics for

ventilation, perfusion, and speckling were
0.48, 0.62, and 0.43, respectively.

Radiologic Findings

Chest radiography.—Eight (21%) of 39
patients had normal chest radiographs
(grade 0); the remaining 79% had in-
creased reticular markings (Table 1). Over-
all extent of disease on chest radiographs
was graded as follows: grade 1, 15 (38%)
of 39 patients; grade 2, eight (21%) pa-
tients; and grade 3, eight (21%) patients
(Table 1). Less common findings on radio-
graphs included pleural effusions in five
(13%) patients and pneumothoraces in
two (5%). Only three (8%) patients had
clearly defined cysts on chest radio-
graphs.

Chest CT.—Pulmonary cysts were seen
on CT scans in all patients. Cyst walls
varied in thickness from faintly percep-
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tible to 2.0 mm; the majority were less
than 2.0 mm in thickness. Some cysts had
no discernable walls and were indistin-
guishable from emphysema. The extent
of pulmonary involvement with cysts
was as follows: grade 1, 10 (26%) of 39
patients; grade 2, 15 (38%) patients; and
grade 3, 14 (36%) patients (Table 1) (Figs
1-3). Thirty-six (92%) of 39 patients had
pulmonary cysts on CT scans that were
not apparent on radiographs.

Thin-section CT qualitatively demon-
strated the parenchymal cysts better than
conventional CT and showed no evi-
dence of interstitial pulmonary disease
such as thickening of the interlobular
septae in any of the patients. Regarding
the predominant cyst size, 11 (28%) of 39
patients had cysts predominantly smaller
than 0.5 cm (grade 1), 20 (51%) had cysts
predominantly between 0.5 and 1.0 cm
(grade 2), and eight (21%) had cysts that
were predominantly greater than 1.0 cm
(grade 3) (Table 1). Although there was a
correlation between the predominant cyst
size and disease extent on CT scans, it was
not statistically significant (P = .056).
Patients with the greatest extent of dis-
ease did not necessarily have the largest
cysts. In two of 10 patients with disease
involving less than one-third of the pul-
monary parenchyma on CT scans (grade
1), the predominant cyst size was greater
than 1.0 cm in diameter (grade 3). On the
other hand, in one of 14 patients with
disease involving more than two-thirds
of the pulmonary parenchyma (grade 3),
the predominant cyst size was less than
0.5 cm in diameter (grade 1).

Other less common findings at CT in-
cluded pneumothorax in two (5%) of 39
patients, pericardial effusion in two (5%)
patients, dilated thoracic duct in six
(15%) patients, pleural effusions in six
(15%) patients, precarinal lymph nodes
in two (5%) patients, and retrocrural
lymph nodes in two (5%) patients.

V-P scintigraphy.—One patient had a
study that was uninterpretable with re-
spect to ventilation abnormalities owing
to marked central clumping. Of the re-
maining 38 studies, ventilatory abnor-
malities were judged to be absent (grade
0) in three (8%) patients, grade 1 in 19
(50%), grade 2 in eight (21%), and grade 3
in eight (21%). Of the 39 perfusion scinti-
grams, three (8%) were normal (grade 0),
15 (38%) were grade 1, 14 (36%) were
grade 2, and seven (18%) were grade 3. In
general, the location of ventilation and
perfusion abnormalities matched. In some
cases, however, the severity of the de-
crease in ventilation may have been more
or less than the severity of the decrease in
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b.
Figure 3.

Lymphangioleiomyomatosis in a 52-year-old woman.

(a) Transverse thin-section CT scan and (b) posterior ventilation (left)
and perfusion (right) images show the severe extent of disease visible
on the CT scan, which consists of pulmonary cysts (arrow) involving
more than 60% of the lungs, severe ventilation and perfusion
abnormalities, and marked speckling consisting of multiple areas of
increased uptake of radionuclide that extend to the periphery through-

out both lungs.

perfusion in the same area. Speckling was
seen in 28 (72%) of 39 patients: mild
(grade 1) in 11 (28%), moderate (grade 2)
in 12 (31%), and marked (grade 3) in five
(13%) (Table 1) (Figs 1-3).

Pulmonary function studies.—The results
of the pulmonary function studies were
abnormal in the majority of patients.
Overall, forced expiratory volume in one
second (FEV,), the ratio of FEV, to forced
vital capacity (FVC), and DLco in the
study population were substantially lower
than the predicted values. In contrast, the
FVC and TLC were similar to the pre-
dicted values (Table 2).

Correlation analysis.—Univariate analy-
sis showed that abnormalities of all major
imaging parameters (overall ventilation,
perfusion, speckling, extent of disease at
CT, mean pulmonary cyst size at CT, and
chest radiography grades) correlated sig-
nificantly with impairment of FEV,, DLco,
and the ratio of FEV, to FVC (P < .02) but
not with FVC or TLC (Table 3). Ventila-

tion, perfusion, and degree of speckling
also correlated with overall chest radio-
graphic results and extent of disease at CT
(P < .05) (Table 4) and mean cyst size at
CT (P < .001). Although there was a
relationship between increasing cyst size
and overall pulmonary involvement at
CT (r = 0.3), it did not reach statistical
significance at the .05 level (P = .056).

DISCUSSION

The principal pulmonary finding in pa-
tients with lymphangioleiomyomatosis
is cysts. These may vary in size from a few
millimeters to many centimeters, and they
may vary in extent of involvement from a
few scattered cysts to diffuse replacement
of the lung (3,9,10,19). Some observers
think that the cysts develop as a result of
air trapping distal to small airways nar-
rowed by smooth muscle proliferation
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TABLE 2
Descriptive Data for Percentage of Lung Function Predicted in 39 Patients
Parameter Mean sb Minimum Maximum
FEV, 62.7 25.9 20.0 119.0
FvC 83.9 22.7 34.0 133.0
FEV,1/FVC 74.6 22.5 27.0 117.0
TLC 89.1 19.3 54.0 137.0
DLco 62.4 24.3 19.0 136.0
TABLE 3
Correlation between Imaging and Pulmonary Function Test Results
. FEV, FvC FEV1/FVC TLC DLco
Imaging
Modality rValue PValue rValue PValue rValue PValue rValue PValue rValue P Value
Radiography
overallextent —0.43 .006 —0.14 .406 —-0.46 .004 0.01 .965 -0.75 <.001
CT
Average cystsize —0.50 .001 —-0.19 .246 -0.49 .002 0.03 .867 —0.56 <.001
Overall extent —-0.38 .017 —-0.14 .396 -0.46 .003 0.02 .925 -0.64 <.001
V-P scintigraphy
Ventilation —0.69 <.001 -0.24 .143 -0.69 <.001 0.06 .727 -—0.63 <.001
Perfusion —-0.78 <.001 -0.25 .130 -0.83 <.001 0.06 .730 -0.71 <.001
Speckling —-0.62 <.001 -0.20 .221 -0.72 <.001 0.09 .601 -0.55 <.001
TABLE 4

Correlation between Radiologic and Scintigraphic Findings

Radiography Overall Extent CT Average Cyst Size* CT Overall Extent
V-P Scintigraphy r Value P Value r Value P Value r Value P Value
Ventilation 0.56 <.001 0.60 <.001 0.40 .014
Perfusion 0.58 <.001 0.64 <.001 0.53 <.001
Speckling 0.46 .003 0.58 <.001 0.33 .038

P =.064.

* The correlation between average CT cyst size and overall lung involvement at CT was r = 0.30 with

(2,19). Others have shown lymphangio-
leiomyomatosis cells producing matrix
metalloproteinases that destroy both col-
lagen and elastin in the pulmonary inter-
stitium. This suggests a role for these
enzymes and the breakdown of pulmo-
nary parenchyma in the pathogenesis of
the cysts (20).

Evaluation of the pulmonary cysts in
lymphangioleiomyomatosis is best done
with CT; chest radiographs often fail to
demonstrate or may lead to underestima-
tion of the extent of disease. As reported
by others (3,4,8,9,21), we found substan-
tial discrepancies between the radio-
graphic and CT findings in many of the
patients in our study. In our series, 36
(92%) of 39 patients had pulmonary cysts
on CT scans that were not apparent on
radiographs. In most of these patients,
only nonspecific irregular linear opacities
suggestive of interstitial disease were seen
on chest radiographs. Only when the
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cysts were greater than 1.0 cm in diam-
eter were they recognized on chest radio-
graphs.

Results of previous studies (8,9) led to
similar conclusions. The reticular intersti-
tial pattern shown on chest radiographs
in patients with lymphangioleiomyoma-
tosis results from summation of numer-
ous cyst walls. Overall, CT affords a more
reliable depiction of pulmonary intersti-
tial morphology by virtue of superior
contrast resolution and, with thin-sec-
tion techniques, reduced superimposi-
tion or volume averaging effects (22,23).

Fanti et al (10) described a pattern of
“well-defined hot spots” on a Technegas
ventilation scintigram in a single patient
with lymphangioleiomyomatosis, and
they postulated this pattern represented
accumulation of radionuclide in periph-
eral cysts. Aerosol DTPA droplets, which
adhere to the cyst walls, presumably co-
alesce and result in focal collections of

activity superimposed on a background
of activity within normal alveoli. In this
study, we termed this pattern of uptake
“speckling” and found the degree of
speckling correlated with the extent of
disease on CT scans and chest radio-
graphs and with pulmonary dysfunction.

The speckling pattern is nonspecific in
its milder forms but has a very distinctive
appearance in its severe form, although
its actual specificity for lymphangioleio-
myomatosis is unknown. For instance, a
similar pattern has been described in cys-
tic fibrosis, and it would not be surprising
if a similar pattern were seen in other
cystic pulmonary diseases such as Langer-
hans cell histiocytosis (formerly, histiocy-
tosis X) (24). We believe, however, that
when severe speckling is present, as seen
in 13% of the patients in our study, the
pattern strongly suggests the diagnosis of
lymphangioleiomyomatosis.

Despite the suggestive appearance of
lymphangioleiomyomatosis at CT, the dif-
ferential diagnosis also includes tuberous
sclerosis and Langerhans cell histiocyto-
sis, in addition to emphysema (8,25,26).
Identical clinical, radiologic, and histo-
pathologic pulmonary changes may be
seen in 1% of patients with tuberous
sclerosis (8). Although tuberous sclerosis
affects both sexes equally, the pulmonary
changes have been described almost ex-
clusively in women (8). Furthermore, tu-
berous sclerosis, unlike lymphangioleio-
myomatosis, is associated with recognized
genetic defects. In Langerhans cell histiocy-
tosis, parenchymal cysts are also a primary
morphologic feature, although the cyst
walls are often more variable in thickness
than those seen in lymphangioleiomyo-
matosis (3,5). In addition, pulmonary
nodules and cavitary nodules are a com-
mon feature of Langerhans cell histiocyto-
sis (26). Furthermore, Langerhans cell his-
tiocytosis characteristically involves the
upper two-thirds of the lungs and spares
the costophrenic angles, whereas lym-
phangioleiomyomatosis involves the
lungs diffusely (25,26).

We conclude that lymphangioleiomyo-
matosis has a characteristic appearance
on CT scans and scintigrams, which con-
sists of cysts surrounded by normal lung
on CT scans and an abnormal speckling
pattern on V-P scintigrams. All major
imaging parameters—overall ventilation,
perfusion, speckling, extent of disease on
CT scans, mean pulmonary cyst size on
CT scans, and extent of disease on chest
radiographs—correlate significantly with
degree of impairment of FEV,, DLco, and
the ratio of FEV; to FVC (P < .01) but not
with FVC or TLC. The sizes of the pulmo-
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nary cysts vary and do not correlate sig-
nificantly with severity of disease at CT.
Larger cyst size, however, correlated sig-
nificantly with worsening scintigraphic
abnormalities, including speckling.
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