J Bras Pneumol. 2017;43(6):451-455

http://dx.doi.org/10.15690/S1806-37562017000000062 ORIGINAL ARTICLE

Niemann-Pick disease type B: HRCT
assessment of pulmonary involvement
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ABSTRACT

Objective: To analyze HRCT findings in patients with Niemann-Pick disease (NPD)
type B, in order to determine the frequency of HRCT patterns and their distribution in
the lung parenchyma, as well as the most common clinical characteristics. Methods:
We studied 13 patients (3 males and 10 females) aged 5 to 56 years. HRCT images
were independently evaluated by two observers, and disagreements were resolved
by consensus. The inclusion criteria were presence of abnormal HRCT findings and
diagnosis of NPD type B confirmed by histopathological examination of a bone marrow,
lung, or liver biopsy specimen. Results: The most common clinical findings were
hepatosplenomegaly and mild to moderate dyspnea. The most common HRCT patterns
were smooth interlobular septal thickening and ground-glass opacities, which were
both present in all patients. Intralobular lines were present in 12 patients (92.3%). A
crazy-paving pattern was observed in 5 patients (38.4%), and areas of air trapping were
identified in only 1 case (7.6%). Pulmonary involvement was bilateral in all cases, with
the most affected area being the lower lung zone. Conclusions: Smooth interlobular
septal thickening, with or without associated ground-glass opacities, in patients with
hepatosplenomegaly is the most common finding in NPD type B.
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INTRODUCTION

Niemann-Pick disease (NPD) is a rare autosomal
recessive hereditary disease characterized by acid
sphingomyelinase deficiency, which causes accumulation
of sphingomyelin, especially in the tissues of the
reticuloendothelial system.®% Symptoms are due to
accumulation of vacuolated lipid-filled macrophages,
known as Niemann-Pick cells, in several organs, such
as the liver, spleen, bone marrow, lung, and central
nervous system.(24-)

together with fibroblast cell culture or analysis of bone
marrow biopsy specimens revealing accumulation of
lipid-filled macrophages (sea-blue histiocytes)—are
definitive for the diagnosis.® In the present study, we
analyzed HRCT scans from 13 patients with NPD type
B, all of whom had histopathological confirmation. The
objectives of the present study were to describe the
most common HRCT findings and the major clinical and
epidemiological characteristics observed in these patients.

NPD is divided into six subtypes, from A to F, depending METHODS
on the organs affected and the severity of the clinical
course.® In subtype B, an enzymatic deficiency
causes chronic visceral involvement, characterized
by hepatosplenomegaly and lung and bone marrow
involvement, without significant neurological deficit,
with pulmonary involvement being one of the leading
causes of morbidity and mortality.*¥ The presence
of hepatosplenomegaly associated with specific HRCT
findings, such as interlobular septal thickening, ground-
glass opacities, intralobular lines, and a crazy-paving
pattern, constitutes important information that indicates

This was a descriptive, retrospective, observational
study of chest HRCT scans from 13 patients with NPD type
B. These scans were randomly gathered from personal
contact with radiologists and pulmonologists from eight
different institutions, located in six Brazilian states.
The diagnoses were suspected on the basis of a clinical
history of hepatosplenomegaly associated with chest
HRCT findings. All diagnoses were confirmed by biopsy.

Pulmonary changes were assessed using HRCT. There
was no standardization of HRCT assessment because

NPD as a likely diagnosis.4” Although a presumptive
diagnosis can be made on the basis of clinical history and
radiological findings, laboratory studies—measurement
of sphingomyelinase activity in peripheral leukocytes

multiple institutions were involved, with HRCT scans
being performed according to the protocol used at each
facility. However, all HRCT scans were performed at
end-inspiration, using 1- to 2-mm-thick slices, at 5- to
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10-mm intervals, from the apex to the hemidiaphragm,
with patients in the supine position. Images were
reconstructed on a 512 x 512 pixel matrix, digitized,
and photographed, for assessment of the lung fields,
at window widths of 1,000-1,500 HU and window
levels of —650 to —750 HU. For assessment of the
mediastinum, window width was set to 350-500 HU,
and the window center level was set to 40-60 HU.
There was no administration of intravenous iodinated
contrast medium. All HRCT scans were independently
evaluated by two observers, and disagreements were
resolved by consensus.

The scans were analyzed for the following
characteristics: lesion distribution relative to their
predominance in the upper or lower halves of the
lungs; and pattern of changes (interlobular septal
thickening, intralobular lines, ground-glass opacities,
a crazy-paving pattern, and other pulmonary or
extrapulmonary changes). Interlobular septal thickening
was defined as the presence of linear opacities delimiting
secondary pulmonary lobules. Intralobular lines were
defined as thin linear images within the secondary
pulmonary lobule. When numerous, they have a fine,
lacy appearance. Ground-glass opacity was defined
as increased pulmonary attenuation, with preserved
bronchial and vascular margins. A crazy-paving pattern
was defined as ground-glass opacities superimposed on
interlobular septal thickening. Air trapping was defined
as decreased lung parenchymal attenuation, apparent
mainly as lower-than-usual density, and absence of
volume reduction, both of which result from excessive
accumulation of gas in the parenchyma due to partial or
total airway obstruction. The criteria for defining these
findings are those provided by the glossary of terms for
thoracic imaging from the Fleischner Society,® and the
terminology used is that presented in the consensus
statement on terminology developed by the Imaging
Department of the Brazilian Thoracic Association.(®

RESULTS

We evaluated 13 patients with NPD type B with
pulmonary involvement, 10 (76.9%) of whom were
female and 3 (23.1%) of whom were male. The patients
ranged in age from 5 to 56 years, with a mean age
of 27 years. In the sample, there were four pairs of
siblings. All patients had hepatosplenomegaly, which
was painless in 6 (46.1%). Eight (61.5%) had had
hepatosplenomegaly since childhood. From a respiratory
standpoint, 8 patients (61.5%) were asymptomatic,
and 5 (38.4%) had dyspnea.

The HRCT findings in descending order of frequency
were smooth interlobular septal thickening (n = 13;
100.0%; Figure 1); ground-glass opacities (n = 13;
100.0%); intralobular lines (n = 12; 92.3%); a crazy-
paving pattern (n = 5; 38.4%; Figure 2); and areas of
air trapping (n = 1; 7.6%; Figure 3). The ground-glass
opacities were focal in 10 patients (76.9%) and diffuse
in 3 (23.1%). The pulmonary involvement was bilateral
in all of the 13 cases studied, predominantly affecting
the lower lobes, with no laterality predominance.
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At the time of HRCT, 6 patients were 16 years of age
or younger (ranging in age from 5 to 16 years, with
a mean of 11.7 years) and 7 were 22 years of age or
older (ranging in age from 22 to 56 years, with a mean
of 40.3 years). Extensive ground-glass opacities were
identified in 4 of the 6 patients who were 16 years of
age or younger, but in only 1 of the 7 patients who
were 22 years of age or older. In addition, of the 5
patients who had a crazy-paving pattern, 4 were 16
years of age or younger.

Hepatosplenomegaly was an important clinical finding
in our series of patients with NPD type B. Splenomegaly
was more marked than hepatomegaly. Three patients
also underwent abdominal CT. Curiously, the 3 patients
had hypodense splenic nodules. These nodules were
not biopsied.

DISCUSSION

In our sample, 10 patients (76.9%) were female and
3 (23.1%) were male. McGovern et al.'? reviewed
59 patients with a diagnosis of NPD type B. Gender
prevalence was 53% male (31 patients) and 47%
female (28 patients). This disagreement is probably
due to the limited number of patients studied by us.

In our study, ages ranged from 5 to 56 years, with
a mean age of 27 years. Six patients were less than
20 years of age. Our findings were relatively similar

Figure 1. Twenty-eight-year-old female patient. Chest
HRCT slices (lung window) from the lower lung zones.
Note smooth interlobular septal thickening in both lungs
(predominantly in the lower lobes), intralobular lines, and
small foci of ground-glass opacity.
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Figure 2. Sixteen-year-old male patient. Chest HRCT slices
(lung window) from the lower lung zones. Note smooth
interlobular septal thickening in both lungs (predominantly
in the lower lobes), intralobular lines, and ground-glass
opacities with a crazy-paving pattern.

Figure 3. Fourteen-year-old female patient. HRCT scan
of the chest. Note ground-glass opacities predominantly
in the lower lobes, interspersed with areas of air trapping
in the left lower lobe.

to data found in the literature. With regard to age at
diagnosis, studies have shown that NPD type B has
been reported in patients in different age groups,
although it is most commonly observed in those less
than 20 years of age.(*? It is difficult to determine
with precision the age group predominantly affected
by NPD type B; however, the mean age at symptom

onset is 5-7 years, and diagnostic suspicion is generally
raised also in childhood, around age 10 years, with
the detection of hepatosplenomegaly.®?

Most patients initially present with hepatosplenomegaly
(with the volume of the spleen being more marked
than that of the liver), interstitial lung disease, and
dyslipidemia. The absence of neurological involvement is
one of the characteristics of NPD type B.*V Laboratory
and biochemical tests may reveal thrombocytopenia;
abnormal liver function tests; high levels of low-
density lipoprotein, very low-density lipoprotein, and
triglycerides; and low levels of high-density lipoprotein
and sphingomyelinase. (13

In our sample, all patients had hepatosplenomegaly.
The predominant respiratory symptom was mild
to moderate dyspnea, in 5 patients (38.4%). Eight
patients (61.5%) were asymptomatic from a respiratory
standpoint. In the literature, the most commonly
reported clinical finding is hepatosplenomegaly,
present in approximately 75% of patients, followed
by bleeding, dyspnea, pulmonary infections, and
joint pain. There have also been reports of growth
retardation in adolescence.**) Survival to adulthood
occurs frequently, since the disease runs a chronic
course, developing slowly and exhibiting a wide range
of severity of symptoms and clinical findings.(t2:1%
The disease rarely progresses to liver failure.(*1>)

NPD type B is familial in approximately one third
of cases, given that it is an autosomal recessive
hereditary disease.*®'”) In our sample, we studied four
pairs of siblings. However, the incidence of hereditary
association may be greater, since the families of the
remaining patients were not adequately investigated
to exclude other familial cases.

The diagnosis can be confirmed by bone marrow,
lung, or liver biopsy findings of accumulation of finely
vacuolated, foamy, lipid-filled macrophages.(%*3
In the lung, these macrophages accumulate in the
alveolar septa, bronchial walls, and pleura.(®*3 In
our sample, the diagnosis was confirmed by biopsy
in all patients. The patients, because of their different
institutions of origin, were not followed according to
a pre-established protocol. Therefore, biopsies of
various sites were performed at the discretion of the
attending physician. Of the 13 patients, 5 underwent
lung biopsy, 4 underwent liver biopsy, and 4 underwent
bone marrow biopsy.

The most common HRCT patterns in our sample
were interlobular septal thickening and ground-glass
opacities, which were both present in the 13 cases
(100.0%). The ground-glass opacities were focal (in
76.9%) and diffuse (in 23.1%). The second most
common pattern was intralobular lines, present in
12 of our patients (92.3%). A crazy-paving pattern
was found in 5 patients (38.4%). It should be noted
that, as was the case in our study, interlobular septal
thickening and ground-glass opacities can coexist in
the same patient without, however, causing a crazy-
paving pattern. Crazy-paving refers exclusively to the
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pattern of interlobular septal thickening superimposed
on ground-glass opacities. These findings corroborate
those reported in the literature.(*>111%) Areas of air
trapping were observed in only 1 patient (7.6%). We
found no previous reports of air trapping associated
with NPD. Although it is not possible to state that
there is a direct relationship between air trapping and
NPD, Baldi et al.,*® reporting the finding of lung cysts
in NPD, suggested that a possible mechanism would
be macrophage migration into the bronchiolar lumen,
leading to a check-valve mechanism and resulting in
air trapping.

With regard to possible differences in HRCT findings
between children and adults, 6 patients in our sample
were 16 years of age or younger at the time of HRCT
and 7 were 22 years of age or older. Extensive ground-
glass opacities were identified in 4 of the 6 patients
who were 16 years of age or younger, but in only 1
of the 7 patients who were 22 years of age or older.
In addition, of the 5 patients who had a crazy-paving
pattern, 4 were 16 years of age or younger. We found
no explanation in the literature for these differences
observed in our sample.

NPD is a rare disease, and literature data on imaging
tests are mostly found in case reports, there being
very few studies focusing on the assessment of HRCT
findings from series of patients. The most commonly
reported HRCT findings in the literature are smooth
interlobular septal thickening and intralobular lines,
predominantly in the lower lobes of the lungs, and focal
or diffuse ground-glass opacities, also predominantly
in the lower lung zones.4&13.16) A crazy-paving
pattern has also been reported.G# In the literature,
the changes seen on CT most commonly affect the
lower lobes, bilaterally. The same distribution was
observed in our sample.

Smooth interlobular septal thickening can be observed
in a large number of venous, lymphatic, or infiltrative
diseases, the most common of which is pulmonary
edema. Knowledge of the different causes of this
pattern can be useful in preventing diagnostic errors.
In addition, although the causes of this pattern are
often indistinguishable by radiological assessment,
differences in the distribution of lesions in the lungs,
associated radiological findings, patient history, and
clinical presentation can often be useful in suggesting
the appropriate diagnosis.819

The major differential diagnoses of crazy-paving
are due to acute or chronic causes. The major acute
conditions that cause crazy-paving are pulmonary
edema; ARDS; acute infections, such as pneumocystosis,
leptospirosis, and HIN1 pneumonia; and diffuse
alveolar hemorrhage. The major chronic conditions
that cause crazy-paving are invasive adenocarcinoma,
lipoid pneumonia, lymphangitic carcinomatosis, and
alveolar proteinosis. 2923

The changes histopathologically correspond to the
presence of foamy macrophages in the interlobular
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septa and some degree of interstitial fibrosis, resulting
in an appearance of septal thickening. The same cells
involving the alveoli are associated with ground-glass
opacities. (131524

Hepatosplenomegaly is the most important clinical
finding in NPD type B,*2° with splenomegaly being
more marked than hepatomegaly.(®" Splenomegaly
may be associated with the presence of intraparenchymal
nodules or masses, which have an echogenic appearance
on ultrasonography and low attenuation values on CT,
as well as varied signal intensity on magnetic resonance
imaging. Splenic nodules in NPD type B histologically
consist of dilated sinuses containing lipid-filled
macrophages (Niemann-Pick cells), demonstrated by
Giemsa stain.'® However, the nodules can also be
associated with the presence of hemangiomas,(162¢)
areas of infarction, and lymphomas.#2”) In our sample,
all patients had hepatosplenomegaly, 3 of whom (23.7%)
had hypodense splenic nodular lesions, which were
revealed on HRCT. These lesions were not biopsied.
The association of diffuse pulmonary infiltration and
hepatosplenomegaly can be observed in a number
of diseases of varying etiologies, such as infectious
diseases (tuberculosis, fungal diseases, malaria, and
schistosomiasis), neoplastic diseases (lymphoma
and leukemia), metabolic diseases (amyloidosis and
Gaucher’s disease), autoimmune diseases (rheumatoid
arthritis and systemic lupus erythematosus), and others
(sarcoidosis, histiocytosis, hemosiderosis, etc.).(?82%
However, marked interlobular septal thickening
associated with a history of hepatosplenomegaly since
childhood is highly suggestive of storage disease.
Therefore, the major differential diagnosis is Gaucher’s
disease. Although pulmonary involvement is uncommon
in Gaucher’s disease, clinical and imaging findings may
be very similar, and, frequently, differential diagnosis
is possible only on the basis of biopsies or enzymatic
studies. 1639

Our study had some limitations. The study was
retrospective and observational. The analysis of some
cases was cross-sectional, with the progression and
possible complications of NPD not being assessed. The
HRCT scans were performed according to the protocol
used at each institution involved in the study. However,
we do not believe that this variation had an impact on
the results. Despite these limitations, we did not find
in the literature any case series focusing on the study
of CT findings from NPD type B patients and including
as many cases as our study (the PubMed database
was searched using the term “Niemann-Pick type B”
in combination with “computed tomography”).

In conclusion, the predominant HRCT patterns
found in the patients with NPD type B were, in
descending order of frequency, smooth interlobular
septal thickening, ground-glass opacities, intralobular
lines, and a crazy-paving pattern. A finding of smooth
septal thickening in the lower lobes, associated with
hepatosplenomegaly, especially in young patients,
should raise the suspicion of NPD type B.
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