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Abstract The purpose of this paper
is to describe the radiographic find-
ings in type 3b Gaucher disease, a
chronic neuronopathic form of the
illness with severe systemic mani-
festations. Between 1980 and 1985
17 consecutive patients were evalu-
ated with radiography of the chest,
long bones and spine, CT of the head
and chest, abdominal sonography,
and MRI of the head, abdomen and
spine. Clinical manifestations were
severe, and led to death from he-
patic, pulmonary or cardiac failure
in nine patients. Type 3b Gaucher
disease shares the same spectrum of
radiographic findings observed in

lymph node enlargement, vertebral
compression fractures and osteone-
crosis of the long bones occur much
more frequently in patients with
type 3b disease.
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Introduction

Gaucher disease is an autosomal recessive illness
caused by deficient activity of the enzyme glucocere-
brosidase [1]. This results in accumulation of glucocere-
broside in the lysosomes of macrophages [2]. Most
radiologists are familiar with the radiographic findings
of type 1, non-neuronopathic, Gaucher disease. This is
the most common form, and was previously called the
“adult” type. Although this phenotype is panethnic, it
is more frequent in Ashkenazi Jews. The frequency of
type 1 disease is approximately 1 in 100000 in the
Caucasian population. However, among Ashkenazi
Jews the frequency is much higher and is estimated to
be about 1 in 1500. Types2 and 3 Gaucher disease,
severe forms of the iliness, are both rare, with an inci-
dence of less than 1 in 100000 live births, and are char-

type 1 disease, but the systemic
manifestations are more severe.
Pulmonary infiltrates, thoracic

acterized by involvement of the central nervous
system (CNS).

Two clinically distinct groups of patients with type 3
Gaucher disease have recently been delineated and are
designated as type 3a and 3b [3-5]. Type 3 Gaucher dis-
ease (subacute or chronic neuronopathic or “juvenile
form”) presents in infancy, childhood, adolescence or
adulthood and is clinically heterogeneous. Type 3b is
an early-onset form with severe systemic involvement
and static or slowly progressive CNS disease. Most pa-
tients show abnormal horizontal eye movements as their
sole neurologic abnormality, and death usually occurs in
adolescence due to systemic disease. Type 3a, on the
other hand, is a later-onset form characterized by severe
progressive CNS disease.

Over the past 15 years, we have evaluated 17 patients
with type 3b Gaucher disease. Early recognition of this



aggressive phenotype of Gaucher disease, for which
there is now effective therapy [6, 7], may be facilitated
by awareness of the radiographic abnormalities.

Materials and methods

Seventeen patients with type 3b Gaucher disease were identified
among the children referred to the Developmental and Metabolic
Neurology Branch of the National Institute of Neurological Disor-
ders and Stroke for diagnostic evaluation from 1980-to 1995. The
study population included 14 boys and three girls, whose ages rang-
ed from 2 to 15 years. Disease severity was assessed radiographi-
cally in each patient with radiographs of the chest, long bones and
spine, CT of the head and chest, and MRI scans of the brain, abdo-
men, knees, and spine. Color Doppler ultrasound of portal venous
flow was also performed. The imaging studies obtained in each pa-
tient varied over time in accordance with available technology and
clinical indications (Tables 1, 2). Autopsy findings were available
for comparison with imaging studies in three patients.

Abdominal unenhanced MRI was performed with T1- and T2-
weighting using a 0.5-T unit (Vista; Picker International, Cleve-
land, Ohio). Contiguous transaxial 10-mm-thick sections were ob-
tained through the entire liver and spleen. The motion artifact
suppression technique (MAST) was used for all T2-weighted im-
ages. The volumes of the liver and spleen were measured in each
patient by a previously described method [8]. Sagittal T 1-weighted
and short tau inversion recovery (STIR) sequences were obtained
through the thoracolumbar spine using a surface coil. For the
brain, sagittal T1-weighted, transaxial multiecho, and transaxial
IR sequences were used.

Images of the abdomen were reviewed for the presence of in-
traabdominal masses, lymph node enlargement and areas of al-
tered signal intensity in the liver or spleen. Images of the spine
were evaluated for the presence or absence of fat within the mar-
row and for compression fractures of the vertebral bodies. Brain
images were reviewed for the presence of atrophy or altered signal
intensity.

Unenhanced CT of the chest was performed using an Imatron
scanner. Slices 6 mm thick were obtained at 6-mm intervals. Slices
3 mm thick at 12-cm intervals were also made through the chest us-
ing a high-resolution technique with an exposure time of 200 ms
per slice. The images were evaluated for changes in the lungs and
intrathoracic lymph nodes.

Results
Radiographic findings

All 17 patients with type 3b Gaucher disease exhibited
significant, and frequently severe, clinical and radio-
graphic abnormalities early in life (Tables 1, 2).

Thorax

Chest radiographs were obtained in 17 patients and
were abnormal in 11. Abnormalities included an en-
larged thymus (n = 4), paratracheal and hilar lymphade-
nopathy (n=3) and bilateral pulmonary interstitial

infiltrates (n = 10) (Fig.1). Six patients had ultrafast CT
of the chest. The CT scan was abnormal in five patients,
each of whom had an abnormal chest radiograph. The
abnormalities included axillary lymphadenopathy
(n=2) (Fig.2a), a large thymus (n = 4), interstitial lung
disease (n =5), scattered areas of atelectasis (n=1), a
ground glass appearance of the lung parenchyma
(n=1) (Fig.2b) and enlargement of the azygos vein
(n=2) (Fig.2¢).

Long bones and spine

Long bone radiographs were obtained in 16 patients; 14
showed abnormalities. The degree of abnormality rang-
ed from minimal changes limited to osteoporosis or
Erlenmeyer flask deformity to moderate changes mani-
fested by marrow expansion or cystic changes with in-
tact cortical bone. Severe changes included the above
abnormalities with cortical interruption (Fig.3), bone
compression or fractures. Bilateral medial cortical ero-
sion of the proximal humerus was noted in eight patients
(Fig.4). Three of these patients also showed erosions of
the lateral cortices.

Radiographs of the cervical, thoracic and lumbar
spine were obtained in all 17 patients. Eleven had frac-
tures of the vertebral bodies. Two had a single fracture;
nine had multiple fractures. None of the patients had ev-
idence of spinal cord compression. Severe gibbus defor-
mity due to the collapse of multiple vertebral bodies
was noted in two patients (Fig.5). Seven patients had
MRI scans of the spine and all showed homogeneously
decreased signal intensity on the T1-weighted spin
echo sequences suggesting a non fatty marrow.

Abdomen

Seventeen abdominal sonograms and seven MR scans
showed marked hepatomegaly in all but one patient.
One patient had ascites. In two other patients, the con-
tour of the liver was lobular. A few hyperintense nod-
ules were noted on MRI of the liver in patient 11 [9]
(Fig.6); they were hypoechoic on the abdominal sono-
gram (Table 2). These lesions were confirmed to be
regenerating nodules at autopsy. Two patients had en-
larged azygos and hemiazygos veins (Fig.2c, 6). Eleven
patients had undergone partial or total splenectomy.
One patient with an intact spleen had multiple splenic
infarcts on MRI (Fig.7) that were shown on CT to be
partially calcified. Four of the seven patients who had
organ volume measurements had intact spleens (pa-
tients 13-15 and 17). In each case, the spleen was mas-
sively enlarged (19-98 times normal). None of the
abdominal MRI studies revealed retroperitoneal
lymphadenopathy, Color Doppler examination of seven
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Table 1 Clinical and radiographic findings

Patientno. Age/sex Death Atage Cause CT head MRI head Chest film Chest CT
1 8/M Min. atrophy  Min. atrophy Paratracheal,
hilar mediasti-
nal lympha-
denopathy
2 15/'M Yes 18y Hepatic failure, Normal
bleeding varices
3 6/M Yes 8y1lm  Bleeding varices  Normal Normal
4 8/M Normal Normal Normal
5 15'M Yes 16y6m  Cor-pulmonale Normal Min. infiltrate
6* 15/F Yes 15y4m  Cor-pulmonale, Min. atrophy Min. infiltrate
bleeding varices
7 4/M Yes 5y9m Brainstem Prominent
bleeding thymus, Min.
infiltrate
8 13/ M Yes 15y Bleeding varices Normal
ob 6.5/M Yes 6y10m  Cardiacinvolve-  Min. atrophy Normal
ment
10 ™M Yes 8y1lm  Bleeding varices  Normal Diffuse
infiltrate
11¢ &M Yes 9y9m Hepatic failure, Min. atrophy Large thymus, Same as CXR
abdominal adenopathy,  with bilateral
hemorrhage lung infiltrate  axillary lymph-
adenopathy
12 9M Abnormal Large thymus, Same as CXR
signals adenopathy, with bilateral,
lung infiltrate  axillary lym-
phadenopathy
13 3/M Normal Subsegmental Large thymus,
atelectasis atelectasis,
LLL,RLL ground glass
upper lung
14 10/F Normal Lung infiltrate Interstitial
lung disease
prominent
thymus
15 6/M Normal Normal Normal
16 9M Normal Interstitial RUL, lingular:
fibrosis fibrosis
17 2/F Perihilar
infiltrate

? Autopsy findings: brain, nodular accumulation of Gaucher cells
perivascularly in subcortical white matter; lung, abundunt Gaucher
cells in interstitium, heart, myocardium infiltrated with Gaucher
cells as well as cranial lymph nodes

® Autopsy findings: brain, minimal hydrocephalus, Gaucher cell in-
filtration in leptomeninges, subarachnoid and Virchow-Robin

patients showed no evidence of reversal of portal ve-
nous flow, although two of these patients had signs of
cirrhosis as suggested by large azygos and hemiazygos
veins on CTand MRI.

spaces; Gaucher cell infiltration in thymus, alveolar spaces of lungs

and myocardium

¢ Autopsy findings: brain, minimal glicsis of molecular layer and
white matter with rare perivascular Gaucher cells; minimal Gau-

cher cells in thymus

Brain

CT or MRI of the brain were performed in 13 patients
(CT 5, MRI 6, CT and MRI 2). Four had minimal cere-
bral atrophy. One patient with a history of an anoxic
brain injury had abnormal signal intensity in the right
frontal and left parietal white matter on MRL



Table 2 Clinical and radiographic findings (continued)

Patient no.  Vertebral Abnormalitieson  Liver MRY/ Liver volume Spleen Spleen volume
fractures long bone X-Ray  ultrasound in ml (fold in ml (fold en-
enlargement) largement)
1 Plana: T6 Severe Enlarged Removed
2 Partial: T4, T6, Moderate Enlarged, ascites Removed
T10
3 Plana: T6 Severe Enlarged Very large spleen
subcapsular
hematoma
4 Plana: TS5, T8 Severe Enlarged, lobular Removed
Partial: T 5-10, contour
T12,L1-5
5 None Severe Enlarged Removed
6 Plana: T6, T9, Moderate Enlarged Removed
T11-12,1L2
Partial: L3
7 Not done Not done Enlarged Partial resection
infarcts, calcifi-
cation
8 Plana: T3-4,T9 Severe Markedly Removed
Partial T8, L2 enlarged
9b None None Minimally Enlarged
enlarged
10 Plana: T6, T9 Severe Heterogeneously Removed
Partial: T10-12, enlarged
L1,LS ’
11¢ Partial: T7-L3 Mild Liver noduleson 532 Subtotal 441
MRI/sonogram, (1.2) splenectomy (12.8)
large azygos vein
12 Plana: T6, T12/ Severe Heterogeneous, 2587 Subtotal splen- 1366
kyphosis lobular contour, (5.3) ectomy, multiple (35)
Partial: L1-2, L4 large azygos/ infarcts
hemiazygos veins
13 None Mild Abnormal signal, 1140 Nodules 2022
post. rt. lobe (2.9) and infarcts (67.5)
14 Plana: T10 Mild Heterogeneous 1626 Extensive infarc- 2322
Partial: TS5, T12 texture (3.2) tion calcification (56.9)
15 None Mild Enlarged only 1918 Extensive infarc- 3692
4.1 tion 97.7)
16 Plana: T5-7,T9,  Severe Enlarged only 1133 Removed
T11 2.1)
Partial: T3, T12,
L 4/kyphosis
17 Normal None Abnormal signal 744 Enlarged but 419
post. tt. lobe @7 homogeneous (18.7)

* Autopsy findings: liver, marked infiltration with Gaucher cells
and fibrosis; generalized lymphadenopathy; bone marrow and

adrenal glands filled with Gaucher cells
® Autopsy findings: liver, marked infiltration with Gaucher cells,
regenerating nodules, fibrosis; abdominal lymph nodes, bone mar-
row and spleen filled with Gaucher cells

¢ Autopsy findings: liver, few Gaucher cells, extensive bridging fi-
brosis and regenerating nodules; occasional Gaucher cells in

spleen, thymus, mesenteric and mediastinal nodes
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Fig.1a, b Patient 6. a Posteroanterior chest radiograph of a 15-
year-old girl demonstrates perihilar interstitial infiltrates. b Micro-
graph of lung shows heavy infiltration of Gaucher cells in the inter-
stittum (arrowheads) between two alveoli which contain a few
macrophages (arrow). Hematoxylin-eosin stain, original magnifi-
cation x 600

Fig.2a, b Patient 12. a Transaxial CT image of a 9-year-old boy
demonstrates a prominent thymus and bilateral axillary lymphade-
nopathy. b Bilateral lung abnormalities with pattern suggesting
both interstitial and alveolar components. ¢ Enlarged azygos vein
(arrow) suggesting collateral circulation due to cirrhosis of the
liver. Increased anteroposterior diameter of the chest is noted due

to thoracic kyphosis
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Fig.3a,b Patient 5. Antero-
posterior radiographs of a the
femurs and b the tibias and
fibulae of a 15-year-old boy
demonstrate severe bone chan-
ges with Erlenmeyer flask de-
formities, cystic changes with
cortical erosions and a twisted,
ribbon-like appearance of the
fibulae

Fig.4a,b Patient 12. Anteroposterior radiograph of both humeri
of a 13-year-old boy demonstrates erosions of the medial proximal
cortex that are far more severe than normal

Autopsy findings

Nine patients died from hepatic, pulmonary or cardiac
complications of the disease. Autopsies were performed
on three of these patients. The autopsy was complete in
two (patients 6 and 9), whereas in one it was limited to
the brain, liver and mediastinum (patient 11).

Thorax

The thymus was examined in two patients and showed
Gaucher cell infiltration in one (patient9) and hy-
perplasia with occasional Gaucher cells in the other
(patient 11). Generalized mediastinal and hilar lymph-
adenopathy secondary to Gaucher cell infiltration was
noted in all three patients, and cervical lymphadenopa-
thy was noted in one (patient 6). In the two patients in
whom the lungs were examined, marked infiltration of
Gaucher cells was seen in the interstitium in one (pa-
tient 6, Fig.1b) and a few Gaucher cells in the alveolar
spaces were noted in the other (patient 9). Both patients
with complete autopsies showed Gaucher cell infiltra-
tion in the myocardium and the intima and media of
the aorta.
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Fig.5a—¢ Patient 16. Sagittal
STIR MR scans (a, ¢) and lat-
eral thoracolumbar radiograph
(b) of a 9-year-old boy demon-
strate multiple vertebra plana
and severe thoracic kyphosis

Bone marrow

Samples of the vertebral bodies of two patients with
complete autopsies showed complete replacement of
the marrow fat by Gaucher cells.

Abdomen

The adrenal glands were examined in one patient and
were of normal size, but showed Gaucher cell infiltra-
tion in the medulla (patient 6). Generalized mesenteric
lymphadenopathy was present in all three patients. Nu-
merous Gaucher cells were noted within the subcapsu-
lar and trabecular sinuses. The liver was examined in
three patients. Marked infiltration with Gaucher cells
along with fibrosis was noted in patients 6 and 9. In pa-
tient 11, numerous regenerating nodules mostly measur-
ing approximately 0.3-0.4 cm in diameter were noted,
with the largest one measuring 1.5 cm. There was exten-
sive bridging portal fibrosis and mild hepatocellular ne-
crosis. Abundant Gaucher cells were present in the
spleen; the capsule was thickened and fibrous with vas-
cular congestion and lymphocyte depletion of the white

pulp.

Brain

Multiple sections of the brain showed small nodular ac-
cumulations of Gaucher cells in the perivascular spaces
of the subcortical white matter of the parietal, temporal
and occipital lobes. There were no Gaucher cells in the
basal ganglia, thalamus, pons or cerebellum. There was
no evidence of neuronophagia, which is prominent in
patients with types 2 and 3a Gaucher disease [4].

Discussion

In 1882, Phillipe C.E. Gaucher, a French dermatologist,
reported a female patient with an enlarged spleen that
contained large unusual cells, which he believed to be
an epithelioma [10]. The eponym, “Gaucher disease”
was applied to this condition and the term Gaucher cell
became commonly used to describe the characteristic
engorged cells in their organs. In 1901, Brill suggested
that Gaucher disease was familial [11], and later he rec-
ognized extension of the process beyond the spleen
with involvement of the liver, lymph nodes and bone
[12]. It was soon realized that Gaucher disease varied
greatly in its age of onset, clinical manifestations and se-
verity.

In 1961, Knudson and Kaplan [13] proposed a clinical
classification of Gaucher disease that is still widely ac-
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Fig.6 Patient 11. Transaxial T 1-weighted MR scan of the liver of
an 8-year-old boy demonstrates hepatomegaly with several hyper-
intense regenerating nodules (arrows) and an enlarged azygos
vein (white arrow)

Fig.7 Patient 7. Transaxial T2-weighted MR scan of the liver and
spleen of a 4-year-old boy demonstrates splenomegaly with a large,
stellate area of subcapsular infarction

cepted. They designated type 1 Gaucher disease as a
chronic visceral form of the disorder that spares the
CNS, whereas the latter is involved to a variable extent
in patients with types 2 and 3 disease. All three pheno-
types of Gaucher disease are inherited as an autosomal
recessive disorder and are caused by deficiency of the
Iysosomal enzyme glucocerebrosidase. The structural
gene for this enzyme is located on chromosome 1g21-
23, and over 50 mutations have been identified within it
[14, 15].

The radiographic manifestations of type 1 Gaucher
disease are well known [8, 16-19]. Data presented here
reveal a similar distribution of abnormalities in patients
with type 3b Gaucher disease. However, the findings
are much more extensive and severe in the latter popu-
lation and exhibit several distinctive features.

Patients with type 3b have a much shorter life ex-
pectancy than those with type 1 Gaucher disease. Nine
of our 17 patients (53 %) died in childhood or adoles-
cence from complications of aggressive systemic dis-
ease. Hepatosplenomegaly was pronounced, and
hepatic failure with portal hypertension and bleeding
esophageal varices was the most common cause of death
(7/9). Pulmonary involvement is rare in type 1 Gaucher
disease [20-22], but was common in our series of type
3b patients. Respiratory failure from interstitial fibrosis
of the lungs was the second most common cause of

death (2/9). Parenchymal infiltrates, some of which had
a ground glass appearance, were observed in more than
50 % of our patients. These radiographic findings were
due to accumulation of Gaucher cells in the interstitium
and alveolar spaces, as shown at autopsy in two patients.
Although histologic involvement of lymph nodes is fre-
quent in patients with type 1 Gaucher disease, visible
enlargement is not characteristic. In contrast, thoracic
lymphadenopathy and thymic enlargement were readily
apparent on CT of the chest in our type 3b patients.

Changes on plain radiographs of the long bones were
common and frequently disabling in our patients with
type 3b Gaucher disease (14/17). Although erosion of
the medial cortex of the proximal humerus may be seen
rarely in normal children and in patients with conditions
such as Niemann-Pick disease (23), leukemia (24), or
metastatic disease, this finding was present in 50 % of
our patients with type 3b Gaucher disease. Vertebral
compression fractures were also much more frequent in
the latter patients, especially in the thoracolumbar area,
where an incidence of 73 % was observed, compared
with 24% in type 1 Gaucher disease (S.C.Hill and
N.W.Barton unpublished data, 41 patients, age 2-70
years). A single vertebra was involved in 18 % of cases
and multiple levels in 82 %; involvement of multiple ver-
tebrae frequently led to severe kyphosis.

Predictably; since the neurological abnormalities in
patients with type 3b Gaucher disease are subtle, the
CNS imaging findings were minimal. This is most read-
ily explained by the sparse Gaucher cell infiltrate ob-
served pathologically in the brain in this phenotype [5].
We observed only a minor degree of cerebral atrophy
in four of our cases. One patient showed an abnormal
signal intensity in the cerebral white matter that was
most likely related to an episode of asphyxia in infancy,
independent of Gaucher disease.
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In summary, although types 1 and 3b Gaucher dis-
case share the same spectrum of radiographic findings,
the manifestations are more severe in the latter. Pulmo-
nary infiltrates, thoracic lymph node enlargement, ver-
tebral compression fractures and osteonecrosis of the
long bones occur much more frequently in patients
with type 3b disease. Awareness of these radiographic

features may facilitate early recognition of this aggres-
sive phenotype of Gaucher disease and prompt thera-
peutic intervention [6].
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