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PURPOSE: To determine characteristic MR imaging features of Zellweger syndrome. METHODS:
Clinical records, laboratory records, and MR studies of six patients with Zellweger syndrome were
reviewed retrospectively. MR studies were examined for the state of myelination; the presence,
extent, and morphologic appearance of cerebral cortical anomalies; the status of the cerebellar
cortex, basal nuclei, and brain stem; and the presence or absence of any regions of abnormal signal
intensity. RESULTS: The diagnosis of Zellweger syndrome was established in all patients by
clinical findings combined with laboratory and MR results. All patients had impaired myelination
and diffusely abnormal cortical gyral patterns that consisted of regions of microgyria (primarily
in the frontal and perisylvian cortex) together with regions of thickened pachygyric cortex
(primarily perirolandic and occipital). The pachygyric regions were in the form of deep cortical
infoldings. Germinolytic cysts were visible in the caudothalamic groove in all patients, seen best
on coronal or sagittal T1-weighted images. One patient had T1 shortening in the bilateral globus
pallidus, presumably related to hepatic dysfunction and hyperbilirubinemia. CONCLUSION: The
combination of hypomyelination, cortical malformations that are most severe in the perisylvian
and perirolandic regions, and germinolytic cysts are highly suggestive of Zellweger syndrome in
the proper clinical setting.
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Cerebrohepatorenal, or Zellweger, syndrome
is a disorder of peroxisomal function that pre-
sents in the neonatal period with involvement of
multiple organ systems. In this article, we share
our experience in the magnetic resonance (MR)
imaging of six patients with Zellweger syn-
drome. The combination of findings is charac-
teristic and should allow for a rapid and specific
diagnosis in the proper clinical setting.

Materials and Methods
The six patients were all determined to have Zellweger

syndrome in the neonatal period on the basis of charac-
teristic clinical and laboratory findings. In all cases, the
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MR images showed abnormalities that confirmed the clin-
ical impression. The hospital records and MR imaging
studies of the patients were reviewed retrospectively.
Clinical records were scrutinized for findings on physical
examination and results of laboratory investigations.
Brain MR studies were obtained at ages ranging from 4 to
42 days (mean, 19 days). MR examinations were per-
formed at several different centers and slightly different
techniques were used. The examinations consisted of
sagittal 3 to 4-mm spin-echo T1-weighted images, axial
4 to 5-mm spin-echo T1-weighted images, and
axial 4-mm spin-echo T2-weighted images (dual echo) in
all patients. Coronal spin-echo 5-mm T1-weighted
images were obtained in four patients and coronal three-
dimensional Fourier transform (3DFT) images with gradi-
ent spoilers and 1.5-mm partitions were obtained in two
patients. Coronal 4-mm fast spin-echo T2-weighted im-
ages were obtained in one patient. The MR studies were
reviewed for the state of myelination; the presence, ex-
tent, and morphologic appearance of cerebral cortical
anomalies; the status of the cerebellar cortex, basal
nuclei, and brain stem; and the presence or absence
of any regions of abnormal signal in the brain paren-
chyma.

Color photographs from the gross autopsy specimen of
one patient were available for review.
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Results

Clinical Presentation

All six patients were delivered vaginally at
term. One had perinatal depression with low 1
and 5 minute Apgar scores (2/5). The other five
patients had craniofacial dysmorphism, pro-
found hypotonia, neonatal seizures, and weak
tendon, sucking, and swallowing reflexes, noted
on the first day of life. Two of the patients re-
quired reintubation because of aspiration re-
lated to the impaired swallowing reflex. Head
size was within 2 standard deviations (SD) of
normal in all six patients. Congenital glaucoma
was diagnosed in three of the patients and two
had congenital cataracts. Hepatomegaly was
present in four patients. Two had contractures
at the elbows and feet. Bilateral cubitus valgus
was present in one infant. Cardiac abnormalities
were present in two patients, including a patent
ductus arteriosus and small atrial septal defect
in one and a ventricular septal defect in the
other.

Laboratory, Electroencephalographic, and
Radiologic Findings

Plasma levels of very long chain fatty acids
were tested in three patients and were increased
with a marked elevation of C24:C22 (range, 1.8
to 2.1; normal, 0.8) and C26:C22 (range, 0.4 to
0.7; normal, 0.01). Analysis of urine in four
patients revealed elevated levels of dicarboxylic
acids and dihydroxycholestanoic acid. In three
of the patients (the only three so tested), cul-
tured fibroblasts showed a decrease in plas-
malogen synthesis enzyme and a marked in-
crease in very long chain (greater than 22
carbons) fatty acids.

Electroencephalographic (EEG) results were
available in four patients and showed multifocal
spikes and diffuse background slowing in all.

Plain radiographs of the patella were obtained
in three patients. All showed patellar stippling.

MR Results

All patients had diminished myelination and
dysplastic cortex that involved essentially all of
the cerebrum; the cortical region affected most
dramatically was from the posterior sylvian re-
gion upward to the posterior frontal and parietal
lobes (Figs 1 and 2). On T1-weighted MR im-
ages, diminished high signal intensity was
present in the posterior limbs of the internal
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capsules in two patients and normal high signal
was completely absent from the capsules in the
other four (Fig 1B). No low signal was present in
the cerebral white matter on T2-weighted im-
ages in any of the patients; this includes the
posterior portions of the posterior limbs of the
internal capsules, which exhibit low signal in
healthy neonates (Fig 2B). Some high T1 signal
and low T2 signal was present in the dorsal
brain stem, most likely representing a combina-
tion of myelination of the median longitudinal
fasciculus and medial lemnisci and normal gray
matter signal of the brain stem nuclei (Fig 1C)
(1). In addition, low signal intensity was present
in the superior cerebellar peduncles (Fig 1C).

The entirety of the cerebral cortex was abnor-
mal in all patients. The nature of the cortical
abnormality differed in different parts of the
brain and the extent of abnormality differed
among patients. In the temporal lobes, the cor-
tex had normal thickness but the gyral pattern
was abnormal; in some, the sulci were too shal-
low and the gyri too few (Fig 1C), while in others
the cortex appeared microgyric (Fig 2B). In the
perisylvian cortex, the appearance was that of
more typical polymicrogyria, with multiple
small gyri and irregularity of the cortical–white
matter junction (Fig 2B). The anterior portions
of the frontal lobes had a microgyric appear-
ance (Figs 1D and 2B and C). In three patients,
the perirolandic cortex was thickened and
showed an area of white matter intensity, simi-
lar to the “cell-sparse” zone seen in classical
lissencephaly (2), between a thin outer layer of
gray matter and a thinner inner layer of gray
matter (Fig 2C and D). In two of these patients,
the medial occipital lobes were similarly af-
fected (Fig 2C). The inner surface of the inner
layer was slightly irregular. In all three of these
patients, an abnormally deep perirolandic sul-
cus was present bilaterally in the region of the
thickened cortex (Fig 2D).

Cysts were present at the caudothalamic
notch in all patients. These were best seen on
the sagittal T1-weighted images (Fig 2A) and
coronal 3DFT gradient-echo images (Fig 1A).
The cysts were isointense with cerebrospinal
fluid (CSF) on all imaging sequences and were
not visible on axial images.

No abnormalities were detected in the brain
stem or cerebellum in any of the patients.

An interesting finding was significant T1
shortening in the globi palladi and dorsal mes-
encephalon, in the absence of normal T1 short-
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Fig 1. MR findings in a patient with
multifocal microgyric cortex and hepatic
failure.

A, Coronal 3DFT gradient-echo image
shows abnormal hyperintensity (black ar-
rows) in the globus pallidus bilaterally and
germinolytic cysts (white arrows) in the
caudothalamic groove bilaterally.

B, Axial spin-echo 500/15 (repetition
time/echo time) image shows hyperinten-
sity of the globus pallidus bilaterally (ar-
rows) and absence of normal hyperinten-
sity of the posterior limb of the internal
capsule. The subacute subdural hema-
toma is a remnant from vaginal delivery.

C, Axial spin-echo 3000/120 image
shows hypointensity in the superior cere-
bellar peduncles (arrows) and dorsal pon-
tine tracts, indicating myelination in those
structures. A simplified gyral pattern is
present in the temporal lobes.

D, Axial spin-echo 3000/120 image
shows an abnormal microgyric pattern in
the perirolandic (open arrows) and pre-
frontal (solid arrows) regions.
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ening in the posterior limb of the internal cap-
sule, in one patient (Fig 1A and B). Review of
the chart showed that this patient had hyper-
bilirubinemia associated with hepatic failure at
the time of the MR study.

Autopsy Specimen

Several photographs were available of a sin-
gle coronal brain slice of the one patient in
whom an autopsy was performed. The photo-
graphs clearly showed the bilateral germinolytic
cysts (Fig 3). The gyral anomalies and hypo-
myelination were not well seen on the photo-
graphs. No microtome specimens or special
stains were available for review.

Discussion

Peroxisomes are small cellular organelles
that contain multiple compounds that are es-
sential for normal growth and development of
the organism. The biochemical functions that
take place within peroxisomes include b-oxida-
tion of a specific set of fatty acids and fatty acid
derivatives, synthesis of ether-phospholipids
and plasmalogens, a-oxidation of phytanic
acid, and biosynthesis of cholesterol (3–6). Al-
though peroxisomes were described in 1954
(7), their function and importance in normal
development was not discerned for a number of
years afterward (8, 9). The function of these
organelles and the role of their malfunction in
the causation of disease have been substantially
clarified over the last two decades (4, 6, 10, 11).
Peroxisomal disorders are now classified into
three main groups (Table 1). Patients with dis-
orders of group A have abnormal-appearing
peroxisomes with a generalized loss of peroxi-
somal function; the underlying defect is be-
lieved to be an inability to import into the per-



Fig 2. Pachygyric and polymicrogyric MR appearance in a single patient.
A, Sagittal spin-echo 600/11 image shows a germinolytic cyst (curved

arrow) in the caudothalamic groove. Note lack of normal sulcation in frontal
lobes (straight arrows).

B, Axial spin-echo 3000/120 image shows a paucity of myelin in the
posterior limb of the internal capsule. In addition, microgyric cortex (arrows)
is present in the frontal, temporal, and insular cortices.

C, Axial spin-echo 3000/120 at a slightly higher level than B shows
macrogyri in the medial right occipital lobe (open arrow) and in the periro-
landic regions (solid arrows). The anterior frontal cortex remains microgyric
at this level.

D, Axial spin-echo 3000/120 at a higher level than C shows the appear-
ance of two layers of gray matter (thick solid arrows) with intervening layer
of white matter intensity in the perirolandic and parietal regions. The inner
surface of the inner layer of gray matter (thin solid arrows) appears irregular
in some regions. Large perirolandic infoldings of cortex (open arrows) are
present bilaterally. Much of the remainder of the cortex appears microgyric.
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oxisome certain proteins that are synthesized in
the cytoplasm (6, 12). Patients with disorders of
group B have normal-appearing peroxisomes
but loss of multiple peroxisomal functions. Pa-
tients classified in group C have normal-ap-
pearing peroxisomes and loss of a single perox-
isome function (4).

Zellweger syndrome falls into group A, along
with neonatal adrenoleukodystrophy, infantile
Refsum disease, and, according to some but not
all authors, hyperpipecolic acidemia (4, 13).
Patients with classic Zellweger syndrome are
identified in the nursery by typical craniofacial
dysmorphia (high forehead, large anterior fon-
tanel, hypoplastic supraorbital ridges, epican-
thal folds, midface hypoplasia), ocular anoma-
lies (cataracts, glaucoma, corneal clouding,
pigmentary retinopathy), severe hypotonia,
neonatal seizures, and hepatomegaly. All of our
patients had some degree of craniofacial dys-
morphism; however, ocular anomalies were
present in only three and hepatomegaly in four.
Affected patients usually survive for less than 1
year; indeed, four of our patients have died and
the other two, both of whom are less than 14
months old, are deteriorating.

Neuropathologic examination of the brains of
patients with Zellweger syndrome show that the
gyri are “too numerous, too small, and too
broad” (14). According to Evrard et al (15), the
small numerous gyri do not represent true
polymicrogyria, but merely too many gyri with a
decreased amplitude. All our patients had re-
gions of gyri that were too numerous and too
small (Figs 1D and 2B–D). Abnormal deep sulci
(“clefts”) have been described in the sylvian
(16) and parietal (17) regions. We noted such
clefts in four of our patients (Fig 2C and D). Few
reports of the MR appearance of the brains of
patients with Zellweger syndrome have been
published; our Medline search revealed one re-
port in which van der Knaap and Valk (18)
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describe a single case of Zellweger syndrome in
their article on MR imaging of peroxisomal dis-
orders. Their case shows some incomplete fron-
tal sulcation and perirolandic polymicrogyria,
similar to that in the patient in Figure 1. This
brings up an interesting finding in our six pa-
tients with this syndrome: namely, marked vari-
ation in the extent and appearance of cortical
abnormalities. This variation was seen both
within the same patient and across the patient
population. Some cortical regions had normal
or slightly diminished thickness with an irregu-
lar microgyric pattern consisting of multiple
shallow sulci separating small gyri; this appear-
ance was seen in the anterior frontal and peri-
sylvian cortex in all patients and in the temporal

Fig 3. Coronally cut gross autopsy specimen shows the bilat-
eral germinolytic cysts (arrows). The sulcal appearance is difficult
to determine on this single slice.

Classification of peroxisomal disorders

Group A: Deficiency of peroxisomes with generalized loss of
peroxisomal function
1. Cerebrohepatorenal (Zellweger) syndrome
2. Neonatal adronoleukodystrophy
3. Infantile Refsum disease

(4. Hyperpipecolic acidemia)
Group B: Loss of multiple peroxisome functions (peroxisomes

present)
1. Rhizomelic chondrodysplasia punctata
2. Zellwegerlike syndrome

Group C: Loss of single peroxisome function (peroxisomes present)
1. X-linked adrenoleukodystrophy and variants
2. Acyl-CoA oxidase deficiency (pseudo-NALD)
3. Bifunctional enzyme deficiency
4. Peroxisomal thiolase deficiency (pseudo-Zellweger)
5. Dihydroxyacetone phosphate acyltransferase deficiency
6. Alkyldihydroxyacetone phosphate synthase deficiency
7. Di- and trihydroxycholestanoic adidemia
8. Glutaryl-CoA oxidase deficiency
9. Hyperoxaluria type I

10. Acatalasemia
lobes of some (Figs 1D and 2B–D). In other
areas, the cortical thickness appeared normal
but the gyri were broad and flat (Fig 1C). In
addition, three patients (Fig 2D) had cortical
regions that appeared quite similar to that seen
in type 1 lissencephaly (19); a thin outer corti-
cal layer was separated from a thicker underly-
ing layer of gray matter by a cell-sparse zone
(Fig 2C and D). However, the inner surface of
the inner gray matter layer had a slightly irreg-
ular contour, in contrast with the smooth con-
tour seen in type 1 lissencephaly. Our findings
are supported by the pathologic findings re-
ported by Friede (20), who stated that some
cortical areas in Zellweger syndrome are typical
of pachygyria and others are typical of polymi-
crogyria.

The other major neuropathologic finding that
has been reported is that of severely abnormal
myelination. This appears to be primarily a hy-
pomyelination, in contradistinction to dysmyeli-
nation or demyelination (21). It is speculated
that the lack of myelination results from the lack
of formation of plasmalogens, which are a ma-
jor component of the normal myelin membrane
(4, 21). Another factor may be the abundance
of very long chain fatty acids; it is thought that
the presence of very long chain fatty acids in
membrane phospholipids might destabilize the
affected membrane (22), in this case myelin.
Impaired cholesterol biosynthesis (another per-
oxisomal function) may also affect myelin for-
mation. The MR images in our study clearly
showed impaired myelination: the T1 and T2
shortening in locations characteristic of early
myelination was diminished in the cerebrum of
all the patients. One of our patients (Fig 1A and
B) did have some T1 shortening in the cere-
brum; however, the T1 shortening was in the
globi palladi, not the internal capsule. On fur-
ther investigation, it was found that the patient
was hyperbilirubinemic from hepatic dysfunc-
tion, another manifestation of Zellweger syn-
drome. Theoretically, one might be led away
from the correct diagnosis by misinterpreting
this T1 shortening as myelination. However, be-
cause the ventrolateral thalami and the poste-
rior limb of the internal capsule myelinate ear-
lier than the globus pallidus (23), one does not
see myelination in the globus pallidus in the
absence of myelination in the ventrolateral thal-
amus and posterior limb of the internal capsule
in the neonatal brain. In addition, hypoxic-isch-
emic injury, which can cause hyperintensity of



the globus pallidus, also causes hyperintensity
of the ventrolateral thalamus (24); such hyper-
intensity was not present in this case. Thus, the
most likely cause of the globus pallidus hyper-
intensity in this case was the known hyperbil-
irubinerma. It is important to be aware of the
possibility of hepatic dysfunction in affected ne-
onates and to interpret the MR study only after
acquiring adequate clinical information.

Subependymal germinolytic cysts are be-
lieved to result from hemorrhage into and sub-
sequent lysis of the telencephalic subependy-
mal germinal matrix (20). These cysts can
occur anywhere along the walls of the lateral
ventricles, but are most commonly seen in the
region of the ganglionic eminence of the germi-
nal matrix, the last portion of the germinal ma-
trix to involute. The ganglionic eminence is lo-
cated near the junction of the caudate head and
the thalamus, a region known as the caudotha-
lamic notch. The cysts are nonspecific with re-
spect to pathogenesis and have been described
in patients with congenital heart disease, con-
genital or neonatal infection, prenatal hemor-
rhage, and lactic acidemia, as well as in those
with Zellweger syndrome (25–27). Although
they are nonspecific, these cysts have a char-
acteristic appearance (Figs 1A, 2A, and 3) and
can be a useful finding in patients with sus-
pected Zellweger syndrome, as they are easily
detected by transfontanel sonography (25–27)
and MR imaging. In contrast, the other, more
specific, findings of hypomyelination and corti-
cal malformation can be detected only with MR
imaging.

Other reported neuropathologic findings in
Zellweger syndrome include abnormal olivary
nuclei, cerebellar hypoplasia, and migrational
defects of the cerebellar Purkinje cells (13, 14).
None of these abnormalities was observed on
our MR studies.

The main disorder from which Zellweger syn-
drome must be differentiated, according to
most child neurology texts (13), is neonatal ad-
renoleukodystrophy (NALD). Although some
authors consider Zellweger syndrome to be dis-
tinct from NALD, others believe the two disor-
ders are parts of a continuum. Powers (21) and
Norman et al (14) point out that Zellweger pa-
tients have hypomyelination, whereas NALD
patients have demyelination with inflammatory
cells and foamy macrophages in the white mat-
ter. In addition, the cortical malformations seen
in Zellweger patients are described as more
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common and more severe than those in NALD
patients. Kelley et al (28) have proposed crite-
ria to discriminate Zellweger syndrome from
NALD, suggesting that NALD patients have ad-
renal atrophy, cerebral demyelination, systemic
infiltration of lipid-laden macrophages, and el-
evated levels of saturated very long chain fatty
acids, whereas Zellweger patients have chon-
drodysplasia, glomerulocystic kidney disease,
central nervous system (CNS) dysmyelination,
and accumulation of both saturated and unsat-
urated very long chain fatty acids. While these
are strong arguments, other authors are equally
convincing in suggesting that NALD is just a
milder phenotype of the same disease (13, 29).
Moser (13) points out that patients with Zell-
weger syndrome, NALD, and infantile Refsum
disease (which he also considers part of the
same spectrum) can all have the same geno-
type. This view of a spectrum of phenotypic
expression is supported by the observation of
Norman et al (14) that the severity of inflam-
matory changes seen in the cerebral white mat-
ter of patients with Zellweger syndrome seems
to increase with the duration of survival after
birth. Thus, it may be that patients said to have
Zellweger syndrome have poor survival be-
cause they have severe cortical malformations
and consequent epilepsy; because their survival
is short, the white matter shows little inflamma-
tory changes. Those patients with lesser cortical
malformations presumably survive longer and
have more inflammatory changes in the white
matter; these patients are considered to have
NALD.

Other differential considerations in this group
of patients are the peroxisomal bifunctional en-
zyme defect (BFD) (30), acyl-CoA oxidase de-
ficiency (pseudo-NALD) (31), and peroxisomal
thiolase deficiency (pseudo-Zellweger) (32);
patients with all these diseases have neonatal
courses and many phenotypic manifestations
that are similar to those with Zellweger syn-
drome (4). Congenital muscular dystrophies
that are associated with brain malformations
(Walker-Warburg syndrome [33, 34], Fuku-
yama congenital muscular dystrophy [35, 36],
Santavuori muscle-eye-brain disease [37–39],
and other muscular dystrophies with brain in-
volvement [40, 41]) are also diagnostic consid-
erations from an imaging perspective, as all
these disorders have malformations of cortical
development associated with abnormal myeli-
nation. We were unable to find any published
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MR brain images of BFD, pseudo-NALD, or
pseudo-Zellweger. However, one would expect
BFD to have great neuroradiologic similarity to
Zellweger syndrome. Published brain autopsy
findings in BFD show hypomyelination and bi-
lateral, symmetric cortical malformations in the
perirolandic and sylvian regions. Microscopic
examination revealed pachygyria and unlay-
ered polymicrogyria with poor demarcation of
the cortex and underlying white matter (42).
These findings are similar to those in our cases
of Zellweger syndrome. Moreover, these simi-
larities suggest that the peroxisomal bifunc-
tional enzyme is in some way related to the
processes of neuronal migration and organiza-
tion. In contrast to the findings in BFD, autopsy
findings in a patient with pseudo-Zellweger syn-
drome revealed hypomyelination but a normal
cerebral cortex (32); most abnormalities were
in the cerebellum. Findings on a head com-
puted tomographic (CT) scan of pseudo-NALD
were reported to be normal (43).

Most of the congenital muscular dystrophies
can be differentiated from Zellweger syndrome
clinically, in that most affected patients are not
as sick in the neonatal period; do not have the
typical Zellweger facies; do not have hepatic,
renal, or adrenal dysfunction; and do not have
neonatal seizures. The one congenital muscular
dystrophy that may be accompanied by pro-
found hypotonia and seizures in the neonatal
period is Walker-Warburg syndrome. Patients
with this disorder can be differentiated from
those with Zellweger syndrome by using MR
imaging to detect the many associated CNS
anomalies present in Walker-Warburg patients,
including hydrocephalus, ocular anomalies
(typically, persistent hyperplastic primary vitre-
ous), corpus callosal hypogenesis or agenesis,
and lissencephaly involving the entirety of the
cerebrum (19). In contrast to those patients
with Walker-Warburg syndrome, changes of
muscular dystrophy are not present on muscle
biopsy specimens of patients with Zellweger
syndrome. Finally, the presence of germinolytic
cysts has not been demonstrated in Walker-
Warburg syndrome and may be a useful feature
in establishing an imaging diagnosis.

Although we did not have CT scans or sono-
grams to compare with the MR studies of our
patients, it appears that MR imaging should be
the neuroimaging study of choice in the assess-
ment of patients with suspected Zellweger syn-
drome. MR imaging is the only technique that
can show the sometimes subtle cortical malfor-
mations and hypomyelination that are crucial in
making the diagnosis. Although germinolytic
cysts can be detected by sonography and per-
haps by CT, they are, by themselves, nonspe-
cific as discussed earlier.

In summary, we have described the MR im-
aging findings in six patients with cerebrohepa-
torenal, or Zellweger, syndrome. Although the
imaging appearance varies slightly from case to
case, the combination of hypomyelination, dif-
fusely abnormal gyration that is most severe in
the perisylvian and perirolandic regions, and
germinolytic cysts in the caudothalamic groove
should allow confident diagnosis of this disorder
in the proper clinical setting.
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