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Kallmann Syndrome: MR Findings

John R. Knorr,' Ronald L. Ragland,' Rosalind S. Brown,? and Nicholas Gelber'

PURPOSE: To evaluate patients with known hypogonadotropic hypogonadism, some with known
anosmia, for defective rhinocephalon development that resulted in olfactory tract abnormalities,
an affliction known as Kallmann syndrome. METHODS: Six patients who clinically had hypogo-
nadotropic hypogonadism were examined by MR. Thin coronal images of the interior frontal region
were used to determine presence or absence of olfactory tract and to evaluate the olfactory sulci.
RESULTS: Olfactory tracts were not seen in three of the six cases; two of which had hypoplastic
olfactory sulci. CONCLUSIONS: T1-weighted MR examination of the inferior frontal region in the
coronal plane can help determine whether a patient with hypogonadotropic hypogonadism, with
or without clinically evident anosmia, is afflicted with Kallmann syndrome.

Index terms: Kallmann syndrome; Nervous system, disease; Olfactory lobe; Brain, magnetic

resonance; Brain, growth and development
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Kallman syndrome is a form of congenital
hypogonadotropic hypogonadism with accom-
panying hyposomia or anosmia (1). Its reported
incidence is on the order of 1 in 10,000 men and
1 in 50,000 women (2). This disease is believed
to be due to defective rhinocephalon develop-
ment, which results in hypoplasia or absence of
olfactory tract development (3). We used mag-
netic resonance (MR) imaging to visualize the
olfactory tracts and to evaluate the olfactory sulci
in patients with this abnormality.

Materials and Methods

We examined six patients who appeared clinically to
have hypogonadotropic hypogonadism and anosmia, and
had a family history of Kallmann syndrome. The standard
examination included sagittal T1-weighted and axial dou-
ble-echo T2-weighted images (for example, conventional
spin-echo [CSE] 400/11 (repetition time/echo time) and
2500/30 and 80, respectively). However, an additional
sequence was performed on each patient to evaluate the
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olfactory sulcus region further and to determine the pres-
ence of the olfactory tract. Three-millimeter section thick-
ness with T1-weighted technique (for example CSE 800/
12) images were obtained through the frontal lobe region
(see Fig. 1). Scans were performed on a 1.5-T system. The
images were evaluated by two neuroradiologists for the
appearance of the olfactory sulci as well as visualization of
the olfactory tracts (see Fig. 1). The coronal plane was
chosen for evaluation because the structures of interest are
well seen in this plane, and volume averaging, even with
3-mm section thickness, could not obscure them. As the
authors were unaware of a standard of depth for the
olfactory sulci, olfactory sulcus depth was compared with
that of other sulci visualized in the same patient.

Results

The clinical and radiologic findings are dis-
played in Table 1.

Case 1

The patient presented at age 16 years with
short stature and delayed puberty. He was the
product of a difficult delivery and clinically had
severe neonatal asphyxia. He also had severe
hydrops and hyperbilirubinemia, presumed to be
due to Rh incompatibility, requiring three ex-
change transfusions. As a child, he had delayed
milestones, such as not walking or talking until 2
years of age, although it was not immediately
clear whether this was related to his neonatal
illnesses.
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Fig. 1. A, Anatomic drawing of external view of the inferior frontal region.

B, Anatomic drawing of coronal section.
C, Normal coronal T1-weighted (SE 800/12) MR image.

The left olfactory bulb has been retracted in the drawing (A, small arrow). The
olfactory tract (large arrow) is seen on each image. The medial olfactory stria (curved

arrow) and lateral olfactory stria (long arrow) are seen in A.

On presentation, his height was below the fifth
percentile, and weight was between the tenth and
twenty-fifth percentiles. His penis was small, and
his scrotum undervirilized. He remained cryptor-
chid, although small testes (5 mm) were thought
palpable in the inguinal canals. He was unable to
perceive the odor of peppermint or lemon oil.

The patient was placed on monthly testoster-
one and synthetic thyroid hormone therapy and
achieved full puberty after 4 years.

An MR examination of the brain was tailored
to the inferior frontal lobes (Fig. 2). Hypoplastic
and small olfactory sulci were noted. The olfac-
tory tracts and bulbs were not seen. The pituitary
gland was normal.
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Case 2

The patient presented at 18 years of age with
short stature and delayed puberty. His family
history was notable for a maternal grandmother
who had anosmia, which she thought due to
chronic “sore throat.” A maternal great uncle
never developed puberty and had no children.
A maternal aunt had a son with retardation, hy-
pogonadism, anosmia, and an undefined renal
affliction. Another maternal aunt bore a son
with cryptorchism, hypogonadism, and mental
retardation.

The patient’s height and weight were below
the fifth percentile for his age. His penis was
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TABLE 1: Radiographic and clinical findings

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Radiographic findings
Visualization of olfactory tracts No Yes Yes No Yes No
Appearance of olfactory sulci Hypoplastic Indistinct Severely hypo- Hypoplastic Hypoplastic Normal
plastic
Appearance of pituitary Normal Normal Normal Normal Normal Normal
Clinical findings
Cryptorchid Yes Yes No Left No No
Penis Prepub- Prepubertal® Microphallus Small Normal Prepubertal®
ertal®

? Past expected age of puberty.

Fig. 2. Coronal Tl-weighted (SE
500/11) MR images (A and B) of patient
1 demonstrate hypoplastic and small ol-
factory sulci (arrows). The olfactory
tracts and bulbs are not seen. The pitui-
tary gland (not shown) was of normal size
and configuration.

Fig. 3. Coronal T1-weighted (SE
600/20) MR (A) of patient 2 demon-
strated small and indistinct olfactory
sulci, smaller than in a healthy patient of
this age (arrows). In B, the olfactory
tracts were visible (arrowheads). Inciden-
tal note was made of a choroidal fissure
arachnoid cyst. The pituitary gland was
normal in appearance (not shown).

prepubertal but normal, and the testes were pre-  ing hormone, total thyroxine, and free thyroxine
pubescent and within the inguinal canal. index.

Laboratory testing revealed depression of tes- An MR examination (Fig. 3) demonstrated
tosterone, luteinizing hormone, follicle-stimulat- small and indistinct olfactory sulci; however, ol-
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Fig. 4. Coronal T1-weighted (SE 500/12) MR examination (A)
of patient 3 showed small olfactory sulci, which suggest hypopla-
sia (arrows). In B, the olfactory tracts were visualized on coronal
images (arrowheads).

factory tracts were visible. Incidental note was
made of a choroid fissure arachnoid cyst. The
pituitary gland was normal.

Case 3

A 17-month-old boy was referred for micro-
phallus, ichthyosis, and low thyroxine. The family
history was positive for hypogonadism in male
family members.

Early in life, the patient appeared healthy, aside
from dry skin and microphallus. A mild develop-
mental delay was noted at the time of presenta-
tion.
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Physical exam showed body length at the
twenty-fifth percentile, weight at the ninetieth
percentile, and head circumference below the
fifth percentile. The penis was small, and testes
in the scrotum were noted. Laboratory analysis
failed to demonstrate abnormalities.

An MR examination showed only a suggestion
of olfactory sulci (Fig. 4A) and evidence of hy-
poplasia of the sulcus and cortex. The olfactory
tracts were visualized on coronal images (Fig.
4B).

Case 4

The patient, a 16-month-old boy, was referred
for developmental delay and known family his-
tory of developmental delay and hypogonadism.

On exam, the patient was within the tenth
percentile in body length, within the twenty-fifth
percentile in weight, and below the fifth percentile
in head circumference. The penis was small, and
the right testis descended, although the left testis
was in the inguinal canal.

The patient was examined by MR (Fig. 5) and
the olfactory sulcus appeared hypoplastic. The
olfactory tracts were not visualized. The pituitary
gland was normal.

Case 5

The patient presented at 2 weeks of age with
dry skin and hypospadias. He had a family history
of Kallmann syndrome. Physical examination
demonstrated a normally active baby with good
feeding activity and good energy. His length,
weight, and head circumference were within the
fiftieth percentile for age. Both testes were de-
scended, and the phallus appeared normal for
age. The patient’s neurologic examination was
normal for his age, although sense of smell could
not be adequately tested.

An MR examination at age 5 weeks demon-
strated olfactory sulci smaller and less developed
than other nearby sulci (Fig. 6). Small structures
inferior to the frontal lobe were noted and be-
lieved to be the olfactory tracts.

Case 6

The patient presented at age 16 years because
of lack of puberty and thinning of his hair. Ex-
amination revealed prepubertal genitalia and hy-
pothalamic hypogonadotropic laboratory results.
The patient was noted on testing to have anos-
mia.
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A B

An MR examination was performed with axial,
coronal, and sagittal images showing a Chiari I
malformation with some compression and crowd-
ing at the foramen magnum. The pituitary gland
was normal. The olfactory sulci (Fig. 7) had a
normal appearance; however, the olfactory tracts
were not visualized.

Hypoplasia or near absence of the sulcus was
found in five of our six cases. Nonvisualization of
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Fig. 5. T1-weighted (SE 800/12) cor-
onal MR (A and B) of patient 4 demon-
strates hypoplastic olfactory sulci (ar-
rows). The olfactory tracts were not
visualized.

Fig. 6. T1-weighted (SE 500/11) im-
ages (A) of patient 5 at 5 weeks of age
obtained in a coronal plane of the inferior
frontal lobe demonstrated only small ol-
factory sulci, seemingly smaller and less
developed than other nearby sulci (ar-
rows). In B, small structures inferior to
the frontal lobe were noted and are be-
lieved to be the olfactory tracts (curved
arrows).

the olfactory tracts occurred in three of our six
cases, two of which had hypoplastic olfactory
sulci. The MR examination in case 6 contained
coronal T2-weighted images that allowed ade-
quate visualization of the olfactory sulci, and on
proton density did not demonstrate the presence
of olfactory tracts. The windowing of the image
in Figure 7B was high in contrast to accentuate
the olfactory sulci.
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Fig. 7. A, Coronal T1-weighted (SE
800/25) and B, coronal T2-weighted (SE
2000/80) MR images of patient 6 show
normal olfactory sulci (arrows). However,
the olfactory tracts were not visualized.

Discussion

The disease characterized by hypogonado-
tropic hypogonadism was described in 1944 by
Kallmann (1), whose patient’s hypogonadism was
caused by decreased secretion of gonadotropin-
releasing hormone. Histologic changes were
noted postmortem in the hypothalamus.

Although not a constant finding, other anom-
alies have been reported with Kallmann syn-
drome, including diaphragmatic eventration, cleft
palate, and cardiovascular abnormalities such as
atrial septal defect, mitral valve prolapse, and
right-sided aortic arch (4). Cryptorchism, osteo-
penia, neurosensory hearing loss, facial abnor-
malities, and shortened frenulum of the tongue
have been reported (5). Some patients have a
high palate, clinodactyly, camptodactyly, and one
or more abnormally short or long metacarpals,
often a short fourth metacarpal. Renal agenesis
has been closely correlated (6). Defective red-
green color vision and deafness have been re-
ported (7). Obesity is often seen in Kallmann
syndrome and has been theorized as hypothal-
amic in origin (7).

Cryptorchidism is a common finding and is
believed to be due to decreased placental gonad-
otropin or low fetal plasma gonadotropin concen-
trations (8). At birth patients usually have pre-
pubescent levels of gonadotropins, which remain
at this level past the usual age of puberty.

Kallmann noted familial clustering of cases (1).
A human leukocyte antigen association has also
been presented (9). Autosomal inheritance for X-
linked inheritance has been theorized (4). Turner
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et al reported cryptorchidism in a family with
Kallmann syndrome (8).

Neuroradiologic findings in Kallmann syn-
drome have centered around detection of the
olfactory sulcus. An earlier pneumoencephalog-
raphy series by Liebich et al (7) did not find
normal olfactory sulci in four such patients.
Klingsmuller et al (10) found no sulci in one
patient, rudimentary sulci in two, and hypoplastic
sulci in the remaining patient. Reported associ-
ated findings on CT have been extensive calcifi-
cation of the lentiform nuclei, thalami, dentate
nuclei, subcortical white matter, and red nuclei in
a pattern indistinguishable from other causes of
brain calcification, such as disturbances in cal-
cium metabolism (11).

MR is the preferred way to evaluate anosmic
patients’ olfactory sulci (12), which lie between
the gyrus rectus and the medial orbital gyrus.
Visualization of the olfactory tracts, commonly
seen on MR examination just beneath the olfac-
tory sulcus, is also important in Kallmann syn-
drome. The olfactory tracts connect anteriorly
with the olfactory bulbs and posteriorly with the
anterior olfactory nucleus and the olfactory stria
(see Fig. 1A) and trigone, which are continuous
with the gray matter of the prepiriform cortex,
anterior perforated substance, and precommis-
sural septal areas (13).

Conclusion

MR examination, especially with high-resolu-
tion T1-weighted imaging in the coronal plane,
can aid in evaluation of the olfactory sulci and,
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in normal patients, visualization of the olfactory
tracts. Hypoplasia of the olfactory sulci or non-
visualization of the olfactory tracts along with the
clinical findings of hypogonadotropic hypogonad-
ism, anosmia, or heredity (family history of Kall-
mann syndrome) is consistent with the presence
of Kallmann syndrome.
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