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volumetric changes, and increased intracra-
nial pressure may lead to one of the typical 
brain herniation syndromes, potentially with 
severe clinical consequences.

A great number of disorders can affect 
the brain parenchyma, the intraventricular 
and extraventricular CSF spaces, and the in-
tracranial blood pool, making the clinical 
finding of macrocephaly highly nonspecific. 
Furthermore, a large occipitofrontal circum-
ference can also be secondary to an increased 
skull thickness with normal intracranial con-
tents. Macrocephaly resulting from an ab-
normal increase in size of the brain paren-
chyma is defined as megalencephaly [5].

Macrocephaly is a nonspecific clinical 
finding without implications about the un-
derlying cause. Therefore, imaging has a key 
role in clarifying the anatomy and quality of 
the abnormality causing the increased head 
circumference. The purposes of this review 
is to present a systematic approach to neuro-
imaging of a child with a large head and to il-
lustrate the most commonly encountered and 
recognizable causes of macrocephaly. Al-
though in clinical practice mechanisms and 
disorders that cause macrocephaly may over-
lap, for this article we classify entities by the 
most prominently enlarged cranial compo-
nent: extraaxial spaces, ventricles, brain pa-
renchyma, and skull (Table 1). 

Approach to Imaging of a Child With 
a Large Head

Imaging of children is particularly chal-
lenging because of their occasional inability 
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M
acrocephaly is a commonly en-
countered entity in pediatric clini-
cal practice, particularly in infants. 
It is defined as an occipitofrontal 

circumference greater than 2 SD, or 0.5 cm 
above the 97th percentile. The occipitofrontal 
circumference extends from the most promi-
nent part of the glabella to the most prominent 
posterior area of the occiput [1].

The head is a system composed of a con-
tainer and its contents, the container being the 
skull and the contents being the brain, CSF, 
and blood vessels. After closure of the intra-
cranial sutures, the head becomes a closed 
system in which the three components of the 
contents are in a dynamic volumetric equilib-
rium defined by the Monro-Kellie doctrine, in 
which it is assumed that within an intact skull, 
the sum of the volumes of the brain, CSF, and 
intracranial blood is constant. To keep the in-
tracranial volume balanced, an increase in the 
size of one component causes a reduction in 
one or both of the other two [2].

The major cranial sutures normally remain 
patent beyond early childhood. The exception 
is the metopic suture, which typically closes 
in the first year of life [3]. The fontanelles also 
contribute to head growth and skull compli-
ance. The posterior fontanelle generally clos-
es 2 months after birth, and the anterior fonta-
nelle by 2 years of age in almost all infants [4]. 
Young children with open sutures therefore 
constitute a unique population that can ac-
commodate intracranial volumetric increases 
by expanding the skull. However, as the child 
grows, the skull becomes less compliant to 
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OBJECTIVE. The purpose of this article is to offer a systematic approach to the imaging 
of children with macrocephaly and to illustrate key neuroimaging features of common and 
rare but important disorders. 

CONCLUSION. Macrocephaly is a common clinical finding in children. Increased vol-
ume of one of the intracranial compartments can enlarge the head either prenatally or post-
natally while the cranial sutures are open. Imaging plays a central role in establishing a diag-
nosis and guiding management. 
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to cooperate and the need to establish an ac-
curate diagnosis while limiting radiation ex-
posure to a reasonable minimum [6].

Head ultrasound can be performed while 
the fontanelles are still open and has excel-
lent spatial and anatomic resolution, particu-
larly within the first 2 months of life. After 
6 months, smaller acoustic windows due to 
closing sutures limit the sensitivity of the ex-
amination [7]. CT has excellent spatial res-
olution and is the best modality for quickly 
assessing osseous anatomy. In the setting of 
trauma, it has high sensitivity and specifici-
ty for depicting blood products and fractures. 
Because of rapid acquisition times, it usually 
does not require sedation. MRI is a nonioniz-
ing technique with the highest contrast reso-
lution, but it requires potentially long acqui-
sition times and the possible use of sedation; 
hence, it is not suitable for every clinical sce-

nario. The use of ultrafast single-shot con-
tiguous T2-weighted sequences has partial-
ly obviated this issue. The main advantage 
of MRI lies in the multitude of sequences 
that can help clarify specific diagnostic ques-
tions. For instance, DW images can show 
areas of acute infarction or hypercellulari-
ty, susceptibility-weighted images can show 
blood products, and high-resolution cister-
nographic sequences (e.g., fast imaging em-
ploying steady-state acquisition [FIESTA]) 
allow evaluation of CSF spaces in exquisite 
anatomic detail, a feature particularly useful 
for differentiating causes of hydrocephalus. 
Black bone (ultrashort TE) MRI can help de-
termine the site and anatomic configuration 
of a fracture. Appropriately encoded phase 
contrast images allow visualization of nor-
mal biphasic flow and facilitate quantitative 
assessment of CSF flow [8].

A reasonable diagnostic approach to 
macrocephaly includes performing head 
ultrasound as the initial screening tool 
for infants with open fontanelles, obtain-
ing normal findings of a neurodevelop-
mental examination, and finding no signs 
concerning for increased intracranial pres-
sure. If ultrasound findings are abnormal, 
either head CT or brain MRI can be per-
formed. In the acute phase, CT has usual-
ly been the mainstay modality because of 
its rapid acquisition and widespread avail-
ability. If MRI is available, quick evalua-
tion of ventricular caliber and intracranial 
anatomy can be performed without seda-
tion with ultrafast T2-weighted sequences. 
Sedation or general anesthesia is usually 
needed for a full diagnostic brain MRI ex-
amination that includes high-resolution or 
volumetric sequences.

TABLE 1: Causes of Macrocephaly by Enlarged Head Compartment

Enlarged Compartment Most Relevant Disorders Key Radiologic Features

Extraaxial spaces Benign enlargement of subarachnoid 
spaces

Enlarged anterior subarachnoid spaces with crossing veins and no mass effect

Hematoma Subdural collections displace the subarachnoid veins toward the parenchyma; 
bridging vein thrombosis, parenchymal injury, fractures, retinal hemorrhage

Glutaric aciduria type 1 Enlarged sylvian fissures with or without basal ganglia signal-intensity 
abnormalities; can be associated with subdural hemorrhage

Ventricles (hydrocephalus) Aqueductal stenosis Supratentorial ventricular dilatation that can be seen prenatally; use of 
cisternographic sequences can clarify anatomy

Congenital Chiari II malformation Small posterior fossa with cerebellar herniation and supratentorial 
 hydrocephalus; associated myelomeningocele

Acquired Dandy-Walker malformation Large posterior fossa, cystic dilatation of fourth ventricle, severe hypoplasia and 
upward rotation of cerebellar vermis

Posthemorrhagic and infectious 
disorders

May be associated with extensive periventricular gliosis or leukomalacia

Increased CSF Postinfectious disorders May show postinflammatory meningeal thickening

Midline tumors ADC values and presence of calcifications narrow the differential diagnosis

Posterior fossa tumors ADC values, location, and extension pattern narrow the differential diagnosis

Choroid plexus tumors Marked hydrocephalus, usually in the ventricle atrium

Parenchyma (megalencephaly) Hemimegalencephaly Dysplasia and enlargement of one hemisphere or part of it

Developmental Alexander disease Diffuse progressive white matter abnormalities, predominantly frontal; striatal 
involvement

Metabolic Canavan disease Subcortical white matter and deep gray nuclei involvement, N-acetylaspartate 
peak at spectroscopy.

Megalencephalic  leukoenc ephalopathy 
with subcortical cysts

Diffuse swelling and abnormal signal intensity of white matter, subcortical cysts 
in temporal poles and frontal lobes

Vanishing white matter disease Diffuse T2 hyperintensity of white matter with progressive cystic degeneration, 
residual glial strands

Skull Achondroplasia Large cranium with frontal bossing and nasion depression, small foramen 
magnum; hydrocephalus may also be present

Thalassemia major Marked diploic space thickening with “hair on end” appearance of the skull on 
radiographs

Note—ADC = apparent diffusion coefficient.
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Macrocephaly

Approach to Macrocephaly by 
Compartments
Enlarged Extraaxial Spaces

Benign enlargement of subarachnoid 
spaces—Benign enlargement of subarach-
noid spaces is the most common cause of 
macrocephaly in infants, the prevalence be-
ing as high as 75% [9, 10]. Children usually 
present as outpatients with a large head and 
normal to minimally delayed cognitive de-
velopment [11]. The condition usually pla-
teaus and resolves spontaneously by 2 years 
of age. The cause may involve immature or 
impaired reabsorption of CSF at the arach-
noid granulations [12].

Imaging shows symmetric enlargement of 
the subarachnoid spaces along the frontopa-
rietal convexities and widening of the inter-
hemispheric sulcus. Mild supratentorial ven-
triculomegaly may also be present. Bridging 
veins crossing the subarachnoid space are 
seen as elongated, nonstretched flow voids on 
T2-weighted images (Fig. 1A). The veins can 
also be visualized with Doppler ultrasound. 
Benign enlargement of subarachnoid spaces 
has been variably associated with a propen-
sity to isolated subdural hemorrhage (SDH), 
although without definitive proof [13]. An 
isolated SDH in a child with macrocephaly 
without other stigmata of abusive head trau-
ma (AHT) suggests a posttraumatic state but 
should not necessarily lead to a presumptive 
diagnosis of child abuse [14]. At CT, differ-
entiating subarachnoid space enlargement 
from subdural collections can be difficult, 
and the diagnosis of benign enlargement of 
subarachnoid spaces should be entertained 
with caution in any child presenting to the 
emergency department. Finally, the finding 
of prominent subarachnoid spaces and ven-
tricles in a child with microcephaly, or even 
a normal-sized head, should raise concern of 
permanent or transient brain parenchymal 
volume loss as opposed to benign enlarge-
ment of subarachnoid spaces.

Abusive head trauma—AHT usually oc-
curs during the first year of life and is an im-
portant cause of long-term morbidity and 
mortality in children [15]. Pediatric vic-
tims of AHT often but not always present in 
the acute phase of injury. SDH is common-
ly found in AHT and can increase head cir-
cumference, particularly in cases of repeat-
ed traumatic events from a very early age. 
SDH results from injury to bridging veins 
secondary to a combination of acceleration 
and abrupt deceleration, shearing, and rota-
tional forces. The combination of SDH, reti-

nal hemorrhage, and neurologic dysfunction 
is highly specific for AHT, also known as 
shaken-baby syndrome [16]. Signs of direct 
impact are often lacking [17]. Epidural he-
matomas in infants can cross cranial sutures, 
can occur without associated fracture, and 
are often due to venous injury [18].

At imaging, supratentorial SDH appears 
as crescentic collections frequently locat-
ed along the convexity, the posterior falx, 
or the tentorium [19, 20]. Repeated hemor-
rhage can lead to formation of layers with 
variable signal intensity or attenuation relat-
ed to blood products at different ages, with 
or without septations. Subdural hygromas 
can result from lacerations in the arachnoid 
through which CSF can migrate to the sub-
dural space and accumulate rapidly. There-
fore, hemorrhage from ruptured bridging 
veins and CSF from arachnoid lacerations 
can be mixed, resulting in hematoma-hygro-
ma. For this reason, dating subdural collec-
tions is challenging.

Veins in the subarachnoid space can be 
seen abutting the brain parenchyma and com-
pressed by the subdural collection (Fig. 1B). 
Thrombosis of bridging veins crossing the 
subdural space commonly occurs near the 
vertex and is best seen on coronal images (Fig. 
1C) [21]. Images obtained with blood-sensi-
tive sequences such as T2*-weighted gradi-
ent-recalled echo and susceptibility-weighted 
imaging may show a round area of decreased 
signal intensity along the course of a stretched 
bridging vein, representing clot (“lollipop” or 
“tadpole” sign) [22]. Other signs of abusive 
trauma include retinal hemorrhage (best seen 
on susceptibility-weighted images) [23, 24], 
cerebral contusions and lacerations, abnormal 
diastasis of the sutures, diffuse axonal inju-
ries, and multiple fractures.

Glutaric aciduria type 1—Glutaric acid-
uria type 1 is a rare autosomal recessive neu-
rometabolic disorder caused by a deficien-
cy in glutaryl–coenzyme A dehydrogenase, 
which results in accumulation of glutaric ac-
ids with progressive hypotonia and neurolog-
ic deterioration [25]. Macrocephaly is a key 
finding and is usually present at birth or de-
velops soon thereafter. This condition can 
also feature megalencephaly.

The most classic imaging sign, present 
in more than 90% of cases, is the finding of 
wide sylvian fissures with open opercula and 
enlarged CSF spaces anterior to the temporal 
lobe in addition to white matter edema. Met-
abolic crises can result in abnormal symmet-
ric T2-hyperintensity of the basal ganglia, 

particularly the globi pallidi. The prevalence 
of spontaneous SDH has been estimated to 
be approximately 20–30% in patients with 
glutaric aciduria type 1 and can lead to a di-
agnostic pitfall, prompting suspicion of AHT. 
Although it is important to include AHT in 
the differential diagnosis of macrocephaly in 
children with SDH, the aforementioned clas-
sic imaging features should suggest glutaric 
aciduria type 1 as the cause [26] (Fig. 1D).

Enlarged Ventricles (Hydrocephalus)
Hydrocephalus is a disorder of CSF func-

tion and flow dynamics characterized by ven-
tricular enlargement that presents with mac-
rocephaly when onset is before 2 years of 
age. In most cases it is obstructive and can 
be classified as intraventricular (obstructive) 
or extraventricular (communicating). Intra-
ventricular hydrocephalus is characterized by 
impaired flow of CSF through the foramen 
of Monro, Luschka, or Magendie or through 
the sylvian aqueduct. This is often secondary 
to mass lesions and is also commonly seen 
in the acute phase of intraventricular hemor-
rhage in premature infants. Extraventricular 
hydrocephalus results from impaired reab-
sorption of CSF at the level of the arachnoid 
granulations caused by either chronic accu-
mulation of blood products or inflammatory 
scarring, that is, posthemorrhagic hydroceph-
alus or meningitis, respectively. Different 
mechanisms can often coexist. Overproduc-
tion hydrocephalus is rare but may be present 
in children with choroid plexus tumors.

Common radiologic features of hydro-
cephalus include downward bowing of the 
floor of the third ventricle with enlargement 
of the anterior and posterior recesses, best 
seen on sagittal images; dilatation of tempo-
ral horns; effacement of cerebral sulci; peri-
ventricular interstitial edema; stretching and 
thinning of the corpus callosum; and occa-
sionally ventricular diverticula or pseudo-
diverticula [27, 28]. Children with hydro-
cephalus resulting in macrocephaly may also 
present with frontal bossing, thin skull with 
gyral markings (“copper beaten skull”), su-
ture diastasis, and prominent diploic veins.

Congenital Hydrocephalus
Aqueductal stenosis—Aqueductal stenosis 

is the most common cause of congenital hy-
drocephalus, comprising 20% of cases, and is 
typically associated with macrocephaly [29]. 
Familial forms of hydrocephalus, including 
X-linked aqueductal stenosis caused by mu-
tations in the L1CAM gene, have been de-
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scribed [30]. Focal stenosis usually occurs at 
the level of the superior colliculi or the inter-
collicular sulcus (Fig. 2A). In some cases the 
aqueduct can be normal in width, and hydro-
cephalus is caused by a thin membrane of tis-
sue in the distal aqueduct called the aqueduc-
tal web. The stenosis can also be extrinsic, as 
from compression by an arachnoid or choroid 
plexus cyst (Fig. 2B). An association exists 
between aqueductal stenosis and rhomben-
cephalosynapsis, a rare malformation charac-
terized by lack of separation of the cerebel-
lar hemispheres in conjunction with variable 
vermian hypoplasia or aplasia [31]. Aqueduc-
tal stenosis can be treated by endoscopic third 
ventriculostomy, and radiologic studies are es-
sential for preoperative planning and follow-
up [32].

At imaging, supratentorial ventricular dil-
atation with inferior bulging of the third ven-
tricular floor and a normal fourth ventricle 
can be appreciated with MRI as early as dur-
ing the fetal period. High-resolution cister-
nographic images are useful in the postnatal 
period for determining the exact site of nar-
rowing or of the web. Proximal stenosis usu-
ally causes more severe hydrocephalus, and 
more distal stenosis leads to a milder degree 
of ventricular dilatation. Funneling of the su-
perior portion of the aqueduct may be pres-
ent with formation of multiple anastomotic 
canaliculi (forking). There also can be as-
sociated fusion of the quadrigeminal bodies 
and third nerve nuclei [33].

Aqueductal stenosis may be a feature of 
complex brain malformations, including con-
genital muscular dystrophy (also known as 
dystroglycanopathy). The most severe form, 
Walker-Warburg syndrome, is characterized 
by cobblestone cortical malformation, su-
pratentorial hydrocephalus, dysmorphic Z-
shaped brainstem, and cerebellar dysplasia 
with cysts [34, 35] (Figs. 2C and 2D).

Chiari malformation type 2—Chiari mal-
formation type 2 is the most common syn-
dromic cause of hydrocephalus. It consists of 
a complex spectrum of encephalic and skull 
base anomalies, almost invariably associated 
with a non–skin-covered myelomeningocele 
[36]. The key cranial features of Chiari mal-
formation type 2 are thought to result from a 
small posterior fossa caused by CSF leakage 
through the myelomeningocele. Supratentori-
al hydrocephalus, when not present at birth, 
usually develops after closure of the myelome-
ningocele, which generally occurs either pre-
natally or within 48 hours of birth. In addition 
to cerebellar tonsillar herniation, the foramina 

of Luschka and Magendie lie below the fora-
men magnum, directing most of the intracra-
nial CSF outflow to the spinal canal [37, 38].

At imaging, almost all patients have differ-
ent degrees of myelomeningocele. Once the 
defect is repaired, hydrocephalus and syrin-
gohydromyelia may develop. The classic cra-
nial abnormality is a small posterior fossa 
with a flattened floor and crowding of cerebel-
lar structures (Fig. 3A). The dorsal insertion 
of the cerebellar tentorium is low-lying, and 
the straight sinus has a vertical course. The 
fourth ventricle is usually slitlike. Cerebel-
lar development ranges from near normality 
to severe hypoplasia. Cerebellar tonsillar her-
niation through the foramen magnum, with 
variable extension into the spinal canal, may 
be accompanied by herniation of the choroid 
plexus of the fourth ventricle. The cerebellum 
may herniate cranially through the tentorium 
(towering) and wrap around the brainstem. 
The pons is flattened. Tectal beaking may be 
present owing to fusion of the colliculi and 
lateral pressure from the temporal lobes. This 
can lead to morphologic anomalies of the syl-
vian aqueduct, which contribute to the supra-
tentorial hydrocephalus. A cervicomedullary 
kink can also be present.

Hydrocephalus in Chiari malformation 
type 2 is common and features colpocephaly, 
a disproportionate enlargement of the atria 
and occipital horns. Given the very early on-
set of the malformation, the head is large and 
can look like a “copper beaten skull,” which 
consists of impressions on the inner table of 
the calvaria due the pressure of cerebral gyri 
on the soft calvarial bones. Anomalies of the 
corpus callosum may be present. Gyral in-
terdigitations between the two hemispheres 
may also be present, as may callosal dysgen-
esis. The caudate heads and interthalamic 
adhesions can be enlarged. Gray matter het-
erotopia can be caused by stretching of the 
cerebrum, which results in impaired migra-
tion of neuronal precursors from the ven-
tricular zone to the cortical plate through the 
radial glial cells. Finally, although less com-
mon, hydrocephalus may also occur in Chi-
ari malformations types 1 and 3.

Dandy-Walker malformation—Dandy-
Walker malformation is characterized by a 
large posterior fossa with cystlike dilatation 
of the fourth ventricle and various degrees of 
cerebellar vermis hypoplasia (Fig. 3B). Mac-
rocephaly is the most common manifesta-
tion, and in approximately 80% of cases, the 
diagnosis is made by the first year of life [39].

At imaging, the torcular herophili and 

the tentorium are elevated and lie above the 
lambdoid suture (torcular-lambdoid inver-
sion). The cerebellar vermis is superiorly ro-
tated and has different degrees of hypopla-
sia, up to complete agenesis. The enlarged 
fourth ventricle may exert a mass effect on 
the cerebellar hemispheres. Other CNS ab-
normalities may be present, such as hetero-
topia, polymicrogyria, schizencephaly, and 
callosal dysgenesis [40].

The most common differential diagnoses 
include arachnoid cyst, mega cisterna magna, 
and Blake pouch cyst. Large posterior fossa 
arachnoid cysts are separate from the fourth 
ventricle with a normally formed vermis. 
Large arachnoid cysts may cause scalloping 
of the calvaria and supratentorial hydroceph-
alus if compressing the fourth ventricle. Cis-
ternographic sequences can help clarify the 
boundaries of each anatomic structure. Mega 
cisterna magna is not a mass lesion and does 
not compress nearby structures, nor does it 
impair CSF flow; hence, it does not cause hy-
drocephalus. The brainstem and cerebellum 
are normal [41]. Blake pouch cyst is an inferi-
or outpouching of the fourth ventricle due to 
unruptured foramen of Magendie. The ven-
tricle may be normal or compressed, result-
ing in hydrocephalus, and its choroid plexus 
can protrude into the cyst. Depending on cyst 
size, there may be cerebellar compression 
with upward displacement of the vermis, but 
cerebellar structure should be normal with-
out vermian hypoplasia.

There is some confusion in the literature 
regarding the classification of cystic anoma-
lies of the posterior fossa. In particular, the 
term “Dandy-Walker variant” is used to de-
scribe abnormalities with an unrelated etio-
logic factor, such as arachnoid cysts and infe-
rior vermian hypoplasia. When one is faced 
with a cystic anomaly of the posterior fossa, 
detailed description of morphologic charac-
teristics should be favored, and labels such as 
“Dandy-Walker variant” should be avoided.

Acquired Hydrocephalus
Posthemorrhagic hydrocephalus—Hydro-

cephalus is a frequent sequela of intraven-
tricular hemorrhage in preterm infants with 
germinal matrix–intraventricular hemor-
rhage spectrum [42]. Approximately 20% of 
infants born before 34 weeks’ gestation have 
germinal matrix hemorrhage, which can be 
complicated by intraventricular extension. 
These patients can have acute hydrocephalus 
and periventricular venous infarctions sec-
ondary to subependymal venous compres-
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sion. Later development of posthemorrhagic 
obstructive hydrocephalus from arachnoidi-
tis of the choroid villi induced by evolving 
blood products complicates 35% of cases. 
As many as 15% of these children eventu-
ally need ventriculoperitoneal shunting [43] 
(Figs. 4A and 4B).

Head ultrasound is the best imaging mo-
dality for monitoring hydrocephalus in the 
acute and subacute phases. Imaging shows 
hydrocephalus most commonly affecting 
the supratentorial ventricles, which can be 
severely dilated with marked parenchymal 
compression. Entrapment of the fourth ven-
tricle resulting in marked dilatation is com-
monly seen in preterm infants and should not 
be confused with Dandy-Walker malforma-
tion. Areas of gliosis with cystic encephalo-
malacia in the periventricular white matter 
are common sequelae of periventricular hem-
orrhagic venous infarctions and can exhibit 
blooming artifact on susceptibility-weighted 
images owing to hemosiderin deposition.

Postinfectious hydrocephalus—Postinfec-
tious hydrocephalus in infants is the result of 
purulent or granulomatous arachnoiditis or 
aqueductal stenosis. A component of com-
pensatory (ex vacuo) ventriculomegaly can 
occur after parenchymal volume loss or de-
struction. The presence of inflammatory ex-
udate leads to arachnoiditis, which can result 
in chronic hydrocephalus and macrocephaly. 
Toxoplasmosis is the most common cause of 
postinfectious hydrocephalus in infants, par-
ticularly in developing countries. Fungal and 
granulomatous meningitides are more likely 
to cause clinically significant hydrocephalus 
than are bacterial and viral infections [44].

Hydrocephalus Due to Tumors
Pineal region tumors—Neoplasms oc-

curring in the pineal region can cause aq-
ueductal obstruction and thus present with 
supratentorial hydrocephalus. Germinomas 
are the most common tumors of the pineal 
region. They are heterogeneous, avidly en-
hancing hypercellular lesions that exhibit 
restricted diffusion, high attenuation at CT, 
and low T2 signal intensity to adjacent brain. 
Mild restricted diffusion reflects high cellu-
larity. Hemorrhage is common. The tumor 
appears to engulf the pineal gland and often 
invades the nearby brain parenchyma [45].

Teratomas constitute 26–50% of fetal in-
tracranial neoplasms, and they can cause 
congenital hydrocephalus [46]. They exhibit 
heterogeneous attenuation and signal intensi-
ty with the characteristic presence of fat, cal-

cifications, and cystic elements [47] (Fig. 5).
Pineoblastomas are usually seen in young-

er children as large, heterogeneous hypercel-
lular masses with necrosis, hemorrhage, and 
peripheral calcifications. Diffusion is re-
stricted to a larger degree than in germino-
mas, and ADC values are markedly low [48].

Posterior fossa tumors—Medulloblastoma 
is the most common infratentorial malignant 
brain tumor of childhood. The tumor is a hy-
percellular, usually midline mass protruding 
into and effacing the fourth ventricle with re-
sulting supratentorial hydrocephalus (Figs. 
6A and 6B). Brainstem and cerebellar inva-
sion is common, as is leptomeningeal seed-
ing in the spinal canal at presentation [49]. 
Medulloblastoma usually exhibits diffusion 
restriction due to its high cellularity and is 
currently categorized in four molecular sub-
groups [50]. Enhancement is variable [51].

Infratentorial pilocytic astrocytomas are 
usually centered in the cerebellar hemispheres. 
They are T2-hyperintense masses with vari-
able nodular enhancement, high ADC values 
reflecting low cellularity, and often (but not al-
ways) an associated cystic component.

When a young child presents with a hy-
percellular infiltrative mass in the posteri-
or fossa containing blood products and cal-
cifications, atypical teratoid rhabdoid tumor 
should be considered, although definitive di-
agnosis can be achieved only with immuno-
histochemical analysis [52].

Ependymoma usually arises within the 
fourth ventricle and extends through the fo-
ramina of Luschka and Magendie with cis-
ternal involvement. It is extremely heteroge-
neous and can have varied signal intensity 
and attenuation characteristics, usually with 
avid enhancement. Calcifications and hemor-
rhage are seen more often than in medullo-
blastoma (Figs. 6C and 6D).

Increased CSF production—Choroid 
plexus tumors can cause hydrocephalus sec-
ondary to excessive CSF production, al-
though an obstructive component may be 
superimposed by hemorrhage or leptomen-
ingeal dissemination. Choroid plexus papil-
lomas are classified as World Health Organi-
zation (WHO) grade I lesions (II if atypical) 
and are far more common than choroid plex-
us carcinomas (WHO grade IV) [53]. Cho-
roid plexus carcinomas are large invasive tu-
mors with a tendency to recur [54, 55].

Imaging shows that choroid plexus tumors 
are solid, avidly enhancing intraventricular 
masses more often presenting in the atria of 
the lateral ventricles. Speckled calcifications 

are present in 25% of cases. Large tumors 
with markedly heterogeneous signal intensity, 
central necrosis, and hemorrhagic elements 
should raise suspicion of choroid plexus car-
cinoma. In such tumors, cerebral invasion is 
characterized by abnormal signal intensity of 
the adjacent brain parenchyma (Fig. 7).

Vascular anomalies—Vein of Galen an-
eurysmal malformation (VGAM) can cause 
obstructive hydrocephalus secondary to mass 
effect on the third ventricle and sylvian aq-
ueduct and communicating hydrocephalus 
due to chronically increased venous pressure 
leading to impaired CSF reabsorption. Clas-
sic features seen at fetal or neonatal MRI in-
clude persistence of the median prosence-
phalic vein, which appears as a large flow void 
on T2-weighted images, usually with dilated 
and tortuous choroidal and anterior cerebral 
artery feeders. In VGAM, ischemia due to ve-
nous congestion results in white matter injury 
in the developing brain, which may manifest 
as volume loss or white matter calcifications. 
Rapid progression of subependymal atrophy 
with ventricular dilatation may occur [56] 
and is known as “melting brain.”

Megalencephaly
Megalencephaly is a condition in which 

the size or weight of the brain is greater than 
2 SD above the age-related mean. It is clas-
sified as developmental or metabolic, both of 
which have underlying genetic causes. De-
velopmental megalencephaly is secondary to 
signal pathway alterations affecting cellular 
replication or apoptosis that result in an in-
creased number or size of neurons or both. In 
contrast, metabolic megalencephaly is sec-
ondary to metabolic errors and has a variable 
age at onset after abnormal metabolites have 
accumulated in the neural cells. Regardless 
of the cause, megalencephaly syndromes are 
characterized by increased volume of brain 
parenchyma in the absence of increased in-
tracranial pressure [1, 57].

Developmental megalencephaly—Most of 
these disorders involve the mechanistic tar-
get of rapamycin (mTOR), the Ras/mitogen-
activated protein kinase (MAPK) pathway, 
and other transcriptional regulators. Hemi-
megalencephaly, also known as dysplastic 
megalencephaly, is secondary to alterations 
of the mTOR pathway and can be associat-
ed with phakomatoses such as tuberous scle-
rosis complex and neurofibromatosis type 1 
or with syndromes associated with vascular 
anomalies, such as Proteus syndrome; con-
genital lipomatous overgrowth, vascular 
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malformations, epidermal nevi, and skeletal 
and spinal anomalies (CLOVES) syndrome; 
and epidermal nevus syndrome. It is charac-
terized by marked congenital macrocephaly 
with dysplastic and asymmetric overgrowth 
of the entirety or part of one cerebral hemi-
sphere. The affected hemisphere is dysplas-
tic and may have the appearance of lissen-
cephaly or polymicrogyria. The contralateral 
hemisphere is usually normal in appearance, 
although bilateral asymmetric involvement 
has been reported [58]. Most often the affect-
ed lateral ventricle has a characteristic shape 
of the frontal horn, which appears straight, 
narrow, and pointing superiorly [59] (Fig. 8).

Other rare syndromes include megalen-
cephaly–capillary malformation–polymicro-
gyria syndrome (MCAP) and megalencepha-
ly-polymicrogyria-polydactyly-hydrocephalus 
(MPPH), also secondary to alterations of the 
mTOR pathway [60]. Cerebral gigantism, or 
Sotos syndrome, is characterized by macro-
cephaly, intellectual disability (mental retarda-
tion), callosal dysgenesis, and ventriculomega-
ly with colpocephaly.

Metabolic megalencephaly—Alexander dis-
ease is an autosomal dominant disease caused 
by mutations that result in accumulation of gli-
al fibrillary acidic protein (GFAP) within as-
trocytes. This results in abnormal myelination, 
possibly secondary to disrupted astrocyte-ol-
igodendrocyte interaction [61]. The disease 
most commonly presents in infancy with ear-
ly onset of macrocephaly and rapid neurologic 
deterioration leading to early death. Neonatal 
and juvenile variants, respectively more and 
less severe, have also been described [62]. Al-
exander disease is one of a few neurometabol-
ic disorders with specific MRI features (Fig. 
9A). To establish the diagnosis, four of the five 
following criteria must be present [63]: exten-
sive cerebral white matter abnormalities most 
prominent in the frontal lobes; a periventricu-
lar T1-hyperintense T2-hypointense peripher-
al rim; heterogeneous abnormal signal inten-
sity of the basal ganglia and thalami; medulla 
and midbrain signal-intensity abnormalities; 
and contrast enhancement of one or more of 
ventricular lining, periventricular rim, frontal 
white matter, optic chiasm, fornix, basal gan-
glia, thalamus, dentate nucleus, or brainstem. 
Garlandlike enhancement anterior to the fron-
tal horns is characteristic [64].

Canavan disease is an autosomal reces-
sive disorder of glial degeneration due to mu-
tations that cause accumulation of N-acety-
laspartate (NAA) in oligodendrocytes that 
results in myelin vacuolization and glial 

swelling. The disease presents with macro-
cephaly, lack of head control, and develop-
mental delay that progresses with hypoto-
nia and eventually ends in spasticity. Death 
usually occurs in the second year of life, al-
though some patients survive longer than 10 
years [65]. At imaging, children present with 
symmetric, extensive areas of T1-hypointen-
sity and T2-hyperintensity involving subcor-
tical white matter fibers early in the course 
of the disease (Fig. 9B). The pathognomon-
ic finding is a very high peak of NAA at MR 
spectroscopy (Fig. 9C). The spectrum may 
resemble that of a normally developed adult 
but is the opposite of the one of a healthy 
child of that age [66]. In advanced cases, 
marked cerebral atrophy develops.

Mucopolysaccharidosis and other lysosom-
al storage disorders, such as Hurler, Hunter, 
and Tay-Sachs diseases, cause macrocephaly 
secondary to hydrocephalus that develops ow-
ing to accumulation of metabolites in the peri-
vascular spaces and meninges with secondary 
impairment of CSF reabsorption.

Megalencephalic leukoencephalopathy with 
subcortical cysts is a rare autosomal recessive 
disorder usually presenting at approximately 2 
years of age with progressive ataxia and dysar-
thria. MRI is characterized by diffuse swelling 
and T2 hyperintensity of the white matter with 
characteristic subcortical cysts [67] (Fig. 9D).

Osseous Abnormalities
Achondroplasia presents with marked mac-

rocephaly at birth that worsens in the first year 
of life. The membranous cranial vault is dis-
proportionately large compared with the hy-
poplastic skull base with associated frontal 
bossing and depression of the nasion. Chil-
dren with achondroplasia may have hydro-
cephalus, which may contribute to the head 
enlargement (Fig. 10A). Mechanisms include 
intracranial venous hypertension due to jugu-
lar foraminal hypoplasia and CSF flow distur-
bance due to a small foramen magnum [68].

Hematologic disorders such as thalas-
semia major may cause macrocephaly sec-
ondary to extramedullary hematopoiesis 
with extensive calvarial thickening and a 
“hairy” appearance of the vault on radio-
graphs (Fig. 10B).

Conclusion
Macrocephaly can be the presenting clin-

ical finding in a range of neurologic condi-
tions that range from benign enlargement of 
subarachnoid spaces to tumors and metabol-
ic disorders resulting from abnormal prenatal 

or postnatal increases in the volume of one of 
the intracranial compartments while the cra-
nial sutures are open. By using a systematic 
approach to neuroimaging acquisition and in-
terpretation, radiologists help establish cor-
rect diagnoses and guide management.
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A
Fig. 1—Different causes of enlargement of extraaxial 
spaces manifesting as macrocephaly.
A, 11-month-old boy with macrocephaly and normal 
development. Example of benign enlargement of 
subarachnoid spaces. Coronal T2-weighted MR 
image shows enlarged subarachnoid spaces with 
crossing bridging veins (arrows) without associated 
mass effect.
B, 6-month-old girl admitted with altered 
mental status due to abusive head trauma. Axial 
T2-weighted MR image shows bilateral CSF-like 
subdural collections (large arrows) compressing 
subarachnoid veins (small arrows) on parenchymal 
surface.
C, 6-month-old girl admitted with altered mental 
status due to abusive head trauma (same patient as in 
B). Coronal susceptibility-weighted MR image shows 
bilateral subdural collections and foci of blooming 
artifact (arrow) on surface of brain, representing 
bridging veins thrombosis (lollipop sign).
D, 2-week-old girl with acute encephalopathy due 
to glutaric aciduria type 1. Axial T2-weighted MR 
image shows marked widening of sylvian fissures and 
bilateral hyperintensity in dorsal putamina.
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A

Fig. 2—Intrinsic and extrinsic aqueductal stenosis.
A, 9-month-old boy with congenital aqueductal 
stenosis. Sagittal cisternographic image shows 
high-grade stenosis (arrow) of sylvian aqueduct at 
level of superior colliculi resulting supratentorial 
hydrocephalus.
B, 3-year-old boy with choroid plexus cyst. Sagittal 
cisternographic image shows aqueductal obstruction 
by third ventricular choroid plexus cyst (arrow). 
(Courtesy of Martin KW, UCSF Benioff Children's 
Hospital, Oakland,Oakland, CA)
C, 4-month-old boy with macrocephaly due to 
Walker-Warburg syndrome. Sagittal T1-weighted 
MR image shows markedly dysplastic brainstem and 
shunted hydrocephalus.
D, 4-month-old boy with macrocephaly due to 
Walker-Warburg syndrome (same patient as in C). 
Coronal T2-weighted MR image shows cobblestone 
cortical malformation, diffusely abnormal white 
matter signal intensity, and extensive cerebellar 
dysplasia with microcysts.

C

B

D

A

Fig. 3—Congenital hydrocephalus secondary to abnormalities of posterior 
fossa.
A, 2nd-trimester female fetus with Chiari malformation type 2. Sagittal 
T2-weighted MR image shows downward herniation of cerebellum (large 
arrow) and effacement of fourth ventricle associated with lumbosacral 
myelomeningocele (small arrows).
B, 3-year-old boy with macrocephaly due to Dandy-Walker malformation. 
Sagittal T1-weighted MR image shows cystic dilatation of fourth ventricle in 
enlarged posterior fossa with vermian hypoplasia (arrow).
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A

Fig. 4—Male infant born at 27 weeks’ gestation. 
Example of posthemorrhagic hydrocephalus. 
A, Coronal head ultrasound image through anterior 
fontanelle obtained at 4 days of life shows large left 
intraventricular hemorrhage (small arrows) with 
periventricular venous infarction (large arrow).
B, Coronal head ultrasound through anterior 
fontanelle obtained at 26 days of life shows evolving 
intraventricular hemorrhage (arrow) and infarction 
with interval development of hydrocephalus. 
Reactive hyperechogenic ependymal lining is 
evident.

B

Fig. 5—2-day-old boy with congenital intracranial teratoma. Axial CT image shows heterogeneous solid and 
cystic attenuation with mixed calcified and fat components. Diastasis of sutures is evident. (Courtesy of 
Dupree B, Overton-Brooks VA Medical Center,Shreveport, LA)

A

Fig. 6—Posterior fossa tumors presenting with 
macrocephaly.
A, 5-year-old boy with medulloblastoma. Axial 
unenhanced CT image shows high-attenuation 
midline lesion with effacement of fourth ventricle and 
associated moderate supratentorial hydrocephalus 
with periventricular interstitial edema. No clinically 
significant peritumoral vasogenic edema is present.
B, 5-year-old boy with medulloblastoma (same 
patient as in A). Axial trace DW image shows 
predominantly hyperintense mass. Apparent 
diffusion coefficient map (not shown) showed low 
signal intensity, confirming restricted diffusion. 
Both high attenuation on CT images and restricted 
diffusion on MR images indicate high cellularity.

B (Fig. 6 continues on next page)D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 U

m
ea

 U
ni

ve
rs

ite
ts

bi
bl

io
te

ke
t o

n 
02

/2
2/

18
 f

ro
m

 I
P 

ad
dr

es
s 

13
0.

23
9.

20
.1

33
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



AJR:210, April 2018 11

Macrocephaly

C

Fig. 6 (continued)—Posterior fossa tumors 
presenting with macrocephaly.
C, 4-year-old girl with ependymoma. Axial CT image 
shows heterogeneous mass containing stippled 
calcifications occupying fourth ventricle and 
extending through right foramen of Luschka.
D, 4-year-old girl with ependymoma (same patient 
as in C). Axial contrast-enhanced T1-weighted MR 
image shows heterogeneous enhancement of mass 
extending to right cerebellopontine angle and internal 
auditory canal.

D

A

Fig. 7—Choroid plexus tumors resulting in 
hydrocephalus from overproduction of CSF.
A, 11-month-old girl with choroid plexus papilloma. 
Coronal T2-weighted MR image shows well-
circumscribed lesion (arrow) in atrium of left lateral 
ventricle.
B, 2-year-old boy with choroid plexus carcinoma. 
Axial T2-weighted MR image shows large 
heterogeneous intraventricular mass and marked 
hydrocephalus. Invasion of posterior periventricular 
parenchyma (arrows) is evident.

B

A

Fig. 8—Developmental megalencephaly.
A, Third-trimester male fetus with 
hemimegalencephaly. Fetal MR image shows 
enlargement of entire left hemisphere and abnormal 
gyration of cortex compared with contralateral, 
normal-appearing hemisphere. Asymmetric 
ventricular dilatation is present, except in frontal 
horn (arrow), which is characteristically straight and 
directed anteriorly.
B, 6-month-old boy with hemimegalencephaly. 
Coronal T2-weighted MR image shows enlarged left 
hemisphere with diffusely abnormal cortex and white 
matter. Enlarged left ventricle has characteristic 
shape with pointed anterior horn.
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A

Fig. 9—Causes of metabolic megalencephaly.
A, 2-year-old boy with macrocephaly who has 
not reached developmental milestones owing to 
Alexander disease. Axial T2-weighted MR image 
shows frontal white matter edema with halo of T2-
hypointensity anterior to frontal horns (arrows) and 
symmetric swelling and abnormal signal intensity of 
caudate heads and ventral putamina.
B, 4-month-old girl with macrocephaly, hypotonia, 
and developmental delay due to Canavan disease. 
T2-weighted MR image shows diffuse white matter 
signal-intensity abnormality, including subcortical U 
fibers, and basal ganglia involvement, particularly in 
globi pallidi.
C, 4-month-old girl with macrocephaly, hypotonia, 
and developmental delay due to Canavan disease 
(same patient as in B). MR spectroscopic readout 
shows N-acetylaspartate (NAA) peak at 2 ppm 
(arrow) that is much higher than expected for age. 
Cr2 = phosphocreatine, Cho = choline, Cr = creatine.
D, 2-year-old boy with gradually progressing 
ataxia and dysarthria, megalencephalic 
leukoencephalopathy, and subcortical cysts. Coronal 
T2-weighted MR image shows diffuse abnormal 
high signal intensity and swelling of white matter 
and subcortical cyst (arrow) in right superior frontal 
gyrus.

C D

B

A

Fig. 10—Osseous abnormalities.
A, 17-year-old girl with thalassemia and long-
standing progressive macrocephaly due to 
extramedullary hematopoiesis. Sagittal T1-weighted 
MR image shows marked calvarial thickening and 
secondary cerebellar tonsillar herniation.
B, 6-year-old boy with achondroplasia. Sagittal 
T1-weighted MR image shows macrocephaly with 
frontal bossing and supratentorial hydrocephalus 
with effacement of CSF spaces around foramen 
magnum (arrow).
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