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Children with Macrocrania: Clinical and Imaging
Predictors of Disorders Requiring Surgery

L. Santiago Medina, Kieran Frawley, David Zurakowski, Dina Buttros, Antonius J.C. DeGrauw, and
Kerry R. Crone

BACKGROUND AND PURPOSE: Macrocrania is a common pediatric clinical condition af-
fecting up to 5% of the population. The purpose of this study was to determine clinical and
imaging predictors that are useful in the differentiation of disorders requiring surgical treat-
ment from those that can be treated medically in children with macrocrania.

METHODS: In a 3-year 7-month retrospective study, 88 patients (median age, 8 months;
interquartile range, 5213 months) with macrocrania and no known underlying neurologic
disorder underwent imaging of the brain (sonography, n 5 36; CT, n 5 31; MR imaging 5
21). The study was conducted in a pediatric tertiary care referral center. Clinical and imaging
data were correlated to final diagnosis by means of logistic regression and receiver operating
characteristic curves.

RESULTS: Sixteen (18%) of the patients had disorders requiring surgery: communicating
hydrocephalus, n 5 7; noncommunicating hydrocephalus, n 5 3; hemorrhagic subdural col-
lections, n 5 3; neoplasm, n 5 1; encysted cavum septi pellucidi, n 5 1; and vein of Galen
malformation, n 5 1. Clinical predictors of disorders requiring surgery included vomiting (P
5 .007), labor instrumentation (P 5 .026), developmental delay (P 5 .008), and abnormal
neurologic findings (P 5 .028). Imaging predictors of disorders requiring surgery included a
focal space-occupying lesion (P , .0001) and moderate-to-severe ventriculomegaly (P , .0001).
The diagnostic sensitivity of the combination of independent clinical and imaging predictors
was higher than that of independent clinical predictors alone, being 100% (95% confidence
interval 5 96.9%, 100%) and 93.8% (95% confidence interval 5 88.7%, 98.8%), respectively.
A trend indicated that the area under the receiver operating characteristic curve for clinical
plus imaging findings (0.95) was greater than that for clinical findings alone (0.85) (P 5 .09).
An increase in the number of clinical and imaging predictors was highly correlated with an
increased risk of a disorder requiring surgery (P , .0001).

CONCLUSION: Baseline neuroimaging is indicated for children with macrocrania because
the combination of clinical and imaging predictors has the best diagnostic performance in
determining the need for surgical versus nonsurgical management.

Macrocrania is a common pediatric clinical condi-
tion affecting up to 5% of the population (1). Ma-
crocrania, seizure, and headache disorders are the
leading causes of pediatric neurologic consultation
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and neuroimaging. Idiopathic external hydroceph-
alus, or benign macrocrania, is a common cause of
macrocrania in infants (2). By imaging, idiopathic
external hydrocephalus is usually characterized by
prominent subarachnoid fluid with minimal or no
ventricular system dilation (2). Idiopathic external
hydrocephalus is a benign self-limiting condition
that usually resolves without treatment (326). Con-
versely, an important subgroup of children with
macrocrania have hydrocephalus (ie, communicat-
ing or noncommunicating), extraaxial collections
(ie, subdural effusions or hematomas), or focal
space-occupying lesions (ie, neoplasms or vascular
malformations) that may warrant surgical interven-
tion (7).

Because macrocrania is a common clinical con-
dition and because hydrocephalus, subdural collec-
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tions, and other focal space-occupying lesions are
important to diagnose and treat in a timely manner,
reliable predictors that help differentiate surgical
from nonsurgical disorders need to be determined.
Appropriate use of clinical predictors and imaging
may be important in the evaluation and manage-
ment of children with macrocrania. Furthermore,
appropriateness of imaging children with macro-
crania has been questioned in the current cost-con-
scious health care environment. To our knowledge,
no study has adequately addressed these issues thus
far.

We performed a 3-year 7-month retrospective
study of children with no known underlying CNS
disorder who underwent imaging of the brain for
presenting signs of macrocrania. The purpose of
this study was to identify clinical and imaging pre-
dictors that help distinguish patients with lesions
requiring surgical intervention from those with dis-
orders that can safely be treated medically.

Methods

Study Cohort

The study was conducted between January 1, 1994, and July
31, 1997, at our institution, which is the primary pediatric
tertiary care referral center in the region. The entry criteria for
the study included children with a presenting sign of macro-
crania and with no known previous CNS disorder or treatment
who were referred to the neurosciences (neurosurgery and neu-
rology) departments at our tertiary institution. Macrocrania
was defined as a head circumference greater than the 95th per-
centile on the standard growth curve (1, 2). All patients in the
study population underwent imaging of the brain with either
sonography, CT, or MR imaging. The patients were identified
using the Department of Radiology and Neurosciences
databases.

Definition of Variables and Outcomes

The medical records were reviewed in detail for demograph-
ic data, complete history, and results of physical and neuro-
logic examinations. The history was obtained and the physical
examination was conducted for each patient by a neurosur-
geon, a neurologist, or a neurologist-in-training with an at-
tending neurologist or neurosurgeon. Failure to mention the
presence of a clinical sign or symptom was interpreted as ev-
idence that the patient did not have that feature. The final di-
agnosis was determined by a study physician (K.F., D.B.) from
a combination of surgical, histopathologic, clinical, and/or im-
aging follow-up data. Two and a half years after the end of
the study period, the medical records of all study patients were
reviewed to determine changes in final diagnoses and possi-
bility of late diagnoses of lesions requiring surgery. The study
hospital has the only pediatric neurosurgical center in the re-
ferral area.

Definition of Important Variables

The relevant clinical and imaging variables used in this
study were as follows: 1) developmental delay, defined as un-
fulfilled motor, social, adaptive, and/or language milestones for
the patient’s age and gender (8); 2) family history of macro-
crania in a first degree (ie, parent or sibling) or second degree
(ie, grandparent, uncle, aunt, or cousin) relative; 3) labor in-
strumentation, defined as vacuum extraction or forceps during
labor or delivery; 4) accelerated head growth, defined as an
accelerated increase over time of the patient’s head circumfer-

ence according to age and gender; 5) abnormal fontanel, de-
fined as a bulging, tense, or full anterior fontanel; 6) focal
space-occupying lesion, defined as a focal intracranial lesion,
including neoplasm, vascular malformation, encysted cavum
septi pellucidi et vergae, or subdural collection; and 7) degree
of ventriculomegaly (transverse millimeters at lateral ventricle
atrium 4 transverse millimeters of ipsilateral hemisphere [me-
dial-to-lateral margin] at same level 3 100%), defined as no
ventriculomegaly if less than 20%, mild if 20% to less than
30%, moderate if 30% to less than 40%, and severe if greater
than or equal to 40%.

Definition of Important Clinical Outcomes

The important clinical outcomes that were assessed in this
study were disorders requiring surgical treatment and idiopath-
ic external hydrocephalus, or benign macrocrania. Disorders
requiring surgical treatment were defined as intracranial le-
sions, including hydrocephalus, subdural collections, neo-
plasm, vascular malformation, and encysted cavum septi pel-
lucidi, that necessitated surgical intervention as part of
treatment. Idiopathic external hydrocephalus, or benign macro-
crania, was defined as a self-limited external hydrocephalus
that resolved without treatment and was closely related to be-
nign familial macrocrania (2).

Imaging of the Brain

Cranial sonography was performed with an XP10-ART or
Sequoia machine (Acuson, Mount View, CA) using a combi-
nation of a 5- to 7-MHz sector and a 7-MHz linear probe
through the anterior fontanel. Serial images of the brain were
acquired in the coronal and sagittal planes, including magnified
coronal views of the interhemispheric tissue and medial con-
vexities to evaluate for extraaxial collections.

CT was performed with the High Speed Advantage CT (GE
Medical Systems, Milwaukee, WI). All CT scans were ob-
tained with a 5- to 10-mm section thickness, 512 3 512 ma-
trix, and 20- to 24-cm field of view. Contrast-enhanced CT
was performed with 2 ml/kg IV administered iopamidol (Brac-
co Diagnostics, Princeton, NJ) or ioversol (Mallinckrodt Med-
ical, St. Louis, MO).

MR imaging was performed with a 1.5-T Signa system (GE
Medical Systems). The examination included at least the fol-
lowing three sequences: sagittal T1-weighted conventional
spin-echo (500/16 [TR/TE]), axial proton density–weighted
conventional spin-echo (2500/30), and axial T2-weighted con-
ventional spin-echo (2500/100) images. In some patients, cor-
onal T2-weighted fast spin-echo (5000/125) and enhanced T1-
weighted conventional spin-echo images were obtained after
the IV administration of 0.2 ml/kg gadopentetate dimeglumine
(Berlex Laboratories, Wayne, NJ). For all sequences, 5-mm-
thick sections were obtained with at least a 256 3 192 matrix,
18- to 24-cm field of view, and two signal acquisitions.

All MR images and CT scans were interpreted by an ex-
perienced pediatric neuroradiologist, and all cranial sonograms
were interpreted by an experienced pediatric radiologist. The
imaging studies were interpreted with knowledge of the pre-
senting sign of macrocrania but not of the final diagnosis. The
prospectively generated written report was used as the official
interpretation. No retrospective reevaluation of the imaging or
clinical (history and physical examination) interpretation was
conducted by other physicians.

Analysis

All clinical data from the charts were reviewed. Twenty-five
variables were consistently found. These clinical variables
were studied with logistic regression analysis to compare pa-
tients with disorders requiring surgery with those who had
medically managed disorders. Univariate analysis was con-
ducted with the likelihood ratio test, distributed as a x2 statistic
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TABLE 1: Final diagnosis among the children with macrocrania

Type of Abnormality
Number of
Diagnoses

Surgical space-occupying lesions

Hydrocephalus requiring shunting

Communicating hydrocephalus
Noncommunicating hydrocephalus*

7 (8)
3 (3.5)

Subdural collections requiring drainage† 3 (3.5)

Focal spacing occupying lesions

Posterior fossa medulloblastoma
Encysted cavum septi pellucidi et vergae
Vein of Galen arteriovenous malformation

1 (1)
1 (1)
1 (1)

All surgical lesions 16 (18%)

Nonsurgical disorders

Idiopathic external hydrocephalus
Subdural collections not requiring drainage§
Other disorders:

Low lying cerebellar tonsil
Idiopathic white matter disorders

68 (77.5)
2 (2.5)

1 (1)
1 (1)

All nonsurgical disorders 72 (82%)

Total 88 (100)

Note.—Numbers in parenthesis are percentages.
* All patients had aqueduct atresia or high-grade stenosis.
† Bilateral subdural collections included nonaccidental injury

(n 5 2) and presumed secondary to birth trauma (n 5 1).
§ Small idiopathic unilateral subdural collections (n 5 2).

(9). Stepwise multiple logistic regression was used to identify
the significant independent predictors with regression coeffi-
cients estimated by maximum likelihood estimation (10). Var-
iables with a P value ,.20 in the univariate analysis were
chosen as candidates for the multivariate model. Final selection
of multivariate predictors was determined using the backward
elimination method with criteria of P ,.10 for entry into the
model and P ,.05 for removal (10). All models were exam-
ined with forward selection and backward elimination, with
comparable results. Model fit was evaluated by means of the
Hosmer-Lemeshow goodness-of-fit test (11). Statistical analy-
sis was conducted using the SAS statistical package, version
6.12 (SAS Institute, Cary, NC). A Pearson x2 test for linear
trend was used to evaluate the proportion of surgical lesions
on the basis of the number of independent multivariate pre-
dictors (12).

Receiver operating characteristic curve analysis was con-
ducted because it provided a description of the disease detect-
ability (disorders requiring surgical versus nonsurgical treat-
ment) independent from both disease prevalence and decision
threshold effects (13). The receiver operating characteristic
curves were constructed to compare the diagnostic perfor-
mance of the multivariate clinical predictors alone versus clin-
ical and imaging predictors. GraphROC, version 2.0, was used
to compare areas under the receiver operating characteristic
curves based on the Wilcoxon statistic (14).

Results
During a 3-year 7-month period, 134 patients

with macrocrania who underwent imaging of the
brain were identified. Forty-six patients were ex-
cluded because of known previous CNS disorders
or therapy. Therefore, 88 patients were enrolled in
the study. Of these patients, 16 (18%) had surgi-
cally treated lesions and 72 (82%) had disorders
that were nonsurgically treated.

Characteristics of the Study Population
The median age at time of presentation was 8

months (interquartile range, 5213 months). There
were 59 (67%) male and 29 (33%) female patients.
All 88 patients had complete medical histories and
had undergone physical examinations that included
a detailed neurologic examination. All patients had
at least a 3-month follow-up duration. Fifty-four
(61%) of the patients had a 6-month follow-up du-
ration. A review of the medical charts in February
2000 (2.5 years after the end of the study period)
revealed that no patient had been referred to neu-
rosurgery for delay diagnosis of a surgical disorder.

All patients had undergone initial imaging eval-
uation with either sonography, CT, or MR imaging.
The type of imaging study was determined by the
referring clinician.

Course of Patients Requiring Surgery

Sixteen (18%) of the study population had sur-
gical lesions requiring either neurosurgical or neu-
rointerventional procedures (Table 1). All patients
who received surgical treatment underwent inter-
vention within 1 week of the imaging study. These
included 10 CSF shunting procedures, three sub-

dural collections requiring drainage, and treatment
of three focal space-occupying lesions.

The 10 patients who underwent shunting had hy-
drocephalus. Seven of these patients had commu-
nicating hydrocephalus treated with ventriculoperi-
toneal shunting (n 5 6) or lumboperitoneal
shunting (n 5 1). Three patients had noncommu-
nicating hydrocephalus with obstruction at the syl-
vian aqueduct due to atresia or high-grade stenosis.
The cases of noncommunicating hydrocephalus
were treated with either ventriculoperitoneal shunt-
ing (n 5 2) or third ventriculostomy (n 5 1).

Of the three patients with subdural collections
requiring drainage, two were because of child
abuse and one was presumed to be secondary to
birth trauma. Neurosurgical intervention included
percutaneous evacuation of bloody effusions in two
patients and open surgical drainage in one. Two
patients had small idiopathic subdural collections
with no mass effect revealed by the initial or fol-
low-up studies. Both patients were treated conser-
vatively, requiring no intervention.

The three focal surgical space-occupying lesions
included posterior fossa medulloblastoma (n 5 1),
encysted cavum septi pellucidi et vergae (n 5 1),
and vein of Galen arteriovenous malformation
(n 5 1). The posterior fossa medulloblastoma with
associated supratentorial hydrocephalus underwent
surgical resection and then craniospinal radiation
therapy. The encysted cavum septi pellucidi et ver-
gae with mass effect causing effacement of the lat-
eral ventricles and cerebellar tonsillar herniation
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TABLE 2: Summary of findings on initial imaging study

Variable

Patients
Requiring
Surgery
(n 5 16)

Patients not
Requiring
Surgery
(n 5 72)

Increased extraaxial CSF No. (%) No. (%)

Mild 4 (25) 45 (63)
Moderate-to-severe 3 (19) 11 (15)

Total 7 (44) 58 (81)

Ventricular enlargement

Mild 4 (25) 23 (32)
Moderate-to-severe 8 (50) 3 (4)

Total 12 (75) 27 (38)

Subdural collections
Focal spacing-occupying lesions

3 (19)
3 (19)†

0 (0)*
0 (0)

* Small idiopathic unilateral subdural collections (n 5 2) were not
appreciated on the initial sonograms but found on follow-up MR im-
ages.

† Posterior fossa medulloblastoma (n 5 1), encysted cavum septi
pellucidi et vergae (n 5 1), and vein of Galen arteriovenous malfor-
mation (n 5 1).

TABLE 3: Univariate predictors of surgical disorders in children
with macrocrania

Predictor
P

Value

Patients
with SL*
(n 5 16)
No. (%)

Patients
without

SL*
(n 5 72)
No. (%)

History

Vomiting
Labor instrumentation
Developmental delay
Motor delay

.006

.031†

.013†

.0001†

4 (25)
3 (19)
9 (56)
9 (56)

2 (3)
2 (3)

17 (24)
8 (11)

Physical examination

Accelerated head growth
Abnormal fontanelle
Retinal hemorrhage
Abnormal neurologic findings‡
Cranial nerve abnormality
Gait abnormality

.015†

.0001

.008

.001

.015

.008

9 (56)
7 (44)
2 (13)
9 (56)
4 (25)
2 (13)

30 (42)
7 (10)
0 (0)

11 (15)
3 (4)
0 (0)

Imaging findings

Moderate to severe
ventriculomegaly

Focal space occupying lesion
No increase in extraaxial fluid

spaces

.0001

.0001

.009

8 (50)
6 (38)

7 (44)

3 (4)
0 (0)

14 (19)

* SL 5 surgical lesion.
† Not a predictor for surgically treated disorders when patients with

communicating hydrocephalus were not included in the surgical group.
‡ Includes cranial nerve abnormality, gait abnormality, or any other

abnormal finding at neurologic examination.

underwent endoscopic fenestration. The patient
with a vein of Galen arteriovenous malformation
and moderate enlargement of the lateral and third
ventricle underwent percutaneous neurointerven-
tional embolization.

Neuroimaging Studies
Thirty-six (41%) of the patients had undergone

sonography, 31 (35%) had undergone CT, and the
remaining 21 (24%) had undergone MR imaging
as their initial diagnostic imaging examination.
Thirty-eight (43%) underwent follow-up imaging
examinations, including five (6%) who underwent
sonography, 10 (11%) who underwent CT, and 23
(26%) who underwent MR imaging. The imaging
findings evaluated were those that could be consis-
tently assessed by all three imaging techniques.
These included ventricular size, extraaxial CSF,
subdural collections, and focal space-occupying le-
sions. Table 2 summarizes the imaging findings of
the initial neuroimaging examinations.

Univariate and Multivariate Clinical and Imaging
Predictors of Disorders Requiring Surgery

Univariate analysis of the clinical and imaging
variables was performed to identify predictors that
could help distinguish patients with disorders re-
quiring surgical treatment from those with disor-
ders requiring nonsurgical treatment. Thirteen sta-
tistically significant clinical and imaging univariate
predictors were identified (Table 3).

In addition, other variables analyzed included
seizures, headache, torticollis, gestational age, mul-
tiple pregnancy, history of trauma, history of ma-
ternal drug abuse, family history of macrocrania,

congenital heart disease, social developmental de-
lay, craniofacial anomaly, positional molding, split
sutures, abnormal eye movement, auditory abnor-
mality, motor abnormality, abnormal tone (ie, hy-
potonia or hypertonia), and abnormal reflexes.
None of these variables helped distinguish surgical
patients from medically treated patients (data not
shown).

A similar univariate analysis was performed, ex-
cluding from the surgical group those patients who
underwent shunting for communicating hydroceph-
alus to assess potential surgical treatment bias from
those patients who may have had benign idiopathic
external hydrocephalus but who underwent shunt-
ing. Nine of the same univariate predictors were
identified (Table 3).

Because the diagnosis of a disorder requiring
surgery resulted in a substantial change in manage-
ment, these patients were analyzed further to iden-
tify independent multivariate predictors that could
help distinguish them from patients with disorders
requiring medical treatment. Multiple logistic re-
gression analysis identifies independent multivari-
ate predictors by controlling for potential
confounders.

To establish the independent variables in the
multiple logistic regression model, the inclusive
predictor of abnormal neurologic findings was se-
lected because this included any abnormal neuro-
logic sign (ie, cranial nerve abnormality, gait ab-
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TABLE 4: Independent multivariate predictors of surgical disor-
ders in children with macrocrania

Predictors P Value

History

Vomiting
Labor instrumentation
Developmental delay

.007

.026*

.008*

Physical Examination

Abnormal neurologic findings† .028

Imaging Findings

Moderate-to-severe ventriculomegaly
Focal space-occupying lesions

,.0001
,.0001

* Not a predictor for surgically treated disorders when patients with
communicating hydrocephalus were not included in the surgical group.

‡ Includes cranial nerve abnormality, gait abnormality, or any other
abnormal finding at neurologic examination.

FIG 1. Comparison of receiver operating characteristic curves of
four independent clinical predictors versus a combination of
these clinical predictors plus two independent imaging predictors.
The diagnostic performance, as illustrated by the area under the
curve, was greater for the combination of clinical and imaging
predictors than for clinical predictors alone, although the differ-
ence was not statistically significant (P 5 .09).

normality, or any other abnormal finding at
neurologic examination). Logistic regression anal-
ysis identified four clinical and two imaging inde-
pendent multivariate predictors that helped differ-
entiate patients with lesions requiring surgical
treatment from those with lesions requiring medical
treatment (Table 4). The Pearson x2 test showed
that an increase in the number of predictors was
highly correlated with an increased risk of a lesion
requiring surgery (P , .0001). The Hosmer-Le-
meshow goodness-of-fit test did not reveal depar-
ture from fit (P 5 .44).

The diagnostic performance of the independent
clinical predictors alone and the combination of the
independent clinical and imaging predictors were
evaluated using sensitivity, specificity, and receiver
operating characteristic curves. Using the clinical
predictors alone, of 16 patients with lesions requir-
ing surgery, 15 had one or more predictors (sen-
sitivity, 93.8% [95% confidence interval 5 88.7%,
98.8%]) whereas 46 of 72 patients with disorders
that required nonsurgical treatment had less than
one clinical predictor (specificity, 63.9% [95% con-
fidence interval 5 53.8%, 73.9%]). Using the com-
bination of independent clinical and imaging pre-
dictors of 16 patients with lesions requiring
surgery, all 16 had one or more predictors (sensi-
tivity, 100% [95% confidence interval 5 96.9%,
100%]) whereas 44 of 72 patients with disorders
that required nonsurgical treatment had less than
one predictor (specificity, 61.1% [95% confidence
interval 5 50.9%, 71.3%]). The areas under the
receiver operating characteristic curves for inde-
pendent clinical predictors alone and the combi-
nation of independent clinical and imaging predic-
tors were 0.85 and 0.95, respectively (P 5 .09) (Fig
1).

Multivariate logistic regression analysis was also
conducted on the clinical predictors alone to deter-
mine the effect of the imaging predictors on the
logistic regression model. Three clinical predictors
remained the same: vomiting (P 5 .009), labor in-
strumentation (P 5 .018), and abnormal neurologic

findings (P 5 .005). Motor delay (P , .001) was
a predictor, whereas developmental delay was not.
Multivariate analysis conducted with exclusion
from the surgical group of those patients who un-
derwent shunting for communicating hydrocepha-
lus to assess potential surgical treated bias revealed
the same clinical predictors: vomiting and abnor-
mal neurologic findings.

Discussion
In our study, lesions requiring surgical treatment

were detected in 18% of children with macrocrania.
Univariate clinical predictors included vomiting, la-
bor instrumentation, developmental delay, motor
delay, accelerated head growth, abnormal fontanel,
retinal hemorrhage, abnormal neurologic findings,
and cranial nerve and gait abnormalities (Table 3).
Univariate imaging predictors included moderate-
to-severe ventriculomegaly, focal space-occupying
lesion, and no increase in extraaxial fluid spaces
(Table 3).

Independent multivariate predictors of surgical
lesions included the clinical variables of vomiting,
labor instrumentation, developmental delay, and
abnormal results of the neurologic examination. In-
dependent multivariate imaging predictors included
focal space-occupying lesion and moderate-to-se-
vere ventriculomegaly (Table 4). An increase in the
number of predictors was highly correlated with an
increased risk of surgical lesion (P , .0001).

Our study showed that the diagnostic perfor-
mance of the combination of independent clinical
and imaging predictors was better than that of the
independent clinical predictors alone. This was
supported by a better sensitivity of 100% (95%
confidence interval 5 96.9%, 100%) versus 93.8%
(95% confidence interval 5 88.7%, 98.8%) and
area under the receiver operating characteristic
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curve of 0.95 versus 0.85, respectively. Although
there was a trend for the area under the curve to
be higher for the combination of independent clin-
ical and imaging predictors, it was not statistically
significant (P 5 .09). The added value of imaging
of children with suspected macrocrania may be im-
portant in the current cost-conscious health care
environment.

In our study, four (25%) of our 16 patients with
surgical lesions experienced vomiting, seven (44%)
had bulging fontanels, and nine (56%) experienced
accelerated head circumference growth. Bodenstei-
ner and Chung (7) reported emesis, accelerated
head circumference growth beyond the normal
growth curve, and a tense, bulging, or full anterior
fontanel as predictors of raised intracranial pres-
sure. Several studies have recommended neuroim-
aging if the clinical history and physical examina-
tion suggest increased intracranial pressure (7, 15,
16). Gait abnormality was also identified as a clin-
ical predictor of a lesion requiring surgery. One
patient with gait abnormality had a posterior fossa
medulloblastoma. Abnormal gait has been reported
as a common sign in children with infratentorial
tumors (17).

In our study, the presence of accelerated head
circumference growth in two patients with associ-
ated retinal hemorrhages was proved to be caused
by subdural hemorrhages secondary to child abuse.
Retinal hemorrhages are present in nearly all cases
of infant abuse in which shaking or shaking impact
is documented (18). Retinal hemorrhages seldom
occur with accidental trauma, and such events usu-
ally are severe (19). Retinal hemorrhages are com-
monly identified at birth, and hence, the high spec-
ificity of this sign for child abuse is valid only
beyond the neonatal period (18). Retinal hemor-
rhages occurring with normal deliveries do not
seem to be associated with subdural hemorrhagic
collections (16).

Labor instrumentation was one of the univariate
predictors for a surgical disorder. Furthermore,
once all potential confounders were controlled on
the multivariate analysis, instrumentation was an
independent predictor. Instrumentation with forceps
and vacuum extraction may cause intracranial hem-
orrhage, which may predispose to noncommuni-
cating or communicating hydrocephalus.

The imaging findings provided important predic-
tors of lesions requiring surgery. In our study, mod-
erate-to-severe ventriculomegaly was an imaging
predictor of a lesion requiring surgery, whereas
mild ventricular dilation was not. Several authors
have reported surgical management for children
with macrocrania if there is significant ventricu-
lomegaly suggestive of obstructive hydrocephalus
(20).

Increased extraaxial CSF was relatively more
frequent in the nonsurgical (78%) than the surgical
group (44%). Hence, the lack of increased extraax-
ial subarachnoid fluid was an univariate predictor
of a lesion requiring surgery. The explanation for

this finding is that the presence of an intraaxial fo-
cal space-occupying lesion or moderate-to-severe
ventriculomegaly decreases the extraaxial sub-
arachnoid space. Furthermore, several studies have
noted that enlarged extraaxial CSF spaces in chil-
dren younger than 2 years may be a normal variant
(21, 22). Other studies have also shown that chil-
dren with macrocrania and enlarged extraaxial CSF
spaces have a good prognostic outcome (4, 6, 23,
24).

Regarding our study design, our results may re-
flect a higher risk population, considering that all
patients were referred to a pediatric neurosurgeon
or neurologist at a tertiary care center where neu-
roimaging was deemed necessary. This selection
bias allowed us the opportunity to study a popu-
lation likely enriched in neurologic signs and
symptoms to determine which clinical and imaging
variables best help predict the presence of lesions
requiring surgery. Hence, the results herein cannot
be generalized to all children with macrocrania.
However, the clinical and imaging variables of le-
sions requiring surgery described may be useful to
neurosurgeons, neurologists, and neuroradiologists
who may ultimately decide whether surgical treat-
ment is warranted.

Our series did not include patients with neuro-
degenerative disorders, such as Canavan and Al-
exander disease, with macrocrania (25). These neu-
rodegenerative disorders are uncommon in
comparison with hydrocephalus and focal intracra-
nial space-occupying lesions. In addition, these
neurodegenerative disorders rarely present because
of macrocrania but rather because of neurodevel-
opmental abnormalities. Very large series of chil-
dren with macrocrania may be required to study the
predictors of these important but rare disorders.

The clinical variables obtained from the charts
may be limited, because this study was based on
retrospective data. In evaluation of certain clinical
variables, we assumed that if a feature was not
mentioned to be present, it was absent. We think
this is a reasonable assumption, because all of the
patients were evaluated by a staff neurosurgeon, a
neurologist, or a neurologist-in-training (along with
a staff neurosurgeon or neurologist), all of whom
were trained to assess specifically the predictors in
question.

The patients in this study did not all undergo the
same imaging technique. Comparison of different
imaging procedures is difficult. However, we lim-
ited the imaging findings evaluated by sonography,
CT, and MR imaging to those consistently assessed
by all three imaging techniques.

Inter- and intraobserver agreement for the dif-
ferent imaging procedures was not determined. The
prospectively generated written report was used as
the final imaging interpretation. Future prospective
studies should include inter- and intraobserver
agreement so that variability among readers can be
determined.
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In summary, baseline neuroimaging is indicated
for children with macrocrania because the combi-
nation of clinical and imaging predictors has the
best diagnostic performance in determining the
need for surgical versus nonsurgical management.
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