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Background: Macrocephaly is frequently encountered in pediatrics and often leads to imaging. There are
no recommendations from the American Academy of Pediatrics or the American College of Radiology
providing imaging guidelines for macrocephaly. The goal of this study is to identify risk factors for
pathologic macrocephaly and to aid the clinician in identifying patients that would benefit from imaging.
Methods: We conducted a medical record review throughout a multistate health care system, Sanford
Health, from January 1, 2012 to December 31, 2016. Patients with macrocephaly were identified by
problem list in children aged less than 36 months. Data collection included basic demographics, imaging
modality, developmental delay, prematurity, seizures, focal neurological symptoms, family history of
macrocephaly, sedation used, and sedation complications.
Results: A total of 169 patients were included in the analysis. Imaging modalities included 39 magnetic
resonance imagings (23.1%), 47 cranial computed tomographies (27.8%), and 83 head ultrasounds (49.1%).
Imaging results demonstrated 13 abnormal studies with five of those studies being abnormal with high
clinical yield. Patients with abnormal studies were more likely to have developmental delay (P ¼ 0.04) or
neurological symptoms (P ¼ 0.015). Positive family history of macrocephaly was predictive of normal
imaging (P ¼ 0.004). There were no sedation complications.
Conclusions: Intracranial imaging does not appear to be necessary in children with no risk factors and or
a positive family history of macrocephaly. Risk factors such as developmental delay or neurological
symptoms could identify children at risk for imaging abnormalities that require further management.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

Macrocephaly is defined as head circumference greater than 2
standard deviations above the mean, or greater than the 97th
percentile.1 Most infants and children with macrocephaly do not
have an associated pathologic intracranial process.2 Macrocephaly
can occasionally be a sign of a serious condition such as hydro-
cephalus that may necessitate urgent intervention. It is important
for clinicians to differentiate benign macrocephaly from pathologic
processes, which would warrant appropriate evaluation. The dif-
ferential diagnosis for macrocephaly (Fig 1) can include benign
conditions such as familial macrocephaly or benign external hy-
drocephalus (BEH).

The pediatric population is unique given that infants and chil-
dren frequently require sedation and or general anesthesia to
complete imaging studies such as computed tomography (CT) or
magnetic resonance imaging (MRI). Sedation and or anesthesia is
not without risk, with complications like airway obstruction,
coughing, snoring, and oxygen desaturations occurring in 8.6% of all
children.3 New research illustrates the potential negative neuro-
developmental impact of sedation for procedures and the estab-
lished adverse effects from sedation.4,5 Sedation can place children
at risk for interventions such as oxygen and airway adjuncts, and
complications such as emesis, risk of aspiration and pneumonia,
and inability to complete the imaging study. Increased radiation
exposure with CT scans and secondary oncologic sequelae are well
established as shown by the committee for environmental
health.6,7

Macrocephaly can be an indicator of hydrocephalus. For children
presenting at a well-child visit, the signs and symptoms may be
subtle, such as poor weight gain and increasing head circumfer-
ence, whereas lethargy, vomiting, poor feeding, irritability, and
motor incoordination may suggest signs of increased intracranial
pressure and a more acute presentation.8 There is currently no
recommendation from the American Academy of Pediatrics or the
American College of Radiology (ACR) to guide imaging for macro-
cephaly. The goal of this study is to determine the frequency of
pathologic macrocephaly requiring intervention found by imaging
of children with macrocephaly, and identify associated risk factors
to aid the clinician in distinguishing those patients that wouldmost
likely benefit from imaging evaluation from those for which
watchful waiting may be more appropriate.
1. Hydrocephalus
a. Communicating

Examples: Post-inflammatory, post-infectious
b. Non-Communicating

Examples: Aqueductal stenosis, tumor, arachnoid cysts, 
malformations 

2. Subdural Fluid Collection
a. Hematoma

Examples: Trauma
b. Hygroma
c. Benign external hydrocephalus

3. Megalencephaly
a. Anatomic

Examples: Tuberous sclerosis complex, neurofibromatosis, 
polymicrogyria, fragile X syndrome, Sotos syndrome 

b. Metabolic
Examples: Mucopolysaccharidoses, gangliosidoses, 
Alexander disease, Canavan disease, glutaric aciduria 

4. Abnormal Skull Growth
Examples: Achondroplasia, craniofacial dysplasia syndrome

5. Familial Macrocephaly

FIGURE 1. Differential diagnosis of macrocephaly.
Materials and Methods

We undertook a chart analysis throughout a multistate health
care system, Sanford Health, serving a population of 2.7 million
individuals from January 1, 2012 to December 31, 2016. Institutional
Review Board approval was obtained. The electronic medical record
(EMR) was used to identify patients with macrocephaly by Inter-
national Classification of Diseases-10 codes, as per the past and
present problem list in children aged less than 36 months. This age
was chosen because this is when the velocity of head growth pla-
teaus. Patients who underwent neuroimaging with the diagnosis of
macrocephaly were included. Some imaging indications included
macrocephaly in addition to other conditions such as develop-
mental delay or neurological abnormalities on examination. The
final cohort included children and infants with macrocephaly who
underwent neuroimaging including brain MRI, head CT, and head
ultrasound (HUS) to evaluate underlying pathology. If patients had
more than one imaging study performed, such as repeat imaging
after a procedure of follow-up of a known condition, only the
confirmatory study was included.

Data collection included basic demographics (age, gender, and
ethnicity), imaging modality, presence of developmental delay,
prematurity, seizures, abnormal neurological examination findings
(e.g. abnormal muscle tone or focal neurological deficit), family
history of macrocephaly, and sedation use. The presence of devel-
opmental delay was based on the well-child examination docu-
mentation in the clinician note (in objective or assessment
sections) and nursing charting of developmental milestones.
Physical and neurological examination findings were extracted
from the EMR physical examination findings in the clinician note.
Only documented abnormal neurological examination findings
were included in the analysis. A positive family history for macro-
cephaly was based on parental report and was recorded if docu-
mentation was present in the EMR by the clinician, and if not
documented, was considered to be unknown.

Exclusion criteria included imaging for any other indication than
macrocephaly for neuroimaging such as seizures, developmental
delay without macrocephaly, genetic evaluation, headache, and
trauma evaluation.

Neuroimaging results were classified as normal, BEH, abnormal
with high clinical yield for macrocephaly, and abnormal with low
clinical yield for macrocephaly. If an imaging finding necessitated
further follow-up or action such as surgical intervention, specialist
referral, or hospitalization, it was considered an abnormal finding
with high clinical yield. A finding was determined to be abnormal
with low clinical yield if the imaging was abnormal, but did not
require surgical intervention, referral, or follow-up related to
macrocephaly. For example, periventricular leukomalacia because
of prematurity can be a clinically important finding, but it does not
have a causal relationship with macrocephaly so it is considered
low clinical yield for macrocephaly. BEH was defined as imaging
results revealing enlarged subarachnoid spaces with normal or
mild to moderately enlarged ventricles and clinical presentation of
macrocephaly.

Sedation adverse events were defined as endotracheal intuba-
tion, upper airway obstruction requiring intervention, lar-
yngospasm, bronchospasm, and apnea longer than 20 seconds or
severe respiratory depression requiring intervention.
Statistical analysis

SPSS for Windows, Version 15.0 (Chicago, SPSS Inc) was used for
statistical analysis. Descriptive statistics were presented as mean,
standard deviation, frequency, and percentages. Chi-square test
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and Fisher's exact test were used to compare categorical variables.
A P value less than 0.05 was accepted as statically significant.

Outcome measures

The primary outcome was results of abnormal imaging with
high clinical yield on HUS, CT, or MRI. Results were categorized into
normal, BEH, and abnormal with high clinical yield and abnormal
with low clinical yield.

Results

The initial medical record search identified 267 patients with
macrocephaly indicated in their problem list who had undergone
intracranial imaging. Ninety-eight patients were excluded because
the indication for imaging was not macrocephaly but rather for
another indication such as seizures, a genetic condition, or trauma,
leaving 169 patients who were eligible for the study. These 169
patients had 183 studies. Eleven patients had an initial HUS with
confirmatory MRI, two patients had a CT scan with MRI confirma-
tion, and one patient had a CT as a confirmatory test. Only confir-
matory tests were included in the study.

Mean patient age at the time of the imaging was nine months
(±5.5 months) and 125 (74%) patients were younger than
12 months. Forty-eight (28.4%) of the subjects were female and 121
(71.6%) were male (Table 1). Thirty-nine (23.1%) of the imaging
studies were brain MRIs, 47 (27.8%) were head CTs, and 83 (49.1%)
were HUS. HUS was used in some infants whose anterior fontanel
was open. According to these imaging studies, 99 (58.6%) patients
had normal findings, 57 (33.7%) had BEH, and 13 (7.7%) patients had
abnormal results (Fig 2). Only five of the patients had abnormalities
that were considered high clinical yield, including twowithmarked
hydrocephalus requiring ventriculoperitoneal shunt placement,
two with chronic subdural hemorrhage concerning for non-
accidental trauma, and one patient with a Chiari 1 malformation
and hydrocephalus. Two of these five patients (40%) had neuro-
logical examination findings in addition to macrocephaly and three
(60%) had developmental delay in addition tomacrocephaly. Two of
these five patients (40%) had no neurological examination findings
or developmental delay. Abnormal neurological findings on ex-
amination from the five patients with abnormalities with high
clinical yield included cranial nerve VII weakness, upper extremity
muscle weakness that was worse on the right side, increased tone
in both arms, and diminished muscle tone. Patients with abnormal
imaging with low clinical yield are further discussed in Fig 2.

One patient had data missing for developmental delay and
physical examination findings. Twenty-five (14.9%) of the 168 pa-
tients had developmental delays in addition to macrocephaly. Of
these patients with developmental delay, five had abnormal
TABLE 1.
Summary of Descriptive Findings and Demographic Data

Characteristic Number Percentage

Sex, male 121 71.6
Age in months, mean (S.D.) 9 (±5.5)
Age <12 months 125 74
Birth history
Term 143 85
Preterm 22 13
Unknown 4 2

Race
Caucasian 150 89
African American 9 5
Native American 6 4
Other 4 2
results, seven had BEH, and 13 had normal MRI results. Six patients
(3.6%) had abnormal neurological examination findings, four of
these had abnormal imaging results, and two had BEH (Table 2).

Patients with abnormal imaging results were more likely to
have a developmental delay or abnormal neurological examination
findings compared with patients with normal results or BEH
(P ¼ 0.045, P � 0.001). Statistically significant differences persisted
when patients with high clinical yield findings were comparedwith
all other patients. Patients with high clinical yield results were
more likely to have developmental delay or abnormal neurological
examination findings when compared with other patients (P¼ 0.04
and 0.015, respectively).

Family history data were available for 59 subjects. Thirty-eight
(64.4%) subjects had positive family history for macrocephaly and
21 (35.6%) were reported to have a negative family history. Of those
with a positive family history, 20 of the results were normal and 18
patients had BEH. None of the subjects with a positive family
history had abnormal imaging results. Children with a family
history of macrocephaly were more likely to have normal imaging
results compared with children with no family history (P ¼ 0.004)
(Table 2). Twenty-two of the 165 subjects were preterm. Abnormal
imaging results were not different among preterm and term infants
(P ¼ 0.208).

There were no serious adverse events to the various sedation
modalities.

Discussion

There is currently no recommendation from the ACR regarding
imaging the infant with macrocephaly. This study adds to the body
of evidence of neuroimaging in macrocephaly by describing those
with abnormal imaging and identifies potential risk factors for
identifying pathologic macrocephaly.9,10 It is uncommon to
discover a significant finding for macrocephaly on imaging.8 As
such, watchful waiting may be prudent in most patients. In this
study, abnormal neurological findings were found to be a risk factor
in six patients of 168 (3.5%); of these, four had abnormal brain
imaging. The other two patients (33%) had BEH with no patients
having normal imaging (P ¼ 0.015). Other studies have demon-
strated similar findings. Haws et al.11 found that 30% of patients
with neurological deficits had abnormal imaging findings. Neuro-
logical symptoms in the setting of macrocephaly appear to be a
strong indicator or risk factor for abnormal imaging in an infant
with macrocephaly. A potential algorithm was created with these
findings to aid providers in the evaluation and management of
infants with macrocephaly based on our own study data (Fig 3).

Developmental delay was also recognized as a potential risk
factor in this study with 25 of 168 (14.9%) patients having delays. Of
these 25 patients, five (20%) had abnormal imaging and seven (28%)
had BEH (P¼ 0.04). This suggests that in a child withmacrocephaly,
developmental delay could be an indication for imaging. According
to Tucker et al.,2 infants with macrocephaly secondary to benign
enlargement of the subarachnoid spaces are usually developmen-
tally appropriate, but may exhibit mild gross motor delays.

In those patients with a positive family history of macrocephaly,
none had abnormal imaging studies with low or high clinical yield
(P ¼ 0.004). These findings suggest a thorough family history along
with watchful waiting and avoidance of imaging may be appro-
priate. Garg and Walsh8 suggested that the presence of macro-
cephaly in other family members may indicate a Mendelian pattern
of inheritance. Parents' occipital frontal circumference can be ob-
tained in the office setting for reference.8 Interestingly, prematurity
was a neutral risk factor for imaging in macrocephaly.

Imagingmodalities to evaluate macrocephaly include HUS, head
CT, and brain MRI. All modalities have advantages and



2 patients with marked hydrocephalus 
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2 patients with chronic subdural 
hematomas
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3 patients with mild ventricular enlargement
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Results

99 Patients (58%)

169 patients

FIGURE 2. Summary of evaluation results.

M.A. Sampson et al. / Pediatric Neurology 93 (2019) 21e2624
disadvantages. Benefits of HUS are that it does not require sedation
and does not expose the patient to ionizing radiation. However, an
open fontanel is required for proper imaging and acoustic windows
may limit visualization of peripheral regions of the brain.12 Head CT
acquisition time is short and rarely requires sedation but exposes
the patient to ionizing radiation. Current dose reduction techniques
can reduce total dose, but radiation risk should always be weighed
against the potential benefits.13e17 Head CT provides information
regarding not only ventricular size but also the presence of space
occupying lesions, including intracranial hemorrhage, extra-axial
fluid collections, and the presence of mass lesions. Brain MRI pro-
vides the most thorough examination and does not expose the
patient to ionizing radiation. This examination is also the most time
intensive modality, frequently requiring sedation.18 HUS is recog-
nized as an appropriate initial imaging study in infants with an
open fontanel and macrocephaly.12

Single-shot fast spin echo MRI or “quick-brain” MRI (QB MRI) is
an alternative to CT when evaluating hydrocephalus.19 This MRI
sequence has acquisition times only slightly longer than CT (less
than one minute), yet does not expose the patient to radiation.18

This method is frequently used to follow children with known
hydrocephalus. However, Missios et al.19 evaluated the use of QB
MRI for nonhydrocephalus conditions such as macrocephaly. In this
study, macrocephaly was themost common indication for imaging;
only 0.2% of patients required sedation and 97.5% of patients
required no other imaging. Although our site does not currently use
this technology, QB MRI may be an appropriate initial neuro-
imaging study for macrocephaly.

Although this study did not have serious sedation complications,
sedation adverse events in pediatric patients outside the operating
room are well documented.20e23 Major complications include
TABLE 2.
Imaging Results

Finding Normal Imaging BEH

Number Percentage Number

Developmental delay 13 8 7
Neurological findings 0 0 2
Family history of macrocephaly 20 34 18

Abbreviation:
BEH ¼ benign external hydrocephalus

* Data for developmental delay and neurological findings involve 168 patients. Data f
oxygen desaturation, respiratory depression, coughing, secretions,
airway obstruction, apnea, bronchospasm, and laryngospasm.3

Identifying risk factors for complications such as untrained
nursing staff, physicians' unfamiliarity with sedative drugs, phar-
macology, and knowledge of how to manage adverse events are
paramount to avoiding complications.20 Higher American Society of
Anesthesiologists risk category, history of prematurity and age less
than six months are known risk factors as well.3,21 Propofol has
become a popular sedative in radiology sedation, although it is not
without complication. Cravero et al.22 reported a complication rate
of once every eighty-nine administrations. Longer acting sedatives
such as pentobarbital are used by hospitalists and emergency room
physicians; however, these frequently cause postdischarge adverse
events such as uncoordinated movements, agitation, and dizzi-
ness.23 Also there is a growing body of evidence in animal models
that sedatives and anesthetics cause neuronal death and have
deleterious effects in developing brain.4,24,25 Although cumulative
dose with longer exposure duration correlates with degree of insult
neuronal cell death can begin as early as 1 hour of exposure.26

BEH is a common etiology of macrocephaly. A recent Norwe-
gian population-based study found an incidence of BEH in 0.4 per
1000 live births, demonstrating that this condition is not un-
common.27 BEH is also known as benign macrocrania of infancy,
benign familial macrocrania, and benign enlargement of sub-
arachnoid spaces. It is characterized by enlargement of the sub-
arachnoid spaces over the anterior frontal convexities, anterior
interhemispheric fissure, and sylvian fissures, and slightly
enlarged lateral and third ventricles.18 Hussain et al.28 demon-
strated axial plane cerebrospinal fluid width (larger cerebrospinal
fluid space) to be higher in subjects with BEH compared with
control subjects. However, there was significant overlap between
Abnormal Imaging Total* P Value

Percentage Number Percentage

4 5 3 25 0.045
1 4 2 6 <0.001

31 0 0 38 0.015

or family history of macrocephaly are available for 59 patients.
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groups with half of patients with BEH distributed within one
standard deviation of patients without BEH, suggesting that it is
difficult to determine the normal size of subarachnoid spaces
from BEH by imaging studies.28 In this study, the distinction
between normal imaging results and BEH may not be difficult to
differentiate because of the absence of the ACR defined diagnostic
criteria for BEH. Although generally considered a benign condi-
tion, Haws et al.11 found that 48.6% of patients with BEH had
developmental delays at follow-up clinical visits. Patients with
BEH may go on to have motor delays, neuromotor dysfunction,
and attention problems later in life.29,30

There are limitations to this study. We retrospectively analyzed
data extracted from an EMR using diagnostic and statistical manual
of mental disorders coding criteria. Charts were reviewed for well-
child examinations, but developmental delay or neurological
findings might have been undocumented. The diagnosis of
asymptomatic macrocephaly could have been omitted from a
physician's problem list, resulting in these patients’ exclusion from
data collection. There was no standardized scale used when iden-
tifying developmental delay.

Conclusions

Macrocephaly is a common entity among infants and in most
cases it is benign. The decision to image these patients needs to be
weighed against the risks of sedation and potential exposure to
ionizing radiation. Our data suggest that a developmental history,
family history, and physical examination can distinguish patients
who are at risk for intracranial pathology from those for which
watchful waiting may be more appropriate.

Acknowledgment

The authors thank Sanford Children's Hospital Department of
Pediatrics Writing Group and Selim Kilic, PhD, statistician.

Author contributions: G.O. and J.N.H. conceptualized and
designed the study, participated in data extraction, manuscript
preparation, and manuscript revisions. G.O. coordinated and su-
pervised the project. M.A.S. prepared the Institutional Review
Board application, participated in study design, collected most of
the data extraction, and drafted the initial manuscript along with
manuscript revisions. A.D.B. revised and reviewed the manuscript.
He was also a content expert.
References

1. Nellhaus G. Head circumference from birth to eighteen years. Practical com-
posite international and interracial graphs. Pediatrics. 1968;41:106e114.

2. Tucker J, Choudhary MD, Arabinda, Joseph Piatt MD. Macrocephaly in infancy:
benign enlargement of the subarachnoid spaces and subdural collections.
J Neurosurg Pediatr. 2016;18:16e20.

3. Havidich JE, Beach M, Dierdorf SF, Onega T, Suresh G, Cravero JP. Preterm
versus term children: analysis of sedation/anesthesia adverse events and lon-
gitudinal risk. Pediatrics. 2016;137:e20150463.

4. Loepke AW. Developmental neurotoxicity of sedatives and anesthetics: a
concern for neonatal and pediatric critical care medicine? Pediatr Crit Care
Med. 2010;11:217e226.

5. Bosnjak ZJ, Logan S, Liu Y, Bai X. Recent insights into molecular mechanisms of
propofol-induced developmental neurotoxicity: implications for the protective
strategies. Anesth Analg. 2016;123:1286e1296.

6. Health CoE. Risk of ionizing radiation exposure to children: a subject review.
Pediatrics. 1998;101:717e719.

7. Pearce MS, Salotti JA, Little MP, et al. Radiation exposure from CT scans in
childhood and subsequent risk of leukaemia and brain tumours: a retrospective
cohort study. Lancet. 2012;380:499e505.

8. Garg BP, Walsh L. Clinical approach to the child with a large head. Indian J
Pediatr. 2001;68:867e871.

9. Orru E, Calloni SF, Tekes A, Huisman T, Soares BP. The child with macrocephaly:
differential diagnosis and neuroimaging findings. AJR Am J Roentgenol.
2018;210:848e859.

10. Pavone P, Pratico AD, Rizzo R, et al. A clinical review on megalencephaly: a
large brain as a possible sign of cerebral impairment. Medicine (Baltimore).
2017;96:e6814.

11. Haws ME, Linscott L, Thomas C, Orscheln E, Radhakrishnan R, Kline-Fath B.
A retrospective analysis of the utility of head computed tomography and/or
magnetic resonance imaging in the management of benign macrocrania.
J Pediatr. 2017;182:283e289.e281.

12. van Wezel-Meijler G, Steggerda SJ, Leijser LM. Cranial ultrasonography in ne-
onates: role and limitations. Semin Perinatol. 2010;34:28e38.

13. Frush DP, Goske MJ. Image gently: toward optimizing the practice of pediatric
CT through resources and dialogue. Pediatr Radiol. 2015;45:471e475.

http://refhub.elsevier.com/S0887-8994(18)30900-7/sref1
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref1
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref1
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref2
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref2
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref2
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref2
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref3
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref3
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref3
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref4
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref4
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref4
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref4
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref5
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref5
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref5
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref5
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref6
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref6
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref6
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref7
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref7
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref7
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref7
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref8
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref8
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref8
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref9
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref9
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref9
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref9
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref10
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref10
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref10
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref11
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref11
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref11
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref11
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref11
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref12
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref12
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref12
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref13
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref13
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref13


M.A. Sampson et al. / Pediatric Neurology 93 (2019) 21e2626
14. Frush DP. Pediatric CT: practical approach to diminish the radiation dose.
Pediatr Radiol. 2002;32:714e717. discussion 751-754.

15. Crawley MT, Booth A, Wainwright A. A practical approach to the first iteration
in the optimization of radiation dose and image quality in CT: estimates of the
collective dose savings achieved. Br J Radiol. 2001;74:607e614.

16. Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiation-induced
fatal cancer from pediatric CT. AJR Am J Roentgenol. 2001;176:289e296.

17. Morgan HT. Dose reduction for CT pediatric imaging. Pediatr Radiol. 2002;32:
724e728. discussion 751-754.

18. James Barkovich A, Raybaud C. Pediatric Neuroimaging. Pennsylvania, USA:
Lippincott, Williams&Wilkins; 2012.

19. Missios S, Quebada PB, Forero JA, et al. Quick-brain magnetic resonance im-
aging for nonhydrocephalus indications. J Neurosurg Pediatr. 2008;2:438e444.

20. Cote CJ, Karl HW, Notterman DA, Weinberg JA, McCloskey C. Adverse sedation
events in pediatrics: analysis of medications used for sedation. Pediatrics.
2000;106:633e644.

21. Malviya S, Voepel-Lewis T, Eldevik OP, Rockwell DT, Wong JH, Tait AR. Sedation
and general anaesthesia in children undergoing MRI and CT: adverse events
and outcomes. Br J Anaesth. 2000;84:743e748.

22. Cravero JP, Beach ML, Blike GT, Gallagher SM, Hertzog JH, Pediatric Sedation
Research Consortium. The incidence and nature of adverse events during pe-
diatric sedation/anesthesia with propofol for procedures outside the operating
room: a report from the Pediatric Sedation Research Consortium. Anesth Analg.
2009;108:795e804.
23. Kaila R, Chen X, Kannikeswaran N. Postdischarge adverse events related to
sedation for diagnostic imaging in children. Pediatr Emerg Care. 2012;28:
796e801.

24. Soriano SG, Anand KJ. Anesthetics and brain toxicity. Curr Opin Anaesthesiol.
2005;18:293e297.

25. Anand KJ, Barton BA, McIntosh N, et al. Analgesia and sedation in preterm
neonates who require ventilatory support: results from the NOPAIN trial.
Neonatal outcome and prolonged analgesia in neonates. Arch Pediatr Adolesc
Med. 1999;153:331e338.

26. Loepke AW, Soriano SG. An assessment of the effects of general anesthetics on
developing brain structure and neurocognitive function. Anesth Analg.
2008;106:1681e1707.

27. Wiig US, Zahl SM, Egge A, Helseth E, Wester K. Epidemiology of benign external
hydrocephalus in norwayda population-based study. Pediatr Neurol. 2017;73:
36e41.

28. Hussain ZB, Hussain AB, Mitchell P. Extra-axial cerebrospinal fluid spaces in
children with benign external hydrocephalus: A case-control study. Neuro-
radiol J. 2017;30:410e417.

29. Sandler AD, Knudsen MW, Brown TT, Christian Jr RM. Neurodevelopmental
dysfunction among nonreferred children with idiopathic megalencephaly.
J Pediatr. 1997;131:320e324.

30. Muenchberger H, Assaad N, Joy P, Brunsdon R, Shores EA. Idiopathic macro-
cephaly in the infant: long-term neurological and neuropsychological outcome.
Childs Nerv Syst. 2006;22:1242e1248.

http://refhub.elsevier.com/S0887-8994(18)30900-7/sref14
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref14
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref14
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref15
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref15
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref15
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref15
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref16
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref16
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref16
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref17
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref17
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref17
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref18
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref18
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref18
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref19
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref19
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref19
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref20
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref20
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref20
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref20
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref21
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref21
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref21
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref21
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref22
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref23
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref23
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref23
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref23
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref24
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref24
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref24
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref25
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref25
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref25
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref25
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref25
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref26
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref26
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref26
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref26
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref27
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref27
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref27
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref27
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref27
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref28
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref28
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref28
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref28
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref29
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref29
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref29
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref29
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref30
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref30
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref30
http://refhub.elsevier.com/S0887-8994(18)30900-7/sref30

	Necessity of Intracranial Imaging in Infants and Children With Macrocephaly
	Introduction
	Materials and Methods
	Statistical analysis
	Outcome measures

	Results
	Discussion
	Conclusions
	Acknowledgment
	References


