ORIGINAL ARTICLE

A Study on Causes and Types of Abnormal Increase in Infants’ Head

Circumference in Kashan/Iran

How to Cite This Article: Talebian A, Soltani B, Moravveji AR, Salamati L, Davami M. A Study on Causes and Types of Abnormal Increase in infants’
Head Circumference in Kashan/Iran. Iran J Child Neurol. 2013 Summer; 7(3): 28- 33.

Ahmad TALEBIAN MD'!
Babak SOLTANI MD !
Alireza MORAVVEJI MD?
Ladan SALAMATI MD'
Majid DAVAMI MD?

1. Department of Pediatrics, Kashan
University of Medical Sciences,
Kashan, Iran.

2. Department of Community
Medicine, Trauma Research Center,
Kashan University of Medical
Sciences, Kashan, Iran.

3. Department of Dermatology,
Kashan University of Medical
Sciences, Kashan, Iran.

Corresponding Author:

Soltani B. MD

Department of Pediatrics, Kashan
University of Medical Sciences,
Kashan, Iran

Email:babak soltani1969@yahoo.com

Received: 15-Jan-2013
Last Revised: 20-Feb-2013
Accepted: 4-Mar-2013

28

Abstract

Objective

Head circumference is a valuable index of brain growth and its disturbances
can indicate different disorders of nervous system. Abnormal increased head
circumference (macrocephaly) is common and observed in about 2% of
infants. In this study, the causes and clinical types of abnormal increase in
infants’ head circumference were investigated in Kashan, Iran.

Materials & Methods

This cross-sectional study was performed on 90 infants less than 2 years of
age with abnormal increase in head circumference in Kashan, during 2009-
2011. The data were collected by history taking, physical examination,
growth chart, and imaging.

Results

65 (72%) cases out of 90 infants were male and 25 ( 28%) cases were
female. Fifty-three (58.8%) cases had familial megalencephaly, 30
(33.4%) had hydrocephalus, and other causes were observed in 7 (7.8%)
cases. Eighty-three percent of Infants with familial megalencephaly and
50% with hydrocephalus had normal fontanels. In 90.6% of cases with
familial megalencephaly, family history for large head was positive. Motor
development was normal in 100% of cases with familial megalencephaly
and 76.7% of hydrocephalic infants.

Conclusion

Familial megalencephaly was the most common cause of macrocephaly
in the studied infants, and most of them had normal physical examination
and development, so, parental head circumferences should be considered in
the interpretation of infant’s head circumference and in cases of abnormal
physical examination or development, other diagnostic modalities, including
brain imaging should be done.
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Introduction

Measurement of head circumference (HC) is a valuable index for monitoring
brain growth, especially when done consecutively and recorded in a growth
chart. It can be influenced by genetic and environmental factors (1-3). Abnormal
HC can be a sign of various nervous system disorders (4-5). Macrocephaly is
defined as HC greater than two standard deviations (SDs) above the mean for age,
sex, and gestation. HC is common and seen in 2% of infants (6-7) and could be
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the first sign of genetic and acquired brain disorders
(4,6,8). Macrocephaly can be caused by increased
brain size (megalencephaly) or cerebrospinal fluid
(hydrocephalus). Macrocephaly is usually a genetic-
based disorder, but sometimes an important condition,
such as hydrocephalus may be found and early diagnosis
and intervention are helpful (6,9,10). For differentiation
of causes of macrocephaly, imaging modalities, such
as sonography, computed tomography (CT) scan and
Magnetic Resonance Imaging (MRI) are used (11-13).
Familial megalencephaly is the most common cause
of macrocephaly with large head at birth, typically
2-4 cm above the 90™ percentile, but parallel to the
98" percentile without any clinical manifestations and
positive family history of large head (14). The second
common cause is external hydrocephalus, which
characterized by accumulation of cerebrospinal fluid
in the subarachnoid space of frontal or frontoparietal
areas with a prominent interhemispheric fissure and
normal ventricles (15). As macrocephaly is a common
disorder and many cases are referred from health-
care centers, therefore, this study was done with the
aim of evaluating the causes and prognostic factors of
macrocephaly in infants.

Materials & Methods

This cross-sectional survey was done on 90 infants
with abnormal increase in HC referred to the Pediatric
Neurologic Clinic of Shahid Beheshti Hospital, between
January 2009 and January 2011. An exact physical
and neurological examination was performed by a
pediatric neurologist and the infants’ HC was checked
and plotted on a standard growth chart (NCHS) by him
(16). macrocephaly is diagnosed, when HC is greater
than 2 standard deviations above the mean for age and
sex (4). A complete history was obtained from the
parents about motor and cognitive development of their
infants and the growth charts were evaluated from birth
regarding the onset age and quality of macrocephaly. If
the macrocephalic infants had normal motor-cognitive
and physical examinations, brain sonography was
done and if there was abnormality in sonography,
brain MRI was implemented. In cases with abnormal
motor-cognitive or physical examination, brain MRI
was done at first. According to the history, physical
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and neurological examinations, and neuroimaging,
the patients were divided into 3 groups: familial
megalencephaly, hydrocephalus, and miscellaneous.
Sample size was estimated according to CI=95%,
prevalence of macrocephalus of 5%, and d=5% (17).
The infants’ data were collected in questionnaires and
the statistical analysis was done by descriptive statistics
and chi-square test using SPSS-13 software.

Results

Ninety infants with macrocephaly were evaluated during
two years. Sixty-five (72%) infants were male and 25
(28%) were female. Fifty-three (58.8%) had familial
megalencephaly, 30 (33.4%) had hydrocephalus, and
7 (7.8%) had miscellaneous causes of macrocephaly,
including intracranial hemorrhage (3 cases), sagittal
synostosis (2 cases), achondroplasia (1 case), and
glutaric aciduria type 1. The mean ages of the onset of
abnormal increase of HC in familial megalencephaly,
hydrocephalus, and miscellaneous were 2 months, 3
months, and 1.6 months old, respectively, and the mean
age of them was 8.64 months.

The birth HC>97 percentile in familial megalencephaly,
hydrocephalus, and miscellaneous causes were 49.1%,
43.4%, and 57.1%, respectively (Table-1). Eighty
percent of familial megalencephalic infants had normal
fontanel, but 50% and 57.1% of cases, respectively,
had normal frontal in hydrocephalus cases and
miscellaneous cases, so the relation between fontanel
condition and causes of increased HC was statistically
significant (p=0.003) (Table-2). Normal sutures were
100% in familial megalencephalic cases, while they
were 80% in hydrocephalus and miscellaneous cases,
therefore, there was a statistically significant relation
between suture condition and causes of increased
HC (p=0.004). There was no statistically significant
relationship between causes of increase HC and sex
(p=0.359). All cases of familial megalencephaly,
76.7% of hydrocephalic infants, and 71.4% of
miscellaneous groups had normal motor development
(Table-3). In hydrocephalic patients, 93.3% of external
hydrocephalus, 60% of communicating hydrocephalus,
and 50% of obstructive hydrocephalic cases had
normal development. In familial megalencephalic
infants, 90.6% of cases had positive family history

29



A Study on Causes and Types of Abnormal Increase in infants’ Head Circumference in Kashan/Iran

for large head (43.4% of them in father, 26.4% in
mother, and the remainder in siblings). It was 48.3%
and 57.2% in hydrocephalic and miscellaneous cases,
respectively. Sudden onset of abnormal increase in HC
occurred in 3.9% of familial megalencephaly, 26.7%
of hydrocephalic, and 50% ofmiscellaneous cases,
respectively. Out of 30 infants with hydrocephalus,
50% had obstructive or communicating hydrocephalus
and 50% had external hydrocephalus (benign increase
in subarachnoid space).

Discussion

In this study, 72% out of 90 infants were male and
28% were female. In Medina et al.’s investigation in
2001, 67% of macrocephalic infants were male and
33% were female (17). Day et al. showed familial
megalencephaly and external hydrocephalus as the
most common causes of macrocephaly and there were
more prevalent in males (14). In Lorber et al.’s study
the frequency of macrocephaly in boys was four-fold
higher than girls (18) and these results are compatible
with our findings. In their research, 58.8% of infants
had familial megalencephaly. Day et al. showed that
familial megalencephaly is the most common cause of
macrocephaly (14) and these infants had large head at
birth with rapid growth rate during first few months of
life, as HC was above 98 percentile (14). On the other
hand, in a study by Lorber et al, 20% of macrocephalic
infants had familial megalencephaly (18) and this
difference may be due to genetic varietion in different
geographic areas. In this study, 33.4% of infants had
hydrocephalus and 50% had external hydrocephalus.
Zahl et al. studied on 298 admitted children with
macrocephaly, and 173 of their cases had hydrocephalus
(19). The reason of this discrepancy may be because the
study of Zahl et al. was done on hospitalized cases and
our study was conducted on outpatients. In this study,
the mean onset age of increase in HC was 3 months old
and the mean age was 9.1 months old, while in Zahl
et al’s investigation, they were 4.8 and 8.7 months of
age, respectively (19). In the present study, 90.6% of
familial megalencephaly had a positive family history
of macrocephaly, that in 43.4% of them, their fathers
had large head. In Lorber et al’s study, 50% of familial
megalencephalic infants had positive family history of
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large head (18). In Day’s study, 10 out of 15 infants
with familial megalencephaly had a history of increased
HC in their fathers (14). In our investigation, 57.1%
of external hydrocephalic cases had a positive family
history of large head, while in Alvarez et al.’s and Yew
et al.’s studies, they were 88% (20) and 10% (21),
respectively. In this study, 83% of infants with familial
megalencephaly had normal fontanel and 100% had
normal motor and cognitive development, whereas in
Lorber’s study 6.4% of their cases had delayed motor
and cognitive development (18). In our study, 50% of
hydrocephalic cases had normal fontanel, while it was
83% in familial megalencephaly, it can show that a
relationship exists between fontanel examination and
the cause of macrocephaly, therefore, neuroimaging
is imperative in cases with abnormal fontanels. In our
study, 76.7% of hydrocephalic cases had normal motor
development, it was 93.3% in external hydrocephalus,
50% in obstructive, and 60% in communicating
hydrocephalus. In Alvarez et al,’s study, from 36
infants with external hydrocephalus, three cases had
mild developmental delay and in one case, it was
severely impaired (20). In Yew et al.’s investigation,
21% of 99 infants with external hydrocephalus had
developmental delay (21). In Muenchberger et al.’s
study, 2 out of 15 cases with external hydrocephalus
had delayed motor development and 2 cases had
delayed speech development (22). In our research, 5 out
of 30 hydrocephalic infants required shunt placement
(1 case of communicating hydrocephalus and 4 cases
of obstructive hydrocephalus) and no cases of external
hydrocephalus needed shunt. No cases of external
hydrocephalus required shunt placement in Alvarez et
al’s and Yew et al’s studies (20,21).

In Conclusion, in this study, the most common cause
of macrocephaly was familial megalencephaly and the
second common cause was external hydrocephalus.
In most of these infants, neurologic examination,
fontanels, and development were normal. An exact
history, and neurological and physical examinations
are mandatory in cases of abnormal increase in HC,
and if any abnormality is found, diagnostic modalities,
including brain imaging is prudent.
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Table 1. Frequency of Increased Head Circumference Causes According to Birth Head Circumference

Macrocephaly causes Familial
Hydrocephalus Other causes Total
megalencephaly
N No. No. No.
0.
ercent ercent ercent
Birth HC percentile (percent) ® ) ® ) ® )
5 5 2 12
<25
(9.4%) (16.6%) (28.6%) (13.3%)
50 8 6 1 15
(15.0%) (20%) (14.3%) (16.7%)
75 13 6 0 19
(24.6%) (20%) (0%) (21.1%)
95 1 0 0 1
(1.9%) (0%) (0%) (1.1%)
26 13 4 43
>97
(49.1%) (43.4%) (57.1%) (47.8%)
53 30 7 90
Total
(100%) (100%) (100%) (100%)

Table 2. Frequency of Increased Head Circumference Causes According to Fontanel Condition

Macrocephaly . Other
Familial Hydrocephalus Total .
Causes Causes Statistical
Megalencephaly No. No. .
No. Comparison
. No. (percent) (percent) (percent)
Fontanel condition (percent)
44 15 4 63
Normal 83.0% 50.0% 57.1% 70.0%
(83.0%) (50.0%) (57.1%) (70.0%) p=0.003
9 15 3 27
Abnormal
(17.0%) (50.0%) (42.9%) (30%)
53 30 7 90
Total
(100%) (100%) (100%) (100%)
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Table 3. Frequency of Increased Head Circumference Causes According to Motor Development

Macrocephaly Familial
Hydrocephalus | Other causes Total .
causes | megalencephaly Statistical
No. No. No. X
No. ( 0 ( 0 ( 0 comparison
ercen ercen ercen
Motor development (percent) g o g
53 23 5 81
Normal
(100%) (76.7%) (71.4%) (90%)
0 7 2 9
Abnormal
(0%) (23.3%) (28.6%) (10%)
p=0.001
53 30 7 90
Total
(100%) (100%) (100%) (100%)

References
1.

32

Lunde A, Melve KK, Gjessing HK, Skjaerven R,
Irgens LM. Genetic and environmental influences on
birth weight, Birth length, Head circumference, and
gestational age by use of population-based parent-
offspring data. American J Epidemiol 2007;165(7):734-
41.

Sankaran S, Das A, Bauer CR, Bada HS, Lester B,
Wright LL, et al. Association between patterns of
maternal substance use and infant birth weight, length
and head circumference. Pediatrics 2004;114(2):e226-
34.

Demestre Guasch X, Raspall Torrent F, Vila Ceren C,
Sala Castellvi P, Elizari Saco MJ, Martinez-Nadal S, et
al. Influence of socioeconomic factors on weight, length
and head circumference measurements in newborns
from 35 to 42 weeks gestational. An Pediatr (Barc)
2009;70(3):241-52.

Fenichel, GM. Disorders of cranial volume and shape.
In: Clinical Pediatric Neurology: A Signs and Symptoms
Approach, 6" ed. Philadelphia: Elsevier Saunders; 2009.
p. 368.

Kinsman SL, , Johnston MV. Hydrocephalus. In:
Kliegman RM, Stanton BF, St Geme JW, Schor NF,
Behrman RE, editors. Nelson textbook of pediatrics. 19"
ed. Philadelphia, PA: Elsevier/Saunders, Philadelphia;
2011. p. 2008-11.

Nard, JA. Abnormal head size and shape. In: Gartner JC,

10.

11.

12.

13.

14.

Zitelli BJ, editors. Common and Chronic Symptoms in
Pediatrics. St. Louis: Mosby; 1997.

Menkes JH, Sarnat HB, Flores-Sarnat L. Malformations
ofthe central nervous system. In: Menkes JH, Sarnat HB,
Maria BL, editors. Child Neurology. 7" ed. Philadelphia:
Lippincott Williams & Wilkins; 2006. p. 284.

Williams CA, Dagli A, Battaglia A. Genetic disorders
associated with macrocephaly. Am J Med Genet A
2008;146A(15):2023-37.

Varma R, Williams SD, Wessel HB. Neurology. In:
Zitelli BJ, Davis HW, edtors. Atlas of Pediatric Physical
Diagnosis. 5" ed. Philadelphia: Mosby Elsevier; 2007.
p. 563.

Rekate HL. Hydrocephalus in children. In: Winn HR,
Youmans JR, editors. Youmans Neurological Surgery.
5t ed. St Louis: Saunders. 2003. 3387-404.

Gupta SN, Belay B. Intracranial incidental findings on
brain MR images in a pediatric neurology practice: a
retrospective study. J Neurol Sci 2008;264(1-2):34-7.
Alper G, Ekinci G, Yilmaz Y, Arikan C, Telyar G,
Erzen C. Magnetic resonance imaging characteristics
of benign macrocephaly in children. J Child Neurol
1999;14(10):678-82.

Smith R, Leonidas JC, Maytal J. The value of head
ultrasound in infants with macrocephaly. Pediatr Radiol
1998;28(3):143-6.

Day RE, Schutt WH. Normal children with large heads-

Iran J Child Neurol. Vol 7 No 3 2013 Summer



15.

16.

17.

18.

19.

20.

21.

22.

A Study on Causes and Types of Abnormal Increase in infants’ Head Circumference in Kashan/Iran

-benign familial megalencephaly. Arch Dis Child
1979;54(7):512-7.

Kumar R. External hydrocephalus in small children.
Childs Nerv Syst 2006;22(10):1237-41.

Rollins JD, Collins JS, Holden KR. United states head
circumference growth reference charts: birth to 21 years.
J Pediatr 2010;156(6):907-13.

Medina LS, Frawley K, Zurakowski D, Buttros D,
DeGrauw AJ, Crone KR. Children with macrocrania:
Clinical and imaging predictors of disorders requiring
surgery. AJNR Am J Neuroradiol 2001;22(3):564-70.

Lorber J, Priestly BL. Children with large heads: a
practical approach to diagnosis in 557 children, with
special reference to 109 children with megalencephaly.
Dev Med Child Neurol 1981;23(4):494-504.

Zahl SM, Wester K. Routine measurement of head
circumference as a tool for detecting intracranial
expansion in infants: what is the gain? A nationwide
survey. Pediatrics 2008;121(3):e416-20.

Alvarez LA, Maytal J, Shinnar S. Idiopathic external
hydrocephalus: natural history and relationship to benign
familial macrocephaly. Pediatrics 1986;77(6):901-7.
Yew AY, Maher CO, Muraszko KM, garton HJ. Long-
term health status in benign external hydrocephalus.
Pediatr Neurosurg 2011;47(1):1-6.

Muenchberger H, Assad N, Joy P, Brunsdon R, Shores
EA. Idiopathic macrocephaly in the infant: long-term

neurological and neuropsychological outcome. Childs
Nerv Syst 2006;22(10):1242-438.

Iran J Child Neurol. Vol 7 No 3 2013 Summer

33



