
ORIGINAL RESEARCH
PEDIATRICS

Apparent Diffusion Coefficient Value Changes and Clinical
Correlation in 90 Cases of Cytomegalovirus-Infected Fetuses

with Unremarkable Fetal MRI Results
X D. Kotovich, X J.S.B. Guedalia, X C. Hoffmann, X G. Sze, X A. Eisenkraft, and X G. Yaniv

ABSTRACT

BACKGROUND AND PURPOSE: Cytomegalovirus is the leading intrauterine infection. Fetal MR imaging is an accepted tool for fetal brain
evaluation, yet it still lacks the ability to accurately predict the extent of the neurodevelopmental impairment, especially in fetal MR
imaging scans with unremarkable findings. Our hypothesis was that intrauterine cytomegalovirus infection causes diffusional changes in
fetal brains and that those changes may correlate with the severity of neurodevelopmental deficiencies.

MATERIALS AND METHODS: A retrospective analysis was performed on 90 fetal MR imaging scans of cytomegalovirus-infected fetuses
with unremarkable results and compared with a matched gestational age control group of 68 fetal head MR imaging scans. ADC values
were measured and averaged in the frontal, parietal, occipital, and temporal lobes; basal ganglia; thalamus; and pons. For neurocognitive
assessment, the Vineland Adaptive Behavior Scales, Second Edition (VABS-II) was used on 58 children in the cytomegalovirus-infected
group.

RESULTS: ADC values were reduced for the cytomegalovirus-infected fetuses in most brain areas studied. The VABS-II showed no trend
for the major domains or the composite score of the VABS-II for the cytomegalovirus-infected children compared with the healthy
population distribution. Some subdomains showed an association between ADC values and VABS-II scores.

CONCLUSIONS: Cytomegalovirus infection causes diffuse reduction in ADC values in the fetal brain even in unremarkable fetal MR imaging
scans. Cytomegalovirus-infected children with unremarkable fetal MR imaging scans do not deviate from the healthy population in the VABS-II
neurocognitive assessment. ADC values were not correlated with VABS-II scores. However, the lack of clinical findings, as seen in most cytomeg-
alovirus-infected fetuses, does not eliminate the possibility of future neurodevelopmental pathology.

ABBREVIATIONS: CMV � cytomegalovirus; feMRI � fetal head MR imaging; VABS-II � Vineland Adaptive Behavior Scales, Second Edition

Cytomegalovirus (CMV) infection is the most common intra-

uterine infection, with an overall birth prevalence of 1%

(range, 0.2%–2.5%).1,2 Only 10%–15% of the infected fetuses are

symptomatic at birth, presenting with typical clinical findings of

congenital infection,3,4 while an additional 10%–15% of infants

develop the symptoms during the first years of life.1,2,5,6 The

clinical findings include, but are not limited to, intrauterine

growth restriction, periventricular calcifications, microceph-

aly, ventriculomegaly, hepatosplenomegaly, and cardiovascu-

lar system anomalies.3,4,7

Most symptomatic infants will have long-term sequelae, includ-

ing neurodevelopmental damage with intellectual disabilities, rang-

ing up to severe decreases in cognitive capacity.2,4,5,8,9 Asymptomatic

neonates constitute most cases, up to 90% of the infected fetuses,

with outcomes still unclear due to limited research.1,5,6,8,9

Sonography is a widely used prenatal screening tool and can show

typical findings suggestive of CMV infection. Recent studies have

shown that sonography is not sensitive enough for the entire spec-

trum of neuropathologies, mainly brain maturation.10,11 Fetal head

MR imaging (feMRI) is accepted as a complementary test for the

evaluation of the brain. Studies have shown that feMRI produces

much more information, including improved spatial resolution, vi-

sualization of the entire brain parenchyma, and detection of white

matter maturation and pathologies earlier and better than sonogra-
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phy.10-13 However, even with both techniques combined, it is still

unclear how to accurately predict the extent of the neurodevel-

opmental impairment in the prenatal period, especially in

cases without any notable imaging pathology.10,11,13,14

Diffusion-weighted imaging (DWI, DTI) was studied exten-

sively for its utility in the evaluation of the normal development of

the fetal brain.15-20 One of the DWI metrics, the apparent diffu-

sion coefficient, allows quantitative evaluation of cerebral matu-

ration and intracellular changes in utero.15,18-22 Very little re-

search has been done examining the ADC values in CMV-infected

fetal brains, and even less research has focused on fetuses with

normal feMRI results.14,18

In our current study, we compared ADC values in several ana-

tomic brain areas of CMV-infected fetuses with unremarkable feMRI

results and an age-matched control group with normal MR imaging

findings. For neurodevelopmental assessment, the Vineland Adap-

tive Behavior Scales, Second Edition (VABS-II)23,24 was performed

on children from the CMV-infected group.

Our hypothesis was that CMV-infection causes diffusional

changes in fetal brains and that those changes may be correlated to

the severity of neurodevelopmental deficiencies.

MATERIALS AND METHODS
This retrospective study was approved by the institutional review

board of Tel HaSomer Hospital.

Subjects and Procedures
A retrospective analysis was performed on 90 sequential feMRI

scans of 83 polymerase chain reaction–validated CMV-infected

fetuses obtained between 2004 and 2014. Five fetuses had 2 scans,

and one fetus had 3 scans. Any fetus with a major abnormality on

the feMRI scan was excluded from this study.

The control group included 68 fe-

tuses scanned between 2006 and 2013

who had unremarkable feMRI results,

with no clinical or laboratory evidence

of chromosomal abnormalities or intra-

uterine infection. The indications for

the feMRI scan were the following: a sib-

ling with perinatal neurologic findings,

previous abnormal pregnancy, prenatal

sonography with abnormal findings not

confirmed by feMRI, or a suspected

CMV infection without confirmation by

polymerase chain reaction testing of the

amniotic fluid.

MR Imaging
Technical parameters and protocol of

the scan are identical to those of our pre-

vious published work.25 ROIs were

placed as shown in Fig 1. No significant

difference between the ADC values of

the 2 sides (except for the basal ganglia

and the occipital lobe in the CMV group

and the temporal lobe in the control

group) was shown.

Vineland Adaptive Behavior Scales, Second Edition
The VABS-II test was performed on 58 children from the CMV-

infected group whose parents agreed to participate in the study

and whom we were able to contact. The questionnaire was per-

formed by telephone with the mother of the child in all the cases,

except one with the father alone.

Statistical Methods
To compare ADC values of the CMV and control groups, we applied

the t test. The �2 test was used for the comparison of the observed and

expected frequency of each VABS-II adaptive level. The comparison

of ADC values with VABS-II adaptive levels was performed by either

applying the ANOVA model with the Scheffe procedure for post hoc

comparisons or the Kruskal-Wallis nonparametric test. Nonpara-

metric tests were used when the groups compared were small and the

distribution of the variables was not normal.

All tests were 2-tailed, and a P value of �5% was considered

statistically significant. The statistical analysis was performed with

SPSS, Version 21 (IBM, Armonk, New York).

RESULTS
Group Characteristics
The CMV-infected fetuses group consisted of 90 feMRI scans (Ta-

ble 1) with a mean maternal age of 31.3 � 4.2 years, while the

control group consisted of 68 fetal scans with a mean maternal age

of 32.2 � 4.8 years (P � .05).

The mean ROI size was 83.5 � 4.3 for the control group and

82.6 � 3.34 for the CMV-infected group (P � .05).

All the CMV-infected fetuses had unremarkable feMRI re-

ports (On-line Table 1).

The Vineland Adaptive Behavior Scales test was performed on 58

FIG 1. ROI analyzed for apparent diffusion coefficient. ROI placement example. A, 1, 2 � frontal
lobe; 3, 4 � parietal lobe. B, 5, 6 � basal ganglia. C, 7, 8 � thalami. D, 9, 10 � temporal lobe; 11, 12 �
occipital lobe. E, 13 � pons. F, 14, 15 � cerebellum.
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children (32 males and 26 females) of the 90 patients in the CMV-

infected group, with a mean age of 60.1 � 30.8 months. Eight of the

children had hearing disabilities (14%) (Table 1 and On-line Table 1).

Effect of CMV Infection on Regional ADC
CMV infection was accompanied by a highly significant decrease

in ADC in all brain regions except in the temporal lobes (Table 2

and On-line Table 2). ADC values were significantly reduced in

the frontal (P � .005), parietal (P � .008), and occipital (P � .022)

lobes; basal ganglia (P � .016); thalamus (P � .001); cerebellum

(P � .005); and pons (P � .011). The temporal lobes had no

significant decrease, yet they showed a high correlation trend (P �

.057) (Fig 2 and On-line Table 2).

VABS-II Results
The VABS-II scores are summarized in On-line Table 3 for all the

domains, subdomains, and the Adaptive Behavior Composite.

Significant differences were observed in the following sub-

domains between the standard score and the CMV-infected re-

sults distribution (Fig 3): Written (P � .001) and Coping Skills

(P � .001) with a tendency toward lower scores, and in the Re-

ceptive subdomain (P � .001) with a tendency toward higher

scores. Significant differences were observed in the Daily Living

Skills (P � .011) and Socialization (P � .009) domains with the

scores accumulating in the adequate category, thus creating a sta-

tistically significant difference from the expected normal distribu-

tion. The Adaptive Behavior Composite also showed a significant

difference (P � .005), with the results again accumulating in the

adequate category. The Interpersonal Relationships subdomain

was not significantly different, yet it showed a high tendency (P �

.054), with a small tendency toward lower scores.

The categories with significance did not change when the sta-

tistical analysis was performed with only the 50 children without

hearing disabilities.

Correlation between ADC Values and VABS-II: 50 Children
(No Hearing Disabilities)
Correlation between the ADC values and the VABS-II showed

a significant difference for the following: pons and Written

subdomain (P � .052) with a general negative trend; pons and

Daily Living Skills subdomain (P � .013) with a positive trend;

basal ganglia and Coping Skills subdomain (P � .049) with no

clear trend; and a tendency in the temporal lobe (P � .065)

with a general positive trend; temporal lobe and Socialization

domain (P � .043) with a tendency in the thalamus (P � .076);

frontal/parietal/temporal lobes and the pons with Fine Motor

Skills subdomain (P � .009, P � .05, and P � .005 and P �

.048, respectively) with no clear trend and a tendency in the

thalamus and occipital lobe (P � .06 and P � .074, respec-

tively) with no clear trend; and the pons and Motor Skills do-

main (P � .037) with no clear trend. A tendency had been

shown between the thalamus and the Play and Leisure Time

subdomain (P � .06) with a general positive trend and the

parietal lobe with Gross Motor subdomain (P � .064) with a

general positive trend (Fig 4).

DISCUSSION
Because the leading intrauterine infection has no effective vac-

cination in sight and with up to 20%–25% of infected fetuses

eventually with some degree of damage,1-6,8,26,27 prenatal

CMV infection remains a major concern.

To determine the pathology and pre-

dict future sequelae, sonography and

feMRI are used complementarily. How-

ever, the lack of findings, as seen in most

CMV-infected fetuses, does not elimi-

nate the possibility of future neurode-

velopmental pathology.7,10-13,17 This

possibility raises the need for more reli-

able and objective imaging tools for neo-

natal evaluation to aid clinicians and

parents in making more accurate and

evidence-based decisions.

ADC measurements could be the tool

in this evaluation. As a quantitative value
FIG 2. Comparison between ADC values (in millions) of different brain regions from CMV-in-
fected fetuses (gray) and a control group (black). A significant difference is shown with an asterisk.

Table 1: Descriptive data of the fetuses included in the study
Controls CMV Group

No. (feMRI) 68 90
Maternal age (mean) (yr) 32.05 � 4.43 31.58 � 4.23
GA (MRI) (mean) 31.8 � 2.3 33.1 � 2.0
GA (infection, No.) NA

1st trimester 25
2nd trimester 43
3rd trimester 15
Unknown 7

VABS–II NA 58
Child’s age (mean) (mo) 60.12 � 30.774
Male (No.) 32

Mean age (mo) 50.75 � 26.3
Female (No.) 26

Mean age (mo) 71.65 � 32.4
Hearing disabilities (No.) 8 (14%)

Note:—GA indicates gestational age; NA, not applicable.

Table 2: Regional effects of cytomegalovirus infection on fetal
brain ADCa

Region Controls � SD CMV Group � SD P Value
Frontal lobe 1762.3 � 191.6 1675.0 � 190.3 .005
Parietal lobe 1733.9 � 228.9 1637.2 � 220.5 .008
Occipital lobe 1700.2 � 193.7 1629.9 � 186.7 .022
Temporal lobe 1687.5 � 172.5 1636.7 � 159.1 .057
Basal ganglia 1448.5 � 212.3 1375.2 � 147.3 .016
Thalamus 1354.2 � 220.7 1247.2 � 155.3 �.001
Cerebellum 1486.3 � 198.7 1407.5 � 152.5 .005
Pons 1359.2 � 189.3 1286.3 � 164.7 .011

a Data are means. ADC units are 106 mm2/s.
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measuring voxel diffusion changes, it allows identification of tissue

changes at an early stage and quantitative follow-up.14,16-19,22

To date, only 3 studies14,28,29 have been performed evaluating

ADC values in congenital CMV-infected brains, with 2 of them28,29

having a sample size of only 4 and 5 neonates, respectively. The third

study14 was performed by our department, and part of its sample was

included in this study (51/90). However, this is the first time, to our

knowledge, that ADC studies of the CMV-infected fetal brains have

focused on feMRI scans with unremarkable findings.

We compared the ADC values of confirmed CMV-infected

fetal brain regions with unremarkable feMRI findings with those

of a matched healthy control group and found significantly dif-

fuse decreased ADC values throughout the fetal brain in the

CMV-infected group, except for the temporal lobes (P � .057).

These findings are similar to those in previous studies,14,28 though

we emphasize that the difference exists even if the feMRI findings

are unremarkable.

Analysis of the ADC values shows a significant difference among

trimesters in most of the areas examined, excluding the basal ganglia

and the pons (On-line Fig 1). Those findings are thought to cor-

respond with previous studies showing a decrease in ADC with

fetal brain maturation, mostly due to the ongoing process of my-

elination. However, this decrease may also reflect microgliosis,

which is the hallmark of neuroinflammation of all causes.14,15,18-

22,30,31 These results are shown in unremarkable feMRI findings

of CMV-infected fetuses and may imply an underlying inflamma-

tory process within the fetal brain, unrecognized by conventional

imaging.

FIG 3. Vineland domains and subdomain absolute results distribution by category of the CMV-infected group (gray) compared with the normal
expected distribution (black). Only significant results are shown.

FIG 4. Correlation between ADC values (in millions) by brain regions and Vineland results by domains or subdomains of neonatal CMV-infected
children, including only children without hearing disabilities and Vineland results. Only significant results are shown. BG indicates basal ganglia;
Avg., average.
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To assess neurocognitive development in the CMV-infected

group, we used the VABS-II, the most commonly used tool for

adaptive function assessment,23,24,32 and compared the results

with the test standardized distribution. The results showed no

tendency toward lower or higher scores in the major domains or

the composite score. Analysis of the subdomains showed a ten-

dency toward lower scores in the Written and Coping Skills sub-

domain and a tendency for higher scores in the Receptive sub-

domain. These results align with some previous studies showing

no major difference between neurodevelopmental outcomes of

asymptomatic children with CMV and the healthy population,9,33

yet they raise the possibility of a deficit as shown in the Written

and Coping skills subdomains. A possible explanation for those

findings may be higher scores in the Receptive subdomain, which

in turn cause the lower scores in the Coping skills subdomain

because the child has problems integrating the overflow of infor-

mation he or she perceives. Future studies focusing on these cat-

egories should be performed for further evaluation.

Comparison of the children from the CMV-infected group

treated at birth with ganciclovir with the other children showed a

benefit for the treatment in the Gross Motor subdomain, with the

treated children scoring slightly higher within the normal distri-

bution (On-line Fig 2), thus supporting the current policy of

treatment with ganciclovir of asymptomatic neonates. Compari-

son of the children with hearing disabilities between the CMV-

infected group and the other children showed no marked trend,

though the small size of the hearing disability group should be

borne in mind.

ADC values were evaluated as a potential prognostic factor by

matching them with the corresponding Vineland scores. Signifi-

cant correlation with a coherent trend has been shown for the

Daily Living Skills domain and the pons and for the Community

domain and the frontal lobe, with lower ADC values matching

lower Vineland scores. The remainder of the significant correla-

tion scores of ADC and Vineland have shown no coherent trend.

This work has a few limitations. First, although the CMV and

control ADC values statistically differ, the SDs overlap; therefore,

no absolute cutoff to distinguish the groups can be used. Never-

theless, single patient follow-up might be useful with further re-

search. The second is the lack of an intellectual function assess-

ment for the CMV-infected children. Intellectual functioning is

an essential part of intellectual disability assessment combined

with the adaptive behavior, which was assessed with the Vineland

test. The third limitation is the number of CMV-infected children

with Vineland scores. Due to most children falling into the ade-

quate category, the number of children in the other categories was

low; therefore, this number limits the statistical analysis of the

results for correlation to ADC values.

CONCLUSIONS
This is the largest work to date to evaluate the influence of con-

genital CMV infection on ADC values in the brain on feMRI scans

with unremarkable findings and the first to search for a correla-

tion between those values and the cognitive outcome in children.

We observed reduced ADC values in most brain areas studied.

Neurodevelopmental assessment of the CMV-infected children

with unremarkable feMRI findings showed no trend for the major

domains or the composite score, with a trend toward lower results

in the Coping skills and Written subdomains and a trend toward

higher results in the Receptive subdomain. A benefit for treating

asymptomatic neonates with ganciclovir was observed for Gross

Motor functions.
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