Case Report

Journal of Investigative Medicine High
Impact Case Reports

A Case of Prenatally Diagnosed Vanume 10: 1.6

© 2022 American Federation for

Congenital Adrenal Hyperplasia With Media Resarch

DOI: 10.1177/23247096221105245

M : M journals.sagepub.com/homerhic
Brain Morphometric Differences SeAGE

Vidya Rajagopalan, PhD'? Lloyd Nate Overholtzer, BSc'?,
William S. Kim, BA!, Jessica L. Wisnowski, PhD'2, David A. Miller, MD',
Mitchell E. Geffner, MD'2, and Mimi S. Kim, MD, MSc'?

Abstract

We report a case of a fetus with a prenatal diagnosis of classical congenital adrenal hyperplasia (CAH) due to 21-hydroxylase
deficiency. Although CAH is typically assessed postnatally, this fetal case had multiple prenatal clinical assessments made
feasible by an interdisciplinary CAH center. The approach facilitated the development and delivery of comprehensive and
earlier care for the fetus, and the family living with this complex, congenital condition, with perinatology, endocrinology,
genetic counseling, psychology, and urology involvement. As well, the addition of fetal MRI to standard ultrasound revealed
significant deficits in the biparietal diameter, occipitofrontal diameter, and total intracranial volume of the fetal CAH brain.
These early anomalies in the brain suggest that neurological comorbidities observed in older children and adults with CAH
should be studied as early as prenatally, with the addition of fetal MRI to ultrasound potentially being useful for identifying
and understanding prenatal anomalies in CAH.
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Case Report with regards to her external genitalia, and the related chal-
lenges the family experienced during her first year of life,
prior to the establishment of our center. It was imperative to
immediately address and resolve these issues for both the
proband sibling and the family, prior to the arrival of the next
affected female child, so that the experience for all family
members would be much improved via therapy, education,
and a supported effort by the care provider team for CAH.
At 29.14 GW, high-resolution prenatal ultrasound
(General Electric, 5-9 MHz transducer) was performed and
three serial 2D measurements of the biparietal diameter (71.1
mm; 20th percentile) of the fetus and two serial 2D measure-
ments of the head circumference (258.1 mm; 3rd percentile)

A 32-year-old female (gravida 4 para 3) presented to her
obstetrician with her next pregnancy following the birth of a
previous female child with classical congenital adrenal
hyperplasia (CAH). The estimated fetal age was 15 weeks
and 4 days at the time of presentation based on initial sono-
graphic assessments.

At 19.42 gestational weeks (GWs), ultrasound revealed
genitalia that were female-appearing but ambiguous or atypi-
cal. A karyotype indicated the fetus was 46,XX with no chro-
mosomal abnormalities. CYP21A42 gene testing of DNA from
amniotic fluid showed compound heterozygosity for an
R356W mutation on one allele and a 30-kb deletion on the
other allele, confirming a prenatal diagnosis of CAH due to |Children's Hospital Los Angeles, CA, USA
21-hydroxylase deficiency. Parental genetic testing con- 2University of Southern California, Los Angeles, CA, USA
firmed the fetal genotype. The mother subsequently under-
went multiple consultative and care appointments on a
bi-weekly/monthly basis with endocrinology, genetic coun-
seling, psychology, urology, and perinatology until delivery Mimi S. Kim, MD, MSc, Center for Endocrinology, Diabetes and
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Figure 1. Example of computing a 3-D volume of the fetal brain. (A) Multiple 2D stacks were acquired in the three principal directions
(axial, sagittal, and coronal). (B) A 3-D fetal brain magnetic resonance imaging (MRI) image was reconstructed, following motion-
correction, from the 2D stacks. (C) Major brain-tissue types were manually delineated from the reconstructed 3-D brain volume

(indicated in various colors).

were averaged and compared with standard references using
the Hadlock growth curves.?

At 30.57 GW, fetal magnetic resonance imaging (MRI;
Philips 1.5T) was performed to better evaluate clinically for
other abnormalities as MRI can provide information regard-
ing certain conditions like white matter abnormalities and
temporal lobe atrophy that cannot be obtained by ultrasound
alone.? 2-D and 3-D MRI measurements of fetal brain struc-
tures were computed (Figure 1) and shown in Table 1. 2-D
measurements of brain biparietal diameter, occipitofrontal
diameter, skull biparietal diameter, and occipitofrontal diam-
eter, and calculated head circumference were recorded.*
Significant deficits were noted for skull biparietal diameter
and occipitofrontal diameter versus age-matched controls
(Figure 2).>% Absolute biparietal diameter measurements
were similar for ultrasound and MRI. 3-D measurements
were obtained of the extra-axial cerebrospinal fluid (CSF)
volume, supratentorial volume, cerebellar volume, cortical
plate volume, and total lateral ventricles volume (Figure 3).*
Total intracranial volume and deep gray matter volume, but
not developing white matter, showed deficits versus controls
(Table 1).57 A postnatal follow-up MRI of the patient on day
10 of life showed a total brain volume (300.82 cm?) that was
below the 5th percentile for age-matched, healthy infants.®

The neonate was born at 39.14 GW, via uncomplicated
vaginal delivery, and seen in the CAH clinic 3 days after

birth. On physical examination, she was Prader stage 3, with
clitoral width 1 cm, stretched clitoral length 1 cm, and notice-
able hyperpigmentation and rugation of the labioscrotal
folds. Her examination was otherwise unremarkable. She
was a well-appearing neonate with no concerns for adrenal
crisis. Hormone analytes were measured at the visit, prior to
initiation of treatment, and included: 17-hydroxyprogester-
one (17-OHP), androstenedione, and testosterone (LC-MS/
MS for all; Quest Nichols Diagnostic Laboratory, San Juan
Capistrano, CA). The neonate had an elevated serum 17-OHP
of 11,500 ng/dL (normal range for term newborns within 12
h of birth: =460 ng/dL), androstenedione 4917 ng/dL (nor-
mal range not established for newborns; normal range for
infants: 6-78 ng/dL), and testosterone 279 ng/dL (normal
range of females 1-10 days old: =24 ng/dL).

Discussion

In pregnancies complicated by CAH, the delicate synchrony
of fetal development is affected by early disruptions in the
hormonal homeostasis of the intrauterine environment. Our
main finding was this fetus with classical CAH due to
21-hydroxylase deficiency showed an immature brain com-
pared to age-matched, typically developing fetuses, as
observed by both ultrasound and 2D-MRI measurements.
This finding holds relevance for patients with CAH, who
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Table I. 2-D and 3-D Regional Fetal Brain Measurements on MRI.

Anatomical region Measurement Percentile for GA Significant deficit?
2-D MRI Brain biparietal 63.78 mm 4 No
Measurements Brain occipitofrontal diameter 81.73 mm 2 No
Skull biparietal diameter 72.52 mm <l Yes
P = 0.006
Skull occipitofrontal diameter 86.80 mm | Yes
P = 0.003
3-D MRI Extra axial CSF 74.12 cm® 16 No
Volume Total intracranial region 216.532 cm® <3 Yes
P =0.022
Supratentorial region 126.33 cm? | No
Cerebellum 7.22 cm? 20 No
Cortical plate 36.42 cm? 8l No
Lateral ventricles 5.67 cm? 85 No
Deep gray matter? 7.48 cm? — Yes
P = 0.009
White matter? 82.44 cm? — No

Abbreviations: GA, gestational age; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid.
2Percentile comparisons are not reported because transient tissue types result in varying definition of tissue boundaries within these regions and preclude

accurate comparisons.
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Figure 2. 2D-MRI brain measurements of a fetus with congenital adrenal hyperplasia (CAH) at 30 weeks 4 days estimated gestational
age. (A—D) Measurements of biparietal diameters and occipitofrontal diameters of the brain and skull (in mm). Red plus sign indicates
percentile for measurements of the CAH fetus relative to normative fetal brain morphometry curves.

have been shown to have altered neurodevelopment and
adverse behavioral, cognitive, and psychological outcomes
in adolescence and adulthood.>®!5 Altered fetal brain devel-
opment is known to influence the trajectory of brain develop-
ment across the lifespan. Our findings raise the possibility

that fetal brain immaturity could underlie neurodevelopmen-
tal differences observed in older youth and young adults with
CAH such as leukariosis and temporal brain atrophy.>!6-2!
However, large-scale, longitudinal studies are required to
ascertain the link between our early findings and the various
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Figure 3. 3D-MRI volumetric brain measurements of a fetus with congenital adrenal hyperplasia (CAH) at 30 weeks 4 days

estimated gestational age. (A—E) Measurements of extra-axial cerebrospinal fluid, cortical plate, total lateral ventricles, cerebellum, and
supratentorial brain tissue. Red plus sign indicates the percentile for the volumetric measurement in the CAH fetus relative to normative
fetal brain volume curves. (F) Representative example of a sagittal brain slice showing the tissue regions measured (supratentorial brain

tissue excluded).

neurodevelopmental differences that have been reported in
CAH.

The fetus had multiple prenatal clinical assessments that
were interdisciplinary, affording the opportunity to identify a
high-risk pregnancy and provide comprehensive and collab-
orative care during the prenatal period, beyond what would
otherwise be limited to postnatal newborn screening (man-
dated in the United States). We have, for the first time, identi-
fied early brain abnormalities in a fetus diagnosed with CAH
by leveraging recent advancements in acquisition and analy-
sis of prenatal MRI and ultrasound. As these cutting-edge
technologies continue to be utilized, prenatal imaging could
enhance our understanding of the role of fetal programming
in this screenable disorder, and in turn inform treatment of
longer-term outcomes in these patients. We recognize that
the prenatal diagnosis of CAH remains challenging in terms
of large-scale investigations. However, newborn screening
for CAH is universally mandated across the United States,
providing a unique window of opportunity to study the etiol-
ogy of neurological changes within this population begin-
ning in the neonatal period. Longitudinal neurocognitive
assessments, from infancy to early adolescence, will allow

us to understand the neurocognitive correlates of the early
brain changes observed in these children.

Thus far, most of the published literature on neurocogni-
tive effects of CAH has been reported in late childhood, ado-
lescence, or adulthood. These studies have established that
these youth and adults with CAH have key brain morpho-
metric differences compared with unaffected individuals as
noted by MRI. However, brain development and outcomes in
these age ranges are confounded by multiple factors such as
varying approaches to postnatal medication dosage for hor-
mone replacement therapy.” These findings regarding brain
deficits in a fetus with CAH merit further study to under-
stand if these delays in brain development persist into the
neonatal period or are attenuated by hormone replacement
therapy. Early life studies, particularly in neonates, will help
to disentangle the effects of these confounders and better
understand the direct effects of CAH and postnatal hormone
replacement therapy on brain development. Establishing
early markers of altered brain development would provide a
roadmap for early identification and treatment of children
with CAH who are at highest risk for adverse neurocognitive
outcomes across the lifespan.
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In summary, our report provides novel insight into early
neurostructural differences in the fetus with an altered intra-
uterine hormonal environment due to CAH, as compared
with healthy fetuses. These findings suggest that the in utero
hormonal abnormalities inherent to this condition, involving
cortisol deficiency and/or excessive androgen exposure, may
affect fetal programming and contribute to key neurostruc-
tural differences and neurocognitive comorbidities in youth
and adults with CAH, as seen in other conditions. Further
study is merited of neonatal brain changes in CAH to better
identify and treat affected patients and thereby improve long-
term patient outcomes.
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