Ultrasound Obstet Gynecol 20235 62: 94-105

Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.26178.

all 6

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.

Congenital hypotonia: systematic approach for prenatal

detection

T. WEISSBACH'2®, M. HAUSMAN-KEDEM?3, Z. YANAY?#, R. MEYER?>*®, O. BAR-YOSEF2S,
L. LEIBOVITCH2’, M. BERKENSTADT2#, O. CHORIN®S, H. SHANI23@®, A. MASSARWA!-2
R. ACHIRON!2, B. WEISZ!2®, R. SHARON2®, S. MAZAKI-TOVI?S and E. KASSIF!2

nstitute of Obstetrical and Gynecological Imaging, Department of Obstetrics and Gynecology, Sheba Medical Center, Tel Hashomer,
Israel; Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel; 3 Pediatric Neurology Institute, Dana-Dwek Children’s Hospital,
Tel Aviv Sourasky Medical Center, Tel Aviv, Israel; *Schneider Children’s Medical Center, Petach Tikva, Israel; > Department of Obstetrics
and Gynecology, Sheba Medical Center, Tel Hashomer, Israel; ® Pediatric Neurology, Safra Children’s Hospital, Sheba, Tel Hashomer,
Israel; " Neonatal Intensive Care Unit, Sheba Medical Center, Tel Hashomer, Israel; 8 Danek Institute of Genetics, Sheba Medical Center,
Tel Hashomer, Israel; ° Department of Neurology, Sheba Medical Center, Tel Hashomer, Israel

KEYWORDS:

congenital hypotonia; fetal motility; neuromuscular disease; polyhydramnios; reduced fetal movement

CONTRIBUTION

What are the novel findings of this work?

This is the first study to address the prenatal mani-
festation and diagnosis of congenital hypotonia as a
single condition. The overall prenatal detection rate
of congenital hypotonic conditions in our cohort was
38.5%. Only cases which underwent a targeted scan
were detected and, among the cases which underwent this
scan, the prenatal detection rate was 62.5%. A proposed
diagnostic strategy that involved performing a targeted
scan for a single non-specific ultrasound sign and carrying
out a comprehensive genetic evaluation for any additional
sign offered a theoretical detection rate of 88.5% in
our cohort.

What are the clinical implications of this work?
Suggested is a semiotic strategy to improve the prenatal
detection of congenital hypotonia. This is based on a list of
sonographic signs that should be sought, some described
herein for the first time.

ABSTRACT

Objectives Congenital hypotonic conditions are rare and
heterogeneous, and some are severely debilitating or
lethal. Contrary to its prominent postnatal manifestation,
the prenatal presentation of hypotonia is frequently subtle,
inhibiting prenatal detection. We aimed to characterize
the prenatal sonographic manifestation of congenital

hypotonia throughout pregnancy, evaluate the yield of
diagnostic tests and propose diagnostic models to increase
its prenatal detection.

Methods This was a retrospective observational study of
singleton pregnancies with congenital hypotonia, diag-
nosed either prenatally or immediately after birth, at a
single tertiary center between the years 2012 and 2020.
Prenatally, hypotonia was diagnosed if a fetus showed
sonographic or clinical signs suggestive of hypotonia
and had a confirmed underlying genetic condition, or
in the absence of a known genetic abnormality if the fetus
exhibited multiple prominent signs suggestive of hypoto-
nia. Postnatally, it was diagnosed in neonates displaying
reduced muscle tone leading to reduced spontaneous
movement, reduced swallowing or feeding difficulty. We
reviewed the medical records of pregnant patients carrying
fetuses subsequently diagnosed with congenital hypotonia
and assessed the yield of ultrasound scans, fetal magnetic
resonance imaging, computed tomography and genetic
tests. The detection rate of sonographic signs suggest-
ing fetal bypotonia was calculated. The prevalence of
non-specific signs, including polybydramnios, persistent
breech presentation, intrauterine growth restriction and
maternal perception of reduced fetal movement, were
compared between the study group and the local liveborn
singleton population. Potential detection rates of differ-
ent theoretical semiotic diagnostic models, differing in the
threshold for referral for a targeted scan, were assessed
based on the cobhort’s data.
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Prenatal detection of congenital hypotonia

Results The study group comprised 26 cases of congenital
hypotonia, of which 10 (38.5%) were diagnosed
prenatally, and the controls included 95105 singleton
live births, giving a prevalence of congenital hypotonia
of 1:3658. Nuchal translucency thickness and the early
anomaly scan at 13-17 weeks were normal in all 22
and 23 cases, respectively, in which this was performed.
The mid-trimester scan performed at 19-25weeks was
abnormal in four of 24 (16.7%) cases. The overall
prenatal detection rate of congenital hypotonic conditions
in our cobhort was 38.5%. Only cases which underwent
a targeted scan were detected and, among the 16 cases
which underwent this scan, the prenatal detection rate
was 62.5% compared with 0% in pregnancies that did
not undergo this scan (P=0.003). An abnormal genetic
diagnosis was obtained in 21 (80.8%) cases using the
following modalities: chromosomal microarray analysis
(CMA) in two (9.5%), whole-exome sequencing (WES)
in 14 (66.7%) and methylation analysis in five (23.8%).
CMA was abnormal in 8% (2/25) of the cases and WES
detected a causative genetic mutation in 87.5% (14/16)
of the cases in which these were performed. Comparison
of non-specific signs in the study group with those in
the local singleton population showed that hypotonic
fetuses had significantly more polybydramnios (64.0% vs
3.0%, P < 0.0001), persistent breech presentation (58.3%
vs 4.2%, P <0.0001), intrauterine growth restriction
(30.8% vs 3.0%, P <0.0001) and maternal perception
of reduced fetal movement (32.0% vs 4.7%, P < 0.0001).
Prenatally, the most commonly detected signs supporting
a diagnosis of hypotonia were structural anomaly (62.5%,
10/16), reduced fetal movement (46.7%, 7/15), joint
contractures (46.7%, 7/15) and wundescended testes
>30weeks (42.9%, 3/7 males). Proposed diagnostic
strategies that involved performing a targeted scan for
a single non-specific ultrasound sign or two such signs,
and then carrying out a comprehensive genetic evaluation
for any additional sign, offered theoretical detection rates
in our cohort of 88.5% and 57.7%, respectively.

Conclusions Congenital hypotonic conditions are rare
and infrequently detected prenatally. Sonographic signs
are visible from the late second trimester. A targeted scan
increases prenatal detection significantly. Comprebensive
genetic testing, especially WES, is the cornerstone of
diagnosis in congenital hypotonia. Theoretical diagnostic
models which may increase prenatal detection are
provided. © 2023 The Authors. Ultrasound in Obstetrics
& Gynecology published by John Wiley & Sons Ltd on
behalf of International Society of Ultrasound in Obstetrics
and Gynecology.

INTRODUCTION

Congenital hypotonia is defined as reduced resistance to
passive range of motion that is present at birth!?. The
phenotypic spectrum of hypotonia is broad, including a
range of severity, gestational age at onset and associated

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
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anomalies> ®. Marked hypotonia may appear prenatally
or, if missed, immediately after birth>*7, affecting basic
functions, such as ambulation, feeding and breathing®. In
one of its most severe forms, fetal akinesia deformation
sequence (FADS) can present in early pregnancy with aki-
nesia and multiple joint contractures (arthrogryposis)®~!1.
However, unequivocal signs, such as complete akinesia or
joint contractures, are uncommon>®1%12 and the mani-
festation of hypotonia is often gradual®!'3~1, In contrast
to rates in infancy, the prevalence and prenatal detection
rate of congenital hypotonia are rarely reported”. This is
mainly because hypotonia is not a single medical condi-
tion, but rather includes a range of conditions resulting
from heterogeneous etiologies that include genetic dis-
orders, infectious causes, exposure to toxins, metabolic
errors and hypoxic encephalopathy!?5:6:1¢. Anatomi-
cally, hypotonia can result from abnormalities affecting
one or more of the following loci: upper motor neuron,
lower motor neuron, peripheral nerve, neuromuscular
junction and muscle®!”,

The prenatal detection of congenital hypotonia is
challenging. First, contrary to structural anomalies,
which are often apparent on ultrasound, hypotonia is a
functional abnormality; thus, in routine prenatal screen-
ing, it frequently goes unnoticed'®!”. Second, due to the
possible antigravity effect of the amniotic fluid, severe
hypotonia with explicit ex-utero manifestation may be
masked inutero. Third, due to the characteristic gradual
deterioration, repeated targeted ultrasound scans may be
necessary??. Fourth, diagnosing hypotonia often requires
a multidisciplinary approach, including systematic fetal
motility assessment, a targeted scan for associated signs
and anomalies, fetal magnetic resonance imaging (MRI),
lab investigation and genetic tests'~%!521-23 Hence,
the rate of prenatal diagnosis is low. Yet, prenatal
diagnosis is imperative for counseling and management.
As the current literature on the prenatal presentation of
congenital hypotonia is meager, the aims of this study
were to: characterize the sonographic manifestation of
congenital hypotonia throughout pregnancy; report the
yield of auxiliary diagnostic tests; and propose diagnostic
models to increase its prenatal detection.

METHODS

This was a retrospective observational study of singleton
pregnancies with congenital hypotonia, diagnosed either
prenatally or immediately after birth, at a single tertiary
center between the years 2012 and 2020. The study group
included: fetuses with suspected hypotonia and a causative
genetic abnormality; fetuses displaying multiple promi-
nent signs suggestive of hypotonia without a confirmed
genetic abnormality; and neonates displaying markedly
reduced muscle tone, accompanied by one of the follow-
ing: reduced spontaneous movement, reduced swallowing
or sucking, or dysphagia, with or without a confirmed
genetic abnormality. The control group included the pop-
ulation of singletons liveborn in our center between 2012
and 2020 which were not already in the study group.
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The Israeli Guideline for Ultrasound in Pregnancy”*
recommends performing a routine early anomaly
scan between 13 and 17 weeks of gestation and a
mid-trimester anomaly scan between 19 and 25 weeks.
This mid-trimester anomaly scan is similar to that
described in the ISUOG Practice Guideline for perfor-
mance of the routine mid-trimester fetal ultrasound
scan’>. Women are referred for a targeted scan if a
structural anomaly or abnormal condition is suspected at
any gestational age. These targeted scans are performed
by experts in the field of fetal imaging.

Sonographic, imaging and clinical signs suggestive
of hypotonia

The signs suggestive of hypotonia, classified as either
‘non-specific’ or ‘supporting’, have been described in
studies reporting on hypotonic conditions?$-12,20,22,26-51,
Non-specific signs include findings that may appear
in both hypotonic and normal fetuses, and do not
require sonographic expertise for their demonstration:
polyhydramnios®?26=31 " persistent breech presentation,
defined as breech in the third trimester®%27:28  and
intrauterine growth restriction (IUGR)?’-2°. Maternal

Weissbach et al.

perception of reduced fetal movement is also considered
a non-specific clinical sign®?27-32-34-52,

Supporting signs'%2922:32 require a certain degree
of sonographic expertise for their detection. These
signs are further divided into overt supporting signs
and subtle supporting signs. The overt supporting
signs are complete akinesia and joint contractures,
including clubfoot, arthrogryposis and fixed abnor-
mal limb position (Figure 1)%%%2%35, These signs are
considered overt as they are relatively prominent on
ultrasound examination. Subtle supporting signs are
those that require particular awareness and exper-
tise for their demonstration: small/absent stomach*e,
reduced fetal movement?®273%40  gpen/tent-shaped
mouth>*! (Figure2, Videoclip S1), reduced fetal swal-
lowing, defined as absence of fluid propagation through
the esophagus***® for over 15min*»*, spine defor-
mity with intact vertebrae’® (Figure3, VideoclipsS2
and S3), thin ribs on chest X-ray*®=3! or on fetal bone

reconstruction computed tomography (CT) (Figure4),
undescended testes (one or both, > 30weeks)3¢-38
(Figure 5), short umbilical cord*” (Figure6) and other
structural anomalies®*3-%. Of note, reduced fetal move-
ment was determined subjectively; previously reported

Figure 1 Overt signs of congenital hypotonia on ultrasound imaging: fetal joint contractures. (a) Plantar flexion in myotonic dystrophy,
(b,c) waiter’s tip sign (b) and bilateral clubfeet (c) in presumed hypotonia and (d,e) adducted thumb (d) and adducted toe (e) in nemaline

myopathy Type 3.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Figure 2 Subtle signs of congenital hypotonia on ultrasound imaging: open/tent-shaped mouth in cases of: (a) presumed hypotonia and (b,c)
spinal muscular atrophy, subtype ‘lower-extremity predominant’, on two-dimensional (b) and three-dimensional (a,c) imaging (see also

Videoclip S1).

Figure 3 Subtle signs of congenital hypotonia on ultrasound
imaging: spine deformity. (a) Thoracic kyphosis (arrow) in
minicore myopathy (see also Videoclip S2), with (b) normal spine
for comparison (see also Videoclip S3).

systematic assessment!%2%-2223 \as not employed in
our study.

The medical records of all cases were retrieved and
relevant data extracted, including maternal medical
history, prenatal care, ultrasound scan findings (nuchal
translucency, early anomaly, mid-trimester anomaly,
biophysical, growth and targeted), fetal MRI and CT
findings, genetic studies, neonatal intensive care unit
records and postnatal hospital clinic follow-up visits.
Three independent researchers reviewed all computerized
medical records of pregnancies and neonates that met
the inclusion criteria. The yield of each type of scan
and the prevalence of sonographic and clinical signs
suggestive of hypotonia, were calculated. We compared
the prevalence of the non-specific signs between the study
and control groups, to evaluate whether these signs were
more common in hypotonic fetuses. In addition, based on
the data of the study cohort, we evaluated the potential
detection rates of three theoretical models, which differed
with respect to the threshold for referral for a targeted
scan (Figure S1).

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

Statistical analysis

Data are presented as median and interquartile range or
percent and number. Chi-square and Fisher’s exact tests
were used to compare categorical variables. A one-sample
proportion z-test was used to compare rates between the
study group and the local liveborn population. Statistical
significance was accepted at P < 0.05. Statistical analyses
were conducted using IBM SPSS software v.25 (IBM
Corp. Inc, Armonk, NY, USA). The study protocol was
approved by the Institutional Ethics Committee at Chaim
Sheba Medical Center (approval number 5345-18-SMC).

RESULTS

The study group comprised 26 cases of congenital hypo-
tonia, of which 10 (38.5%) were diagnosed prenatally.
The control group included 95 105 live births not affected
by congenital hypotonia, rendering a prevalence of
congenital hypotonia of 1:3658. Table S1 compares the
demographic and perinatal characteristics of the study
and control groups. In the study group, there was a 2:1
ratio of males:females, and approximately 70% of the 17
liveborn cases were delivered by Cesarean section, mostly
(75% (9/12)) due to breech presentation. The parents
opted for termination of pregnancy in nine (34.6%) cases
and two neonates died shortly after birth.

Table 1 compares the prevalence of non-specific signs
of congenital hypotonia between the study and control
groups. All four non-specific signs, polyhydramnios,
persistent breech presentation, ITUGR and maternal
perception of reduced fetal movement, were significantly
more common in the study group (P < 0.0001 for each).
Table2 shows prenatal detection and overall (both
pre- and postnatal) prevalence of supporting signs of
hypotonia in affected cases. Structural anomalies, joint
contractures, reduced fetal movement and undescended
testes in males were the most common signs. Undescended
testes (> 30 weeks) were also found to be significantly

Ultrasound Obstet Gynecol 2023; 62: 94-105.

85U9017 SUOLLLLIOD dAIES1D) 3|gedl|dde au Aq pausenob afe sSpiie YO 88N J0 3|1 104 Areiqi 8UIUO 43]1/A UO (SUOBIPUOD-PUR-SLUBH WO B 1M AfeIq 1 BU1 UO//SA1Y) SUOIPUOD PUe SW.B L 8L} 39S *[€202/20/€0] U0 Ariqiauliuo AB|IM ‘AisBAILN AIAY B AQ 8192 BON/Z00T OT/10p/Ww0d A8 | 1M Aleud i fputjuo uABAoy/sdiy Wwouy papeojumod ‘T ‘€202 ‘S0L0697T



98

Weissbach et al.

Figure 4 Subtle signs of congenital hypotonia on computed tomography: thin ribs. (a) Thin ribs detected prenatally in late third trimester in
case of myotonic dystrophy. (b) Normal fetal ribs demonstrated in late third trimester in case of Prader—Willi syndrome.

Figure 5 Subtle signs of congenital hypotonia on ultrasound imaging: undescended testes. (a) Undescended testes in nemaline myopathy at
35 weeks’ gestation, with (b) normally descended testes at 31 weeks for comparison.

Figure 6 Subtle signs of congenital hypotonia on color Doppler
imaging: short umbilical cord in case of minicore myopathy at

28 weeks’ gestation. Cord measured < 20 cm from fetal end (arrow)
to placental end (double arrows), i.e. < 5™ centile.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

increased in cases with hypotonia compared to the control
group (73.3% (95% CI, 51-96%) vs 1.5%; P < 0.0001).

Table 3 illustrates the yield of the various diagnostic
tests performed in the 26 cases with hypotonia. The nuchal
translucency and early anomaly scans were reported as
normal in all cases in which this was performed. The
mid-trimester scan revealed abnormal findings in 16.7%
(4/24) cases. In 16 of the cases, a targeted scan was per-
formed, due to: polyhydramnios (1 =7), polyhydramnios
and fetal abnormality (7 =4), fetal abnormality (= 3),
polyhydramnios and maternal perception of reduced fetal
movement (7 = 1) or small fetal stomach (z=1). Of these,
81.25% (n=13) had abnormal findings and, in 62.5%
(n=10), congenital hypotonia was diagnosed prenatally,
at a median gestational age of 30.1 (interquartile range,
25.3-33.5) weeks. On biophysical assessment before
delivery or termination of pregnancy, fetal tone was deter-
mined to be absent in only 8.0% (2/25) of cases. Other

Ultrasound Obstet Gynecol 2023; 62: 94-105.
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Prenatal detection of congenital hypotonia 929
Table 1 Non-specific signs of congenital hypotonia in 26 affected fetuses and neonates (study group) in comparison to control group
Non-specific sign Study group (n=26) Controls (n=95105) P
Polyhydramnios 16/25 (64.0 (43-82)) 2849 (3.0) <0.0001
Persistent breech presentation 14/24 (58.3 (37-78)) 3980 (4.2) <0.0001
Intrauterine growth restriction 8/26 (14-52)) 2891 (3.0) <0.0001
Maternal perception of reduced fetal movement 8/25 (32.0 (15-53)) 4490 (4.7) <0.0001

Data are given as n/N (% (95% CI)) or n (%).

imaging studies were performed in a minority of cases:
six had a fetal MRI and all reported normal findings, and
three underwent fetal skeletal CT, which revealed thin ribs
in one case. An abnormal genetic diagnosis was reached
in 80.8% (21/26) of the cases. Chromosomal microarray
analysis (CMA) was performed in 25 cases and found to
be abnormal in 8.0% (7=2) of these, and whole-exome
sequencing (WES) detected a causative genetic mutation
in 87.5% (14/16) of cases. Methylation analysis revealed
a further five cases with Prader—-Willi syndrome (PWS)
caused by uniparental disomy or imprinting defect. In five
cases, a genetic cause was either not found or not deter-
mined: two had normal CMA and WES results, two had
normal CMA but WES was not performed and, in one,
genetic testing was not required, as the diagnosis turned
out to be transient congenital myasthenia gravis.

Table4 provides details on all cases included in the
study, giving their underlying etiology and clinical presen-
tation. PWS was the most common underlying condition
in the study cohort (23.1%, 6/26) and presented unique
stigmata, including coexisting non-specific and support-
ing signs: polyhydramnios in three cases, persistent breech
presentation in four, [IUGR in four and undescended testes
in all five male fetuses.

TableS2 compares the 16 cases that underwent a
targeted scan with the 10 that did not. In both groups
there was an indication for a targeted scan in a high
proportion of cases (100% vs 70%, P=0.02); however,
not all patients were referred for, or agreed to undergo,
a targeted scan. Only cases which underwent a targeted
scan were detected prenatally and, among the cases which
underwent this scan, the detection rate was 62.5%,
compared with 0% in those that did not undergo this
scan (P=0.003). Cases that underwent a targeted scan
also had statistically significantly higher detection rates
of multiple sonographic supporting signs (three or more
signs, 75% vs 10%, P = 0.004; four or more signs, 50% vs
0%, P=0.007). Importantly, prenatal sonographic signs
were missed more frequently in the group that did not
undergo a targeted scan (80.0% vs 18.8%, P=0.004),
as in a case of Perrault syndrome harboring Sylvian
polymicrogyria that was not observed on the routine
mid-trimester scan.

Six cases remained undiagnosed despite a targeted
scan. These cases and plausible factors hindering the
diagnosis are presented in Table5. Recurring factors
were lack of assessment or underestimation of the
significance of signs, especially undescended testes, a
relatively common yet subtle sign of hypotonic con-
ditions. Other reasons included unavailability of WES

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

Table 2 Overt and subtle signs supporting diagnosis of congenital
hypotonia in 26 affected fetuses and neonates

Prenatal sign  Overall prevalence
DR: targeted  (pre- and postnatal)

Supporting sign scan (n=16) (n=26)
Overt signs
Complete akinesia*® 3/15 (20.0) 6/26 (23.1)
Joint contractures* 7115 (46.7) 10/26 (38.5)
Subtle signs
Small/absent stomach 1/16 (6.25) N/A
Reduced fetal/neonatal 7115 (46.7) 26/26 (100)
movements*
Open/tent-shaped mouth* 3/15 (20.0) 4/25 (16.0)
Reduced swallowing 4/16 (25.0) 16/26 (61.5)
Spine deformityt 2/16 (12.5) 2/26 (7.7)
Thin ribst 1/3 (33.3) 3/13 (23.1)
Undescended testes§ 3/7 (42.9) 11/15 (73.3)
Short umbilical cord 1/16 (6.25) N/A
Other structural anomaly]  10/16 (62.5) 15/26 (57.7)

Data are given as #/N (%). *In one case, severe oligohydramnios
(following rupture of membranes) precluded assessment of joint
position and fetal motility and masked the appearance of
tent-shaped mouth. tNeuromuscular etiology, with intact
vertebrae. $Confirmed by computed tomography prenatally or
chest X-ray postnatally. §> 30 weeks; there were 17 male fetuses,
of which 15 survived to 30 weeks’ gestation, 11 with undescended
testes; of these 15, seven women had a targeted scan. {Facial
dysmorphism, fetal hydrops, umbilical-cord cyst, brachycephaly,
ventriculomegaly, brain atrophy, hydronephrosis, hepatic cyst,
choanal atresia, high-arched palate, retrognathia, small penis,
congenital bone fracture. DR, detection rate; N/A, not applicable
(because, postnatally, stomach size is not seen and cord was not
assessed).

Table 3 Yield of prenatal tests in 26 cases with congenital
hypotonia

Rate of abnormal

Study type results™*
Nuchal translucency 0/22 (0)
Early anomaly scan (14-17 weeks) 0/23 (0)
Mid-trimester anomaly scan (19-25 weeks) 4/24 (16.7)t
Targeted scan 13/16 (81.25)
Fetal tone on biophysical scant 2/25 (8.0)
Fetal brain MRI 0/6 (0)

Fetal skeletal CT (for thin ribs) 1/3 (33.3)
Abnormal genetic diagnosis 21/26 (80.8)
Chromosomal microarray analysis 2/25 (8.0)
Whole-exome sequencing 14/16 (87.5)

Methylation analysis 5

Data are given as #/N (%) or n. *Cases that received abnormal
result/total number of cases that underwent test. TAbnormal result
defined as absent tone. $Abnormalities noted on routine
mid-trimester anomaly scan: small stomach, joint contractures,
reduced fetal movement, club foot, prefrontal edema, mega cisterna
magna and micro/retrognathia. CT, computed tomography; MRI,
magnetic resonance imaging.
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Table 5 Cases of congenital hypotonia undetected despite targeted scan

Weissbach et al.

Condition

GA at scan and scan findings

Postnatal presentation

Plausible factors hindering diagnosis

Nemaline myopathy
type 3

31 weeks
Severe polyhydramnios,
unilateral undescended testis,

Hypotonia, rocker-bottom feet,

thin ribs, reduced spontaneous
movements, knee contractures,

Exome sequencing not yet available

umbilical cord cysts,
hypotelorism, breech

head lag, unilateral ptosis,
reduced facial expression,

absent spontaneous breathing,
feeding difficulty

33.2 weeks

Polyhydramnios, normal fetal
movements, unilateral
undescended testis, mild
ventriculomegaly, persistent

X-linked myotubular
myopathy

Severe hypotonia, unilateral
undescended testis, absent
spontaneous movements,
requirement for mechanical
ventilation, thin ribs, feeding

Subtle and non-specific prenatal
signs underestimated, rendering a
low index of suspicion, fetal
motility perceived normal

breech intolerance, brain atrophy,
ventriculomegaly, death at
2 months

18, 26 and 32 weeks
Breech presentation, hepatic

X-linked myotubular
myopathy

Severe hypotonia, reduced
spontaneous movements,
cyst reduced eye opening,

Testicles not assessed and
significance of breech presentation
underestimated

undescended testes, unilateral
choanal atresia, feeding
difficulty

33.4 weeks
Technical difficulty, no
abnormality detected

Myotonic dystrophy 1

Hypotonia, tent-shaped mouth,
left knee contracture, right
knee hyperlaxity, feeding

Technical difficulty on scan due to
PPROM and oligohydramnios
following polyhydramnios

difficulty

PWS 36 weeks
Hypotelorism, brachycephaly,
IUGR, suspected hypotonia,

polyhydramnios
Shukla—Vernon 32 weeks
syndrome Mild idiopathic
polyhydramnios

Hypotonia, reduced facial
expression, bradycardia events,
weak cry, feeding difficulty

Hypotonia, undescended testes,
down-slanting eyes

PWS stigmata not recognized, CMA
performed, uniparental disomy
not recognized

Testicles and fetal motility not
assessed

CMA, chromosomal microarray analysis; GA, gestational age; [IUGR, intrauterine growth restriction; PPROM, preterm prelabor rupture of

membranes; PWS, Prader—Willi syndrome.

undetected despite a targeted scan because existing signs
were overlooked or underestimated. The targeted scan
should include a neurosonogram to seek associated brain
anomalies®*3% as was observed in three patients in our
cohort.

Theoretical diagnostic models showed that prenatal
detection could potentially be increased to 88.5% or
57.7% by performing a targeted scan for one or two
non-specific signs, respectively. These proposed diag-
nostic models demonstrate several important principles.
First, it may be beneficial to employ a structured screen-
ing approach in which non-specific signs should raise
suspicion and lead to referral for a targeted scan, at which
supporting signs should be sought. Genetic investigation
should be carried out for additional signs detected on
the targeted scan. Second, a lower threshold for referral
for a targeted scan would increase the likelihood of
detecting congenital hypotonia. However, this approach
would potentially result in hundreds of unnecessary
scans, as evidenced by the calculated number of targeted
scans required to detect one hypotonic case, ranging
from approximately 180 for polyhydramnios to 600 for
maternal perception of reduced fetal movement. Third,
increased awareness of signs supporting a diagnosis of
hypotonia, and comprehensive genetic investigation when

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

more than one is observed, should aid in establishing the
diagnosis.

A comprehensive genetic analysis provided a molecular
diagnosis in 80.8% (21/26) of cases. Whereas CMA
had a low vyield for detecting hypotonic conditions
(8.0%, 2/25), WES had a high yield (87.5%, 14/16),
highlighting its essential role in the investigation of
suspected hypotonia211, A recent study by AlBanji
etal?' found CMA to be diagnostic in hypotonic
conditions in 9% of cases and WES in 59%. Data on
the contribution of WES to the diagnosis of various
conditions are accumulating. Large-scale studies will
aid in determining a more precise diagnostic yield
for WES in hypotonia. PWS, a relatively common
hypotonic condition, presents a diagnostic exception, as
most cases are diagnosed by methylation analysis33:62-64,
Recognizing the prenatal stigmata of PWS, i.e. IUGR,
polyhydramnios, persistent breech presentation and
undescended testes, is imperative for offering methylation
analysis. Notably, in two cases presenting unequivocal
signs of hypotonia, CMA and WES results were normal.
This has been reported previously®*10:12 suggesting that
other genetic studies, such as whole-genome sequencing,
may be required to reveal the underpinning genetics in
these cases.

Ultrasound Obstet Gynecol 2023; 62: 94-105.
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In addition to the more commonly described overt
signs supporting a diagnosis of hypotonia, i.e. com-
plete akinesia and joint contractures, one should consider
several less-reported subtle supporting signs. Polyhydram-
nios, absent/small stomach and reduced swallowing all
stem from impaired swallowing*0:42:46:65-68 ' manifesting
postnatally as feeding difficulties*3-6%70, Fetal swallowing
can be assessed using dynamic esophageal patency assess-
ment**. Normally, fetal swallowing occurs at intervals of
up to 15 minutes, from the mid-trimester onwards*%3.
Reduced fetal swallowing was noted in four cases. Poly-
hydramnios, frequently observed in pregnancies affected
by hypotonia®?¢=31 occurred in 64% of our cases. As
we observed, polyhydramnios usually appears in the
third trimester®30-31:40:55 " Reduced fetal movement on
ultrasound was determined subjectively in our study.
However, a systematic fetal motility assessment has been
described by De Vries and colleagues?>”! and Sparling
etal.”>. This approach evaluates the quantity, quality,
direction, velocity and amplitude of movements and
recognizes specific movement patterns. Using this sys-
tematic assessment, abnormal fetal movement has been
observed in various conditions!*2%27, Other studies have
demonstrated the benefit of heightened awareness of fetal
motility and associated anomalies in the prenatal detec-
tion of motility disorders?>%7374, An open/tent-shaped
mouth, indicative of facial diplegia in neonates>’° has
been demonstrated prenatally in myotonic dystrophy and
nemaline myopathy®3%#! and in spinal muscular atro-
phy in our cohort. Spine deformity has been reported in
FADS, myopathies and distal arthrogryposis®!0:3%76_ It
should be noted that kyphoscoliosis is usually caused by
vertebral deformities’”-”®. However, in our current study,
vertebral anomalies were excluded, suggesting a neuro-
muscular etiology. Thin ribs, suggestive of longstanding
hypotonia, are well described in neonates*3=3!, but not in
fetuses. Rib width assessment is performed prenatally by
reconstructive CT and postnatally by chest X-ray. In the
current study, both thin and normal ribs were noted in
fetuses with the same genetic mutations, demonstrating
phenotypic heterogeneity. Undescended testes are associ-
ated with congenital hypotonic conditions?$:2%-36-38 " 45
seen in 73.3% (11/15) of the cohort’s male fetuses, in
PWS, nemaline myopathy, myotubular myopathy and
Shukla—Vernon syndrome. Previous studies have noted an
association between reduced fetal movement and a short
umbilical cord, postulating that cord traction affects its
lengthening®”-7?. In our series, a short cord was detected
in minicore myopathy*”.

This study is not without limitations. The rarity
of congenital hypotonia dictated a small cohort size,
imposing statistical limitations. Moreover, fetuses were
scanned by different sonologists of variable experience,
affecting the detection of sonographic signs. Despite
these limitations, this study adds novel and valuable
information on a less well-studied condition, increasing
awareness of some unique signs supporting a diagnosis of
hypotonia, including tent-shaped mouth, spine deformity,
short umbilical cord and reduced fetal swallowing.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

103

In conclusion, congenital hypotonic conditions pose
a diagnostic challenge, often going underdiagnosed
prenatally. Definitive diagnosis relies on advanced genetic
testing in most cases. This study describes signs that
should raise concern for these conditions and proposes
a diagnostic strategy that involves performing a targeted
scan for a single non-specific ultrasound sign and carrying
out a comprehensive genetic evaluation for any additional
sign, which offered a theoretical detection rate of 88.5%
in our cohort. While there is evidence to suggest that
the proposed strategy is expected to increase prenatal
detection, a cost-effective analysis may be required before
its routine application.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

ail Figure S1 Theoretical diagnostic flowchart for congenital hypotonia, comparing detection rate following
targeted scan indicated by at least one, two or three non-specific signs, and comprehensive genetic
investigation being carried out for any additional sign. Numbers are based on our study cohort data.

Table S1 Demographic and perinatal characteristics of study groups
Table S2 Yield of targeted scan
» Videoclip S1 Videoclip showing open/tent-shaped mouth.

Videoclip S2 Videoclip showing thoracic kyphosis in minicore myopathy.

Videoclip S3 Videoclip showing normal spine for comparison.
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