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Preface

Pregnancy is a unique period in a woman’s life. The physiological changes that occur help
the mother’s body to adapt to this transitional period. Ultrasonography is the most used imaging
exploration method in pregnancy. It has broad applicability in prenatal diagnosis, both regarding
the detection of foetal malformations and the evolution of the pregnancy. The pathologies that can
be associated with pregnancy can lead to maternal and foetal complications that require medical
interventions in order to complete the pregnancy in good conditions. This volume includes
studies on the diagnosis, evaluation and management of pathologies diagnosed during pregnancy.
The information provided in these pages will be helpful for specialists in the field of obstetrics
and gynaecology, potentially improving case management. The authors of the articles included in
this Special Issue aimed to present their personal achievements or structured information related
to specific essential topics in the form of reviews, and we thank them for their efforts. We also
thank the reviewers for their suggestions and recommendations, which increased the quality of
the manuscripts. Additionally, the Editorial Office of Medicine provided us with excellent support,
which significantly eased the Guest Editors’ job. This volume is the result of the combined efforts of

all involved.

Marius L. Craina and Elena Bernad
Editors
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Abstract: Background: Obstructed hemivagina and ipsilateral renal agenesis (OHVIRA) syndrome,
also known as Herlyn-Werner-Wunderlich syndrome, is a rare syndrome characterized by the triad of
uterus didelphys, obstructed hemivagina, and ipsilateral renal agenesis. Most cases of OHVIRA have
been reported in adolescents or adults. Gartner duct cysts, including those manifesting as vaginal wall
cysts, are also rare. Fetal OHVIRA syndrome and Gartner duct cysts are difficult to diagnose. Case
Presentation: Here, the authors report a case of combined OHVIRA and Gartner duct cyst diagnosed
prenatally by ultrasonography, along with a brief review of the relevant published reports. A 30-year-
old nulliparous female was referred to our institution at 32 weeks’ gestation for fetal right kidney
agenesis. Detailed ultrasonographic examinations using 2D, 3D, and Doppler ultrasounds revealed
hydrocolpometra, and uterus didelphys, with a normal anus and right kidney agenesis. Conclusions:
When encountering female fetuses with ipsilateral renal agenesis or vaginal cysts, clinicians should
be aware of OHVIRA syndrome and Gartner duct cysts and perform systematic ultrasonographic
examinations for other genitourinary anomalies.

Keywords: Herlyn-Werner-Wunderlich syndrome; obstructed hemivagina and ipsilateral renal
agenesis syndrome (OHVIRA); Gartner duct cyst; prenatal diagnosis

1. Introduction

Obstructed hemivagina and ipsilateral renal agenesis (OHVIRA) syndrome, also
known as Herlyn-Werner-Wunderlich syndrome, is a rare syndrome characterized by the
triad of uterus didelphys, obstructed hemivagina, and ipsilateral renal agenesis. In 1922,
Purslow first reported this syndrome [1]. In 1971, Herlyn and Werner reported a case of
renal agenesis with a blind hemivagina, and Wunderlich described the association of renal
aplasia, a bicornuate uterus with a simple vagina, and an isolated hematocervix in 1976 [2].

OHVIRA syndrome is believed to be related to the abnormal development of the
Miillerian ducts during the eighth week of gestation, but the exact pathogenesis is unclear.
It is a rare congenital abnormality of the genitourinary system with an estimated incidence
of 0.1-3.8% [3]. Most cases have been reported in adolescents or adults after menarche
and have included progressive dysmenorrhea, abnormal pain, menstrual irregularities,
and pelvic masses. The clinical presentation of OHVIRA syndrome can vary significantly,
making it essential to consider differential diagnoses for unilateral kidney agenesis in
adolescent women, including obstructive genital tract anomalies and Gartner duct cysts. An
accurate diagnosis is crucial to preventing potential complications such as endometriosis,
infertility, and abortion. As a result, timely follow-up and treatment, particularly during
adolescence, can aid in preventing these long-term consequences. It is difficult to diagnose
fetal OHVIRA syndrome.

Medicina 2023, 59, 703. https:/ /doi.org/10.3390/ medicina59040703
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Gartner duct cysts occur as a result of obstruction of the mesonephric duct system
during fetal development and represent cystic remnants [4,5]. These cysts can be associated
with an abnormal genitourinary system, such as in the context of OHVIRA syndrome,
and they may be located submucosally along the anterior or lateral wall of the vagina [6].
Accurate diagnosis of Gartner duct cysts requires a combination of physical examination
and imaging modalities such as ultrasound and MRI. The management options for Gartner
duct cysts include aspiration, deroofing, or complete cyst removal via a vaginal approach.
The appropriate timing for treatment is not yet clear, particularly in the case of newborns.

Recently, fetal cases have been diagnosed thanks to the development and use of
prenatal ultrasound examinations. Here, the authors report a case of OHVIRA diagnosed
prenatally by ultrasound examinations, with Gartner duct cysts detected after birth.

2. Case

A nulliparous woman, aged 30 years, was referred to our institution at 32 weeks
of gestation for further investigation of fetal right kidney agenesis. The patient denied
experiencing any symptoms and had no relevant family history or prior kidney issues.
Prenatal screening tests, including the Sequential test, showed low risk, and the maternal
oral glucose tolerance test was normal. Upon physical examination, no specific findings
were noted, and the cervix was found to be closed.

A transabdominal ultrasound scan showed a normally growing female fetus with
right kidney agenesis. On a transabdominal ultrasound scan, the estimated fetal weight
and abdominal circumference were consistent with 32 weeks of gestation, with adequate
amniotic fluid and no placental abnormalities observed. The fetal brain and heart were
normal, and Doppler waveforms from the umbilical artery and middle cerebral artery
were within acceptable ranges. Additionally, detailed ultrasonographic examinations
using 2D and Doppler ultrasounds revealed right kidney agenesis, uterine didelphys,
hydrocolpometra, and a vaginal cyst (Figure 1A,B). Based on the imaging, fetal OHVIRA
syndrome was highly suspected.

-.—:__- ; __-"','.-
Right kidney agenesis

—

Figure 1. Ultrasonographic findings at prenatal examination. (A) Color Doppler ultrasound of
the left kidney with the renal artery and right kidney agenesis (arrow) without the renal artery at
32 weeks of gestation. (B) Uterine didelphys with right hydrocolpometra (arrow), left uterus (dotted
arrow), and vaginal cyst (double-lined arrow) at 37 weeks of gestation.

At 39 weeks and 3 days of gestation, the amniotic sac membrane ruptured; however,
labor did not proceed, and an emergency cesarean delivery was performed at 39 weeks and
4 days of gestation. The patient delivered a healthy female newborn with a birth weight of



Medicina 2023, 59, 703

3190 g, a 1 min Apgar score of 8, and a 5 min Apgar score of 10. There were no problems
during the postpartum period.

After birth, the newborn was admitted to the neonatal intensive care unit for evalua-
tion of the genitourinary system for any malformations. The newborn’s weight at birth,
3190 g, was appropriate for gestational age, and her height, head circumference, and chest
circumference were 51.5 cm, 34 cm, and 33 cm, respectively. The neonate appeared healthy
and active, with symmetric chest movements, normal breathing and respiratory patterns,
and no evidence of pectus excavatum. On the second day after birth, an abdominal ul-
trasound revealed probable right kidney agenesis with underlying uterine didelphys, a
small amount of fluid collected within the right side of the uterine fundus, and a fluid-filled
dilated right hemivagina. Additionally, the abdominal ultrasound detected three simple
cysts two days after birth.

Perineal inspection revealed a normal anus, a normally situated urethral meatus, a
bulge at the vaginal introitus, and a cystic mass protruding between the labia minora
(Figure 2A). The remainder of the physical examination was unremarkable.

Figure 2. (A) The cystic bulging mass (arrow) arising from the right vaginal wall between the labia
minora (dotted arrow) after birth. (B) On the initial ultrasound with a perineal approach, a fluid-
filled cystic lesion (arrow) in the right pelvic cavity was noted anterior to the rectum (dotted arrow).
(C) After aspiration, the previously observed cystic lesion collapsed (arrow).

When the baby was eight days old, an ultrasound-guided needle aspiration of the
cystic mass protruding between the labia minora, not the vaginal septum, was performed,
and yellow serous fluid was aspirated. The collapsed cystic lesion was observed after
the needle aspiration, and its appearance was suggestive of a Gartner duct cyst diagnosis
(Figure 2B,C).

A magnetic resonance imaging (MRI) scan of the baby’s abdomen and pelvis was
done to see how three cystic masses were related to the vaginal wall. The MRI, performed
on the fourth day after birth, revealed agenesis of the right kidney with a compensatory
hypertrophied left kidney (Figure 3A), uterine didelphys, an obstructed right hemivagina
with hydrocolpometra, a non-obstructed left hemivagina, and three cystic lesions along
the right hemivagina. These cystic lesions were thought to be tubulocystic anomalies
(Figure 3B,C). Therefore, the diagnosis of OHVIRA syndrome and Gartner duct cyst was
established (Figure 3D).
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Figure 3. (A) Coronal T2-weighted abdominopelvic magnetic resonance image showing an absent
right kidney (arrow) with compensatory left kidney hypertrophy. (B) Coronal T2-weighted image of
the pelvic area showing uterine didelphys with an obstructed right hemivagina and hydrocolpometra
(arrow) as well as the non-obstructed left hemivagina (dotted arrow). Three cystic lesions along
the right hemivagina were thought to be tubulocystic anomalies, suggesting a diagnosis of Gartner
duct cysts (double-lined arrows). (C) Axial T2-weighted images showing uterine didelphys (arrow).
(D) Schematic diagram of OHVIRA syndrome and possible Gartner cysts.

The newborn was discharged on the eleventh day after birth and examined 3 weeks
later, and there were no problems. The child is undergoing follow-up at an outpatient clinic
by a pediatric nephrologist.

3. Discussion

The true incidence of OHVIRA syndrome is unknown, but it is estimated to be between
0.1% and 3.8% [3]. Biological sex is established at fertilization, but the fetus begins to attain
sexual characteristics by the seventh week of gestation. The genital system is closely related
to the urinary system, and the development of these two systems is closely linked. The
development of the Miillerian ducts—the embryonic formation of the female reproductive
tract—includes elongation, fusion, canalization, and septal resorption. OHVIRA syndrome
is thought to result from abnormal development of the Miillerian ducts during the fetal
period, but the exact pathogenetic mechanism is unclear [3,7].

There are many classification systems for Miillerian abnormalities. The American Fer-
tility Society (AFS) classification has been most widely used since 1988. Recently, however,
new anatomic variants have been discovered, so a new classification was needed. The
American Society for Reproductive Medicine (ASRM) updated the AFS’s 1988 classification
with simple and descriptive terminology for identifying anomalies of the uterus, cervix,
and vagina. The ASRM Miillerian Anomalies Classification 2021 (MAC 2021) classifies Miil-
lerian anomalies into nine categories and provides guidance on diagnostic and treatment
options. Anomalies are classified into different categories based on descriptive terminology,
which include Miillerian agenesis, cervical agenesis, unicornuate uterus, uterus didelphys,
bicornuate uterus, septate uterus, longitudinal vaginal septum, transverse vaginal septum,
and complex anomalies [8].

The most common symptoms of OHVIRA syndrome are nonspecific, with patients
complaining of lower abdominal and pelvic pain, progressive dysmenorrhea, or cystic
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masses in the vaginal wall after menarche [9]. Additionally, the obstructed vaginal septum
affects the menstrual flow and causes urinary incontinence, endometriosis, and pelvic
infections, such as abscesses, pyosalpinx, and peritonitis [10]. Endometriosis and sub-
sequent pelvic adhesions may result in infertility or miscarriages [11]. The diagnosis of
OHVIRA syndrome is often delayed until after the early reproductive years due to the
normal external genitalia [12,13]. Moreover, ipsilateral anomalies of the urinary system,
such as kidney agenesis, dysplastic or polycystic kidney, and ectopic or duplicated ureters,
have been reported. Coexisting urologic anomalies can result in recurrent urinary tract
infections [10].

Early diagnosis of OHVIRA syndrome is important for managing clinical symptoms
and preventing complications. A speculum examination may reveal features suggestive of
OHVIRA syndrome, but radiologic examinations are essential for the definitive diagno-
sis [12]. MRI is the gold standard for imaging and identifying Miillerian anomalies, as it
provides details about uterine morphology and vaginal luminal continuity. MRI can also
identify renal abnormalities [14]. Additionally, 3D transvaginal ultrasound and 3D com-
puted tomography can provide accurate anatomical information about the uterine cavity’s
external contour and internal shape [10]. These results can help determine appropriate
treatment methods.

OHVIRA is typically diagnosed during the peri-pubertal period after the manifes-
tation of menstruation-related problems, including dysmenorrhea and pelvic pain. With
advances in sonographic imaging, neonatal diagnosis is becoming more frequent and often
occurs after the incidental identification of hydrocolpos or renal agenesis. On the other
hand, prenatal diagnosis of OVHIRA is extremely rare, with only two reported cases in
the literature to date. Han et al. described a case of prenatal diagnosis of OHVIRA at
37 weeks of gestation following visualization of an absent left kidney and a cystic mass in
the retrovesical space [15]. Tuna et al. reported a case of prenatal diagnosis of OHVIRA
at 36 weeks’ gestation after the detection of right renal agenesis and hydrocolpos. An
MRI was performed in both cases to confirm the diagnoses [2]. These cases emphasize the
significance of conducting a comprehensive prenatal sonographic examination to facilitate
timely identification of OHVIRA syndrome during the prenatal phase. It is important to
possess knowledge about OHVIRA syndrome for early diagnosis and subsequent treatment
to prevent potential complications such as endometriosis, infertility, and spontaneous abor-
tion. There is no clear optimal treatment for OHVIRA syndrome; however, most clinicians
agree that, in most cases, resection of the vaginal septum restores reproductive function [10].
The resection is usually not an emergency and should be performed around the pubertal
period, except for rare cases where OHVIRA is complicated by infections, such as pelvic
inflammatory disease and abscess formation [11,13]. Surgical treatment is important and
is the optimal treatment to relieve obstruction and symptoms, prevent complications of
retrograde flow, and preserve fertility [14,16]. OHVIRA with a didelphys uterus has not
been associated with infertility or pregnancy complications, such as spontaneous miscar-
riage or preterm delivery. However, OHVIRA with a septate uterus is a known risk factor
for infertility and a cause of pregnancy complications, and pregnancy outcomes can be
markedly improved after resection of the uterine septum [16]. The presence of a thick
vaginal septum may restrict the distal distension of the affected hemivagina, leading to ret-
rograde menstrual bleeding into the peritoneal cavity, ultimately resulting in endometriosis.
Patients with OHVIRA have been reported to have a prevalence of endometriosis as high
as 23%. Treatment with gonadotropin-releasing hormone analogs may be a good option for
maintaining amenorrhea and reducing pelvic pain associated with endometriosis [10,11].

Gartner duct cysts are extremely rare in fetuses and neonates. They result from ob-
struction of the mesonephric duct system during fetal development and have been reported
to be caused by a failure of separation of the ureteric bud from the mesonephric duct, but
this remains unclear [5]. Gartner duct cysts are located in the anterior or lateral wall of the
vagina. The vaginal cysts are lined with stratified squamous epithelium as they originate
from the Miillerian duct, while Gartner duct cysts are lined with cuboidal epithelium. The
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majority of cases are asymptomatic and detected incidentally. The association of Gartner
duct cysts with ipsilateral renal agenesis or dysplasia is infrequent and results from the
abnormal development of the ureter [6]. For an accurate diagnosis, a physical examination
and imaging tests, such as an ultrasound and an MRI, should be performed. During the
examination, the patient should be positioned in the frog-leg position, and the labia majora
should be delicately grasped and laterally pulled to examine the introitus and vagina.
The management options are aspiration, deroofing, and the removal of the entire cyst
through a vaginal approach [6]. The optimal timing for the treatment of Gartner duct cysts
remains uncertain, particularly in newborns. Nevertheless, the long-term prognosis is
generally favorable.

4. Conclusions

It is common for individuals with OHVIRA syndrome to exhibit symptoms such as
progressive dysmenorrhea, abnormal pain, menstrual irregularities, and pelvic masses after
the onset of menarche. Therefore, it is recommended that appropriate medical attention
and management, perhaps initiated during adolescence, be provided to individuals with
OHVIRA syndrome in order to prevent complications such as endometriosis, infertility,
and spontaneous abortion. OHVIRA syndrome is associated with a favorable prognosis,
and severe complications can be avoided by early diagnosis and surgical intervention.
Gartner duct cysts are rare, associated with renal anomalies, and have a favorable long-
term prognosis. The novel aspect of this report is the presentation of a case accompanied by
a Gartner duct cyst in addition to OHVIRA syndrome. Therefore, a differential diagnosis
is crucial since other genitourinary anomalies, such as Gartner duct cysts, may coexist.
Therefore, clinicians, especially obstetricians and pediatricians, should perform systematic
ultrasound examinations to identify any other genitourinary anomalies when encountering
female fetuses with ipsilateral renal agenesis or vaginal cysts.
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Abstract: Sophisticated screening protocols for genetic abnormalities constitute an important com-
ponent of current prenatal care, aiming to identify high-risk pregnancies and offer appropriate
counseling to parents regarding their options. Definite prenatal diagnosis is only possible by invasive
prenatal diagnostic testing (IPDT), mainly including amniocentesis and chorionic villous sampling
(CVS). The aim of this comparative review was to summarize and compare the existing recom-
mendations on IPDT from the most influential guidelines. All the reviewed guidelines highlight
that IPDT is indicated based on a positive screening test rather than maternal age alone. Other
indications arise from medical history and sonography, with significant variations identified between
the guidelines. The earlier time for amniocentesis is unequivocally set at >15 gestational weeks,
whereas for CVS, the earlier limit varies from >10 to >11 weeks. Certain technical aspects and
the overall approach demonstrate significant differences. Periprocedural management regarding
Rhesus alloimmunization, virologic status and use of anesthesia or antibiotics are either inconsistent
or insufficiently addressed. The synthesis of an evidence-based algorithm for IPDT is of crucial
importance to healthcare professionals implicated in prenatal care to avoid unnecessary interventions
without compromising optimal prenatal care.

Keywords: invasive prenatal diagnostic testing; chorionic villous sampling (CVS); amniocentesis;
indications; technique; complications

1. Introduction

Prenatal care involves providing a bundle of examinations and guidance to the preg-
nant woman, to promote education and awareness and prevent or ameliorate adverse
outcomes [1]. Detection of genetic abnormalities and birth defects has been a main focus of
prenatal screening policies, although screening has also expanded to include potentially
preventable adverse outcomes, including preeclampsia, preterm birth and stillbirth [2].
Genetic or birth defects complicate about 3% of births; chromosomal abnormalities in-
clude aneuploidies, translocations, deletions and duplications [3]. Major chromosomal
abnormalities affect up to 1 in 140 live births [4].

Prenatal screening protocols for common aneuploidies, especially trisomy 21, imple-
ment various sonographic and/or biochemical markers to produce a risk stratification [2].
During the past few decades, a substantial shift from maternal age alone-based screening to
more sophisticated combined screening protocols evolved in clinical practice [5,6]. Different
strategies of screening have been proposed in the literature, including integrated, stepwise
sequential or contingency screening that are available in the first and/or second trimesters
of pregnancy [7,8]. Aneuploidy screening has radically changed following the introduction
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of cell-free DNA (cfDNA) testing, which has been validated as a highly accurate screening
tool, especially in singleton pregnancies [9].

According to its definition, screening provides only a risk estimate and does not
constitute a diagnosis. Definite diagnosis is only achieved by cytogenetic analysis of cells
obtained through invasive prenatal diagnostic testing (IPDT); the latter includes chorionic
villous sampling (CVS) and amniocentesis as well as fetal blood sampling (FBS) under
specific indications [10,11]. The first diagnostic amniocentesis for trisomy 21 dates back
to 1968 [12], and the description of the technique preceded this by several years [13,14].
Amniocentesis became the gold standard of prenatal diagnosis during the 1970s, and CVS
was introduced a decade later [15,16]. Since then, as experience in IPDT has accumulated,
several alterations were implemented on indications, timing, technical aspects and cytoge-
netic analysis techniques; procedure-related complications were also described [11]. The
choice of the procedure is affected by both the operator’s expertise and the individual
patient’s preferences that are reflected in decision making. IPDT should be undertaken by
appropriately trained healthcare professionals, taking into consideration the inter-operator
variability, as well as the associated cost [17-19].

Several medical societies have developed guidelines to address the issues related to
IPDT and guide clinical practice, which has substantially evolved during the past few
decades. As there are considerable differences in recommended practices and approaches,
usually affected by cost-effectiveness analyses and associated healthcare policies, we de-
cided to undertake this review to summarize and compare the recommendations provided
by influential medical societies with regard to IPDT for fetal genetic defects and underline
potential agreements and disagreements.

2. Evidence Acquisition

The most recently published guidelines from seven medical societies on IPDT were
retrieved, and a descriptive review was performed. We included recommendations from
the National Society of Genetic Counselors (NSGC 2013) [7], the American College of
Obstetricians and Gynecologists and the Society for Maternal-Fetal Medicine (ACOG-
SMFM 2016) [20], the International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG 2016) [21], the Human Genetics Society of Australasia and the Royal Australian and
New Zealand College of Obstetricians and Gynaecologists (HGSA—RANZCOG 2018) [22],
as well as the Royal College of Obstetricians and Gynaecologists (RCOG 2021) [23].

An overview of recommendations is presented in Table 1 (indications for IPDT),
Table 2 (amniocentesis), Table 3 (chorionic villus sampling) and Table 4 (periprocedural
management). Of note, the RCOG guideline does not make any reference to the indications
of IPDT.

Table 1. Summary of recommendations on the indications for invasive prenatal diagnostic testing.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
NSGC Practice
Guideline: Prenatal . Prenatal screening
Screening and Prenatal Diagnostic I.SUO.G I?ractlce. and diagnostic Amniocentesis and
Title Diagnostic Testing Testing for Genetic Guidelines: Invasive testing for fetal chorionic villus
Options for Disorders procedures for chromosomal and samplin
P ’ prenatal diagnosis. . e pHng:
Chromosome genetic conditions.
Aneuploidy.
Pages 12 14 13 35 15
References 44 74 106 47 55




Medicina 2022, 58, 1472

Table 1. Cont.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
Positive screening
Positive screening " . result.
Positive screening .
result. result Ultrasound findings Positive screenin
Indications for IPDT ~ Ultrasound findings . (structural defects & Not discussed
Ultrasound findings - . result.
(NT > 3.0 mm or (not specified) associated with
>95th percentile). P ’ chromosomal
abnormalities).
Previous child or Previous child or
fetus with fetus with

Past History Not discussed chromosqmal chromosqmal Not discussed Not discussed

aneuploidy. aneuploidy.

Known parental Known parental

carrier status. carrier status.

Maternal request Available to Available to Only under specific Available to Not discussed
all women. all women. circumstances. all women.
Advanced maternal Advanced maternal Available to all
Maternal age Not discussed age does not justify age does not justify women irrespective Not discussed
invasive testing. invasive testing. of age.
Assisted .
Reproduction Not discussed Not discussed I.VF.Or I.CSI is not an Not discussed Not discussed
. indication for IPDT.
Techniques (ART)
A positive A positive A positive A positive or a “no .

Cell-free DNA cfDNA result. cfDNA result. cfDNA result. call” cfDNA result. Not discussed

ICSI: intracytoplasmic sperm injection; IVEF: in vitro fertilization; IPDT: invasive prenatal genetic diagnosis;
NT: nuchal translucency.

Table 2. Summary of recommendations on amniocentesis.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
>15 weeks
Timing >15 weeks >15 weeks >15 weeks Not recommended >15 weeks
before 14 weeks.
Continuous ultrasound
Conti guidance.
ontinuous . . .
ultrasound guidance Aseptic technique. Continuous
Technique Not discussed - . " Maximum needle size 20-22 G. Not discussed ultrasound guidance.
Sterile technique. - . .
. Avoid placenta and placental Aseptic technique.
Needle size 22 G. . S : .
cord insertion site, especially in
Rhesus-negative women.
Fetal loss, limb . Fetal loss, chorioamnionitis, Fetal loss, severe
Fetal loss, vaginal . . ..
.. defects, . membrane rupture. . infection, fetal injury,
Complications spotting, membrane . Not discussed .
membrane rupture Fetal injury, maternal maternal visceral
rupture. prure. complications (rare). injury.
MaterrTal C?ll Not discussed Discard the first Discard the first 2 mL. Not discussed Risk 1-2%.
contamination 1-2 mL.
Table 3. Summary of recommendations on chorionic villus sampling.
NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
>10 weeks
Timing Not discussed >10 weeks >10 weeks >11 weeks If possible after

11 completed weeks,
when technically easier.

11
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Table 3. Cont.

NSGC ACOG-SMFM ISUOG HGSA-RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
Transabdominal or Transabdom.mal or
. transcervical .
transcervical approach Continuous ultrasound
Technique Not discussed approach. PPl ) Not discussed guidance.
. Continuous . .
Continuous - Aseptic technique.
: ultrasound guidance.
ultrasound guidance. . .
Aseptic technique.
Fetal loss, limb
defects (especially
before 10 weeks). Fetal loss, vaginal .
. Fetal loss, vaginal
Procedure-related bleeding, bleeding. amniotic Fetal loss, severe
Complications complications limb defects flui dglzeaka o Not discussed infection, fetal injury,
comparable with (especially before . ~a8e, maternal visceral injury.
. . chorioamnionitis.
amniocentesis, only 10 weeks).
in experienced
centers.
Table 4. Summary of recommendations on periprocedural management at invasive prenatal diagnos-
tic testing.
HGSA-
NSGC ACOG-SMFM ISUOG RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
Provide a detailed report.
Periprocedural Ultrasound check for Need to have a written
P Not discussed Not discussed fetal heart rate, Not discussed consent form before
management L . . .
hematoma and amniotic invasive testing.
fluid after the procedure.
Check Rhesus and
alloantibodies. .
.. . Inform patients of
Administer anti-D . .
Rhesus immunoglobulin in aftercare, including
. N Not discussed Not discussed 80 Not discussed Rhesus immunization in
alloimmunization Rhesus-negative women

within 72 h, unless there
is proof that the alleged
father is Rhesus-negative.

non-sensitized
Rhesus-negative women.

Routine screening not

Routine screening for

Universal screening for

. recommended. . : blood-borne viral disease
Blood-borne viral . . transmittable viral . . .
. Not discussed =~ Recommendations apply . Not discussed is recommended and is
diseases diseases not -
to known performed by review of
. . recommended. -
chronic infections. previous records.
Low incidence of HBV HBV or HCV infection is
vertical transmission with Noninvasive testing is not a contraindication for
low viral load. Risk for preferable to invasive invasive testing. Minimal
HCV vertical procedures in known risk for vertical
transmission HCV-, HBV- or transmission for HBV
presumably low. HIV-positive status. and low viral load and no
Low risk of HIV vertical If invasive testing is proven risk for HCV.
HIV, HBV, HCV Not discussed transmission in women performed, avoid the Not discussed Withhold invasive testing
under antiretroviral placenta. until HIV results
therapy and undetectable In cases of HBsAg available.In cases of HIV
viral load. Optimally (+)/HbeAg (—) or HIV (+) under HAART, the
postpone invasive testing  (+) in HAART, the risk of risk is low. Optimally,

until viral load is below
detection cut-off.
Data for CVS are limited.

vertical transmission is
not increased.

postpone invasive testing
until viral load is below
detection cut-off.
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Table 4. Cont.

HGSA-

NSGC ACOG-SMFM ISUOG RANZCOG RCOG
Issued 2013 2016 2016 2018 2021
Sterile gloves, gauzes,
needles, forceps. Skin
decontamination
(chlorhexidine or iodine).
. Sterile drape. Skin decontamination.
. . . Sterile bag for ultrasound .
. . . Sterile technique. Details . Sterile bag for
Aseptic technique Not discussed » probe or probe Not discussed
not specified. disi . ultrasound probe.
isinfection. .
. Sterile gel.
Sterile gel.
Sterile speculum and
disinfection of cervical
and vaginal mucosa for
transcervical CVS.
Local anesthesia not
recommended for
amniocentesis. There are
no available data for
Anesthesia Not discussed Not discussed transcervical CVS. Not discussed Not discussed
Consider local anesthesia
for transabdominal CVS
to reduce discomfort and
maternal movement.
Pre-procedural (HR, GA,
placenta, amniotic fluid).
Ultrasound Post-procedural (HR.
- Not discussed Not discussed placenta, amniotic fluid). Not discussed Not discussed
evaluation ic Tt
Check for complications
immediately after or even
days after.
Consider antibiotic
therapy in cases of
Antibiotics Not discussed Not discussed Antibiotic prophylaxis Not discussed pu.rul.ent o cloudy.
not recommended. amniotic aspirate or in
the presence of clinical
chorioamnionitis.
Discontinuation of the
regimen in
Thromboprophylaxis Not discussed Not discussed women receiving Not discussed Not discussed
thromboprophylaxis or
low dose aspirin is not
recommended.
Refer for Offer pretest counseling.
. L . Offer
genetic Nondirective counseling. . R .
. ) Offer pretest counseling. individualized .
counseling Refer to genetic . L . Pretest counseling by
. . Genetic counseling in counseling. . :
Counseling when there are counseling after a . appropriately trained
. ‘ . cases of sample Genetic :
concerns in suspected diagnosis of professionals.

decision
making.

aneuploidy or in complex
cases of mosaicism.

mosaicism.

counseling in

high-risk women

HIV: human immunodeficiency virus; HBV: hepatitis-B virus; HCV: hepatitis-C virus; CVS: chorionic villus

sampling; HAART: highly active antiretroviral therapy; HR: heart rate; GA: gestational age.

3. Indications for Invasive Prenatal Diagnostic Testing

It is well-documented that prenatal screening for fetal aneuploidies should be of-
fered to all women [24]. Screening options are delineated by guidelines and local stan-
dards. However, as already mentioned, the result of a screening test does not constitute
a definite diagnosis. Definite diagnosis requires IPDT, which is generally reserved for

high-risk women.
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3.1. High-Risk Groups for Fetal Aneuploidy

Several reviewed guidelines recommend offering IPDT when a screening test is pos-
itive or above predetermined cut-off values, including variable protocols for combined
screening (NSGC, ACOG-SMFM,, ISUOG, HGSA-RANZOG). Moreover, abnormal ultra-
sound findings represent another common indication for IPDT (NSGC, ACOG-SMFM,
ISUOG); however, specific ultrasound findings that require diagnostic testing differ among
these guidelines. In particular, ACOG-SMFM does not specify the ultrasound findings that
should prompt investigation with IPDT. However, it is stated that the risk fluctuates based
on the number and type of the anomalies. Wladimiroff et al. described the findings from
karyotyping a total of 170 fetuses with specific structural defects or fetal growth restriction,
polyhydramnios and fetal hydrops [25]. The majority of the cases included either one
major defect (including cardiac defects, duodenal atresia, omphalocele or cystic hygroma),
multiple minor defects or rare deficits; a chromosomal abnormality was detected in 20.5%
of the analyzed cases [25]. ISUOG defines abnormal ultrasound findings as the recognition
of a structural anomaly indicative of chromosomal abnormalities, but does not provide
specific information on these abnormalities. Additionally, the NSGC states that a nuchal
translucency (NT) measuring > 3 mm or above the 95th percentile should be followed by
IPDT. Souka et al., in a review on the association between increased NT and major fetal
abnormalities in chromosomally normal fetuses, found that the prevalence of abnormalities
increases with NT thickness (1.6% in NT < 95th percentile, 2.5% for NT between 95th and
99th percentiles, up to 45% for NT > 6.5 mm) [26].

3.2. Past History

A personal history of a previous child or fetus diagnosed with chromosomal abnor-
mality poses an independent indication for invasive testing (ACOG-SMEM, ISUOG). This
is derived and supported by data reporting increased risk of recurrence in subsequent
pregnancies [27]. Warburton et al. investigated the risk for trisomy recurrence combining
the data from two large databases; the risk for trisomy 21 recurrence is higher than the
expected based on maternal age, when the first occurrence was after 30 years of age [27].
Nevertheless, the risk of recurrence of a viable trisomy is multiplied by 1.6 to 1.8 after a
previous history of trisomy 21, 18 or 13, independently of the viability of the fetus [27].

As far as parental status is concerned, known carrier status for a balanced chromosomal
translocation or inversion or parental aneuploidy or mosaicism for aneuploidy justify
further diagnostic testing according to ACOG-SMFM and ISUOG. Parental carrier status
that has been diagnosed after a history of an affected child dramatically increases the risk
for chromosomal abnormality in the current pregnancy, compared to cases incidentally
diagnosed, with no previous history [28]. More specifically, the relevant risks are 5-30%
compared to 0-5% for translocations and 5-10% compared to 1-3% for inversions [28].

3.3. Maternal Request

NSGC, ACOG-SMFM and HGSA-RANZCOG support offering the option of IPDT to
all women, irrespective of age or other risk factors. According to ISUOG, however, IPDT is
not justified based solely on maternal request and should be offered only after extensive
counseling by an expert. The reasoning behind offering to all women the option of invasive
testing is supported by the fact that using array comparative genomic hybridization (array-
CGH) technology in pregnant women, irrespective of age, with normal ultrasound and
karyotype, the risk of finding a pathogenic copy number variant is >1% [29,30]. Taking
into consideration the distribution of maternal age, which gradually increases, the reduced
complication rates of invasive procedures and the personal beliefs and expectations of
each woman for their pregnancy, an individualized approach is encouraged to allow for
informed decisions regarding invasive testing [31,32].
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3.4. Maternal Age

ACOG-SMFM, ISUOG and HGSA-RANZCOG agree that maternal age as a standalone
criterion is not an indication for invasive prenatal testing. The concept of maternal age-
based strategies for IPDT has been re-evaluated in the past two decades [31]. There is a
shift towards screening-based risk stratification and maternal age is co-evaluated among
other factors, derived from screening protocols [32-35]. This shift is justified, as screening
strategies are evolving to become more sensitive and intend to minimize procedure-related
risks and costs, associated with invasive testing [31].

3.5. Assisted Reproduction Technigues

ISUOG recommends against routine IPDT following IVF or ICSI, in the absence of
other risk factors; however, in the context of ICSI due to oligospermia, it recommends
counseling of the couple for the higher risk of chromosomal abnormalities associated with
infertility in the male offspring. Bonduelle et al. investigated 1586 fetuses conceived by ICSI
and found a significantly higher rate of inherited chromosomal abnormalities in these cases,
compared to the general population (1.4% vs. 0.3%) [36]. The majority were attributed to
the male partner and associated with sperm quality, initially necessitating ICSI [36]. The
other guidelines do not make any relevant recommendation.

3.6. Cell-Free DNA

cfDNA is based on the analysis of circulating fractions of fetal DNA in maternal
serum to achieve prenatal screening for aneuploidies [37,38]. ¢fDNA is a screening and
not diagnostic test and therefore should not substitute IPDT (NSGC). The role of cfDNA
is either as a first-tier screening tool for fetal aneuploidy or as second-tier screening after
a positive screening result (derived, for example, from combined first trimester screen-
ing) and before IPDT is undertaken (HGSA-RANZCOG). The latter approach may place
some originally high-risk women at a low-risk level, and as they may avoid invasive
testing, some cases with aneuploidy may be missed [39]. In any case, a positive result of
a non-invasive prenatal test (NIPT) should be referred for IPDT (NSGC, ACOG-SMFM,
ISUOG, HGSA-RANZCOG). Moreover, low fractions of cfDNA in maternal serum (less
than 4%) may lead to an inconclusive test result, referred to as a “no call” result [24].
HGSA-RANZCOG suggests IPDT among other options (detailed ultrasound follow-up or
combined screening if not already performed or even repeat cfDNA, on the grounds of
a higher risk of aneuploidy). Pergament et al. analyzed ¢cfDNA in 1051 pregnancies and
found that in cases of aneuploidy, a percentage as high as 16% did not return a result; in half
of these cases, the fetal fraction was below the 1.5th percentile compared to normal euploid
samples [40]. Moreover, a “no-call” result due to a low fraction of cfDNA was associated
with significantly higher odds for aneuploidy (OR: 5.7; 95% CI: 2.5-13.1), compared to
samples within the normal range [40]. Several studies have demonstrated that fetal fraction
is significantly higher in trisomy 21 and lower in trisomies 13, 18 and triploidies, compared
to euploid pregnancies [41,42].

Of note, there may be additional contributing factors to a “no-call” result in the context
of aneuploidy, other than low fetal fraction, that have not been extensively investigated
or understood [43]. Particularly, variables such as maternal body mass index, maternal
age, gestational age, medications, ethnicity and conception through assisted reproduction
techniques may also interfere with the fraction of cfDNA, acting as significant confounders
to the interpretation of the results [42,44,45]. Repeating the cfDNA test at a later gestational
age in these cases is reasonable (as cfDNA fraction increases with advancing gestational
age), but may delay definite diagnosis [43,45,46]. Previous screening results and ultrasound
findings should be taken into account in the interpretation of noninformative results and
clinical decision making [42].

Another concern is that confined placental mosaicism (CPM) is a common cause of a
false positive cfDNA result associated with a normal euploid fetus [47]. On the other hand,
CVS is associated with an incidence of about 2% of cell mosaicism, and only 13% of those
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cases correspond to true fetal mosaicism, as confirmed by amniocentesis [48]. Therefore,
since CPM may per se be the reason for an abnormal cDNA result, there are thoughts about
the potential superiority of amniocentesis over CVS to provide a definite diagnosis in such
cases [49]; however, this issue is not addressed by the reviewed guidelines.

4. Available Techniques for Invasive Prenatal Diagnostic Testing
4.1. Amniocentesis
4.1.1. Timing

All guidelines agree that amniocentesis should be performed only after 15 completed
gestational weeks. The reason for this recommendation is the well-documented higher risk
of procedure-related complications in cases of early amniocentesis, including pregnancy
loss, fetal congenital defects and membrane rupture at an earlier gestational age [50-53].

4.1.2. Technical Aspects

Amniocentesis involves the insertion of a needle system through the abdominal wall
into the amniotic cavity to obtain amniotic fluid for genetic analysis [54]. The sample
contains fetal exfoliated cells, transudate, fetal urine and secretions [54]. The maximum
caliber of the needle for amniocentesis is a key technical aspect. ACOG-SMFM recommends
a 22-gauge needle, whereas according to the ISUOG guidelines, either a 20 G or 22 G needle
may be used; a larger caliber needle is associated with quicker fluid aspiration without
increasing the risk of intrauterine bleeding [55]. Based on the findings of previous stud-
ies, transplacental needle passage increases the risk of contamination with blood [56-58].
Therefore, the passage of the needle through the placenta or at the placental cord insertion
site should be avoided, unless it is the only alternative to safely access an adequate am-
niotic fluid pool. ACOG-SMFM and ISUOG further underline the importance of such an
approach, especially for Rhesus-negative women, due to the potentially higher incidence of
feto-maternal hemorrhage and alloimmunization [58]. ISUOG, ACOG-SMFM and RCOG
highlight the necessity of continuous ultrasound visualization during the procedure. Of
note, the other guidelines do not make any relevant recommendation.

4.1.3. Maternal Cell Contamination

ACOG-SMPM, ISUOG and RCOG are the only guidelines that comment on the pos-
sibility of maternal cell contamination in the sample retrieved from amniocentesis. The
frequency of this condition greatly varies among different series and is higher in cases of
transplacental passage, need for second needle insertion, operator’s lack of experience and
blood staining of the amniotic fluid [59-61]. In order to avoid maternal contamination,
ACOG-SMFM and ISUOG encourage the disposal of the first 1-2 mL that are aspirated.
RCOG states that the possibility of maternal contamination during amniocentesis is 1-2%
but does not provide any further guidance on this matter.

4.1.4. Complications

Like any interventional procedure, amniocentesis is not without complications. In
fact, this is a key issue in counseling, as parents need to decide based on the trade-off
between the advantage of diagnosis and the associated risks. Fetal loss, postprocedural
fluid leakage, fetal defects and chorioamnionitis are the main concerns following amnio-
centesis; the rate of estimated procedure-related complications varies among studies and,
therefore, between different guidelines. According to ACOG-SMFM, amniocentesis has an
overall complication rate of 0.1-0.3%, as suggested by recent studies [62-64]. Akolekar et al.
conducted a systematic review and metanalysis on procedure-related fetal loss, including
42,716 women undergoing amniocentesis [62]. The procedure-related loss was estimated
at 0.11%. Similarly, Odibo et al. provided data from a single-center retrospective anal-
ysis of 11,746 women subjected to amniocentesis, and the associated risk was estimated
at 0.13% [63]. Moreover, Caughey et al. reported a fetal loss rate of 0.27% following
amniocentesis [64].
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NSGC agrees that fetal loss ranges between 0.1% and 0.3%, complying with the
lower risk estimates [65]. On the other hand, ISUOG and RCOG refer to slightly higher
miscarriage rates of 0.1-1% and <0.5%, respectively. A recent meta-analysis on procedure-
related losses, including 64,901 amniocentesis and 19,000 CVS, updated the procedure-
related fetal losses at 0.35% for both procedures [66]. According to ISUOG, fetal loss
increases with multiple needle insertions, blood contamination of the amniotic fluid and
the presence of an underlying fetal abnormality [67,68].

Rupture of membranes is another potential complication of amniocentesis, encoun-
tered in 1-2% of cases [53,69-71]. Congenital limb malformation is another concern; NSGC
estimates the possibility of clubfoot to be less than 1% [53,69,72]. Post-procedural infection
of the fetal membranes, clinically presenting as chorioamnionitis, is quite rare, with an
incidence of <0.1%, as described by ISUOG. Other severe feto-maternal complications have
been only occasionally reported and considered rare, such as sepsis, maternal visceral
injury or fetal injury. Of note, experience, reflected on the number of procedures performed
annually by each operator, also plays a critical role in the incidence of procedure-related
complications [73-75]. Baker et al. retrospectively investigated the effect of multiple vari-
ables on procedure-related fetal losses after CVS and amniocentesis and found a positive
association between increasing experience and lower procedure-related risks, highlighting
that actual risks may be lower than those initially estimated and on which routine counsel-
ing is based [76]. Therefore, counseling should be accordingly reformed to incorporate the
updated available evidence on associated risks.

4.2. Chorionic Villous Sampling
4.2.1. Timing

CVS is the only available diagnostic test during the first trimester (NSGC, ACOG-
SMEM, ISUOG, HGSA-RANZCOG, RCOQG), as early amniocentesis before 14 weeks is
unanimously discouraged due to an unacceptably higher rate of complications [50-53].
However, the optimal gestational age after which CVS should be performed is not clear;
NSGC, ACOG-SMEM, ISUOG and RCOG set the safe limit to perform CVS at 10 weeks,
while HGSA-RANZOG recommends against CVS before 11 completed gestational weeks
due to a higher risk of limb defects. RCOG also states that CVS should ideally be performed
after 11 completed weeks, as the suboptimal development of the trophoblastic tissue
increases the technical difficulty of the procedure at an earlier gestational age.

4.2.2. Technical Aspects

CVS includes the introduction of a needle system through the abdomen (transab-
dominal) or the cervix (transcervical) to retrieve chorionic tissue from the developing
placenta for genetic analysis [19]. CVS can be safely carried out by either a transabdominal
or transcervical approach by continuous US guidance (ISUOG, ACOG-SMFM, RCOG).
ISUOG makes a recommendation on the needle size, recommending either a single needle
of 17-20 G or a two-needle system with outer needle size of 17/19 G and inner needle
size of 19/20 G. The variation in the technique and the needle size in clinical practice is
highlighted by the study of Carlin et al. that reviewed the individual preferences in U.K.
practice [77]. Like the amniocentesis technique, apart from ISUOG and RCOG, the other
guidelines do not make any relevant recommendation.

4.2.3. Complications

Regarding the risk of pregnancy loss, CVS is comparable to mid-trimester amniocente-
sis, when performed by experienced operators. ACOG-SMFM reports a procedure-related
loss of 0.22%, while ISUOG provides an estimate for fetal loss that greatly varies between
0.2% and 2% [62], underlining the absence of well-designed randomized controlled studies.
In the systematic review and meta-analysis conducted by Akolekar et al., which included
8899 CVS procedures, the risk was estimated at 0.22% [62]. NSGC sets the risk between 0.5%
and 1% and RCOG below 0.5%. Odibo et al. retrospectively evaluated the risk of pregnancy
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loss in 5148 CVS procedures and found a risk estimate of 0.2% and 0.5% for transabdominal
and transcervical procedures, respectively [78]. Interestingly, the risk was not statistically
different from the background risk in the control group [78]. CVS may also be associated
with vaginal bleeding in 10% or even 30% of cases after a transcervical approach [79,80].
In addition, amniotic fluid leakage and intra-amniotic infection are encountered much
less often (<0.5% and 1-2 per 3000 cases, respectively), according to ACOG-SMFM and
ISUOG [79]. As far as maternal safety is concerned, no cases of severe maternal adverse
outcomes have been described following CVS, or at worse, they are very rare [23].

4.2.4. Fetal Blood Sampling

FBS entails access to fetal circulation in order to obtain a blood sample for analysis.
Fetal blood is obtained via puncture of the umbilical vein, and therefore, also referred to as
“cordocentesis”. The umbilical vein can be accessed either at the cord (cord insertion or
independent loop) or even at its intrahepatic portion, according to placental location [81].
FBS is the first-line option for the hematologic assessment of the fetus in cases of severe
anemia or thrombocytopenia. However, its role in prenatal genetic diagnosis is limited [81].
The only guideline that refers to FBS as a means of prenatal diagnosis is ISUOG. FBS is
indicated in cases of mosaicism of the sample obtained from invasive testing, to exclude
true fetal mosaicism. Concerning indications, the ISUOG guideline refers to investigation
of mosaicism solely after amniocentesis with no referral to CVS. According to ISUOG,
cordocentesis for FBS can be performed from 18 completed weeks [81], and the risk of
procedure-related pregnancy loss is 1-2% [82]. However, this risk increases with gestational
age under 24 weeks, possibly due to associated structural malformations or fetal growth
restriction [83,84]. According to ISUOG, the optimal technique includes the use of a
20-22 G needle that is inserted to the cord, through the abdomen, under simultaneous
ultrasound visualization.

5. Periprocedural Management

The optimal management of a woman who has an indication for invasive diagno-
sis is minutely delineated by the ISUOG and RCOG guidelines (ACOG-SMFM makes
recommendations only for transmittable diseases).

a. Rhesus status

According to ISUOG, Rhesus status of the mother, along with the existence of alloanti-
bodies in the maternal serum, is a prerequisite before the procedure, in order to administer
immunoglobulin in Rhesus-negative women. Anti-D administration, when indicated,
should not delay more than 72 h from the procedure (ISUOG). Additionally, according to
ISUOG, immunization could be omitted, if the Rhesus status of the presumed father has
been confirmed as negative. RCOG states that Rhesus-negative women should be provided
appropriate aftercare for immunization but does not offer any further guidance.

b. Transmittable diseases

There is controversy regarding the need for screening for maternal blood-borne dis-
eases before IPDT. In particular, ISUOG recommends against routine screening, based
on available data indicating that vertical transmission is an unlikely event and may only
affect pregnancies with high maternal viral load [85,86]. ISUOG also states that when
invasive diagnosis is indicated, placental penetration should be avoided in women known
to be HIV-, HBV- or HCV-positive [85]. On the other hand, RCOG emphasizes the need
for universal screening or counseling for women who are unwilling to undergo virology
testing, for the potential of vertical transmission during the procedure. Data mainly pertain
to amniocentesis, as studies for vertical transmission of chronic infection in CVS are lacking.

5.1. HIV

ACOG-SMEFM states that HIV transmission is not increased in women receiving
antiretroviral therapy and whose viral load is undetectable. The ISUOG recommendation
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agrees that HIV-positive women on highly active antiretroviral therapy (HAART) are not at
increased risk for vertical transmission [87], even if the viral load is high, as far as HAART
is initiated at least two weeks before the procedure [88,89]. Postponement of the procedure
until the viral load is undetectable is also suggested by ACOG-SMFM [85,90]. According to
RCOG, IPDT should be withheld until HIV results are available. For HIV-positive women
under HAART, therapy optimization to aim for undetectable viral load is reasonable before
any intervention, to minimize the risk of vertical transmission [91].

5.2. HBV

ACOG-SMFM aligns with the low incidence of neonatal infection in HBV-infected
mothers with low viral load but also underlines the relevant gap in the literature for
exposed cases [92]. RCOG considers the risk for vertical transmission for HBV infection to
be low unless the viral load exceeds the threshold of >7 logg copies/mL; individualized
assessment of risk is thus recommended.

5.3. HCV

ACOG-SMFM comments on the paucity of knowledge regarding vertical transmis-
sion of HCV but states that the risk is presumably low [93]. ISUOG also underlines the
importance of counseling about the limited data on fetal infection for CVS or FBS, com-
pared to amniocentesis [85], while recommending that the option of non-invasive testing
should be considered in women with transmittable diseases, in the absence of adequate
high-quality evidence [69]. RCOG comments on the absence of evidence of HCV vertical
transmission [93].

5.4. SARS-CoV-2

During the SARS-CoV-2 pandemic, another issue is dealing with pregnant women
who tested positive and are in need of IPDT. Chronologically, the majority of the included
guidelines (except RCOG) preceded the pandemic and hence, relevant recommendations
are not available. The best available data, although limited, suggest that invasive testing
is safe in COVID-19-positive pregnant women and the risk of vertical transmission is
considered to be low [94].

c.  Aseptic technique

To minimize the risk of infection, ACOG-SMEM, ISUOG and RCOG highlight the
importance of a sterile technique. Of note, ISUOG and RCOG encourage the use of a sterile
containment bag for the ultrasound probe and a separate sterile gel; decontamination of
the ultrasound probe after each procedure is an alternative to the sterile bag (ISUOG).
Moreover, both ISUOG and RCOG underline the significance of skin sterilization. ISUOG
suggests skin decontamination with a chlorhexidine or iodine disinfectant solution and the
use of sterile drape, and for transcervical CVS, the use of a sterile speculum and antisepsis
of the cervical and vaginal mucosa.

d. Local anesthesia

Application of a local anesthetic is not recommended in amniocentesis [95,96] and is
considered optional in transabdominal CVS by ISUOG [95-97]. Data for CVS through tran-
scervical approach are not available. For FBS, the ISUOG recommendation follows that for
transabdominal CVS [81]. The other guidelines do not make any relevant recommendation.

e.  Other considerations

ISUOG explicitly states that ultrasound should be performed routinely both prior
and after completion of invasive diagnosis. Pre-procedural ultrasound aims at confirming
viability and gestational age and assessing the location of the placenta and the amount of
amniotic fluid [97]. Post-procedural ultrasound should include fetal heart rate, assessment
of the placenta and amniotic fluid to exclude complications associated with placental
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hematoma or post-procedural fluid leakage and may take place immediately after the
procedure or even days later, based on routine practice [67].

Routine antibiotic prophylaxis or any other medical therapy are generally not recom-
mended. However, RCOG states that if there are clinical signs of chorioamnionitis or a
macroscopic appearance of the amniotic fluid consistent with microbial infection, analysis
of the sample and initiation of antibiotic therapy is recommended.

Based on the results of studies investigating other invasive percutaneous proce-
dures [98], women receiving thromboprophylaxis or prophylactic low-dose aspirin are not
advised to discontinue the regimen, according to ISUOG.

f.  Counseling

All guidelines underline the significance of proper genetic counseling in patients
at high risk of aneuploidy provided by an appropriately trained healthcare professional.
Pretest counseling should precede an invasive procedure to address the risks, the benefits,
the technical aspects and the available options in a nondirective manner. In cases of mo-
saicism, genetic counseling is recommended to discuss the possibility of fetal involvement
and allow for offering options (ACOG-SMFM, ISUOG). Counseling should be based on
evidence regarding the possibility of true fetal mosaicism. Malvestiti et al. investigated
the incidence of mosaicism in 60,437 CVS samples and found a percentage of 2%,; of those,
1001 cases were subjected to amniocentesis [48].

6. Conclusions

Overall, the included guidelines all support the availability of definite diagnostic
testing to every pregnant woman after appropriate counseling and recommend IPDT based
on a positive screening result. Maternal age alone should not constitute an indication for
IPDT. There is, however, controversy among these guidelines on the additional indications
that may prompt diagnostic testing, such as patient history (personal or familial), known
carrier status of either parent, conception via ART or specific ultrasound findings, leading
to substantial differences in clinical practice.

There is general agreement on the appropriate timing for amniocentesis, which is
set at 15 weeks, whereas CVS is mostly recommended from 10 weeks, with the exception
of HGSA-RANZOG, which recommends that it is performed after 11 weeks. The recom-
mendations regarding counseling on complications rates are based on different studies
and thus there are certain differences. However, there is a clear trend to counsel patients
that complications are nowadays rarer than initially reported, and a significant decrease
with advancing operators” experience is highlighted. Data on periprocedural management
such as Rhesus alloimmunization, virologic status, the role of anesthesia and antibiotic
administration are either inconsistent or insufficiently addressed.

The major strength of this comparative review is the synthesis of the most influential
guidelines on IPDT. However, there are certain limitations. First, we opted not to search for
all available guidelines systematically, because we intended to compare recommendations
only from major medical societies. Thus, we included five guidelines, published in the
English language, in our comparisons. Finally, the publication dates of the guidelines differ;
some discrepancies may be due to the fact that some of the guidelines were developed up
to nine years before and therefore may be partially outdated.

Amniocentesis and CVS are common procedures. However, our study has demon-
strated that current national guidelines are in many aspects contradictory and incomplete,
while international guidelines may not be able to be fully implemented in all settings due
to different cultural and economic conditions. Thus, the development of a standardized,
evidenced-based model for the efficient and safe use of IPDT is of paramount importance.
Such an approach should help reduce the heterogeneity in local practices and offer a high
level of prenatal care to all women, irrespective of national boundaries. The present review
aimed to identify similarities and dissimilarities on IPDT and also highlight potential fields
for future research. As knowledge accumulates, it becomes evident that the enormous
amount of information should be properly guided and communicated to healthcare profes-
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sionals in prenatal care with the aim to promote the health and well-being of every mother
and her fetus.
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Abstract: Background and Objectives: Gestational diabetes mellitus (GDM) is a pregnancy-associated
pathology commonly resulting in macrosomic fetuses, a known culprit of obstetric complications. We
aimed to evaluate the potential of umbilical cord biometry and fetal abdominal skinfold assessment
as screening tools for fetal macrosomia in gestational diabetes mellitus pregnant women. Materials
and methods: This was a prospective case—control study conducted on pregnant patients presenting at
24-28 weeks of gestation in a tertiary-level maternity hospital in Northern Romania. Fetal biometry,
fetal weight estimation, umbilical cord area and circumference, areas of the umbilical vein and arteries,
Wharton jelly (WJ) area and abdominal fold thickness measurements were performed. Results: A
total of 51 patients were enrolled in the study, 26 patients in the GDM group and 25 patients in the
non-GDM group. There was no evidence in favor of umbilical cord area and W] amount assessments
as predictors of fetal macrosomia (p > 0.05). However, there was a statistically significant difference
in the abdominal skinfold measurement during the second trimester between macrosomic and
normal-weight newborns in the GDM patient group (p = 0.016). The second-trimester abdominal
circumference was statistically significantly correlated with fetal macrosomia at term in the GDM
patient group with a p value of 0.003, as well as when considering the global prevalence of macrosomia
in the studied populations, 0.001, when considering both populations. Conclusions: The measurements
of cord and W] could not be established as predictors of fetal macrosomia in our study populations,
nor differentiate between pregnancies with and without GDM. Abdominal skinfold measurement
and abdominal circumference measured during the second trimester may be important markers of
fetal metabolic status in pregnancies complicated by GDM.

Keywords: gestational diabetes mellitus; fetal macrosomia; umbilical cord area; abdominal skinfold;
Wharton jelly

1. Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance newly diag-
nosed during pregnancy. Alongside type 1 and 2 diabetes mellitus, GDM prevalence has
increased dramatically worldwide in the past decades [1]. Associated perinatal maternal—
fetal consequences arise mostly from hyperglycemia per se but also due to complications
such as excessive maternal weight gain, miscarriage, fetal anomalies, pre-eclampsia and
fetal macrosomia.

Fetal macrosomia impacts both the fetal and maternal obstetric outcomes. Macrosomic
fetuses have an increased risk of perinatal death, birth trauma due instrumental delivery
and maneuvers required to address shoulder dystocia, neonatal hypoglycemia, hyperbiliru-
binemia, neonatal respiratory distress syndrome and longer neonatal intensive care unit
admission intervals. In adulthood, these children are prone to developing impaired glucose
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tolerance, metabolic syndrome and cardiovascular diseases. Maternal effects range from
complicated labor, higher rates of instrumental and operative deliveries and an increased
risk of postpartum hemorrhage sometimes requiring transfusion of blood products to per-
ineal trauma of different degrees, increased rates of caesarean deliveries and an augmented
long-term risk of genital organ prolapse [2,3].

Despite the advances in ultrasound equipment technology, standards and guidance
for fetal biometry measurements and better training of professionals, fetal macrosomia
continues to represent a diagnostic issue. Overestimation of fetal weight leads to many
unnecessary cesarean deliveries [4]. Contrarily, even correctly diagnosed, the outcome of
vaginal delivery cannot be accurately predicted except for extremely macrosomic fetuses.

The umbilical cord (UC), which connects the fetus and placenta, has been extensively
studied in recent years, anatomically, morphologically and by ultrasonography. It contains
the umbilical vessels (normally, two umbilical arteries and one vein) and the remnant of
the allantois, embedded in Wharton’s jelly (W])—a network of glycoprotein microfibrils,
collagen fibers and hyaluronic acid—surrounded by a single layer of amnion [5]. Wharton's
jelly ensures a normal blood flow through the umbilical cord, preventing the collapse
or knotting of the cord and therefore the disruption of vascular flow through the blood
vessels. Various umbilical cord anomalies in size, vessel number, course and connection,
structure and configuration have been described, with sometimes no impact on the course
of pregnancy, but other times associated with various pregnancy conditions.

The umbilical cord is a vital structure for fetal development, and its detailed anal-
ysis can provide valuable information to allow the estimation of neonatal outcomes in
various pregnancy-related pathologies. Changes in the amount of Wharton's jelly have
been linked to the occurrence of pregnancy-associated pathologies such as pregnancy-
induced hypertensive disease, gestational diabetes mellitus and stillbirth [6]. Decreases
in W] quantity, changes in its protein structure and variations in the size of the umbili-
cal vessel area have been associated with the development of pre-eclampsia [7,8]. The
link between increased umbilical cord diameter and the development of GDM and the
relationship between IUGR and the reduced cord diameter with decreased W] are sub-
jects of debate [7,9-11]. An increased diameter of the UC has been found in cases of fetal
macrosomia and aneuploidy [12-14].

The main objective of our study was to determine whether the ultrasound measure-
ment of umbilical cord anthropometric parameters (umbilical cord area, umbilical cord
vessel area, the amount of Wharton's jelly) and fetal abdominal skinfold assessment can
be used as diagnostic or prognostic tools for fetal macrosomia in a selected population of
Romanian patients.

2. Materials and Methods

This was a prospective case-control study conducted between January 2021 and June
2021 in the Obstetrics-Gynecology I Outpatient Department of the Emergency Cluj-Napoca
County Hospital, Romania.

All procedures performed were in accordance with the national and European legisla-
tion (Declaration of Helsinki 1964), the enrollment of patients being carried out following
counseling and obtaining their informed consent.

Inclusion criteria for the study group were represented by pregnant women with
singleton pregnancies, during 24-28 weeks of gestation (WG), whose pregnancies were
monitored in the Outpatient Department of the Emergency Cluj-Napoca County Hospital,
with a planned delivery in the Obstetrics and Gynecology I maternity hospital.

The following represented study exclusion criteria: pre-existing type 1 or type 2
diabetes mellitus, the coexistence of pregnancy-associated pathologies, single umbilical
artery, patients whose pregnancies were not monitored in the Outpatient Department of
the ECCN, patient refusal to participate in the study.

All patients were evaluated and examined at the 24-28 WG pregnancy follow-up visit.
Upon presentation, they were counseled about the check-up protocol and study implica-
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tions and accepted or declined enrollment. Gestational diabetes mellitus screening by oral
glucose tolerance test (OGTT) was performed in the morning, followed by ultrasound as
the second step of evaluation. Patient family, medical, surgical and obstetric history, as
well as current pregnancy history, maternal and fetal outcome data, were collected from
medical records.

Screening for GDM was carried out according to IADPSG (International Association
of the Diabetes and Pregnancy Study Groups) recommendations, by performing the OGTT
with a 75 mg glucose load and 3 glycemia measurements: fasting, one hour and two hours
following glucose ingestion. Gestational diabetes was diagnosed when one of the three
values taken was altered: fasting blood glucose > 92 mg/dL (5.1 mmol/L), 1 h glycemia
level > 180 mg/dL (10 mmol/L), 2 h glycemia level > 153 mg/dL (8.5 mmol/L) [15]

Fetal biometry, fetal weight estimation based on the formula C of Hadlock et al. (Had-
lock C; log(10) BW = 1.335 — 0.0034(abdominal circumference (AC))(femur length (FL))
+ 0.0316(biparietal diameter) + 0.0457(AC) + 0.1623(FL)] [16] umbilical cord area and cir-
cumference, areas of the umbilical vein and arteries, W] area and abdominal fold thickness
measurements were performed in all patients enrolled in the study by two examiners
specializing in maternal-fetal medicine who performed examinations alternatively. All
measurements were carried out using a GE VolusonE8 Expert with RAB6-D, 2-7 MHz
convex abdominal probe. Ultrasonographers were blinded regarding the diagnosis of GDM
(OGTT test results) in the respective pregnancy so as not to influence measurements.

Umbilical cord measurements were performed at the level of a free cord loop no
more than 2 cm away from the fetal abdominal wall [9]. The umbilical cord diameter was
meared circumferentially, outside the umbilical cord, using the “ellipse” measurement
function of the ultrasound machine followed by the automatic calculation of the measured
area (Figure 1A). Cord vessels and vessel area were similarly measured. The Wharton
jelly area was calculated by subtracting the areas of the umbilical vein and arteries from
the entire cross-sectional area of the cord. Fetal abdominal skinfold was identified as an
external hyperechogenic surface on the standard transverse plane for the assessment of the
abdominal circumference, the level at which measurements were performed. Fold thickness
was measured by placing one caliper precisely between the fetal skin and adjacent amniotic
fluid, with the second caliper being placed between the subcutaneous fat layer and the
anterior abdominal wall (Figure 1B) [17].

Figure 1. (A). Umbilical cord biometry ultrasound landmarks: a. umbilical cord area; b. umbilical cord
vein; ¢,d. umbilical cord artery; (B). Fetal transverse abdominal plane: e. fetal abdominal skinfold.

Macrosomia was defined as estimated fetal weight above the 95th centile for any
gestational age, at any point during pregnancy, or birth weight equal to or more than
4000 g [18].
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Statistical Analysis

Analysis was performed using MedCalc Statistical Software version 19.1.5 (MedCalc
Software, Ostend, Belgium; https://www.medcalc.org; Accessed on 25 May 2020). Con-
tinuous variables were tested for normality of distribution (Shapiro-Wilk test) and were
described by means & standard deviation. Nominal data are characterized by means of
frequencies and percentages. Comparisons between groups were performed using the
Mann-Whitney or chi-square test, whenever appropriate. The model included the variables
that achieved a p value < 0.05 in the univariate analysis. A p value < 0.05 was considered
statistically significant.

3. Results

The study group consisted of 51 pregnant patients who presented for the 24-28 WG
follow-up visit and agreed to take part in the study. According to the OGTT test results,
patients were divided into two groups, the GDM patient group (26 patients) and the
non-GDM group, consisting of 25 patients.

The demographic characteristics of the study population are presented in Table 1.

Table 1. Demographic data of the study populations.

GDM Patients Study  Non-GDM Patients

Group (n = 26) Study Group (n = 25) p-Value
arithmetic mean + SD *
Age (years) 32.5+4.95 29.96 + 3.72 0.044
Pre-gestational BMI 23.23 +4.00 22.22 +3.41 0.340
Pregnancy weight gain (kg) 13.35 + 4.65 14.52 + 5.26 0.402
Final BMI 28.13 +4.13 2771+ 4 0.718
number (%)
Provenance ** Urban area 20 (76.9%) 17 (68.0%) 0.689
Rural area 6 (23.1%) 8 (32.0%) ’
Family history of diabetes 5 (19.23%) 3 (12%) 0.703
mellitus
Smoking habit 3 (11.5%) 4 (16%) 0.703

* Standard deviation. ** According to the Organization for Economic Cooperation and Development (OECD)—
OECD Regional Outlook 2016—Productive Regions for Inclusive Societies, OECD Publishing, Paris, https:
//doi.org/10.1787/9789264260245-en (accessed on 27 July 2022).

Biometry evaluation for estimated fetal weight, as well as corresponding centiles
for gestational age, measurement of UC parameters and abdominal skinfold assessment
comparative results for the two groups are presented in Table 2.

Table 2. Fetal biometry, umbilical cord and abdominal skinfold measurement of the study populations
performed during the second trimester.

GDM Patients Study Non-GDM Patients

Group (n = 26) Study Group (1 = 25) p Value
Fetal estimated weight 2nd trimester (g) 951.96 + 145.08 975.96 + 233.07 0.659
Fetal weight 2nd trimester (centiles) 59.36 + 11.44 55.92 +10.31 0.265
Umbilical cord area (cm?) 2.03 +0.48 1.86 + 0.41 0.189
Umbilical cord circumference (cm) 5.05 £+ 0.66 4.82 +£0.57 0.201
Umbilical cord vein (cm?) 0.37 £0.13 0.32 £0.11 0.121
Umbilical cord artery 1 (cm?) 0.09 £0.11 0.07 £ 0.02 0.363
Umbilical cord artery 2 (cm?) 0.09 £0.13 0.07 £ 0.02 0.329
Wharton jelly (cm?) 1.46 +0.42 1.39 £ 0.35 0.517
Abdominal skin fold (cm) 0.32 £ 0.07 0.22 +0.07 0.000
Abdominal circumference (cm) 22.14 £1.28 22.16 £1.93 0.970
Abdominal circumference (%) 60.18 4+ 23.74 53.76 + 23.53 0.337

The characteristics of the study group patients from the perspective of obstetric out-
come, delivery and neonatal weight are presented comparatively in Table 3.
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Table 3. Pregnancy outcome parameters of the study group patients compared to the control
group patients.

GDM Patients Non-GDM Patients

Study Group (2 =26) Study Group (n = 25) p Value
number (%)
Parity

Nulliparous 12 (46.2%) 15 (60%) 0.605

Multiparous 14 (54.8%) 10 (40%) ’

Route of delivery

Vaginal 10 (38.5%) 11 (44%) 0.907

C-section 16 (61.5%) 14 (56%) ’

arithmetic mean + SD *

Birthweight (g) 3487.31 +435.75 3388 + 548.54 0.477
Birthweight (centiles) 74.62 + 22.89 71.72 £24.72 0.666
Macrosomia (>95 centile) 8 (30.8%) 8 (32%) 1.000

* standard deviation.

When considering the parity and route of delivery, in the GDM study group, most
patients were multiparous and gave birth via C-section.

The caesarean section indications were previous caesarean delivery (37.5% GDM,
42.8% non-GDM group), failed induction (25% GDM), breech presentation (6.25% GDM,;
14.28 non-GDM), maternal pathology (31.25% GDM; 14.28% non-GDM) and placental
insufficiency (21.42% non-GDM).

Table 4 depicts the correlation between fetal ultrasound parameters and maternal
weight gain during pregnancy and term macrosomia.

Table 4. The correlations of fetal ultrasound measurements during the second trimester and fetal
macrosomia in both the entire group and the GDM population sample.

Mean £ SD * p Value
Correlations in the entire population sample (51 patients)
2nd-trimester estimated fetal weight—birthweight (%) 0.007
2nd-trimester estimated fetal weight (%) 57.67 £ 1.53
Birthweight (%) 73.20 £ 3.31
Normal weight Macrosomic fetuses
fetuses (n = 35) (n=16)
Abdominal skinfold 2nd (cm)—term macrosomia 0.256 + 0.012 0.295 + 0.028 0.135
2nd-trimester estimated fetal weight (%)—term macrosomia 54.25 £1.63 65.16 £ 2.51 0.001
2nd-trimester abdominal circumference(%)—term macrosomia 49.83 + 3.84 72.81 +4.34 0.001
Excessive maternal weight gain (kg)—term macrosomia 12.74 + 0.69 16.50 + 1.44 0.010
Correlations in the GDM group (26 patients)
2nd-trimester estimated fetal weight—birthweight (%) 0.012
2nd-trimester estimated fetal weight (%) 59.36 +£2.24
Birthweight (%) 74.62 + 4.49
Normal-weight Macrosomic fetuses
fetuses (n = 18) (n=28)
Abdominal skinfold 2nd-trimester (cm)—term macrosomia 0.269 + 0.011 0.369 £+ 0.034 0.016
2nd-estimated fetal weight (%)term macrosomia 54.52 +2.36 70.25 + 1.91 0.000
2nd-trimester abdominal circumference (%)—term macrosomia 51.58 £5.18 79.55 £ 5.25 0.003
Excessive maternal weight gain (kg)—term macrosomia 13.06 £ 1.07 14.00 £ 1.18 0.643

* standard deviation.

In the GDM patient group, there was a statistically significant correlation between the
second-trimester fetal weight and birthweight (p = 0.012), while no such correlation could
be established in the non-GDM pregnancy group.

Umbilical cord area and W] amount assessment could not be established as predictors
of fetal macrosomia.
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However, there was a statistically significant difference between the abdominal skin-
fold measurement during the second trimester between macrosomic and normal-weight
newborns in the GDM patient group (p = 0.016). This confirms abdominal skinfold mea-
surement during the second-trimester ultrasound evaluation as a potential predictor of
fetal macrosomia at term in GDM pregnancies.

There was a statistically significant difference between the macrosomic and normal
weighted fetuses at term in the GDM patient group when considering the second-trimester
estimated fetal weight (p = 0.000), but also when considering the global prevalence of
macrosomia in the studied populations (p = 0.001). The same was true for the measurement
of the abdominal circumference during the second trimester with a p value of 0.003 for the
GDM group, respectively 0.001 when considering both populations.

We also found a statistically significant difference between the fetal macrosomia status
at term regarding the maternal weight gain during pregnancy when calculating for both
patient groups globally (p = 0.010), but not when considering only the GDM patient sample
(p =0.643).

4. Discussion

The delivery of a macrosomic neonate leads to important maternal—fetal short- and
long-term consequences. Diagnosis and prevention of fetal macrosomia thus represent ob-
stetric priorities for reducing maternal and fetal morbidity. Several studies have suggested
that ultrasound evaluation of umbilical cord biometry parameters and abdominal skinfold
measurement could be a powerful adjunct in the prediction of term macrosomia [18,19].
Our purpose was to test the utility of these measurements as predictive and diagnostic
tools for fetal macrosomia in a Romanian population.

Measurement of umbilical cord parameters at the time of GDM screening, prior to the
initiation of dietary and therapeutic interventions, was targeted in our research. Ultrasound
measurements of the umbilical cord parameters and fetal abdomen showed higher values in
fetuses from mothers diagnosed with GDM, such as umbilical cord area, W] area, abdominal
circumference and abdominal skinfold. Umbilical cord area and Wharton jelly could not be
established as predictors of fetal macrosomia in our study. Abdominal skinfold and the
abdominal circumference measurements in the second trimester were significantly higher
in the fetuses from GDM pregnancies compared to fetuses from non-GDM pregnancies.
The fetal abdominal skinfold, the abdominal circumference, estimated second-trimester
fetal weight and maternal weight gain during pregnancy were also statistically significantly
correlated with fetal macrosomia at term.

It has been reported that umbilical cord cross-sectional measurement and estimation
of umbilical cord components correlate with fetal size [20]. Our study demonstrated
a statistically significant relationship between estimated second-trimester fetal weight,
maternal weight gain during pregnancy and macrosomia at term/delivery.

A study conducted by Pietryga et al. evaluated umbilical cord and W] areas in GDM
and non-GDM patients between 22 and 40 WG and concluded that there were no differences
between the parameters measured in the two groups and supported the limited value of
cord biometry as a predictor of macrosomia at birth in GDM patients [21].

In our study, we found no statistically significant correlations between umbilical cord
area umbilical cord area, the amount of cross-sectional W] and birthweight, respectively,
in GDM and non-GDM patients. The explanation for this may be that in pregnancies
with GDM, treatment and diet applied after diagnosis prevent the development of fetal
macrosomia as well as the umbilical cord and W] biometry. This conclusion was also
reached by Naylor et al., who showed that fetal birthweight is normal in GDM pregnancies
because of timely and proper treatment [22].

Structural or volume changes in the umbilical cord and the amount of Wharton’s jelly
have been shown to signal unfavorable maternal and fetal outcomes. These parameters may
provide information on the efficiency of management in various pregnancy-related patholo-
gies, such as pre-eclampsia, intrauterine growth restriction, stillbirth and intrapartum fetal
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distress [14]. Based on these premises, attempts have been made to incorporate cord area
measurement into fetal biometry assessment to improve detection of either macrosomia or
growth-restricted fetuses. Nomograms for gestational-age specific cord parameter values
have been calculated. It appears that umbilical cord area and W] area gradually increase
up to 30 WG, reach a maximum value around 34 WG and then remain constant [20,23,24].

Weissman et al. confirmed the finding of increased cord areas in pregnancies com-
plicated by GDM on account of increased W] measurements [25]. This is presumably
due to hemorrhage in the umbilical artery walls, increased permeability and subsequent
plasma extravasation [26]. The authors speculated that differences in W] may be useful to
discriminate between constitutional macrosomia from macrosomia in GDM-complicated
pregnancies. However, in our study, there was no statistically significant difference between
the measurement of cord area and W] between GDM and non-GDM pregnancies.

Several authors obtained similar results to ours regarding the correlation between
fetal weight at 24-28 WG and birthweight. A similar highly significant correlation between
fetal weight estimation at 26-28 WG and neonatal macrosomia at delivery was recorded by
Togni et al. This comes as proof of the correspondence between fetal biometry estimation
before 33-34 WG, the amount of W] and excessive fetal weight at birth. It was also
postulated that, after 34 WG, the amount of W] decreases progressively and its measurement
is no longer useful in estimating fetal weight [27]. A more recent study assessed the value
of abdominal circumference and estimated fetal weight growth velocity in the prediction of
macrosomia but established they do not improve detection as compared to the standard
third trimester estimation using the Hadlock formula [28]. The amount of fat in the
fetal body and therefore the thickness of the abdominal fold is influenced by numerous
factors, such as race, maternal BMI, maternal weight gain during pregnancy, family factors,
maternal hypertensive pathology or GDM [17,29,30].

Maternal hyperglycemia and subsequent fetal hyperglycemia lead to hyperactivation
of the pancreas with excessive insulin production. The endpoint of these physiopathologic
processes is a macrosomic fetus due to increased fat and protein stores.

Jain et al. found a highly significant statistical correlation between serial fetal abdomi-
nal circumference measurements at 30-32 and 36-38 WG, respectively, and increased birth
weight. In the same study, statistically significant differences were recorded at 30-32 WG
between fetal abdominal circumference values in GDM and non-GDM patients [31].

The finding of increased fetal abdominal skinfold in GDM patients resulting from
our research was also reported by de Santis et al., who noted an exponential increase with
gestational age and a higher developmental curve in fetuses from mothers with GDM
compared to control fetuses from non-GDM pregnancies [32]. Bernstein et al. studied
changes in fetal fat mass during pregnancy and found that it increased approximately
tenfold between 19 and 40 WG [33].

An increased pre-pregnancy BMI and excessive maternal weight gain in pregnancy
have been recognized as prerequisites for fetal macrosomia by many researchers [34-37].
Even a protective effect of low pre-pregnancy BMI in non-diabetic women has been
described [38,39]. In our study groups, maternal pre-pregnancy obesity did not corre-
late with macrosomia, while excessive pregnancy weight gain correlated with large fetuses
only when considering both groups and not the GDM category solely. This might be due to
the limited patient number studied.

The delivery route of GDM patients in our study group was clearly balanced towards
operative deliveries. Caesarean section accounted for 61.5% of the total number of deliv-
eries, similar to the value of 73.2% reported by Naylor, and this occurred when not all
the fetuses were macrosomic [22]. The high percentage of caesarean section deliveries,
even with a normal weight fetus, was due to the large number of patients with obstetric
indications, failed induction and patient refusal of induction.

There are several limitations to our study. Firstly, the size of the study groups, which
does not allow the generalization of results. Another potential limitation/aspect is related
to the technique of measuring cord parameters at the level of a single free cord loop. As
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this is not yet standardized, further studies are needed to establish the optimal number
and points of measurement, considering that the thickness of the umbilical cord may
vary along its length. Further research on larger groups of patients could help clinicians
to achieve a better selection of patients at risk of developing GDM and may open new
horizons in terms of early therapeutic management. Large-scale studies are needed to
assess the clinical value of including fetal adnexal measurements in fetal weight estimation
formulas. This is an easily reproducible technique, with a short learning curve, which
could easily be implemented as a screening tool for fetal macrosomia. Another limitation
of the current study is the lack of neonatal follow-up, which could allow the assessment of
postpartum complications. At the same time, a more detailed study regarding the prediction
of macrosomia might include the evaluation of maternal anthropometric parameters and a
second cord biometry measurement at term. The adjunct of these parameters could enhance
macrosomia detection.

5. Conclusions

In conclusion, in our study populations, the measurements of the cord and W] could
not be established as predictors of fetal macrosomia, nor differentiate between pregnancies
with and without GDM. On the other hand, fetal abdominal skinfold measurement, fetal
abdominal circumference, estimated second-trimester fetal weight and maternal weight
gain during pregnancy may be important markers of fetal metabolic status in pregnancies
complicated by GDM.
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Abstract: Background and Objectives: Fetal growth restriction (FGR) is a severe obstetric disease
characterized by a low fetal size entailing a set of undesired consequences. For instance, previous
studies have noticed a worrisome association between FGR with an abnormal neurodevelopment.
However, the precise link between FGR and neurodevelopmental alterations are not yet fully under-
stood yet. Brain-derived neurotrophic factor (BDNF) is a critical neurotrophin strongly implicated in
neurodevelopmental and other neurological processes. In addition, serum levels of BDNF appears
to be an interesting indicator of pathological pregnancies, being correlated with the neonatal brain
levels. Therefore, the aim of this study is to analyze the blood levels of BDNF in the cord blood from
fetuses with FGR in comparison to those with weight appropriate for gestational age (AGA). Materials
and Methods: In this study, 130 subjects were recruited: 91 in group A (AGA fetuses); 39 in group B
(16 FGR fetuses with exclusively middle cerebral artery (MCA) pulsatility index (PI) < 5th percentile
and 23 with umbilical artery (UA) PI > 95th percentile). Serum levels of BDNF were determined
through ELISA reactions in these groups. Results: Our results show a significant decrease in cord
blood levels of BDNF in FGR and more prominently in those with UA PI >95th percentile in com-
parison to AGA. FGR fetuses with exclusively decreased MCA PI below the 5th percentile also
show reduced levels of BDNF than AGA, although this difference was not statistically significant.
Conclusions: Overall, our study reports a potential pathophysiological link between reduced levels of
BDNF and neurodevelopmental alterations in fetuses with FGR. However, further studies should be
conducted in those FGR subjects with MCA PI < 5th percentile in order to understand the possible
implications of BDNF in this group.
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1. Introduction

Fetal growth restriction (FGR) is a severe complication in pregnancy. It monopolizes
great resources of maternal fetal research, and though clearly stated in some guidelines [1],
inconsistency in terminology and definition hampers interpretation and comparison of
studies. Some define fetal growth as a statistical definition of fetal size below a certain
centile, referring to different thresholds for diagnosis. This also adds the possibility of
including normally grown fetuses as growth restricted as well as the opposite, as it is
difficult to predict the growth potential of a certain fetus [2]. The relationship between
FGR and abnormal neurodevelopment has been reflected in numerous studies where the
prenatal influence of poor growth on motor and executive functions in children has been
explored [3,4]. Antenatal surveillance of growth-restricted fetuses is based, amongst others,
on Doppler assessment [1]. The progression of FGR has been previously described and
undergoes several hemodynamic phases, passing through a decrease in the estimated fetal
weight centile below 10, followed by decreased pulsatility index (PI) in MCA and later, an
elevation of the umbilical PI until reaching the final phase that is the alteration of the ductus
venosus [5]. These stages have been related to postnatal neurodevelopment [6]. A condition
deserving a highlight is the fetal Doppler adaptation to growth restriction named “brain
sparing”. This phenomenon of cerebral vasodilation has been interpreted as an adaptive
mechanism, but more recent studies associate it with poor results in later neurodevelopment
and reviews have stated poor cognitive function and lower IQ scores [7,8].

The etiology of the neurodevelopmental alterations in FGR is not completely known.
It is based on abnormal feto-maternal exchange and fetal hypoxia because of a chronic
decrease in umbilical flow due to placental insufficiency [9]. Oxidative stress, neurotox-
icity, apoptotic degeneration and microglial-mediated neuroinflammation are the main
mechanisms related to brain injury in these fetuses [10-12].

On account of the difficulty of accessing the human brain in vivo, studies focused on
various animal models of hypoxia have attempted to identify these intermediate mecha-
nisms, studying neuronal growth, proliferation and survival after injury [13], the different
modifications depending on the brain area studied and the severity of the growth re-
striction [14]. Furthermore, initial investigations on non-invasive human proton magnetic
resonance spectroscopy have been ignited, showing higher lactate peaks on severely growth
restricted fetal brains [15] and on not so severely restricted fetuses, as in the Sanz-Cortes
study where late FGR and small for gestational age fetuses showed lower N-acetylaspartate
to choline ratios, attributable to either a delay in maturational processes or to neuronal
injury [16].

Other in vivo studies have tried to identify those intermediate steps centered on
proteins with an important role on prenatal neurodevelopment, such as reelin on fetuses
with FGR [17]. These studies try to find objective and reproductive data, easy to obtain as
cord blood, to set associations to prenatal conditions, such as FGR.

Although many molecules have been described as neurotrophic biomarkers, playing
important roles in neurodevelopment, neurotrophins are one of the most important actors
in brain development. They are involved in neuronal differentiation and synaptic plas-
ticity, also playing a central role in neuronal survival. Brain-derived neurotrophic factor
(BDNF) is one of the most studied neurotrophins and it is closely related to neuroinflam-
mation through its role as a modulator of neuroglia [18]. In animal models of intrauterine
growth restriction, it has been widely seen that BDNF is decreased especially in the hip-
pocampus [19,20], which is the brain region with the main expression of this neurotrophin,
enhancing neuronal plasticity and relating it to memory and learning [11]. Furthermore,
in vivo models have shown that the lack of microglia after cerebral ischemia increases
cytokine levels, findings consistent with the protective role of microglia in the removal of
waste products that indirectly relates BDNF to neuroinflammation and neuroplasticity [21].

BDNF alterations in neonates have also been studied as indicators of FGR, infection,
pre-eclampsia [22], hours of rupture of membranes, corticosteroid maturation and mag-
nesium sulfate treatment [23,24]. The largest study to date, related low levels of BDNF in
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dry blood tests (blood spots) taken on the first day of life in newborns with intrauterine
growth restriction [25]. Furthermore, there are studies that link lower levels of BDNF with
neonatal periventricular hemorrhage secondary to hypoxic-ischemic lesions [26]. Like-
wise, as a therapeutic approach, BDNF is being studied for neuroprotection, reducing cell
apoptosis in the face of external insults, promoting specific populations of neurons in both
central and peripheral nervous systems as well as after hypoxic or inflammatory brain
injuries [27-29]. On the other hand, since the origin of neonatal BDNF in cord blood is
believed to be a reflection of brain levels in animal studies [30], there are publications in
the medical literature that assess BDNF levels as a predictor of behavior diseases [31] and
its role in major depression, autism spectrum disorders and degenerative diseases [32,33].

Hence, due to the important role of BDNF in neurodevelopment as well as the exten-
sive published literature on the influence of prenatal variables on their levels in newborns,
this neurotrophin is a candidate for the study of intermediate processes that may relate
to the prenatal insult reflected as restricted intrauterine growth and impaired postnatal
neurodevelopment. Therefore, this study focuses on BDNF behavior from FGR fetuses cord
blood compared to fetuses with weight appropriate for gestational age (AGA).

2. Materials and Methods
2.1. Patients Selection and Fetal Growing Assessment

Pregnant patients were prospectively recruited during their visit at the Maternity Unit
of the Gregorio Marafion University Hospital. These pregnancies were dated using the
cranio—caudal length at their first trimester ultrasound. Cases were selected after estimating
fetal weight (EFW) by ultrasound using the Hadlock 4 formula and plotting the EFW on
our own population reference tables. When the EFW was below the 10th percentile, in
accordance with the ISUOG FGR criteria [1], a Doppler study was performed, assessing
the pulsatility index of the umbilical artery (UA PI), the PI of the middle cerebral artery
(MCA PI) and the mean PI of the uterine arteries (UtA PI) according to Ciobanu [34] and
Gomez [35] reference charts, respectively, with a maximum of 7 days prior to delivery.
In fetuses with adequate for gestational age weight, a Doppler study was not performed.
The birth weight was obtained at the delivery room for all fetuses except for 9 FGR who
were weighed within the first 12 h at the neonatal intensive care unit. Birth weights were
plotted to our neonatal birth weight reference. Exclusion criteria were fetus with known
congenital anomalies diagnosed prenatally or immediately postnatally, including genetic
conditions, clinical chorioamnionitis, use of illicit drugs or alcohol during pregnancy or
poor gestational control defined as first appointment beyond first trimester or less than
4 visits to the clinic [36]. Maternal data were withdrawn from the medical records during
hospital stays, such as for preeclampsia.

To carry out the BDNF nélisis according to FGR severity, the study subjects were
divided in two groups. Group A contained fetuses with weight appropriate for gestational
age (AGA) birth weight > 10th percentile. Group B was made up of FGR fetuses (birth
weight < 10th percentile) with abnormal umbilical or cerebral Doppler study. Further
detailed Doppler assessment in FGR fetuses was performed in order to assess the effect of
brain vasodilation on BDNF levels. For that reason, we divided group B into two subgroups:
fetuses with decreased MCA PI < 5th percentile and fetuses with increased UA PI > 95th
percentile in order to assess the effect of cerebral vasodilation on BDNF levels.

2.2. Sample Collection, Initial Processing and Storage

Samples were collected at the time of delivery, prior to placenta evacuation and de-
posited into standard clinical tubes containing lithium heparin. The blood was centrifuged
within the first hour of birth at the Biochemistry department, by the on-call laboratory
technicians. Eppenddorf aliquots, a minimum of one and a maximum of three, coded
with the study identifier were stored in racks in a Thermo Scientific Fisher Forma freezer
at —86 °C. Thawing was carried out at room temperature and on only one occasion, no
subsequent freezing was performed.
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2.3. Determination of BDNF in Umbilical Vein by ELISA Methodology

BDNF determination was achieved by the Quantikine Human BDNF Immunoassay
assay (R&D Systems) according to the manufacturer’s instructions. This is a sandwich-type
solid phase ELISA. Anti-BDNF antibodies are immobilized on the surface of the wells of
the microplate. These antibodies capture the BDNF contained in the samples, controls
and calibrators and after washing a second antiBDNF, peroxidase enzyme-conjugated
antibody is added, leading to a colorimetric reaction by adding the substrate (3, 3/, 5,
5'-Tetramethylbenzidine), emitting a signal proportional to the BDNF concentration. The
absorbance of each sample is read spectrophotometrically at a wavelength of 450 nm.
Generation of a standard curve allows for identification of the protein concentration. The
intra assay and inter assay coefficients of variation for the ELISA were 5 and 9, respectively.
All samples were assayed in duplicate.

2.4. Statistical Analysys

For the statistical analysis, IBM SPSS Statistics V21.0 was used. Differences between
the groups of study were assessed using chi-square or non-parametric Mann-Whitney
test, based on the normal distribution of the variables in these different groups. When
assessing the influence of FGR on BDNF levels a multivariable linear regression model was
performed in order to adjust for fetal variables.

3. Results

Our sample consisted of 130 subjects: 91 in group A (AGA fetuses); 39 in group B
(16 FGR fetuses with MCA PI < 5th percentile and 23 with UA PI > 95th percentile). Fetal
Doppler measurement was performed a mean of 3 days before delivery.

Obstetric and neonatal characteristics of the two groups are shown in Table 1. The
characteristics surrogated to severity of FGR, such as cesarean section, admission to neona-
tal care unit and intraventricular hemorrhage were higher in group B. Birth weight, weight
centile and gestational age were higher in group A compared to group B. Other variables,
such as preeclampsia and increased PI UtA, also had different frequencies. Conversely,
inflammatory markers were controlled by leukocytosis and there were no significant
differences observed.

Table 1. Bivariate analysis of maternal and neonatal clinical characteristics of the study groups.

GROUP A GROUP B

AGA FGR P
N=91 N=39
Maternal age (years) M (IQR) 32(7) 34 (5) NS
Gestational age (weeks) M (IQR) 38 (4) 35 (5) <0.001
Fetal sex (female) 1 (%) 49 (54) 15 (38) NS
MgSOy 1 (%) 0 9 (23) <0.001
Lung maturation n (%) 1(1) 16 (41) <0.001
Cesarean section 71 (%) 11 (12) 25 (64) <0.001
UtA PI> p95 n (%) N/A 18 (46) N/A
Preeclampsia 7 (%) 1(1) 6 (15) 0.005
Birth weight (g) M (IQR) 3290 (650) 1750 (870) <0.001
Weight centile M (IQR) 65 (45) 0(1) <0.001
pH AU M (IQR) 7.29 (0.11) 7.26 (0.09) NS
Cord blood leukocytes (number/uL) M (IQR) 15,600 (6500) 12,700 (7500) NS
Neonatal care admission # (%) 6 (6.6) 25 (64) <0.001
Intraventricular hemorrhage n (%) 0 4 (10) 0.007
BDNF (pg/mL) M (IQR) 6980 (3735) 4838 (4724) 0.001

AGA: adequate for gestational age weight. FGR: fetal growth restriction; UtA PI: uterine artery pulsatility
index PROM: premature rupture of membranes; IQR: interquartile range; M: median; NS: no significative.
N/A: not applicable.
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The FGR group had 41% of fetuses who required corticosteroids for lung maturation
and 23% neuroprotection with MgSOy due to prematurity. The four cases of intraven-
tricular hemorrhage diagnosed during admission to neonatal care were limited to the
germinal matrix.

Figure 1 shows the BDNF values according to the groups under study. We found significant
BDNF differences between medians in groups with non-parametric U Mann-Whitney test
(p = 0.002). As fetuses with impaired growth were more likely to be preterm, we adjusted for
gestational age to see the stability of the association with a linear regression (p = 0.034).

20.0007] o’
18.000
16000 pe0.034°
14,000
12.000

10.0007

BDNF (pg/mL)

8.0007

6.0007

4.000

2.000

AGA FGR
GROUPS OF STUDY

Figure 1. BDNF Box plot across study groups. p * is adjusted for gestational age with linear regression.

Subgroup analysis to assess the effect of decreased MCA PI on BDNF was performed.
Clinical characteristics and differences between both groups are shown in Table 2. BDNF
levels showed a downward trend, but no differences were found. AGA fetuses and FGR
fetuses with decreased MCA PI showed similar BDNF levels. Within FGR fetuses, no
differences were found between fetuses with decreased MCA PI and FGR fetuses with UA
PI > 95th percentile (Figure 2).

Table 2. Bivariate analysis of maternal and perinatal features between clinical subgroups.

FGR with MCA
1\? 531 PI < 5th Exclusively p
N=16

Maternal age (years) M (SD) 32 (28-35) 34 (31-35) NS
Gestational age (weeks) M (IQR) 38 (36-40) 36 (35-38) 0.027

Fetal sex (female) 1 (%) 49 (54) 9 (56) NS
MgSOy 71 (%) 0 3(19) 0.003

Lung maturation 7 (%) 1(1) 3(19) 0.01
Cesarean section 71 (%) 11 (12) 10 (63) <0.001

UtA PI> p95 1 (%) N/A 4(25) N/A

Preeclampsia 1 (%) 1(1.3) 4 (25) NS
Birth weight (g) m (SD) 3302 (442) 2069 (412) <0.001
Weight centile M (IQR) 65 (43-88) 1(1-3) <0.001

pH AU M (IQR) 7.29 (0.11) 7.27 (0.08) NS

Cord blood leukocytes (number/uL) M (IQR) 15,600 (6500) 14,700 (7225) NS
Neonatal care admission 1 (%) 6 (6.6) 6 (37.5) 0.002

Intraventricular hemorrhage 1 (%) 0 0 NS

BDNF (pg/mL) m (SD) 6980 (3735) 6268 (3539) NS

PROM: premature rupture of membranes; AGA: adequate for gestational age weight. IQR: interquartile range;
SD: standard deviation. NS: no significative. N/A: not applicable.
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Figure 2. BDNF Box plot with subgroup of fetuses with brain sparing. p adjusted for gestational age
with linear regression.

4. Discussion

So far, this study is the first to demonstrate a decrease in BDNF on FGR fetuses with
a fetal Doppler alteration. This difference was mainly due to the low BDNF levels in the
subgroup of fetuses most severely affected with an increased umbilical Doppler PI, as it is
shown in Figure 2. BDNF concentration in FGR fetuses with decreased MCA PI exclusively
did not differ from the other fetuses, either AGA or FGR, with UA PI > 95th percentile.
Perinatal variables from FGR fetuses were different from AGA in those variables subrogated
to the growth restriction environment. Preeclampsia and increased uterine artery PI are risk
factors for growth restriction due to impaired placentation, and prematurity is common
amongst those fetuses as the optimal time of delivery is still under discussion [37]. This
explains why perinatal variables linked to gestational age, such as lung maturation and
neuroprotection with MgSOj, as well as preeclampsia rate and pathological UtA PI linked
to impaired placentation, were more likely on FGR group. Other variables also linked to
either prematurity and FGR, such as intraventricular hemorrhage, cesarean section rate
and neonatal care admission, were more frequent in the FGR group.

Studies in humans have also demonstrated decreased levels of BDNF in FGR fe-
tuses [25,38,39], regardless of adaptive fetal Doppler status. However, not all studies are
consistent with our findings. Malamitsi-Putchner observed there were no differences in
BDNF between growth-restricted and adequate newborns [40]. These study groups had no
differences in fetal Doppler; in fact, it was a recommendation that they carried out future
studies. Other studies from the same group evaluated fetal BDNF behavior in diabetic
mothers, seeing that the levels were lower than the healthy controls in the latter, regardless
of the FGR degree they had [38]. A decreased neonatal BDNF level in diabetic mothers
has been observed [41,42], and this effect could mask the one caused by the growth defect
since it was diagnosed by a birth weight centile lower than 5 exclusively without Doppler
evaluation. Another recent study found no differences between very low birth weight
FGR and very low birth weight AGA fetuses when assessing trophic biomarkers as BDNF
or vascular endothelial growth factor (VEGF). FGR criteria was again only a birth centile
threshold of 10th centile [43] without any examination of Doppler status. Paradoxically,
these groups had no birth weight differences. With this in mind, our study cohort had strict
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selection criteria, besides a birth weight centile classification for FGR condition; we also ap-
plied Doppler criteria, either umbilical or cerebral. This condition ensures a sample where
healthy fetuses that are small for gestational age are not included, thereby overcoming one
of the difficulties in the design of FGR studies.

Besides a rigorous selection of FGR fetuses, these studies have to deal with confound-
ing factors. Brain injury is sometimes overcome by prematurity in severe FGR; for that
reason, an adjustment for gestational age is advised. In our study, the association of the
severity of growth restriction with decreased BDNF persisted after adjustment for gesta-
tional age. Another study from our group observed on healthy term newborns that BDNF
cord blood levels decrease as gestational age at delivery increases (unpublished data). This
fact would also confirm a low BDNF on FGR despite its lower gestational age. In order to
cope with the prematurity confounding factor, Antonakopoulos et al. performed a BDNF
analysis on amniotic fluid on ongoing pregnancies. They found higher levels of BDNF on
amniotic fluid from small for gestational age (SGA) fetuses assessed early in the second
trimester. They did not study Doppler nor fetal growth status at the time of amniocentesis
as it was performed for other reasons, finding BDNF levels on large for gestational age and
SGA fetuses [44].

Another factor to consider is the treatment with corticoids, as it has been related to high
BDNEF levels [23]. In our study, the FGR group had a higher proportion of antenatal steroids
for lung maturation (41%) but despite that fact, this group had the lowest concentrations
still after gestational age adjustment.

FGR fetuses have a described mechanism of adaptation to preserve important body
functions called “brain sparing”. In general, it has been observed that brain vasodilation
is associated with lower scores on cognitive neurodevelopmental scales at 2 years [45];
however, regarding motor alterations or low scores on early scales, no differences have been
seen when comparing to newborns without brain redistribution. This probably reflects
cognitive alteration rather than motor function, as attributed to the frontal cortex [7]. Re-
garding our fetuses with decreased MCA PI exclusively, we noted the finding of a decrease
in BDNF concentration although this was not statistically significant, especially after gesta-
tional age adjustment. When the target is set to study the consequences of “brain sparing”,
early and late FGR is an important factor as many of these fetuses with late onset FGR will
have a slower clinical progression and might be more likely to reach term [6]. Studies with
larger numbers should focus on this group of patients and long-term neurodevelopment
assessment is encouraged in matched case-control studies.

However, our study has some limitations, not only in the number recruited, but also the
possible confusion in the face of variables associated with the severity of FGR. Ventricular
hemorrhage occurred, although it was limited to germinal matrix, and intraventricular
hemorrhage can be associated with lower levels of BDNF [26]. Although we controlled for
prenatal malformations, known genetic conditions at birth and infectious diseases, one of
the variables that has been observed to modulate BDNF expression is maternal obesity and
we lacked this data [41]. Moreover, we did not perform Doppler exam on AGA fetuses;
this group might include fetuses who did not reach their growth potential, although the
interquartile range was from 43 to 88. Regarding prematurity, we tried to overcome this bias
through linear regression and gestational age adjustment. This handicap is present in many
studies focused on FGR. Assessing brain development, neurotrophic factors and postnatal
neurodevelopment with age matched controlled studies is of paramount importance but
also difficult to achieve as growth restriction is linked to prematurity and healthy preterm
fetuses are difficult to identify [37].

Even considering these BDNF differences in FGR, due to the fundamental role of
this neurotrophin in prenatal neurodevelopment, our study lacks postnatal follow-up.
Future studies of BDNF levels on growth restricted fetuses and linking to the evaluation of
subsequent neurodevelopment are necessary to elucidate the intermediate mechanisms
that cause such postnatal alteration. These should also serve to identify individuals at
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increased neurological risk and assess future intervention actions as it has already been
studied in hypoxic brain injuries in postnatal Noxa [46].

5. Conclusions

We have observed a significant decrease in cord blood BDNF in FGR with Doppler
alteration compared to AGA fetuses. This difference was greater between AGA and FGR
fetuses with UA PI > 95th percentile. Decreased MCA PI in FGR fetuses needs further
study as we could not find statistical differences on BDNF cord blood concentration when
compared to AGA fetuses, although lower levels were observed.
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Abstract: Background and Objectives: In this study, we aimed to describe the clinical and ultrasound
(US) features and the outcome in a group of patients suspected of or diagnosed with early onset
intrauterine growth restriction (IUGR) requiring iatrogenic delivery before 32 weeks, having no
structural or genetic fetal anomalies, managed in our unit. A secondary aim was to report the
incidence of the condition in the population cared for in our hospital, data on immediate postnatal
follow-up in these cases and to highlight the differences required in prenatal and postnatal care.
Materials and Methods: We used as single criteria for defining the suspicion of early IUGR the
sonographic estimation of fetal weight < p10 using the Hadlock 4 technique at any scan performed
before 32 weeks’ gestation (WG). We used a cohort of patients having a normal evolution in pregnancy
and uneventful vaginal births as controls. Data on pregnancy ultrasound, characteristics and neonatal
outcomes were collected and analyzed. We hypothesized that the gestational age (GA) at delivery is
related to the severity of the condition. Therefore, we performed a subanalysis in two subgroups,
which were divided based on the GA at iatrogenic delivery (between 27+0 WG and 29+6 WG and
30+0-32+0 WG, respectively). Results: The prospective cohort study included 36 pregnancies. We
had three cases of intrauterine fetal death (8.3%). The incidence was 1.98% in our population. We
confirmed that severe cases (very early diagnosed and delivered) were associated with a higher
number of prenatal visits and higher uterine arteries (UtA) pulsatility index (PI) centile in the third
trimester—TT (compared with the early diagnosed and delivered). In the very early suspected
IUGR subgroup, the newborns required significantly more NICU days and total hospitalization days.
Conclusions: Patients with isolated very early and early [IUGR—defined as ultrasound (US) estimation
of fetal weight < p10 using the Hadlock 4 technique requiring iatrogenic delivery before 32 weeks’
gestation—require closer care prenatally and postnatally. These patients represent an economical
burden for the health system, needing significantly longer hospitalization intervals, GA at birth and
UtA PI centiles being related to it.
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high morbidity and mortality. This is related primarily to premature iatrogenic delivery
both for fetal and for maternal indications [4]. Placental disease is associated with a low
volume of uteroplacental blood flow and a spectrum of hypertensive disorders. Thus, these
cases are often referred to tertiary centers.

The neonatal intensive care unit (NICU) stay is required in most cases and the long-
term neurodevelopmental sequelae are important, affecting more than two-thirds of these
babies. Survival rates for extremely early born growth-restricted babies (<28 weeks’
gestation—WG) vary from 7% to 33% [4-6]. Neonatal morbidity is gestational age (GA)
related [7] and related to the severity of IUGR also [8].

The costs of this population of fetuses/neonates include the cost of increased antenatal
surveillance (with or without hospitalization days), caesarean delivery, NICU care, routine
post-NICU follow-up, and specialized neurodevelopmental assessments and interventions.
Such costs represent an important economic burden, especially in developing and middle-
income countries. Safe pregnancy prolongation implies a higher number of prenatal
consultations [9].

Doppler waveform analysis in pregnancies complicated by IUGR helps in confirm-
ing/ruling out the compromise of uteroplacental circulation and placental hypoperfusion.
Currently, there are no specific evidence-based therapies for placental insufficiency and
for early-onset severe IUGR. Bed rest and hospital admission for surveillance are not sci-
entifically supported by randomized controlled trials. Many management strategies were
proposed and studied, including medical interventions, such as Sildenafil citrate [2,3].

IUGR remained the second leading cause of perinatal mortality following prematurity [10].
It has significant consequences on neonatal, childhood and adult morbidity [11]. Currently,
there have been scarce reports regarding early-onset IUGR in populations in Romania. This
study aimed to assess the prevalence at birth of early-onset IUGR requiring preterm birth
before 32 WG in a tertiary center and its associated factors. The end-target is to follow up
long-term this population of newborns.

2. Materials and Methods

We performed a nested cohort prospective study. It was designed and conducted
in the Prenatal Diagnosis Unit of the Emergency County Hospital of Craiova, which is a
tertiary referral university-affiliated Hospital in the south-west region of Romania.

The study included singleton pregnancies having an estimated fetal weight less than
the 10th percentile (<p10) at any scan between 22 and 32 WG and no known structural
or genetic abnormality. We used the Hadlock 4 technique [12] for the US estimation of
fetal weight (EFW). The cases falling under p10 (thus defined as suspected of having early
IUGR) were enrolled consecutively between 22- and 31+6 WG.

The study was carried out over a period of three years (1 September 2019-1 September
2022). We report data on 36 pregnancies with prenatal and postnatal care provided in our
hospital (complete follow-up, delivery, and postnatal care).

We used a poststudy selected control group. In this group, we included 56 cases
of normal pregnancies. The cases were retrospectively selected, consecutively, from the
population completely followed up and delivered in our hospital following the study
beginning date, September the 1st 2019: healthy mothers having singleton normal fetuses
(in terms of structure and growth curve) with pregnancies resulting in normal vaginal term
uncomplicated births.

Even if included in a low-risk pregnancy group at registration, all women having
prenatal care in our unit are offered and scheduled for the end of the first trimester (detailed
anomaly and “genetic” scan [13,14]), for a second trimester (structural survey—anomaly
scan) and a third trimester (well-being) US scan. If the prenatal exams (dating and FT
anomaly and genetic scan) lead to completely normal data, for the ST scan, the GA offered
is 20-23 weeks, and for the TT, it is 29-33 weeks.

In the study group, we included cases requiring hospitalization and/or followed up
as outpatients