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Abstract

Objective. To determine the influence of maternal body mass index (BMI) and gestational age on the accuracy of image
acquisition, first trimester fetal gender determination, and correct assignment.

Methods. Women presenting for first trimester aneuploidy risk assessment at 11° to 13° weeks were prospectively enrolled. A mid-
sagittal view of the fetus including the genital tubercle was obtained. The angle of the genital tubercle was measured with male
assigned for angle >30°, female <10°, and indeterminate if 10-30°. This was compared with gender at birth. The influence of
maternal and pregnancy characteristics on both image acquisition and correct gender assignment were evaluated.

Results. A total of 256 women with 260 fetuses undergoing first trimester risk assessment were enrolled. The genital tubercle was
identified in 247/260 (95%) of cases. Image acquisition was negatively influenced by increasing maternal BMI and early gestational
age (34.8 + 7.7vs. 27.0 + 6.1 kg/m?, p < 0.0001 and 12.3 + 0.5 vs. 12.6 + 0.5 weeks, p=0.02). Gender was assigned in 93.1%
and correctly matched in 85.8% of fetuses. Positive predictive value (PPV) for male and female fetuses were 88.9% and 79.8%,

respectively. Correct gender assignment was more likely in male compared with female fetuses (91.4 vs. 80.5%, p=0.02).
Conclusion. Increasing maternal BMI negatively influences image acquisition during the first trimester for gender determination,
but does not decrease the accuracy of correct gender assignment if the image is obtained.
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Introduction

In utero assessment of fetal gender is important to many
expectant parents, with social as well as genetic implications.
Accurate determination of fetal gender in the first trimester
may offer the opportunity for early intervention in fetuses
affected by sex-linked disorders such as fragile-X, hemophilia,
Duchene’s muscular dystrophy in addition to other diseases
such as congenital adrenal hyperplasia. Diagnostic procedures
such as amniocentesis and chorionic villus sampling are
offered to women with at-risk pregnancies, but they are
invasive and associated with some, albeit small, risk of
pregnancy loss of 1 in 300-500 [1]. Traditional gender
assignment is performed during the anatomic survey between
the 17th and 22nd week of gestation when differentiation of
the fetal sex organs is more readily established with greater
than 97% accuracy [2]. However, as maternal body mass
index (BMI) increases, visualization of fetal anatomy de-
creases and the rate of completion of the anatomic survey can
be as low as 50% [3,4].

With the advent of more sophisticated ultrasound technol-
ogy, attempting earlier gender assignment has been proposed
especially in light of the growing popularity of first trimester
risk assessment for the most common chromosomal abnorm-
alities, Trisomy 21, 13, and 18 [5]. Since fetal gender
differentiation does not begin until at least the 9th week in

utero [6], this test is timed very close to the cusp of external
genitalia development. Previous studies have shown that first
and early second trimester ultrasound can be used to
determine fetal gender with accuracy greater than 90% [7—
10]. To date, factors that may affect image acquisition and
accuracy of gender assignment during first trimester ultra-
sound have not been completely explored. The objective of
our study was to assess the accuracy of fetal gender
determination in the first trimester, and assess whether
increasing maternal BMI and an earlier gestational age at
examination may influence the ability to both obtain an
adequate image and correctly assign gender.

Methods

With Institutional Review Board Approval, we performed a
prospective, observational study of pregnant women under-
going first trimester risk assessment for aneuploidy at The
Ohio State University. All pregnant women presenting
between 11° to 13° weeks for first trimester screen with a
planned delivery at our academic medical center were offered
participation. Informed consent was obtained.

All examinations were performed transabdominally on
Medison Accuvix machines with a 4-6 MHz curvilinear
transducer using the harmonics setting. After crown rump
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length and nuchal translucency were measured, an additional
sagittal image of the fetus identifying the fetal genital tubercle
was obtained. Images in which the fetus was either hyper-
extended or hyperflexed were excluded. The angle of the
tubercle was then measured in the mid-sagittal plane in
relation to a horizontal line drawn through the lumbosacral
skin surface using a protractor, as previously described by
Efrat et al. [8]. An angle of >30° was assigned male gender
(Figure 1) and an angle <10° from the lumbosacral skin
surface was assigned female (Figure 2) [8]. An angle between
10° and <30° was categorized as indeterminate [8]. Images in
which the genital tubercle could not be identified were
considered unobtainable. The genital tubercle angle was
drawn and measured independently by two examiners blinded
to the other’s result. A third examiner reviewed the measure-
ments of both examiners for agreement. Cases in which a
discrepancy existed between the two initial examiners (7= 8)
were reviewed jointly and subsequently assigned to the
appropriate category.

Infant gender at the time of birth was then compared with
gender determination at the time of the first trimester
ultrasound. Maternal clinical characteristics such as age, race,
parity, and BMI at the time of first trimester ultrasound were
collected. BMI was categorized according to WHO guide-
lines: underweight <18.5 kg/m?, normal 18.5-24.9 kg/m?,

Figure 1. Genital tubercle measurement indicating male assignment.

Figure 2. Genital tubercle measurement indicating female

assignment.

overweight 25-29.9 kg/m?, and obese > 30 kg/m?. Pregnancy
characteristics such as fetal crown rump length, placental
location, and gestational age at the time of ultrasound were
recorded.

Statistical analysis was conducted with Statview 4.0 (SAS
Institute Inc, Cary, NC). Positive predictive value of first
trimester gender assignment was calculated. Chi square test
and z-test were used for nominal and continuous variables,
where appropriate. Regression analysis was used to influence
maternal parity, BMI, placental location, gestational age at
examination, and fetal gender on the accurate identification of
first trimester gender assignment. A two-tailed p value of
< 0.05 was considered significant.

Results

During the study period, 256 women with 260 fetuses
undergoing first trimester aneuploidy risk assessment were
prospectively studied. Of those studied, 81.6% were Cauca-
sian and 57.6% were multiparous. Mean maternal age and
BMI were 32.9+ 5.0 years and 27.4+ 6.5 kg/m?, respectively.
A total of 28% of women studied had a BMI >30 kg/mz. Four
women had twin gestations. Mean gestational age at first
trimester ultrasound was 12.3 + 0.5 weeks.

Adequate image acquisition was obtained in 247/260
(95%) of fetuses. In 13 fetuses, the genital tubercle could
not be visualized. Seven of these infants were female and six
were male. First trimester gender was assigned in 242/260
(93.1%) of fetuses. Five fetuses had indeterminate measure-
ments. Three of these infants were male and two were
females. Three women had non-continuing pregnancies by
the second trimester. Clinical characteristics influencing
correct image acquisition for first trimester gender assignment
are listed in Table I. Women for whom images could not be
obtained had a significantly higher BMI and were at an earlier
gestational age compared to those with adequate image
acquisition. When analyzed according to BMI category, there
was a progressive decrease in the ability to obtain the genital
tubercle measurement with advancing BMI category as
follows: underweight (100%), normal (99.1%), overweight
(96%), and obese (87.7%), p=0.006.

Gender was correctly matched in 205/239 (85.8%) of
fetuses. Positive predictive value for male fetuses was 88.9%.
Positive predictive value for female fetuses was 79.8%.
Correct gender assignment was more likely in male compared
with female fetuses (91.4% vs. 80.5%, p=0.02). Clinical
characteristics influencing the accuracy of first trimester
gender determination compared with fetal gender assignment
at the anatomic survey are shown in Table II. Gender
assignment was more accurate when ultrasound was per-
formed at a later gestational age. Maternal age, BMI, and

Table I. Clinical characteristics influencing correct image acquisition
for first trimester fetal gender assignment.

Image No image

obtained, obtained,

(n=247) (n=13) P
Maternal age (years)* 329 + 5.0 335+ 54 0.69
BMI (kg/m?)* 27.0 + 6.1 348 + 7.7 <0.0001
Gestational age (weeks)* 12.6 + 0.5 12.3 + 0.5 0.02
Anterior placentation (%)  38.9 46.2 0.28
Multiparous (%) 58.3 53.8 0.75

*Mean + SD.
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Table II. Clinical characteristics influencing accuracy of first trimester
fetal gender assignment compared with infant sex determination at
birth.

Correct Incorrect
identification identification

of gender, of gender

(n = 205) (n=34) P
Maternal age (years)* 33.2 + 4.8 31.5 + 5.6 0.08
BMI (kg/m?)* 27.1 + 6.2 26.2 + 6.4 0.44
Multiparous (%) 58.5 58.8 0.97
Gestational age (weeks)* 12.3 + 0.5 12.1 + 0.5 0.03
Anterior placentation (%) 34.9 26.5 0.94
*Mean + SD.

multiparity did not influence the ability to correctly identify
fetal gender in the first trimester.

Rates of adequate image acquisition and correct first
trimester gender assignment were similar between the first
and the second half of the study period (97.5% vs. 92.9%,
p»=0.09 and 85.0% vs. 86.5%, p=0.73, respectively).

Discussion

In our study, we were able to accurately determine fetal gender
in 85.8% of pregnancies studied. Our results closely reproduce
the findings of previous studies, the majority by Efrat et al. that
reported 85-97% accuracy in 656 pregnancies [8]. In contrast
to prior studies [7-14], we did not identify a trend for improved
accuracy with advancing gestation. Although Mazza et al. has
shown 99-100% accuracy in those fetuses with a biparietal
diameter greater than 22 mm (corresponding to 12 weeks 2
days’ gestation), they reported on pregnancies through the 14th
completed week of pregnancy, a time in which overall accuracy
is likely to improve [14].

Our study is the first to report on the influence of maternal
BMI on first trimester gender assignment. We found that
women with a higher BMI had a lower rate of adequate image
acquisition for genital tubercle measurement. This is similar
to a recent study evaluating the effect of increasing maternal
BMI on the ability to adequately visualize fetal anatomy
during standard ultrasound examination between 18 and 24
weeks’ gestation [4]. Dashe et al. reports that only 50% of fetal
anatomic surveys could be completed during initial evaluation
in an obese population [4]. In our study, we were able to
identify the genital tubercle in 87.8% of the women classified
as obese. Interestingly, a higher maternal BMI did not affect
the ability to correctly identify gender if the appropriate image
was obtained. This is in contrast to the effect seen with
increasing maternal BMI and decreased detection of fetal
anomalies during targeted ultrasound [15,16].

In our study, there was not a required time allowance in
attempts for image capture before a case was classified as
unobtainable. We must consider that sonographers were more
likely to classify images as unobtainable in heavier women
without giving adequate time for image capture. Also, we did
not include any fetal images that were obtained using
transvaginal ultrasound. In obese women, transvaginal sono-
graphy may aid in obtaining the appropriate images for genital
tubercle assessment even if it may be more undesirable than
the transabdominal technique. Further investigation is war-
ranted to determine if transvaginal ultrasound improves the
rate of adequate image capture. Based on our findings,
women should be counseled that their weight may reduce the
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ability to capture the necessary image, but it is unlikely to
influence the accuracy of gender assignment compared with
normal weight women. However, women must also under-
stand the limitations of gender assessment in the first trimester
and that accuracy rates are not comparable to those of the
anatomic survey. The gold standard for noninvasive means of
fetal gender determination in utero should remain the second
trimester anatomic survey.

We found a higher accuracy in the identification of male
compared with female fetuses. It is plausible that examiners
are able to identify the genital tubercle with greater ease when
the angle of inclination is over 30°. Also, the genital tubercle
may be less likely to be mistaken for other fetal structures such
as the umbilical cord at such an angle. In further analysis, we
were unable to attribute the difference in accuracy to
determination of maternal BMI, gestational age at tubercle
measurement, or any other pregnancy characteristic recorded.

To explore if accuracy of gender assignment improved with
time and experience, we evaluated our results in the first and
second half of the study period. We did not find a difference in
either adequate image acquisition or accurate gender assign-
ment between time periods. All sonographers were previously
certified in first trimester nuchal translucency assessment and
subsequently underwent training in the technique to obtain the
necessary image for genital tubercle prior to implementation of
the research protocol. There were periodic assessments of
images, and sonographers were reeducated as necessary in
technique. The skill of the sonographers, image quality review,
and ongoing education may be contributing factors to the
consistency of our results throughout the study period. Our
results, at a large referral center, may not be generalizable to all
obstetrical populations. However, the use of a standardized
protocol may improve this generalizability as opposed to other
studies that have not used a strict protocol [11].

Although we were able to accurately predict fetal gender
during the first trimester in the majority of cases, this
technique should not replace invasive testing such as
chorionic villus sampling or amniocentesis which yield more
reliable and accurate results or the second trimester anatomic
survey. Gender determination may be appealing to women
undergoing first trimester ultrasound; however, women must
be counseled regarding the limitations of this technology
including the negative influence increasing maternal BMI and
early gestational age place on adequate image acquisition and
overall accuracy of correct gender assignment.

Declaration of interest: The authors report no conflicts of
interest. The authors alone are responsible for the content and
writing of the paper.
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