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Abstract
Objectives: Determine whether maternal body mass index (BMI) can affect the accuracy of sonographic
estimation of fetal weight (EFW) in the third trimester when compared to neonatal birthweight (BW).

Methods: Secondary analysis from our original prospective cohort of pregnant women beyond 34 weeks,
distributed in 4 groups according to their BMI: normal, overweight, obese and morbid obese. Fetal
biometry and �uid measurements were obtained by two experienced sonographers, blinded for patient’s
clinical information and to each other’s measurements. Average EFW and neonatal BW were converted
into gestational speci�c Z-scores. Interobserver correlation coe�cient (ICC) and Cronbach's reliability
coe�cient (CRC) were calculated. Bland-Altman (BA) plots were constructed to assess the level of
accuracy.

Results: 100 women were enrolled (800 measurements obtained by 17 sonographers): 17 had normal
BMI (17%), 27 were overweight (27%), 29 were obese (29%) and 27 were morbidly obese (27%). There was
no statistical difference for GA at delivery (p=0.74), EFW (p=0.05) or BW (p=0.09) between groups (Table
1). Mean Z-score for EFW was -0.17 (SD 0.81) and for neonatal BW was -0.25 (SD 0.74). ICC was 0.69
(95% CI 0.57, 0.78) and CRC was 0.82. Mean Z-score difference was small (Table 2). When stratifying
according to BMI categories, the ICC ranged from 0.49 to 0.76. Reliability indices ranged from 0.66 to
0.86. The Z-scores differences were overall small with no statistical difference (Table 3). BA showed
evenly distributed interobserver differences (Figure 1).

Conclusions: When performed by trained sonographers, fetal weight estimation in the third trimester is
accurate when compared to neonatal birthweight at increasing BMI categories.

Introduction
Estimated fetal weight (EFW) is a representative measure for neonatal weight and as such, is an
important predictor for neonatal and infant morbidity and mortality1,2. In the third trimester, an accurate
assessment of fetal weight has valuable information for planning time and mode of delivery2.

The limitation of ultrasound estimation of the fetal weight is that it has inherited inaccuracies related to
different formulas used and interobserver variability1. Previous studies that evaluated ultrasound
estimation of the fetal weight found that the accuracy of EFW is compromised by large intra- and
interobserver variability3 and that most formulas are relatively accurate at predicting birth weight up to
3,500 grams, with overestimation and underestimation of small and large fetuses, respectively2.

The prevalence of obesity has dramatically increased over the past decades and now affects more than
one in three women in the United States4,5. The impact that maternal obesity has on the ultrasound
accuracy for the detection of anomalies has been reported in previous studies6–10. Limited data exists
with regards to the in�uence of maternal obesity on the accuracy of ultrasound fetal weight estimation6,
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with con�icting results11–16. Studies on this subject have been overall limited by lack of strati�cation into
obese categories1,12,13, and comparison between estimated fetal weight with neonatal weight12. Also,
most of the studies evaluated the outcome by determining the absolute percentage error between
sonographic estimated fetal weight and actual birthweight6,12,14,15,17 instead of using Z-scores which is
considered the method of choice to assess accuracy.

The aim of this study was to determine whether maternal BMI can affect the accuracy of sonographic
estimation of the fetal weight in the third trimester when compared to neonatal birthweight (BW).

Methods
This study is a secondary analysis from our prospective observational cohort study18 published by the
same authors and performed at Eastern Virginia Medical School (EVMS), between May, 2018 to July,
201918.

Our original study18 included all women with singleton pregnancies at or beyond 34 weeks of gestation,
above 18 years old and with a BMI above 18.5. Exclusion criteria were all women with twins or higher-
order pregnancies, presence of diabetes (pregestational or gestational) or any conditions that could
affect the fetal growth potential such as growth restriction, structural or genetic abnormalities. Lack of
reliable dating was also an exclusion criteria.

Women enrolled to the study were placed into 4 groups according to their BMI at the time of recruitment:
normal (BMI of 18.5 – 24.9), overweight (BMI of 25 – 29.9), obese (BMI of 30 -39.9) and morbidly obese
(BMI of 40 or greater). BMI was calculated at the time of recruitment to allow a more precise evaluation
of the maternal habitus at the time of the scan.

Fetal biometry and amniotic �uid were obtained independently by two sonographers or physicians who
were blinded to any clinical information related to the patient and to each other’s measurements. The
portion of the ultrasound screen displaying the gestational age was covered from the sonographers to
minimize bias.

Biometric measurements included in the study protocol were the biparietal diameter (BPD), head
circumference (HC), abdominal circumference (AC) and femur length (FL). Main vertical pocket (MVP)
and amniotic �uid (AFI) were obtained for the �uid assessment. All measurements followed recent
published criteria19. Estimated fetal weights were calculated based on the Hadlock et al 1985 biometric
equation20. Neonatal birthweights were recorded at delivery.

Pro�cient sonographers with over 4 years of experience in our ultrasound unit, certi�ed by the Registered
Diagnostic Medical Sonographer (RDMS) and physicians that meet the American Institute of Ultrasound
in Medicine physician quali�cations for the performance of obstetric ultrasound examination
(https://www.aium.org/resources/guidelines/obstetric.pdf) completed all the ultrasound exams. Our
ultrasound unit has been AIUM accredited for the performance of obstetrical sonography for more than
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15 years. The ultrasound equipment used for the study was the Voluson E6, E8 and E10 (GE Healthcare
Ultrasound – Zipf, Austria) with a 4-8 MHz or 6 MHz transabdominal probe.

This study was approved by the Institution’s Review Board (IRB#20-12-EX-0259) and written informed
consent was obtained from all study subjects.

The primary outcome of the study was the accuracy of sonographic estimation of fetal weight in the third
trimester when compared to neonatal birthweight according to BMI categories.

Statistical Analysis
Statistical analyses were performed using Stata/IC 16.1 (StataCorp, College Station, TX).

Because there is a time lag between ultrasound evaluation and delivery, we converted an average of EFW
by two sonographers or physicians and neonatal birthweights to gestational speci�c Z-scores. Inter-
observer correlation (ICC) coe�cients and Cronbach’s reliability coe�cient were calculated between Z-
scores of EFW and neonatal birthweights. An ICC value of 1.00 was considered perfect accuracy between
sonographers, while a value > 0.70 was considered very high level of accuracy. Cronbach’s alpha >0.70
was considered to demonstrate good internal consistency. Bland-Altman plots were constructed to
assess the level of accuracy according to BMI categories. This allows assessment of systematic bias and
95% limits of agreement. All hypothesis testing was carried out at the 95% signi�cance level, unless
otherwise speci�ed, with a p value of <.05 accepted as statistically signi�cant.

Results

Demographics
A total of 110 women were enrolled, resulting in a total of 220 ultrasound studies, 880 fetal biometric
measurements obtained by 17 different sonographers or physicians. A total of 10 women were excluded
due to lack of neonatal data, resulting in 200 studies. Seventeen (17%) women had a normal BMI, 27
(27%) women were overweight, 29 (29%) women were obese, and 27 (27%) women were morbidly obese.

Maternal demographics are presented in Table 1. The mean gestational age was 36.8 weeks (± standard
deviation 1.5) and mean maternal BMI was 31.3 (± standard deviation 9.0) at the time of ultrasound.
There was no statistical difference for gestational age at delivery (p= 0.74), EFW by ultrasound (p=0.05)
or birth weight (p=0.09) between groups. The �rst author (JM) performed 80 out of the 200 ultrasounds.

Fetal Estimated weight and Neonatal Birthweight
Statistics of the estimated fetal weight and neonatal weight are shown in Table 2. The mean Z-score for
fetal sonographic estimated weight was -0.17 (SD 0.81) and for neonatal birthweight was -0.25 (SD
0.74). The estimated ICC was 0.69 (95% CI 0.57, 0.78) and reliability coe�cient was 0.82. The mean Z-
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score difference was small, ranging from -1.14 to 1.31. Z-scores for EFW and neonatal BW are expressed
Table 2.

Differences by BMI
Fetal sonographic estimated weight and neonatal weight and mean Z-score difference according to BMI
groups are presented in Table 3. The ICC ranged from 0.49 (overweight group) to 0.76 (morbidly obese
group). Reliability indices ranged from 0.66 (overweight group) to 0.86 (morbidly obese group).

The Z-scores differences were overall small, ranging from 0.03 to 0.14 with no statistical difference
between groups.

Bland-Altman plots for accuracy between sonographic estimated fetal weight and neonatal birthweight
are presented in Figure 1. The interobserver differences were overall evenly distributed above and below
the zero-difference line, suggesting no systematic errors between observers. Interobserver differences for
the measurements primarily fell within the 95% limits of agreement.

Discussion
In this study, we evaluated the accuracy of fetal sonographic weight estimation in the third trimester
according to neonatal weight in different BMI categories, with strati�cation into obese categories1,12,13,
and with adequate representation of obese / morbidly obese group12–14. Also, most of the studies
evaluated the outcome by determining the absolute percentage error between sonographic estimated
fetal weight and actual birthweight6,12,14,15,17. Our study used Z-scores as it allows a straight comparison
of variation over a range of gestational ages.

Understanding whether maternal obesity decreases the accuracy of ultrasound fetal weight estimation in
the third trimester is crucial, as this is the time in pregnancy when fetal growth evaluation tends to
in�uence clinical decisions the most, especially in the setting of abnormally grown fetuses21,22. In a large
retrospective cohort, ultrasound estimation of fetal weight was an independent risk factor for cesarean
delivery, showing that it plays a major in�uence in delivery management23.

We found that when comparing Z-scores differences, the accuracy of fetal sonographic weight
estimation did not change based on the different BMI categories. Our �ndings may have been in�uenced
by the presence of experienced sonographers and physicians, state-of-the-art ultrasound systems and a
high volume of increased BMI patients, resulting in increased expertise in the obstetric ultrasound in
pregnancies with high BMI.

The ICC and reliability coe�cient paradoxically increased in the obese and morbidly obese (highest
values) category as BMI increased, though this was not statistically signi�cant. This was an
unanticipated �nding, most likely explained by two possibilities: 1. due to technical di�culties, more time
and effort was dedicated in scanning obese patients; 2. due to limited sonographic windows (commonly
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observed in obese patient), improved consistency was obtained while measuring biometry. These
hypotheses are theoretical since the study was not appropriately designed to test them18.

The strengths of the study are its prospective design, a well-de�ned protocol which allowed the inclusion
of obese patients according to their BMI. Assessing the BMI in the third trimester at the time of the
ultrasound exam (instead of pre-pregnancy BMI), allowed the real estimation of BMI’s impact on weight
estimation accuracy in clinical practice. Blinding was enforced during measurements to avoid adjusting
the gestational age exhibited on the monitor, and in between exams to avoid sonographer’s bias by seen
each other’s measurements. All measurements were obtained by standardized techniques with
contemporary ultrasound equipment. Lastly, all ultrasound exams were performed by well trained,
experienced sonographers and physicians18.

There are few limitations to this study. As mentioned in our original research, due to its pragmatic design
to mimic common clinical conditions, the sample size might have been underpowered18. Additionally, it is
unlikely that our results have external validity since the study was performed at a Maternal-Fetal medicine
center with experienced sonographers and physicians. Lastly, the �rst author (JM) performed the study
ultrasounds for a signi�cant proportion of the patients while the rest of the ultrasounds were performed
by multiple sonographers leading to an unknown effect of various sonographers on the results of
statistical analysis. Since we found high accuracy of estimated fetal weight when compared to neonatal
birthweight, there is a low concern for the possibility of inter-sonographer differences. Despite these
limitations, our study is the �rst to systematically evaluate the effect of maternal obesity in the
estimation of the fetal weight and has a very relevant clinical applicability in the context of the obesity
epidemics.

In conclusion, when performed by trained sonographers, fetal sonographic weight estimation in the third
trimester is accurate when compared to neonatal birthweight at increasing BMI categories.
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Figure 1

Bland-Altman plots for accuracy between sonographic estimated fetal weight and neonatal birthweight  


