
Accurate sonographic assessment of fetal weight constitutes 
an integral part of routine prenatal and prepartum care, 

with a pivotal role in obstetric practice, which affects the plan 
and management of peripartum care [1,2].

Estimated fetal weight (EFW) is considered accurate when it is 
within 5–10% deviation from the actual birth weight for the pur-
pose of delivery management [3]. However, EFW has its limita-
tions and calculating it via ultrasound biometrical measurements 
generally overestimates the actual birth weight, thus potentially 
increasing the rate of unnecessary obstetric interventions [4].

Several factors are associated with unreliable EFW (uEFW), in-
cluding maternal obesity, gestational age, growth restriction, macro-
somia, oligohydramnios, polyhydramnios, and fetal position [5-7]. 

In addition, there are conflicting reports concerning accuracy 
of EFW in fetal weight extremes [8,9] and diabetic mothers [10], 
with some reporting underestimation of fetal weight [11], while 
others advocating similar or better accuracy in those women [12].

Due to the importance of identifying those gestations in 
which EFW is unreliable, we studied both maternal and fetal 
factors associated with uEFW at term.

A retrospective case-control study was conducted at a single uni-
versity affiliated, tertiary medical center. The center serves large, 
heavily populated urban and rural areas, and treats a heteroge-
neous population with over 10,000 deliveries per year. The study 
cohort comprised all women carrying singleton term gestations 
who delivered within 2 weeks after undergoing a sonographic 
fetal weight estimation. The study was conducted from 2011 to 
2019. Exclusion criteria were multiple gestations and known fetal 
anomalies. We used the Hadlock A formula for EFW as it is wide-
ly used and has been shown to produce the smallest systematic 
mean errors on a normal fetal population [3,6].

We defined uEFW as a difference of more than 500 grams 
from actual birth weight. We chose 500 grams as cutoff due to 
previous works attributing this cutoff a clinical significance, as 
errors of this magnitude could have a potential impact on deliv-
ery mode planning [13]. We allocated the study cohort into two 
groups: uEFW (cases) and accurate EFW (controls).



Clinical data regarding maternal and obstetrical outcomes were 
collected from the computerized hospital medical database. 
Charts were manually reviewed. 

Sonographic biometric parameters (abdominal circumference, 
biparietal diameter, femur length) were measured and recorded 
at our ultrasound unit according to the International Society of 
Ultrasound in Obstetrics and Gynecology guidelines, while the 
EFW was obtained by the Hadlock formula [14,15]. Body mass 
index (BMI) was calculated as weight/height (kg/m2) at admission 
to delivery room. Gestational diabetes was diagnosed according 
to the cut-off values proposed by Carpenter and Coustan [16]. 

Gestational hypertensive disorders were defined according 
to the American College of Obstetricians and Gynecologists 
guidelines [17]. Oligohydramnios was defined as amniotic flu-
id index (AFI) < 50 mm, and polyhydramnios as > 240 mm 

[18]. Low birth weight and macrosomia were defined as < 2500 

Characteristics of women were described as proportions for cate-
gorical variables and as means and standard deviation for contin-
uous variables. Significance was assessed by the Chi square test 
and Fisher's exact test for categorical variables. The Student t test 
was used for analysis of continuous variables with normal distri-
bution and the Mann–Whitney U test for analysis of continuous 
variables with skewed distribution. The study cohort was further 
stratified into categories of birth weight to delineate the role of 
fetal weight on EFW accuracy in correlation to pregestational di-
abetes.The study results were presented as odds ratios (ORs) and 
95% confidence intervals (CIs). A 2-sided -value < 0.05 indi-
cated statistical significance. Statistical analyses were performed 



using IBM Statistical Package for the Social Sciences statistics 
software, version 22 (SPSS, IBM Corp, Armonk, NY, USA).

Overall, 41,261 deliveries met the inclusion criteria during the 
study period. Of those, 1721 (4.17%) had uEFW. Characteristics 
of gestations are presented in Table 1. Higher maternal BMI and 
weight gain were positively associated with an uEFW. Mater-
nal BMI > 30 kg/m2 was more common in the uEFW group: 
617 (35.9%) vs. 12,101 (30.6%), OR 1.26, 95%CI 1.14–1.40), 

 < 0.001; as was weight gain > 20 kg, 219 (12.7%) vs. 3952 
(10.0%), OR 1.31, 95%CI 1.13–1.51),  < 0.001, and AFI (mean 
142 vs. 147),  < 0.001. Pregestational diabetes was associat-
ed with a uEFW: 48 (2.8%) vs. 443 (1.1%), OR 2.53, 95%CI 
1.87–3.42),  < 0.001. The proportion of those delivering at 
gestational age < 39 weeks was lower in the uEFW group, while 
that of gestational age > 410/7 weeks at delivery was higher in the 
uEFW group: 12,274 (31.0%) vs. 437 (25.4%), OR 0.75, 95%CI 
0.67–0.84),  < 0.001 and 397 (23.1%) vs. 7010 (17.7%), OR 
1.39, 95%CI 1.24–1.56),  < 0.001, respectively. Higher birth 

weight was positively associated with a uEFW (mean 3554 
grams vs. 3289),  < 0.001. The interval from EFW to delivery 
was higher in the uEFW group compared to the aEFW group 
(4.6 vs. 3.3, respectively,  < 0.001).

After a multivariate regression analysis [Table 2], the follow-
ing factors were found to be independently positively associated 
with uEFW: pregestational diabetes aOR 2.50, 95% CI 1.70–
3.66,  < 0.001 and higher neonatal birth weight aOR [95% CI] 
1.91 (1.79-2.04),  < 0.001. Table 3 presents analysis of uEFW 
stratified by neonatal birth weight categories related to preges-
tational diabetes. Pregestational diabetes was associated with 

3500–3999 grams, OR 3.28, 95%CI 1.98–5.44),  < 0.001 and 
 < 0.001.

We found that pregestational diabetes and increased fetal weight 
were independent factors associated with uEFW, while among 
pregestational diabetic, weight estimations were unreliable in 

Most prior studies examining EFW accuracy considered a 
10% weight difference as threshold [3,5,19]. As practitioners 
are aware of the accuracy and efficacy of sonographic weight 
estimation, examining this known difference was beyond the 
scope of our study. Preyer et al. [14] showed that a deviation of 
500 grams could have a significant impact on the shared deci-
sion-making process, particularly with regard to cut-off levels 
given in international guidelines. This outcome better shows 
a level of discordance that could have a significant impact on 
planning the mode of delivery, while still allowing for the nat-
ural variability in estimation that is expected from a subjective 
measurement, such as that obtained from a Leopold maneuver.

Due to the simplicity in clinical setting and according to pre-
vious research, it seemed to be practice to report the proportion 

Prior studies are inconsistent regarding EFW among women 
with pregestational diabetes. As opposed to several publications 



concluding that the accuracy of EFW among diabetic women 
requiring insulin treatment is similar to women without diabetes 
[10], some authors suggested that EFW is less reliable in infants 
of diabetic mothers [11,20]. In our study, we found that preges-
tational diabetes was independently associated with uEFW. The 
stratification into different birth weight categories allows the 
identification of those weight categories that are significantly 
associated with uEFW. Thus, we propose an explanation to the 
discrepancy. Moreover, it is well established that ultrasonogra-
phy has a poor predictive value at term to predict macrosomia 
[21]. As higher birth weights are more common among diabetic 
mothers, it is possible that birth weight represents a confounder 
in prior studies addressing uEFW, among the diabetic popula-
tion, which may account for this discrepancy.

Weight estimation in cases of suspected macrosomia should 
be helpful for management of clinical decisions to effectively 
reduce the incidence of dystocia in neonates and minimize the 
perinatal morbidity and mortality [22]. However, ultrasound 
calculation of fetal weight is commonly overestimated com-
pared to actual weight [23]. In our results, higher birth weight 
was independently positively associated with uEFW. This find-
ing is concurrent with a study by Froehlich and colleagues [24], 
who argued that there is a higher accuracy in birth weight when 
EFW was less than 3500 grams. Moreover, Rosati et al. [25] 
and Dimassi and co-authors [19] also suggested that uEFW is 
more common in the high birth weight population and fetuses 
with macrosomia.

Furthermore, there is an accumulation of evidence that late 
gestation is associated with reduced EFW accuracy, possibly 
due to difficulty in obtaining accurate measurements at this 
stage. This finding is consistent with our study results, showing 
that gestational age < 39 weeks was less common in the uEFW 
group, while gestational age > 410/7 weeks was more common 
in the uEFW group. However, this result was not found to be 
independently associated with uEFW. Multivariate analysis and 
recent studies showed conflicting results and undermined the 
negative association of late gestation and EFW accuracy [19].

Our study results might have clinical implications for grav-
idas. Clinicians frequently face with the dilemma of how to 
manage macrosomic fetuses, especially among diabetic women. 
Although the American College of Obstetricians and Gynecol-
ogists states that suspected macrosomia is not an indication for 
induction of labor before 39 weeks, this has not been resolved. 
We suggest that in the context of pregestational diabetes, EFW 
of 3500 or higher is unreliable, and this should be considered 
when contemplating management plans. Furthermore, it is 
important to mention that we found higher birth weight to be 
independently positively associated with uEFW, regardless of 
pregestational diabetes. Thus, it is relevant to all women. 

The retrospective nature of our study carries inherent biases such 

as selection and information bias. Moreover, we cannot exclude 
the possibility that unexamined factors such as the sonographer's 
level of experience could account for the study findings. For cen-
ters that do not use the Hadlock formula, our study results might 
be difficult to generalize. In addition, the fact that we analyzed 
cases of EFW in range of 2 weeks from delivery must be consid-
ered. Weight assessment is a challenge when the fetal head is en-
gaged in the pelvis at advanced gestational ages. Finally, our anal-
ysis showed that the time difference between both groups from the 
EFW assessment until delivery is statistically significant. Howev-
er, clinically, this difference is negligible (1.3 days). Furthermore, 
the difference was not present after multivariate analysis. 

The study’s large sample size allowed us to draw important conclu-
sions from our results. In addition, our methodology of stratifying 
birth weight categories might represent a significant strength when 
considering studies evaluating EFW and factors associated with its 
accuracy. Furthermore, while most publications study inaccuracy 
of sonographic EFW with the definition of 10% discordance from 
birth weight, the clinical significance could be marginal. Our study 
concentrated on off-grid EFW, which are absolutely more relevant 
for clinical practice. Moreover, to the best of our knowledge, off-
grid sonographic unreliability is seldom studied, and the present 
study is among the first to report risk factors for its occurrence. 

 
uEFW. These facts should be considered when consulting preg-
nant women and planning their delivery management.



CD8+ T cells persist longer and produce stronger 
effector functions. Verma and co-authors found that 

naïve phenotype with self-renewability, enhanced 
multipotency and proliferative capacity. This result 
was achieved by delaying cell division and enhancing 
mitochondrial biogenesis and fatty acid oxidation, 
without affecting T cell receptor-mediated activation. 

TSCM cells exhibited plasticity and loci-specific profiles 
similar to bona fide TSCM isolated from healthy donors, 

with intermediate characteristics compared to naive and 
central memory T cells. Ex vivo, antigenic rechallenge 
of MEKi-treated CD8+ T cells showed stronger recall 
responses. This strategy generated T cells with higher 
efficacy for adoptive cell therapy. Moreover, MEKi 
treatment of tumor-bearing mice also showed strong 
immune-mediated antitumor effects. The authors 
showed that MEKi led to CD8+ T cell reprogramming 
into TSCM that acted as a reservoir for effector T cells 
with potent therapeutic characteristics.


