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Abstract

Objectives: Umbilical artery (UA) Doppler indices are surrogate measures of placental function, 

most commonly used to assess fetal wellbeing in pregnancies with fetal growth restriction. Fetuses 

with trisomy 21 (t21) are reported to have elevated UA Doppler indices, but reference percentiles 

are currently lacking for this population. We hypothesized that gestational age-specific values of 

UA Doppler indices in pregnancies complicated by t21 will be elevated compared to established 

percentiles based on euploid pregnancies. We aimed to assess UA Doppler indices longitudinally 

in fetuses with t21 in order to demonstrate Doppler patterns across gestation in this population, 

compare them with euploid fetuses, and investigate their association with pregnancy outcomes.
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Methods: We conducted a retrospective cohort study of singleton pregnancies with confirmed 

fetal t21 who underwent UA Doppler surveillance antenatally from January 2012 to August 2019. 

UA Doppler indices, including systolic/diastolic (S/D) ratio, pulsatility index (PI), and resistance 

index (RI) were extracted from ultrasound reports or directly from ultrasound images. UA S/D, PI, 

and RI percentiles by gestational week were created from available observations from our cohort 

via a data-driven approach using a generalized additive model. A secondary analysis was run to 

statistically compare t21 values to established percentiles based on observations from a historical 

population of euploid fetuses.

Results: UA Doppler measurements from 86 t21 fetuses and 130 euploid fetuses were included 

in our analysis. Median [IQR] maternal age in t21 pregnancies and euploid pregnancies were 

35 years [29–38] and 30 years [27–33], respectively. As in euploid fetuses, we found a negative 

association between Doppler indices and gestational age in the t21 fetuses. Maternal tobacco 

use, obesity, or chronic hypertension had no significant effect on UA Doppler indices. As 

hypothesized, values for UA S/D ratio, PI, and RI at the 2.5th, 5th, 10th, 25th, 50th, 75th, 90th, 

95th, and 97.5th percentiles by gestational week were significantly higher in t21 fetuses compared 

to euploid fetuses (p<.001). Overall, 55.8% (48/86) of the t21 fetuses demonstrated at least one 

Doppler value above the 95th percentile for gestational age based on euploid reference standard. 

At birth, eight (9.3%) of the t21 fetuses were small for gestational age. When these pregnancies 

were removed from analysis, UA Doppler indices remained significantly higher than established 

percentiles at each week of gestation (p<.001). Only three pregnancies ended in fetal demise in 

the t21 population, two of which had persistently elevated Dopplers above the 95th percentile per 

established reference percentiles.

Conclusions: At each week of gestation, UA Doppler indices in t21 fetuses were significantly 

higher than established percentiles from a euploid population. Reference intervals based on 

euploid fetuses may therefore not be appropriate for antenatal surveillance of fetuses with t21. 

Prospective studies are needed to investigate the role and impact of serial UA Doppler velocimetry 

in the surveillance of pregnancies complicated by fetal t21.
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Introduction:

Umbilical artery (UA) Doppler velocimetry is a noninvasive tool used to assess the 

resistance of blood flow through the umbilical artery and serves as a proxy for placental 

vascular resistance. Several indices are used in clinical practice, including UA pulsatility 

index (PI), resistance index (RI) and systolic/diastolic (S/D) ratio. Surveillance of fetal 

wellbeing by UA Doppler indices in high-risk pregnancies has been shown to reduce fetal 

morbidity and mortality [1]. Physicians rely on accurate reference ranges to assess the risk 

of perinatal death and morbidity and the need for closer surveillance or delivery.

Current commonly utilized longitudinal reference percentiles for UA Doppler indices were 

developed from a prospective study of uncomplicated, euploid pregnancies [2]. In the U.S. 

the incidence of trisomy 21 (t21) is about 1 in 700 live births [3]. Some studies have shown 
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that pregnancies complicated by t21 have atypical placental development and elevated UA 

Doppler indices, but current literature lacks gestational age-specific reference percentiles 

for this population [4–8]. Furthermore, the impact of elevated UA Doppler indices on 

clinical outcome of pregnancies with t21 fetus is not fully explored. We hypothesize that 

gestational age-specific values of UA Doppler indices in pregnancies complicated by t21 

will be elevated compared to established percentiles based on euploid pregnancies. We aim 

to assess UA Doppler indices longitudinally in fetuses with t21 to establish percentile values 

by gestational age, compare them with euploid fetuses, and investigate their association with 

pregnancy outcomes.

Methods:

Study Population

This was a retrospective cohort study of t21 pregnancies, approved by the Vanderbilt 

University Medical Center Institutional Review Board. Inclusion criteria were singleton 

pregnancies with prenatal suspicion for, and cytogenetic confirmation of, t21 seen in the 

division of Maternal Fetal Medicine (MFM) from January 1, 2012 to August 31, 2019. 

Exclusion criteria were: multiple gestation, major placental abnormalities detected by 

ultrasound, or lack of UA Doppler data recorded in the electronic medical record (EMR).

Clinical Data Collection

For all pregnant women referred to our Fetal Center with cytogenetically confirmed 

or suspected fetal t21, UA Doppler ultrasound was performed during serial ultrasound 

examinations by certified obstetric sonographers and read by MFM physicians at five 

different Vanderbilt University Medical Center sites in Tennessee. According to department 

policy, these women were scheduled for serial growth and Doppler assessments every 4 

weeks in the 2nd and 3rd trimesters, with increased fetal surveillance frequency starting at 

32–34 weeks to include at least weekly biophysical profile and UA Doppler assessment. 

The UA Doppler velocity waveforms were obtained according to established guidelines [9]. 

The peak systolic, end-diastolic, and time-averaged maximum velocities were determined, 

and S/D ratio, RI, and PI were automatically calculated by the software of the ultrasound 

machine. In our practice, an average of 3 waveforms is routinely obtained when reporting 

Doppler values. The ultrasound images with measurements were stored and values were 

reported. These values were extracted from ultrasound reports or directly from stored 

ultrasound images during the data collection process. Observations that had absent or 

intermittently absent end-diastolic flow were not used for analysis, as these were considered 

overtly abnormal regardless of systolic velocity.

Additional patient demographics, past medical and obstetric history, information about the 

course and outcome of pregnancy, including any complications, and delivery data were 

obtained from the EMR. Sex-specific growth charts for neonates with t21 were used 

to calculate birth weight percentiles [10]. Study data were collected and managed using 

Research Electronic Data Capture (REDCap), a secure web-based application designed to 

support data capture for research studies [11].
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We then obtained a complete set of anonymized data from the principal investigator (and co-

author of this current manuscript) of a 2005 study of 130 euploid fetuses (513 observations) 

to compare Doppler indices with our t21 population. The detailed methodology used for 

Doppler ultrasonography and for prospective data collection and evaluation in that study has 

been previously published [2].

Statistical Analysis

UA S/D ratio percentiles by gestational week were created for S/D ratio, RI, and PI using 

available observations in the t21 and euploid populations via generalized additive models 

for location, scale, and shape (GAMLSS) [12]. GAMLSS is a type of semi-parametric 

regression model. It requires a parametric distribution for Doppler indices and uses non-

parametric smoothing functions to model the location, scale, and shape parameters of 

Doppler indices as a function of gestational age in weeks. Doppler index values were 

used to create descriptive reference curves with corresponding fitted curves across specific 

percentiles using GAMLSS R package [13]. Both sets of percentiles were then plotted on 

curve-fitted percentile charts. For each Doppler index, the curves across gestational weeks 

19 to 40 for the t21 and euploid populations were statistically compared using a Wilcoxon 

Signed Rank Test. Multivariable linear regression was used to assess the association between 

gestational age and Doppler indices with the adjustment of covariates such as maternal 

hypertension, tobacco use during pregnancy, obesity, chronic hypertension, and fetal cardiac 

anomalies. The association between covariates and Doppler values at the 95th percentile was 

determined by using quantile regression [14].

Results:

We identified 101 singleton pregnancies with trisomy 21 between January 2012 and 

August 2019. Diagnosis of t21 was confirmed antenatally by chorionic villus sampling 

or amniocentesis or postnatally by peripheral blood chromosome analysis and/or clinical 

evaluation. The majority of t21 diagnoses were due to nondisjunction with no evidence of 

mosaicism. One twin pregnancy was excluded, and 10 singleton pregnancies were excluded 

due to insufficient or absent UA Doppler information. Three fetuses diagnosed with hydrops 

fetalis were excluded. One fetus with a single umbilical artery was excluded because studies 

have shown that two-vessel cords have decreased resistance to flow compared to three-vessel 

cords [15,16]. The remaining 86 pregnancies with at least one UA Doppler measurement 

were used to construct gestational age-based percentiles. The median [IQR] numbers of 

observations per fetus across gestation were 3[2–6], 3 [2–6], and 2 [0.75–4] for S/D, RI, 

and PI, respectively from the t21 population. Data from 130 euploid pregnancies from the 

study by Acharya et al. were used for comparative analysis, and included, on average, 4 

assessments per subject, timed at 4 week intervals, between 19–42 weeks gestation[2].

Demographic and maternal data for our t21 population and the 130 euploid pregnancies 

from the study by Acharya et al. were compared (Supplemental Table 1). S/D ratio, RI, and 

PI were negatively associated with gestational age. Maternal tobacco use during pregnancy, 

obesity, and chronic hypertension did not have a significant effect on UA Doppler indices 
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according to ANOVA analysis. Therefore, we did not exclude the women with these 

comorbidities from data analysis.

Of fetuses with t21, 44.2% were female, while 49.2% were female in the euploid population. 

Information on the mode of delivery, birthweight, placental weight, APGAR scores, and 

NICU admissions of the liveborn infants was collected (Supplemental Table 2). Twelve t21 

pregnancies were delivered at outside hospitals, resulting in missing neonatal data. Placentas 

were not consistently sent to pathology in the t21 population, resulting in several missing 

data points. One live birth was missing placental weight in the euploid population.

UA S/D ratio percentiles by gestational week were created from 377 observations for all 

86 t21 pregnancies using a generalized additive model. In the t21 population, less patients 

had PI Doppler values recorded than other indices, and those who did had them recorded at 

fewer instances. RI percentiles by gestational week were created from 370 observations from 

85 fetuses and PI percentiles were created from 246 observations from 65 fetuses. Similarly, 

S/D ratio, RI, and PI percentiles were created from 507 observations in the euploid 

population. Using a Wilcoxon Signed Rank Test, we found that UA Doppler indices across 

all percentiles by gestational week were significantly higher in t21 pregnancies compared 

to euploid pregnancies (p<.001). Overall, 55.8% (48/86) of the t21 fetuses demonstrated 

at least one Doppler value above the 95th percentile for gestational age during prenatal 

ultrasound surveillance.

Structural cardiac anomalies were common in our t21 population. There were 53 cases of 

septal defects, including atrial septal defects, ventricular septal defects, and atrioventricular 

septal defects (AVSD). Forty-five (52.3%) t21 fetuses had what we considered to be major 

structural cardiac anomalies, including isolated AVSD (28), coarctation of the aorta (5), 

tetralogy of Fallot (ToF) (4), ToF with an AVSD (2), double outlet right ventricle with 

pulmonary stenosis (1), hypoplastic left heart (1), and Ebstein anomaly (1). The presence 

of a major cardiac anomaly did not have a statistically significant effect on Doppler indices 

when evaluated by multivariate linear regression (p=.68). Duodenal atresia, another common 

anomaly in t21, occurred in 14 (16.3%) pregnancies and was associated with higher 

Doppler values, though this was not statistically significant across all Doppler indices. 

Other gastrointestinal anomalies noted in our t21 population included one fetus each with 

tracheo-esophageal fistula, esophageal atresia, and omphalocele. Two fetuses had a Dandy 

Walker malformation or variant, and one had hydrocephaly.

Of the 86 pregnancies included, one was electively terminated at 30 4/7 weeks and three 

resulted in a fetal demise at 32 3/7, 31 3/7, and 38 2/7 weeks of gestation. Two of the 

three did have persistently elevated Dopplers (>95th percentile) as well as duodenal atresia 

and congenital heart disease (VSD and AVSD), but neither were growth restricted. Two of 

the mothers had a history of prior spontaneous abortions. A placental pathology report was 

available for one pregnancy, which showed no abnormalities except a placenta that was large 

for gestational age. In the euploid population there was one fetal demise at 42 weeks of 

gestation.
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Nineteen fetuses in the t21 population had documented growth restriction (estimated fetal 

weight <10th percentile) during at least one prenatal growth ultrasound, of which 17 had 

at least one UA Doppler value that was ≥ 95th percentile according to current established 

percentiles [2]. Five of the pregnancies with FGR had absent or reversed UA end-diastolic 

flow during at least one Doppler ultrasound examination.

At birth, eight (9.3%) of the t21 fetuses were SGA, meaning their birth weight was <10th 

percentile for gestational age, while only two (1.5%) were SGA in the euploid population. 

Fetuses with t21 that were found to be SGA at birth were then removed from the generalized 

additive model to produce Doppler percentiles by gestational age because research has 

shown that SGA babies tend to have elevated UA Doppler indices [17–19]. Furthermore, 

SGA pregnancies had persistently elevated Doppler values in our study, with all being 

well above the 97.5th percentile according to current established percentiles [2]. UA S/D 

ratio percentiles by gestational week were created from 341 observations for non-SGA t21 

pregnancies (Table 1) and 507 observations for non-SGA euploid pregnancies (Supplemental 

Table 3). RI percentiles by gestational week were created from 334 observations and 

PI percentiles were created from 229 observations for non-SGA t21 pregnancies and 

507 observations each for non-SGA euploid pregnancies (Supplemental Tables 4–7). The 

number of individual Doppler assessments per gestational age, for each cohort, were 

recorded (Supplemental Table 8.) Curve-fitted percentile charts for UA Doppler S/D ratio, 

RI, and PI in the t21 and euploid populations were created. Figure 1 displays overlaid 

curve-fitted percentiles for the t21 and euploid populations. Once again, we found that UA 

Doppler indices across all gestational weeks were significantly higher in t21 pregnancies 

compared to euploid pregnancies (p<.001).

Discussion:

We found that values by gestational age for three commonly used UA Doppler indices were 

significantly higher in t21 compared to euploid pregnancies, even when SGA pregnancies 

were excluded. Prior studies have shown that pregnancies complicated by t21 have elevated 

Doppler indices, but these were limited by cross-sectional design, small population size, 

or inclusion of only first trimester measurements [4–7]. Studies in the second and third 

trimesters have reported high incidences of abnormal PI in t21, especially in the third 

trimester [7,20].

Strengths of our study include a larger sample size compared to previous studies and a 

longitudinal design allowing assessment of serial changes in UA Doppler indices throughout 

the second half of pregnancy. We found that UA Doppler indices are significantly higher in 

t21 pregnancies throughout the second half of pregnancies compared to euploid pregnancies, 

but this finding was not associated with higher rates of fetal demise in our population 

(3/86, 3.5%) than the 10% risk that has been previously described in the literature [21]. We 

therefore created percentile charts from our values, using a generalized additive model for 

location, scale, and shape, in order to demonstrate how UA Doppler indices from our t21 

population differed from the euploid historical cohort.
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UA Doppler indices are believed to reflect placental vascular resistance, and higher values 

of UA Doppler indices may be associated with increased placental vascular resistance 

in pregnancies with t21 fetuses. Prior reports have shown dysregulation in placental 

development and villous abnormalities in t21 placentas, which may explain our findings 

[22–27]. Histological differences described have included increased vascular abnormalities, 

inflammation, villous hypoplasia, and intervillous fibrin deposition [22–25]. Regression 

analysis found an overall negative relationship between mean Doppler indices and advancing 

gestational age, which is consistent with the established physiologic principle that placental 

resistance decreases throughout pregnancy [28–31].

Previous studies have found that the prevalence of SGA newborns in pregnancies 

complicated by t21 is higher than the general population at around 25–36% [32,33]. 

However, we found that only 9.3% of our t21 fetuses were SGA, and Dopplers were 

elevated compared to euploid pregnancies even when these pregnancies were removed. 

This suggests that higher placental vascular resistance, as indicated by higher values of 

UA Doppler indices, did not impair the growth of t21 fetuses. Prior studies have reported 

normal placental weights in t21, while others have found increased placental weights [34–

36]. After correcting for neonatal birthweight, we found that the median birthweight-to-

placental weight ratio, which is considered to be a proxy for placental efficiency [37], 

was higher in the euploid population when compared to the t21 population. Additional 

studies correlating UA Doppler indices with biochemical markers of placental function and 

placental histopathology in pregnancies with t21 fetuses are warranted to elucidate the effect 

of this aneuploidy on placental function, efficiency, and fetal growth.

Our study is not without limitations. Among our population of t21fetuses, 52.3% had major 

heart defects. Prior studies have found that neonates with t21 have a 33–48% chance of 

having any congenital heart defect [38–40]. These defects did not have a significant effect on 

Doppler indices, although the data were not stratified based on the type of cardiac anomaly. 

Studies to date are limited in number and size but have not found significant diagnostic value 

in UA Doppler indices in fetuses with complex congenital heart disease, beyond extremes 

of absent or reversed end-diastolic flow [41,42]. Additionally, no significant relationship 

has been found between UA Doppler indices and fetal cardiac function in experimental 

studies on sheep fetuses [43]. Duodenal atresia is also a common abnormality found in 

pregnancies complicated by t21 [44,45], which was present in 16.3% of our t21 population. 

This anomaly was associated with higher Doppler values, although this was not statistically 

significant across all Doppler indices. Interestingly, two of the three fetal demises occurred 

in fetuses with duodenal atresia, which raises the question as to whether this structural 

anomaly impacts circulatory function in the fetus and may be an independent risk factor 

for fetal compromise and death. Further studies are needed to investigate the effects of 

gastrointestinal tract obstruction on UA Doppler values. The high prevalence of anatomical 

malformations in our population of t21 fetuses can be explained by the higher frequency of 

complicated t21 pregnancies being referred to our tertiary care institution.

Importantly, when comparing the t21and euploid fetuses, we must acknowledge the 

group differences with higher maternal age and BMI in t21 pregnancies, as well as a 

different distribution in maternal race. This reflects differences in populations between the 
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southeastern United States and Norway. The euploid population was prospectively selected, 

allowing for exclusion of mothers who had pre-existing conditions such as hypertension, 

diabetes, and maternal smoking. We chose not to exclude women with such comorbidities 

to avoid compromising our sample size. However, when statistically adjusting for tobacco 

use, hypertension, obesity, and additional factors such as fetal cardiac disease, we found that 

these covariates did not have a significant impact on UA Doppler indices. Due to limitations 

of retrospective data collection, we were unable to assess for the various additional maternal, 

fetal, and pregnancy factors that may affect Doppler velocimetry; however, our population is 

diverse and overall representative of the general U.S. maternal population, where 24.8% of 

mothers are obese [46], 7.2% smoke during pregnancy [47], and the rate of maternal chronic 

hypertension grows by 6% annually [48].

We also acknowledge the inherent limitations of retrospective studies, including the potential 

for selection bias and inconsistencies in data collection and reporting in the EMR. The S/D 

ratio, is the most commonly used UA Doppler index in the United States. This was also 

the most consistently collected UA Doppler variable during the study period, which resulted 

in fewer RI and PI observations. Observations were not evenly distributed across the range 

of gestational weeks, so the reference percentile <24 weeks and >38 weeks may be less 

reliable. Limited observations at 19 – 24 and 38 – 40 weeks can be explained by second 

trimester referrals to MFM and 40% of our patient population delivering preterm.

Conclusion:

At each week of gestation, UA Doppler indices in t21 fetuses were significantly higher 

than the established percentiles from a euploid population but were not associated with high 

risk of abnormal fetal growth or fetal demise. As such, higher values of Doppler indices 

in t21 fetuses may not indicate placental-fetal compromise, and reference intervals based 

on euploid fetuses are not necessarily appropriate for antenatal surveillance of fetuses with 

t21. Prospective studies are needed to investigate the role and impact of serial UA Doppler 

indices in the surveillance of pregnancies complicated by fetal t21.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Umbilical artery S/D ratio (A), resistance index (B), and pulsatility ratio (C) curve-fitted 

percentiles for non-SGA t21 and euploid pregnancies.
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Table 1:

Reference values for serial measurements of the umbilical artery systolic/diastolic ratio in normally grown 

trisomy 21 fetuses. Created from 341 observations.

Percentile

Gestation (wk) 2.5th 5th 10th 25th 50th 75th 90th 95th 97.5th

19 3.11 3.27 3.47 3.83 4.30 4.85 5.45 5.86 6.27

20 2.98 3.15 3.36 3.75 4.27 4.89 5.57 6.05 6.53

21 2.86 3.04 3.26 3.69 4.24 4.93 5.70 6.26 6.82

22 2.78 2.96 3.20 3.64 4.24 4.98 5.84 6.46 7.09

23 2.73 2.92 3.16 3.62 4.24 5.02 5.93 6.60 7.28

24 2.72 2.91 3.15 3.61 4.24 5.03 5.96 6.64 7.34

25 2.70 2.89 3.13 3.59 4.22 5.01 5.93 6.61 7.30

26 2.68 2.86 3.10 3.55 4.17 4.95 5.85 6.52 7.21

27 2.63 2.81 3.04 3.49 4.09 4.85 5.73 6.38 7.05

28 2.58 2.76 2.98 3.41 4.00 4.73 5.58 6.21 6.85

29 2.52 2.69 2.91 3.33 3.90 4.62 5.45 6.06 6.68

30 2.45 2.62 2.84 3.25 3.80 4.51 5.32 5.92 6.54

31 2.40 2.57 2.78 3.18 3.72 4.41 5.21 5.79 6.39

32 2.37 2.53 2.74 3.13 3.66 4.33 5.10 5.67 6.25

33 2.35 2.51 2.71 3.09 3.61 4.25 4.99 5.53 6.09

34 2.32 2.48 2.67 3.04 3.54 4.17 4.88 5.40 5.93

35 2.26 2.41 2.60 2.97 3.47 4.09 4.81 5.33 5.86

36 2.16 2.31 2.50 2.88 3.38 4.03 4.78 5.34 5.91

37 2.04 2.19 2.39 2.77 3.30 3.98 4.79 5.41 6.05

38 1.92 2.08 2.28 2.67 3.22 3.95 4.83 5.51 6.23

39 1.82 1.97 2.17 2.57 3.14 3.91 4.87 5.63 6.44

40 1.71 1.87 2.07 2.48 3.07 3.88 4.92 5.76 6.68
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