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Abstract

Objectives——To determine the relationship between blood flow in the fetal descending aorta 

and discordant umbilical arteries (UAs).

Methods——Pulsed wave Doppler of both UAs and the descending aorta was performed at 

4-weekly intervals between 14 and 40 weeks of gestation in 209 pregnant women. In datasets with 

discordant UAs, a linear mixed effects model was used to determine the categorical relationship 

between the UA pulsatility index (PI) (high, low and average) and the descending aorta PI.

Results——Of the 209 cases, 81 had a discordance of greater than 25% in UA PI during one of 

their visits. There were no differences in birth outcomes between the groups with concordant and 

discordant UA PIs. In the cases with discordant UA PIs, the descending aorta PI was most strongly 

associated with both the average UA PI (P = .008), and with the UA with the lower PI (P = .008).

Conclusions——The relationship between blood flow in the descending aorta and UAs is 

consistent with the law for combining resistances in parallel. Measurements of the descending 

aorta PI, particularly in a scenario with discordant UAs, may inform the stability of the feto-

placental circulation where discordant UA PIs are found.
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In fetal life, nutrient depleted blood in the descending aorta reaches the placenta via the 

pair of umbilical arteries (UAs) and is then distributed to the villous vasculature for gas 

and nutrient exchange. The normal umbilical cord contains two similar sized arteries and 

one vein. The two UAs are usually connected at the distal end by Hyrtl’s anastomosis, 
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typically located within 3 cm of the placental cord insertion. This anastomosis is thought 

to allow equalization of blood flow and pressure between the two areas of the placenta 

supplied by each UA.1 Significant discordance in the size of the two arteries occurs in 0.7 

to 1.4% of pregnancies and has been attributed to developmental or functional impairment 

of Hyrtl’s anastomosis.2–5 The smaller UA typically has higher pulsatility as measured 

by Doppler ultrasound.6,7 The UA pulsatility index (PI) and qualitative observation of 

absent or reversed end-diastolic flow correlate with the severity and the clinical impact of 

placental dysfunction.8–10 Despite this general association, the presence of discordant UAs 

has not been found to correlate with pregnancy complications3,11 and is considered a benign 

condition.12 This suggests that even with impairment of the Hyrtl anastomosis mechanism, 

the functionality of the UAs is preserved. Accordingly, interrogating the descending aorta 

as the main upstream blood vessel may provide a more accurate measure of the impact of 

differential UA blood flow.

Since approximately 40 to 60% of blood from the descending aorta (DAo) is directed 

to the placenta,13 the DAo PI provides a secondary measurement of combined placental 

vascular impedance and is positively correlated with the UA PI in patients with concordant 

waveform patterns.14,15 An elevated DAo PI is associated with increased risk for growth 

restriction.14,16–18 In growth-restricted fetuses, the predictive clinical values of the UA and 

DAo PIs are similar19 with notable difference that UA Doppler abnormalities tend to be 

more pronounced and variable.20 To better understand the relationship between blood flow 

resistance in the DAo and the UAs, we determined the relationship between the DAo PI 

and the UA PI in a prospective cohort of pregnant women with concordant as well as 

discordant UAs. We correlated DAo and UA PIs in order to determine the predominant trend 

of blood flow resistance in the fetal circulation. This approach was chosen to determine 

if incorporating measurement of the DAo PI has the potential to be helpful to identify 

false-positive predictions of adverse birth outcomes among cases with discordant UAs.

Material and Methods

Women were recruited for a prospective longitudinal study from general obstetrics clinics 

and high-risk pregnancy clinics at Mount Sinai Hospital (Toronto, ON, Canada) and Johns 

Hopkins University (Baltimore, MD, USA). All patients provided written informed consent 

to participate and the study was approved by the Institutional Review Boards of The 

Hospital for Sick Children (Toronto, ON, Canada) (REB Number 1000051548), Mount 

Sinai Hospital (REB Number 15–0279-A), and Johns Hopkins University (IRB Number 

00082717). Inclusion criteria were maternal age between 18 and 45 years, body mass index 

<45 kg/m2, singleton pregnancy, and no significant pre-existing maternal comorbidities such 

as type 1 diabetes or chronic hypertension. Datasets were excluded when a major fetal 

abnormality was detected or the patient withdrew at any point during the study.

Ultrasound examinations were performed on a 4-weekly interval between 14 and 40 weeks 

of gestation by certified sonographers using either a Philips iU22 (Philips Healthcare, 

Andover, MA, USA) or GE Voluson e10 (GE Healthcare, Chicago, IL, USA) ultrasound 

scanner. Between the two study sites, a total of seven different sonographers performed the 

examinations, with 84% (n = 767) of the visits conducted at Mount Sinai Hospital by one 
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certified research sonographer. Pulsed Doppler spectra were collected for the two UAs in a 

free loop of umbilical cord away from the cord insertion site21 and for the DAo at a position 

between the diaphragm and origin of the renal arteries.17 The insonation angle was as close 

to 0°as possible to achieve Doppler tracing with a high signal-to-noise ratio. In addition, 

semiquantitative waveform analysis using the PI was utilized to account for differences in 

insonation angle.22 The PI for the UAs and DAo were computed as the difference between 

the peak systolic and end-diastolic velocities, divided by the mean velocity over the cardiac 

cycle, based on the average of the traced Doppler waveforms. For the purpose of analysis, 

we categorized the datasets based on whether the difference between the UA PI was greater 

than the 90th percentile of the distribution (discordant) or below (concordant).

Obstetrical data were obtained from the women’s medical records. Birth weights were 

categorized into percentile groups according to neonatal sex and gestational age (in 

completed weeks) and small for gestational age was classified as less than the 10th 

centile according to standard growth charts.23 After delivery, placentas were fixed in 10% 

formaldehyde for 48 hours and then examined for placental lesions using the Amsterdam 

working group definitions.24 Gross findings included placental weight and dimensions, 

number of cord vessels, cord insertion, and cord coiling. The umbilical cord, fetal membrane 

roll, and placental disc were cut into a series of 2-cm thick slices to inspect for gross lesions. 

The sections were then paraffin-embedded and cut into 4 μm thick sections and stained with 

hematoxylin and eosin to assess microscopic abnormalities.

All statistical tests were performed using the R statistical software package (www.r-

project.org). To analyze the clinical characteristics, a one-way ANOVA was used for 

continuous variables to evaluate the effect of group (concordant, discordant) and a Fisher’s 

exact test was used for categorical variables. To determine the relationship between the high, 

low, and average UA PIs and the DAo PI, a linear mixed effects model was used with the UA 

PI as the fixed effect, gestational age (in completed weeks) as a covariate, and subject ID as 

a random factor to account for variation between cases. To account for human factors during 

acquisition and to assess if the relationship was different between study sites or between 

sonographers, we included study site and sonographer as covariates. A value of P < .05 was 

taken to be significant.

Results

Of the 221 women who consented to participate in the study, 209 underwent ultrasound 

examinations throughout gestation and were included in the study population (one had a 

major fetal abnormality and 11 withdrew). The 209 cases provided a total of 911 visits with 

measurements of both UAs and the DAo (average of 4.4 visits per case). For the entire 

dataset, the DAo PI was strongly correlated to the average UA PI (P < .0001).

Of the 911 measurements, the percent difference in UA PI between the two UAs was 11.4 

± 10.1%. The 90th percentile of the distribution was a discordance of 25%. The UA PIs for 

the 81 cases who had discordance greater than 25% during one of their visits are presented 

in Figure 1. The clinical characteristics of the cases (concordant versus discordant UA PIs) 

are summarized in Table 1. The two groups were similar in terms of clinical characteristics 
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and birth outcomes. In the subset of cases with significant discordance in the UAs, the DAo 

PI was most strongly associated with the average UA PI (P = .008) and the low UA PI (P = 

.008). The association between the DAo PI and the high UA PI was attenuated but remained 

statistically significant (P = .01). Including the study site and sonographer as covariates did 

not alter the statistical significance.

A UA PI above the 95th percentile is one of the defining criteria of placental 

dysfunction.25,26 Fifteen of the 81 cases (19%) with discordant UA PI measurements at 

one visit had a high UA PI value above the 95th percentile for gestational age. Figure 2 

shows a representative example of the Doppler waveforms, and Table 2 shows the umbilical 

cord characteristics, DAo PI, and birth outcomes for these cases. Despite an abnormal UA 

PI in one of the UAs, all 15 of the cases had a normal birth outcome. Moreover, the DAo PI 

was normal (10–90th percentile) for 14 of the 15 cases.

Discussion

The pair of UAs originate from the fetal internal iliac arteries and perfuse their respective 

placental territories with Hyrtl’s anastomosis as an equalizing mechanism to ensure balanced 

placental perfusion and size of the arteries.1,5,27 Although abnormal UA Doppler is 

associated with placental dysfunction, fetal growth restriction, and hypoxia, there does not 

appear to be an impact on outcome when this is only observed in one of the vessels.3,11 

The overall normal outcome suggests measuring PI at a different vessel may more accurately 

represent placental vascular resistance in cases of discordant UAs.28 The DAo PI is often 

used as a surrogate for feto-placental hemodynamics and is associated with increased risk 

for fetal growth restriction and hypoxia.14,16–18,29 Since the DAo perfuses both UAs, we 

evaluated the relationship between the blood flow impedance in these vessels under different 

clinical scenarios. Consistent with previous studies, we observed that discordance in the UA 

PI was not associated with adverse birth outcomes. In addition, we found that when there is 

significant discordance in the PI between the two UAs, the blood flow resistance in the DAo 

is more closely correlated with the more normal PI in the UAs. This finding is consistent 

with the law for combining resistances in parallel, where the resistance in the feto-placental 

vascular network is represented as an analogue of an electrical circuit.

Adequate nutrient supply to essential fetal organs and waste disposal is achieved by vascular 

partitioning across four sequential shunts: the ductus venosus, the foramen ovale, the aortic 

isthmus, and the UAs as they originate from the iliac vessels.28,30 Of these shunts, the 

mechanisms that dictate the recirculation of descending aortic blood flow to the placenta are 

the least well studied. The “hind-limb” reflex is a recognized vascular mechanism where the 

elevation of distal arterial blood flow resistance favors recirculation of iliac blood flow via 

the UAs to the placenta.31 Whether this safety mechanism is passive or active is unknown.

Of the cases in our study with discordant UA Doppler, 15 had one UA PI that was above 

the 95th percentile by gestational age. Fourteen of these had normal DAo PIs, 12 of the 

15 had a normal average UA PI, and all 15 cases had a normal birth outcome (delivery 

at term (>37 weeks’ gestation) with neonatal birth weight appropriate for gestational age). 

These findings are consistent with those of Harrington et al, indicating that in fetuses with 
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placental dysfunction, variations and degree of abnormality tend to be less in the DAo 

than in the remainder of the fetal arterial system.20 While current surveillance guidelines 

recommend collecting multiple UA Doppler blood velocity waveforms,32 they do not 

specify measurements to be obtained from both UAs, and therefore the information about 

fetal well-being obtained from one UA could be misleading. Confirming prior results, our 

study supports collecting UA PI measurements at both arteries to avoid false positives. It is 

also critical to avoid false negatives as illustrated by a recent study of high-risk pregnancies, 

which looked at absent or reverse end-diastolic flow in UA Doppler waveforms, the clinical 

gold standard for detecting compromised fetuses.33 Park et al. reported that 28.6% of cases 

had a discrepancy between UAs in the end-diastolic flow (present vs. absent) in Doppler 

waveforms.34 When the UA PI is high, measurement of the DAo PI is likely to be more 

helpful because it more accurately reflects the sum of the placental afterload in the fetal 

heart than the UA. The present study illustrates that this is particularly important for cases 

with discordant UA PIs.

One limitation of the study is that we did not evaluate the Hyrtl’s anastomosis in the 

study population. An absent anastomosis may explain the discordant UA PIs observed in 

this study.5 Another limitation is that the measurements for this dataset were collected 

at two study sites and by different operators, which may have introduced interobserver 

variability. However, including the study site and sonographer as covariates in the analysis 

did not change the findings. Finally, we did not have a large population of women with 

preeclampsia or more severe growth restriction to evaluate the numerical relationships 

between the DAo and UA PIs. Accordingly, we have no cases where there was discordance 

for end-diastolic velocities, a circumstance that has potentially great clinical relevance. Here, 

we only evaluated the DAo PI, while previous studies have reported that classifying DAo 

waveforms into “blood flow classes” based on both the PI and the presence or absence 

of end-diastolic velocity was more accurate for detection of growth restriction and fetal 

distress.18

The principal finding of this work is that in cases with discordance in the UA PI, the DAo 

PI trends toward the more normal artery. Measuring the DAo PI, particularly when the UA 

PIs are discordant and one is abnormally high, may have merit for fetal surveillance to avoid 

false-positive predictions of adverse birth outcome.
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Figure 1. 
Umbilical artery pulsatility index over gestation for the cases with discordance 25% and 

greater (n = 81). The subjects are linked by a solid line (high pulsatility index (black 

circle) and low pulsatility index (open circle)). The dotted lines represent the 5th and 95th 

percentiles for UA PIs in low-risk pregnancies from Reference 21.
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Figure 2. 
Representative Doppler waveforms for a case with discordant umbilical artery pulsatility 

indices (Subject 5 in Table 2). A, The umbilical artery pulsatility index of one of the 

umbilical arteries is higher than the 95th centile for gestational age. B and C, The pulsatility 

indices of the second umbilical artery and the descending aorta are normal (10–90th centile 

for gestational age).
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