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Abstract
Purpose  To determine reference values for umbilical Doppler pulsatility index in fetuses with isolated two-vessel cord and 
to compare these values with standard umbilical Doppler pulsatility index curves from 23 to 40 gestational weeks.
Methods  A retrospective longitudinal cohort study was conducted between January 2014 and December 2017 in a tertiary 
referral hospital and included 62 pregnant women with isolated single umbilical artery (two-vessel cord) and 174 measure-
ments. Only uncomplicated term pregnancies were included. A reference curve for umbilical Doppler pulsatility index was 
built up and compared with a standard curve commonly used for fetuses with three-vessel cord.
Results  Umbilical Doppler pulsatility index values were much lower than expected in cases with two-vessel cord compared to 
3-vessel cord: mean of the regression equations was 1.02 ± 0.23 vs. 0.86 ± 0.19, respectively (p value < 0.001). This difference 
was quite constant across the gestational weeks considered, showing that the slopes of the two regressions were very similar.
Conclusion  Reference curves for umbilical Doppler pulsatility index in two-vessel cord pregnancies were determined. 
Pulsatility index values were significantly different compared with those commonly used for three-vessel cord. Using lower 
reference values for umbilical pulsatility index in cases with two-vessel cord may allow a better identification of fetuses 
affected with intrauterine growth restriction, thus improving fetal surveillance.

Keywords  Two-vessel cord · Single umbilical artery · Umbilical pulsatility index · Reference curve · Linear regressions 
comparison

Introduction

The incidence of pregnancies with two-vessel cord (2VC) is 
about 1% (0.5–2%) in the general population [1, 2] and today 
is a common finding at routine first trimester scan [3–5]. 
Several studies have pointed out the correlation between 
the presence of 2VC and an increased risk for intrauterine 
growth restriction (IUGR), preterm birth, fetal anomalies, 
and stillbirth [6–9]. However, a normal outcome can be 
observed in many fetuses with isolated 2VC [10–12].

It seems important to discuss the role of velocimetry 
Doppler in these fetuses that are commonly considered at 

increased risk for perinatal complications [13]. Previous 
studies have reported that umbilical artery pulsatility index 
(PI) values are lower in fetuses with 2VC compared with 
normal fetuses [14–16]; these results may be explained by 
the assumption that a single artery carries twice the blood 
volume of a twin artery in a three-vessel cord (3VC) [17]. 
This brings to the conclusion that normal value ranges for 
2VC fetuses have to be considered different from those in 
fetuses with 3VC.

The aim of our study was to assess new reference curves 
for umbilical artery Doppler PI in a population of fetuses 
with isolated 2VC and to compare them with reference 
ranges used in the common practice for normal fetuses.
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Materials and methods

Study design

This was a retrospective longitudinal cohort study. The 
database of our ultrasound Center was searched for cases 
with isolated 2VC referred to our tertiary hospital between 
January 2014 and December 2017. In this period, 62 nor-
mal pregnancies between 23 and 40 weeks of gestation and 
174 measurements were retrieved. A reference curve for 
umbilical Doppler PI was built up and compared with a 
standard curve commonly used for fetuses with 3VC [18]. 
The study was carried out following the ethical rules of 
Sant’ Orsola-Malpighi General Hospital, Bologna, Italy 
(the local ethics committee approval code is DBPP13EPP). 
A written consent form was obtained in each case.

Setting

Cases with isolated 2VC were retrieved from the database 
of the ultrasound laboratory at the Division of Prenatal 
Medicine Department of Medicine and Surgery (DIMEC) 
in a tertiary University Hospital of Bologna, Italy. Only 
uncomplicated term pregnancies were included. Preg-
nancy management was in accordance with the standard 
obstetric care and the treating obstetrician. Gestational age 
was determined by the measurement of fetal crown–rump 
length (CRL) at 11–13 weeks or fetal head circumference 
at 19–24 weeks.

Eligibility criteria were normal single pregnancy at 
term without any known maternal condition and no asso-
ciated fetal anomaly. Ultrasound details were stored in the 
electronic database Viewpoint, GE Healthcare Italy. Infor-
mation about pregnancy outcome was obtained through 
the examination of hospital records by an operator who 
was blinded to the Doppler results. Patients and general 
practitioners were contacted in case of missing informa-
tion. Participants were excluded if a complete follow-up 
of the pregnancy was not available or, if any of the follow-
ing conditions was found: multiple pregnancy, vanishing 
twin, sonographic suspicion of fetal anomaly, abnormal 
fetal karyotype, history of maternal disease or diabetes, 
chronic hypertension or preeclampsia, IUGR, drug abuse 
or smoking, perinatal death, emergency cesarean section 
due to intrapartum fetal distress, admission to Neonatal 
Intensive Care Unit (NICU).

All ultrasound examinations were performed by two 
expert operators of our equipe (EC and IC) using a high-
performance ultrasound machine equipped with color 
and pulsed Doppler (Voluson E8, Voluson 730 Expert, 

GE, Milan, Italy). According to standard technique, the 
umbilical artery blood velocity waveforms were sampled 
at the fetal end of the umbilical cord, with the vessel in 
longitudinal section and an angle of insonation close to 
zero. The same anatomical point was sampled in each case, 
thus reducing the variability of the repeated measurements 
at various gestational weeks and the interobserver vari-
ation. The first Doppler measurement was performed at 
23–32 weeks (mean 27). The examination was repeated at 
least twice from each patient (median 3), every 2–5 weeks 
until delivery, for a total of 174 observations.

Statistical analysis

Sample size

Power analysis for a comparison of 2 independent means of 
regression was performed using Power Analysis Sample Size 
(PASS) software (Kaysville, UT, USA). Power analysis was 
conducted before the enrollment started. We estimated that a 
total of 58 and 174 cases (given the sample allocation ratio = 
1:3), an umbilical artery PI Doppler coefficient of variation 
of SD/mean = 0.25 (as calculated by published data), would 
be needed to detect an absolute increase in the primary out-
come measure (PI in 2VC) of 10% between groups, with a 
type I error of 5% and a power of 80%.

Statistics

The reference curve for 3VC proposed by Acharya [18] that 
used 513 observations in 130 lowrisk pregnancies was used 
as a term of comparison. We adopted the Acharya’s data 
[18], since the Doppler values of the fetal end, that were 
those used in our study, are reported. We regressed the mean 
values and the standard deviations (calculated by interquar-
tile range/1.35) to obtain mean and standard deviation equa-
tions. Finally, we simulated a normal random variable for 
the umbilical Doppler PI values having 504 observations 
from 23 to 40 weeks of gestation. Umbilical Doppler PI was 
considered the dependent variable of the study.

Univariable analysis

The intraobserver and interobserver repeatabilities of the 
measurements were examined using intraclass correlation 
coefficients (ICCs) and their 95% confidence levels (CLs). 
An overlap between the 95% CIs of two ICC indicated no 
significant difference between them.

Simple linear regression was used to evaluate the rela-
tionship between gestational age and Doppler. Both linear 
and Log10 model were used. In addition, curves of the 95th 
centiles for both 3VS and 2VC were calculated. Student t 
test was used to evaluate the differences of the slopes and 
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the intercepts of the two regression lines (3VC vs. 2VC) as 
reported by Glantz and Slinker [19].

Multivariable analysis

A general linear model (GLM) was used to better explore 
the differences between the two curves and their possible 
interaction.

To provide robust and unbiased estimates of means, 
standard errors and confidence intervals for the above men-
tioned performance measures, we internally validated the 
models using the standard SPSS bootstrap method with 1000 
bootstrap samples with 95% confidence interval.

SPSS software was used for the statistical analyses (IBM 
SPSS Statistics for Windows, Version 22.0. Armonk, NY, 
USA).

Results

In 62 cases with 2VC a total of 174 observations were 
recorded, with a median of 3 (range 2–10) measurements 
per woman. Demographic details of the population are 
reported in Table 1. As shown, no differences were reported 
for maternal and neonatal characteristics.

The mean gestational weeks of the two regressions were 
31.5 ± 5.1 for the 3VC and 30.8 ± 3.9 for the 2VC (p value 
= 0.149). At the mean gestational week, the mean PI val-
ues were 1.02 ± 0.23 and 0.86 ± 0.19, respectively (p value 
< 0.001). Interestingly, the quoted mean value of regres-
sion for 3VC at the mean gestational week was exactly that 
reported in the original paper by Acharya [18].

An overlap between the 95% CIs of the ICCs was 
found to be 0.93 (0.86–0.96), p value < 0.001 and 0.90 
(0.80–0.95), and p value < 0.001 for interobserver and 
intraobserver repeatabilities, respectively.

Table 2 reports the simple linear and Log10 regres-
sions output. No substantial fitting differences were found 
between linear and Log10 data transformation. Student t 
test [19] showed that the only difference between 3 and 
2VC regression was detected for the comparison of the 
intercepts (p value < 0.001), being, instead, the slopes 
statistically equal for the two groups (p value = 1.00). 
Consequently, throughout the time window considered the 
difference in Doppler PI values was constantly of -20% 
about.

Bootstrap analysis on 1000 samples confirmed the 
results. The GLM did not detect any interaction effect 
between gestational age and 2VC vs. 3VC curves, maybe 
because all the pregnancies here considered were normal 
without any clinical complication including preeclampsia 
and/or IUGR. Since the GLM yielded redundant results, its 
output has been omitted, but is available from the authors. 
Figure 1 reports the umbilical-PI Doppler values plotted 
against the weeks of gestation at the time of measurements 
and stratified according to the group of interest (3VC 
and 2VC). As shown at peer gestational ages, the mean 
estimated umbilical-PI Doppler values are lower than 
expected for the 2VC group (solid lines). Finally, the 95th 
centiles of the two curves (dotted lines) are also reported. 
Interestedly, at 40 gestational weeks, the 95th centile for 
2VC curve is quite similar to the mean quoted value for 
3VC curve.

Table 1   Clinical characteristics of the series of cases (n = 62) 
enrolled in the study

Data are expressed as mean ± standard deviation or percentage

Variables

Maternal age (years) 33.5 ± 4.56
BMI (kg/m2) 25.9 ± 4.44
% nulliparae 63
Neonatal weight (g) 3134 ± 518
Week at delivery 40.3 ± 2.0
% of cesarean section 14.5

Table 2   Linear regression 
(Model 1) Log10 regression 
(Model 2)

Means and standard deviations (SD) pulsatility index (PI) of the regression lines (at 31.5 gestational 
weeks) and coefficient of determination R2 are also reported. Bootstrap outputs are also reported
*Bootstrap on 1000 samples

Intercept (SE) Slope (SE) Mean ± SD PI R2 P value*

Model 1
Y = b0 + b1 × x
 2 vessels cord 1.568 (0.100) − 0.023 (0.003) 0.86 ± 0.19 0226 0.001
 3 vessels cord 1.943 (0.051) − 0.024 (0.002) 1.02 ± 0.23 0.245 0.001

Model 2
Y= b0 + (b1 × Log(x))
 2 vessels cord 0.291 (0.051) − 0.012 (0.020) − 0.07 ± 0.10 0.234 0.001
 3 vessels cord 0.328 (0.026) − 0.010 (0.010) 0.013 ± 0.11 0.266 0.001
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Discussion

Umbilical artery Doppler is nowadays commonly used in 
fetal well-being monitoring, especially in small for gesta-
tional age (SGA) fetuses. In this study, we have built new 
references ranges valid for fetuses with umbilical two-vessel 
cord, comparing them with the normal curves used in three-
vessel cord. For comparison purposes, we preferred to use 
data from the medical literature instead from our own cohort 
of three-vessel cord cases, so to obtain more generalized 
results with a possible better impact for a routinely use of 
our curves.

We found that, as demonstrated in the previous studies 
[14, 15], umbilical Doppler PI values in cases with isolated 
2VC were about 20% lower than those expected for normal 
fetuses with 3VC. This difference was quite constant across 
the gestational weeks considered, showing that the slopes of 
the two regressions were very similar.

The assumption at the basis of our study is that in cases 
with 2VC, a single umbilical artery (instead of two) car-
ries the fetal blood flow, with a larger diameter and a lower 
impedance to flow.

The logical consequence of this finding is that using nor-
mal PI reference range for fetal with single umbilical artery 
may not be appropriate, hiding cases with increased imped-
ance to flow with potential worse outcome.

Other papers, as previously said, have reported the result 
of a lower value of umbilical Doppler PI values in compari-
son with normal fetuses [14, 15], with smaller sample size. 
Our results seem, however, different from the other stud-
ies in the literature for various reasons: first of all, we took 
the umbilical PI value at the fetal end of the umbilical cord 

and not in a free loop, also standardizing the sonographic 
technique (longitudinal section of the vessel sampled) and 
thus vanishing the differences in resistance existing along 
the cord. Moreover, we did not match our cases with con-
trols, but with a validated standard curve commonly used for 
fetuses with 3VC, thus reducing the selection bias. The two 
series of values are different at each gestational age (from 
23 to 40), confirming the original hypothesis.

Strength of the study

This was a precise picture of all umbilical Doppler PI meas-
urements in cases with isolated 2VC with uncomplicated 
pregnancy in a large tertiary center over a 4-year period. We 
chose a low-risk maternal population to exclude possible 
confounders. We measured the PI using the same strict tech-
nique to standardize the method between different operators 
and to have a better reliability in the repeated measurements.

Limit of the study

We acknowledge some limitations of our study. We used 
simulated, but robust, data from the literature to compare 
our results. Using fitted data usually smaller standard devia-
tions are estimated, yielding more optimistic results. Again, 
no covariates can be added and not random effect can be 
estimated. It is, therefore, possible that our results are over-
estimated. We, however, detected a very substantial differ-
ence that surely would justify the use of custom curves to 
estimate 2VC fetuses.

Conclusions

In conclusion, normal PI values in cases with 2VC are 20% 
lower than those expected for normal fetuses with 3VC, with 
a parallel trajectory in the time window here considered. 
Further studies would evaluate if the customized curves 
could improve our recognition of fetuses at risk, mainly 
among those with normal weight but with Doppler PI values 
outside the 95th centile obtained in our study.
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Fig. 1   Smoothed Log10 lines of the mean values of the 3-vessel cord 
(3-VC) and 2-vessel cord (2-VC) (solid lines) umbilical artery pulsa-
tility index Doppler, and respective 95th centile (dotted lines)
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