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SHORT REPORT

Doppler measures of blood flow in right and left branches of the fetal
pulmonary artery

Katarina Hildea,b , Karin C. Lødrup Carlsenb,c and Guttorm Haugena,b

aDivision of Gynaecology and Obstetrics, Oslo University Hospital, Oslo, Norway; bInstitute of Clinical Medicine, Faculty of Medicine,
University of Oslo, Oslo, Norway; cDivision of Paediatric and Adolescent Medicine, Oslo University Hospital, Oslo, Norway

ABSTRACT
Objective: To compare Doppler blood flow velocity measures in the right and left proximal
branch of the fetal pulmonary artery at 30 gestational weeks.
Methods: Doppler blood flow velocity waveforms were recorded in both fetal proximal pulmon-
ary artery branches in 62 healthy fetuses at 30 gestational weeks. Pulsatility index, peak systolic
velocity, time averaged maximum velocity, time velocity integral, fetal heart rate, acceleration-
and ejection time with their ratio, time of one heart cycle and time velocity integral were
recorded. Paired-samples t-test was used to compare measures from the right and left pulmon-
ary branch.
Results: We observed significantly higher peak systolic velocity, time averaged maximum vel-
ocity, time velocity integral, acceleration time and acceleration time/ejection time ratio in the
right compared to the left pulmonary artery (p< .001). Sampling angle, pulsatility index, fetal
heart rate, ejection time and time of one heart cycle were similar in both pulmonary branches.
Conclusion: Our study conducted at 30weeks gestational age found significantly different blood
flow velocity waveform measures in the right and left pulmonary artery branches in contrast to
previous reports of similar velocities.
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Introduction

Doppler measurement of blood flow in fetal pulmon-
ary arteries is a diagnostic tool used mainly to evalu-
ate fetuses at risk of neonatal lung hypoplasia,
particularly those with congenital diaphragmatic her-
nia [1,2]. Pulmonary artery Doppler measures have
been found to be associated with respiratory outcome
following preterm birth [3], oligohydramnios [4] and
show potential in assessing lung maturity [5].
Identification of fetuses with adverse respiratory out-
come is important for parent counseling, optimizing
postnatal care or, at some centers, for considering
intrauterine interventions. Blood flow velocity wave-
forms in fetal right and left pulmonary arteries have
previously been reported to have similar values [6–9].
As part of the prospective population-based birth
cohort study PreventADALL (Preventing Atopic
Dermatitis and ALLergies in children) that included
exploring associations between fetal lung growth and
development, and postnatal lung function [10], we

conducted a cross-sectional sub-study of 449 pregnan-
cies at 30 gestational weeks to analyze associations
between blood flow in the pulmonary arteries of
healthy fetuses and tidal flow volume at 3months of
age. We sought to perform the measurements in at
least one of the pulmonary branches, but in 62 cases
succeeded in measuring both. The aim of this article is
to explore if Doppler blood flow velocity waveforms
were similar in the right and left proximal pulmonary
artery branches.

Methods

A single operator performed Doppler measurements
by a GE Voluson E8 ultrasound system (GE Medical
Systems, Zipf, Austria) using a 4–8mHz transducer in
62 uncomplicated singleton pregnancies without fetal
abnormality or growth disorder at gestational age
30.2weeks (range 29.4–31.1weeks). In the absence of
fetal respiratory movements, Doppler blood flow
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velocity waveforms were obtained in the proximal
parts of both pulmonary branches close to the pul-
monary bifurcation. Sampling angle was as low as pos-
sible (always <25�) and sampling gate was 3mm. The
wallmotion filter was set to 160Hz. Automatic tracing
was used in 81% of the measurements, with manual
tracing if the automatic was not possible. In 15 ran-
domly selected women, the intraclass coefficient of
0.971–0.995 showed good agreement for pulsatility
index, peak systolic velocity and time averaged max-
imum velocity values obtained by manual or auto-
matic tracing. The dicrotic notch of reversed flow was
not traced (Figure 1). In the heart cycles used for the
velocity measures, acceleration time (time from onset
of the systole, to the systolic velocity peak), ejection
time (duration of the systole), acceleration time/ejec-
tion time ratio and time of one heart cycle were meas-
ured. Time velocity integral was calculated as the
product of time averaged maximum velocity and time
of one heart cycle. For Doppler measurements we
always used mean values from three consecutive heart
cycles. Paired-samples t-test was used to compare
Doppler blood flow velocity measures between the
right and left pulmonary artery.

All statistical analyses were conducted with the use
of IBM# SPSS# statistics version 25.0 (SPSS Inc.,
Chicago, IL, U.S.A.) using p-values <.05 as statistically
significant. Our study was approved by the Regional
board for Medical and Health Research Ethics in
South-Eastern Norway (2014/518) and Sweden (2014/
2242-31/4), and registered at ClinicalTrials.gov
NCT02449850.

Results

Baseline characteristics were as follows. Mean maternal
age was 32.8 years (SD 3.9 years). Of the participants
39 (62.9%) were para 0. Seven women (11.3%)
reported nicotine use during the pregnancy but none
after the 6th gestational week. Mean gestational age
at delivery was 40.5weeks (SD 1.1week). Mean birth-
weight was 3586 g (SD 489 g). Thirty three (53.2%) of
the infants were boys. Mean 1min Apgar score was
8.8 (SD 1.2) and mean 5min Apgar score was 9.5 (SD
0.8). As reported in Table 1, we observed significantly
higher peak systolic velocity, time averaged maximum
velocity, time velocity integral, acceleration time and
acceleration time/ejection time ratio in the right com-
pared to the left pulmonary artery (p< .001). No sig-
nificant differences were observed for sampling angle,
pulsatility index, fetal heart rate, ejection time and
time of one heart cycle.

Discussion

Contrary to previous reports we found different
Doppler blood flow velocity waveform measures in
the right and left pulmonary artery branches. We are
aware of only two studies that compared right and
left pulmonary Doppler measures by paired statistical
tests [6,7]. Another study [11] indicated consistently
higher acceleration time/ejection time ratio in the

Figure 1. Pulmonary artery Doppler blood flow velocity wave-
forms: the method of tracing.

Table 1. Results of Doppler recordings from both the right and left branch of the pulmonary artery in 62
fetuses at 30 gestational weeks, given as mean (95% confidence interval).

RPA LPA p-Value�
Sampling angle (�) 3.4 (2.0,4.5) 4.5 (3.3,5.7) .14
PI 2.85 (2.78,2.92) 2.91 (2.82,3.00) .13
PSV (cm/s) 80.9 (77.8,84.1) 73.5 (70.8,76.4) <.001
TAMX (cm/s) 25.0 (24.0,26.0) 22.3 (21.5,23.1) <.001
TVI (cm) 10.8 (10.3,11.2) 9.54 (9.1,9.9) <.001
FHR (bpm) 140 (138,141) 141 (139,143) .09
AT (ms) 35.2 (34.4,36.1) 32.3 (31.4,33.0) <.001
ET (ms) 185.1 (182.9,187.4) 183.6 (181.4,185.8) .19
AT/ET 0.191 (0.186,0.195) 0.176 (0.171,0.180) <.001
TOH (ms) 428 (425,435) 430 (421,432) .56
�Paired-samples t-test comparing right and left pulmonary artery.
AT: acceleration time; bpm: beats per minute; ET: ejection time; FHR: fetal heart rate; LPA: left pulmonary artery; PI: pulsatility
index; PSV: peak systolic velocity; RPA: right pulmonary artery; TAMX: time averaged maximum velocity; TOH: time of one
heart cycle; TVI: time velocity integral.
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right pulmonary artery, though unsubstantiated by
statistical calculations. Our findings are supported by
the observations from healthy newborns showing
higher peak systolic velocities in the right pulmonary
artery, though the pulmonary circulation differs signifi-
cantly in fetuses compared to neonates [12]. Different
blood velocities in the pulmonary branches could be
explained by their different relation to ductus arterio-
sus and the main pulmonary trunk as a result of their
embryological origin. The right pulmonary artery arises
from the right sixth aortic arch. Left pulmonary artery
and ductus arteriosus originate both from the left
sixth aortic arch [13] resulting in their closer proximity
and more parallel direction. Right pulmonary artery
arises with a more acute angle from the main trunk
[14]. Secondly, our study focused on the third trimes-
ter when pulmonary circulation is markedly different
from the second trimester. Blood flow in the pulmon-
ary artery is twice as high at 30 compared to 20 gesta-
tional weeks [15]. With advancing gestational age the
vasoreactivity of the pulmonary arteries and ductus
arteriosus increases [16,17]. Consequently, the differen-
ces in blood perfusion of the pulmonary branches
could become more prominent in the third compared
to the second trimester of pregnancy. Another pos-
sible contribution to our observation is the narrow
gestational age range, eliminating gestational age as a
potential confounding factor. Our sampling gate was
placed as close as possible to the pulmonary bifurca-
tion. Rasanen et al. observed lower pulsatility index,
lower peak systolic velocity and shorter acceleration
time in the distal compared to the proximal branches
of the pulmonary artery [8]. We consider the risk of a
systematic skew due to distal placement of the sam-
pling gate on the left compared to the right side dur-
ing the examination, as small. Moreover, our peak
systolic velocity values correspond to those obtained
by Rasanen et al. in the proximal pulmonary branches.

Our study is limited to assessing information on
blood flow velocities in the pulmonary arteries at 30
gestational weeks only, and cannot be generalized to
other periods of pregnancy. Nevertheless, given a size-
able study population and short gestational range, we
are able to demonstrate variation in flow velocity
waveforms between the right and left pulmonary
branches, with implications for future research.

Previous reports of similar Doppler values in the
right and left proximal pulmonary branches may have
influenced later studies resulting in either sampling
from the best accessible side [18] or not specifying
the sampling side when creating nomograms with ref-
erence values for different pregnancy weeks [19].

Our observation of different Doppler blood flow
velocity waveform measures in the right and left pul-
monary artery in early third trimester should be con-
sidered in planning research studies for further insight
into pathophysiologic mechanisms of cardio-pulmon-
ary development.
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