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Introduction: The majority of babies have acceptable growth in the uterus. However, occasionally,
fetal growth is influenced by factors other than maternal factors. Doppler ultrasound has been
used to study the fetoplacental (umbilical) circulation since 1977 and used to study the uteropla-
cental (uterine) circulation and fetal circulation since 1980s. In this study, we aim to determine
the predictive value of early color Doppler ultrasound for outcomes in low-risk pregnancies.
Material and methods: This prospective cohort study included 176 nonselected low-risk
pregnancies in the late second trimester who underwent uterine artery (UA) color Doppler
ultrasound. Different ultrasound equipment’s was used, with a frequency of 5 MHz. The UA
resistance index was used and compared with normal standards. Complicated pregnancies
were excluded.

Results: Of the 176 healthy pregnant cases studied, 47 (26.7%) had abnormal Resistance Index
(RI) of the UA and were followed until the end of the pregnancy. The rate of intervention was
high in this study group, as shown by the increased caesarean section rate of 114 (64.6%) com-
pared to the vaginal deliveries of 59 (33.7%). The baby’s condition was normal in 169 (96%)
after 2 years of follow-up, compared with only 7 (4%) who were unwell.

Conclusion: The data suggest that Doppler evaluation in early low-risk pregnancies has a sig-
nificant association with the detection of early-onset pre-eclampsia and intrauterine growth

Received: 08.31.2025 restriction. Thus, assessing low-risk pregnancies with early Doppler assessment may improve
Accepted: 11.28.2025 perinatal outcomes. The study supports the use of UA Doppler at least one time in low-risk preg-
Published online: 04.10.2026 nancies to discover and treat the cases of sudden and unknown causes of fetal growth restric-
Published: 04.10.2026 tion and loss.

1. Introduction otherwise healthy pregnancies [3]. Most of these losses
are attributed to unexplained intrauterine growth
restriction (IUGR) [3]. It is important to note that there is

a difference between small for gestational age (SGA) and

Most pregnancies, labor, and deliveries are components of
a normal biological process that result in safe and healthy

outcomes for mothers and babies. Any abnormalities in this
biological process can result in substantial morbidity and/
or mortality for both the mother and the baby [1]. One of
the primary objectives of routine antenatal assessment is
to evaluate for potential risks to pregnancy outcomes [2].
Many of the causes that can result in compromise to the
babies and/or the mothers are usually identifiable causes;
however, there is still a rate of unexplained fetal losses in

)
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IUGR, and the inability to differentiate between these two
conditions could result in misdiagnosis of IUGR, which
may lead to stillbirths [4]. IUGR has been associated with
multiple perinatal complications, including interventric-
ular hemorrhage, necrotizing enterocolitis, bronchopul-
monary dysplasia, hypothermia, pulmonary hemorrhage,
and hypoglycemia [3]. Thus, early assessment, treatment,
and appropriate delivery scheduling may contribute to a
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less consequential delivery, thereby leading to healthier
outcomes for the baby and the mother [1]. Multiple meth-
ods have been used to assess fetal outcomes in high-risk
pregnancies, including non-stress tests, daily fetal move-
ments, and biophysical profile [5].

Doppler ultrasound Assessment has been associated
with a reduced rate of mortality and obstetric interven-
tions. Uterine artery (UA) Doppler ultrasound can be used
to predict potential complications, including recurrent
pregnancy loss, pre-eclampsia, fetal growth restriction,
stillbirth, and spontaneous preterm birth [6].

UA Doppler recordings are based on the penetration
of the spiral arteries in the first half of pregnancy [7] and
maternal supply of the uteroplacental unit [8].

The role of UA ultrasound in predicting these out-
comes may be explained by its association with placenta-
tion in the development of these diseases [3]. In this study,
we aim to assess the role of routine antenatal UA Doppler
ultrasound in low-risk pregnancies.

2. Material and Methods

This is a prospective cohort study conducted in Kalar city,
the Kurdistan region of Iraq, over a period of about 1 year,
from January 2021 to the end of 2022. Kalar city is located
about 205 km to the north of Baghdad and 160 km to the
south of Sulaymaniyah.

Kalar Maternity Hospital is a specialist obstetrics
and gynecology hospital located in the territory of the
federal Kurdistan region of Iraq, where the population
is a mix of Kurds, Arabs, and other minorities, includ-
ing the Turkmans. The hospital had an annual delivery of
5000-6000 deliveries between these nationalities (mostly
Kurdish) between normal and surgical deliveries. Low-
risk pregnancies with access to US (ultrasound )assess-
ment were included. 176 patients underwent color Doppler
ultrasound of the UA and followed up till the end of preg-
nancy and for 2 years after delivery. The assessments were
carried out by the same set of radiologists using the same
ultrasonographic machine to reduce interoperator vari-
ability. The data were logged into a Microsoft Excel sheet,
and the SPSS 20 version of the software was utilized to
interpret the data.

Ethical approval from College of Medicine, University
of Garmian, Kalar, Kurdistan, Iraq was obtained (approval
number: 495,29\7\2024).

Of 176 pregnant women beyond 24 weeks of ges-
tation, 1 was 18 weeks (Doppler requested by the
patient). Detailed histories were taken from the patients.
Gestational age was determined by biparietal diame-
ter (BPD), femur length (FL), and abdominal circumfer-
ence (AC). Placental location and condition were also
determined. Fetal weight and amniotic fluid index were
calculated; complicated pregnancies like hypertensive,
diabetics, thyroid disease, and other medical problems
were excluded. The flow patterns of the uterine arteries
were assessed, and the resistive index (RI) assessed and
correlated with fetal outcome.
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3. Statistical Analysis

Statistical analyses were performed using SPSS Statistical
Package for Social Sciences (version 20.0 for windows,
SPSS, Chicago, IL, USA). Qualitative data are represented as
number and percentage. The chi-square test was used to
test the relationship between the studied groups. P value
of < 0.5 was considered significant.

4. Results

Of the 176 cases with low-risk pregnancies, ultrasonog-
raphy and Doppler studies were done. They underwent
Doppler ultrasonography after 24 weeks of gestation
(except one case sent at 18 weeks of gestation according to
her request). A detailed history was taken from all the par-
ticipants. Gestational age was determined using BPD, head
circumference (HC), AC, and femoral length (FL). Placental
grading and position were assessed and noted. Estimated
fetal weight and the amniotic fluid index were calculated. A
Doppler study was conducted, and the findings of Doppler
indices, such as pulsatility index (PI) and RI, in the UA of
low-risk pregnancies were documented and compared
with standards. There was a correlation with fetal out-
comes. The data for demographic variable included in the
study were summarized in Table 1, which includes (age,
nationality, gravida, mode of pregnancy, mode of delivery,
previous CS, and coagulation studies ).

Table (1): Demographic variables of the included subjects.

Count %

Age in Years <20 20 11.5
20-25 44 25.3

20-25 45 25.9

31-35 32 18.4

36-40 21 121

>40 12 6.9

Nationality Kurd 73 41.5
Arab 101 57.4

Turkmen 2 1.1

Gravida Primigravida 46 26.1
Multigravida 130 73.9

Mode of Physiological 173 99.4
Pregnancy Induced 1 0.6
Mode of Delivery | Vaginal 59 33.7
CS 113 64.6

Loss of Follow up 3 1.7

Previous CS 0 106 60.9
1 34 19.5

2 25 14.4

3 7 4.0

4 2 1.1
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Criteria of the
studied group

Inclusions Exclusions

Healthy
Pregnancy

Hypertension
Diabetus
Coagulopathy
Heart problems
Thyroid diseases
previous
complicated
pregnancies
Previous fetal
death

Singlton
Multiple
Second trimester

Figure (1): The inclusion and exclusion criteria of the
studied group.

Table (2): As shown, the majority of pregnancies were singleton
and mature, with normal fetal weight and overall, well fetal
conditions. Maternal outcomes have also been reported along
with a history of previous abortions, and for the neonatal
condition, the APGAR scoring was normal in the majority of
the neonate and the admission to the NICU was also low.

Count %

Single/multiple | Singleton 170 97.7
Twin 4 2.3

Maturity Normal 168 95.5
Abnormal 8 4.5

Fetal weight 2.1-3 kg 18 10.2
3.1-4 kg 154 87.5

Floss 4 2.3

Fetal condition | APGAR>7 169 96.0
APGAR<7 7 4.0

Admission to Yes 6 2.3
NICU No 170 97.7
PPH Yes 2 1.1
No 172 98.9

Previous 0 132 75.9
abortion 1 35 20.1
2 7 4.0

*NICU: neonatal intensive care unite; APGAR score: Activity
Pulse Grimace Appearance Respiration of the neonate; PPH:
postpartum hemorrhage.

In the studied group, fetal maturation was normal in
168 cases (95.5%) and abnormal in 8 (4.5%) of cases, as
shown in Table 2.

Out of the 176 patients,129 (73.3%) had a normal flow
rate of the UA, and 47(26.7%) had abnormal flow of the UA,
as shown in Table 3.

There was a significant relation between UA ultra-
sound with UA affection (P = 0.05) Chi-square test, as seen
in Table 4.

There was no significant relationship between UA
ultrasound and maternal demographic characteristics
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Table (3): Rate of abnormal US findings of uterine arteries
with specification of which branch has been affected mostly.

Variables No %

UA US Normal 129 73.3
Abnormal 47 26.7

Rt Lt UA Normal 129 73.3
Rt 11 6.2
Lt 7 4
Both 29 16.5

Table (4): Ratios of the extent of uterine artery US
abnormality have been reported, and the association
has been assessed using the Chi-Square test.

Variables UAUS P
Normal | Abnormal Value
No. No.
Rt Lt UA Normal 129 0 0.005
Rt 0 11
Lt 0 7
Both 0 29

(P value 0.05), except for coagulation (P value 0.05). This
is mostly due to the higher number of (not done) in the
normal group, as seen in Table 5. Coagulation studies were
done for 21 patients, in which it was normal in 10(%) and
abnormal in 11(%) patients, as shown in Table 5.

170 patients (97.7%) had singleton pregnancies, and 4
patients (2.3%) had twin pregnancies, as shown in Table 2.
Regarding the fetal weight, 154 patients (87.5%) had birth
weight of 3.1-4.0 kg, 18 (10.2) had birthweight of 2.1-3 kg,
4 (2.3%) patients not known as shown in Table2. 2 (1.1%)
patients of the studied group, their delivery had been com-
plicated by postpartum hemorrhage as shown in Table 2.
Of the studied group, 35 (20.1%) patients had one previ-
ous miscarriage, 7 (4.0%) had previous 2 miscarriages,
and 132(75.9%) had none as shown in Table 2. Follow-up of
these babies was done by monitoring their APGAR scores,
which were normal in most cases. At 2-year follow-up, the
baby’s condition was well in 169 (96.0) patients and unwell
in 7 (4.0) babies, as shown in Table 2. There was no signifi-
cantrelation (P value 0.05), Chi square test.

5. Discussion

The resistance index (RI), the PI, the systolic/diastolic
(S/D) ratio, and the presence of an early diastolic notch
are common indicators for evaluating UA blood flow [6].
The UA speed is at its maximum when the heart initially
ejects blood from the left ventricle, during systole [9].
This artery supplies blood and nutrients to the mother’s
womb [10]. This artery becomes vein-like vessel during
pregnancy. Blood flow in arteries differs from that in veins.
In our study, we examined the Doppler velocities in uter-
ine arteries in low-risk pregnancies. A low-risk pregnancy
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Table (5): Relation between UA ultrasound with maternal demographic characteristics and coagulation studies.
(Notice that we have the same figures in table 1; here, we correlate these figures with UA doppler result). As
we see, there is a significant relation between age and abnormal UA doppler (increased between 26 and 30,
more abnormal doppler in Arabic patients than in Kurdish patients, more abnormal doppler in multiparous

patients, and more abnormal doppler seen in physiological pregnancies than in induced pregnancies).

UAUS P Value
Normal Abnormal
Count % Count %
Age in Years <20 16 12.6 4 8.5 0.937
20-25 33 26 11 23.4
26-30 33 26 12 25.5
31-35 24 18.1 9 19.1
36-40 14 16 14.9
>40 8 6.3 4 8.5
Nationality Kurd 54 419 19 40.4 0.062
Arab 75 58.1 26 55.3
Turkmen 0 0.0 2 4.3
Gravida Primigravida 38 29.5 8 17 0.121
Multigravida 91 70.5 39 83
Mode of Pregnancy Physiological 128 99.2 45 100 0.999
Induced 1 0.8 0 0
Mode of Delivery Vaginal 446 359 13 27.7 0.199
CS 81 63.3 32 68.1
Loss of Follow Up 1 0.8 2 4.3
Previous CS 0 82 63.6 24 53.3 0.750
1 24 18.6 10 22.2
2 17 13.2 8 17.8
3 5 39 4.4
4 1 0.8 1 2.2

Rate of NVD vs CS in normal and abnormal US

Abnormal US
=NVD

Normal US

=CS

Figure (2): The mode of the deliveries in the studied group
in both normal and abnormal Doppler.

is defined as a pregnant woman attending non-specialist
antenatal care outpatient clinics and being classified as
“low risk” at the time of inclusion according to local clinical
guidelines, based on obstetric and clinical assessment [11].

The predictive value of Doppler studies in low-risk
pregnancies was assessed, and its role in detecting high-
risk pregnancies was established. This may be due to the
possibility of detecting significant vascular abnormalities
during pregnancies through the assessment of uterine

arteries. Uterine placental vascular impedance declines
gradually during angiogenesis and stabilizes after 24th
gestational week [6].

In our study, we evaluated the RI of UA. As the study
was on nonselected low-risk pregnancies, the RI, PI, and
S/D (Systolic/Diastolic) ratio decreased with gestational
age, as reported by Snehil Dixit et al. [12]. Of the 176
patients, 129 (73.3%) had normal UA flow, and 47 (26.7%)
had abnormal UA flow, in which the RI of the UA was stud-
ied (ranging from 0.60 to 0.85). Of the 47 cases, 11 cases
(6.2%) had abnormal right uterine RI.

7 (4.0%) had an abnormal left UA index, and 29 (16.5%)
had abnormal indices on both sides, as shown in Table 3.
The percentages of normal and abnormal UA ultrasound
are also shown. There was no significant relationship
between UA ultrasound and fetal demographic charac-
teristics (P > 0.05), as shown in Table 6, and this is also
reported by Snehil et al. (2023). There was no significant
association between UA ultrasound and maternal demo-
graphic characteristics (P > 0.05), as shown in Table 5.

Normal impedance to flow in the uterine arteries
is associated with a low risk of complications related to
placental insufficiency [13]. However, in patients with
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Table (6): The relationship between UA ultrasound with fetal demographic characteristics.

UA US P value
Normal Abnormal
Count % Count %

Single/Multiple Singleton 126 97.7 44 97.8 0.999
Twin 3 2.3 1 2.2

Maturity Normal 124 96.1 44 93.6 0.444
Abnormal 5 39 3 6.4

Neonatal weight 2.1-3kg 16 12.4 2 4.3 0.177
3.1-4 kg 111 86.0 43 91.5
Floss 2 1.6 2 4.3

Neonatal condition Well 126 97.7 43 91.5 0.083
Unwell 3 2.3 4 8.5

increased impedance to blood flow, it is recommended
to perform fetal well-being scans to monitor the baby’s
growth [13]. In a study conducted by Kirkinen et al. (1987),
it was found that Doppler investigations had advanced
significantly and were now recognized as a crucial tool
for predicting heart failure in hypoxic fetuses. The pulsed
Doppler method was used to record blood flow velocity
waveforms from fetal intracranial arteries in 84 high-risk
pregnancies and 83 low-risk pregnancies. Typically, there
was a decremental pattern of waveform RI as the preg-
nancy progressed, with forward flow continuing in the
arteries. A low Rl had 57% sensitivity and 94% specificity
for predicting small-for-dates infants and subsequent car-
diotocographic abnormality [14].

As a rule, some caution should be taken with the rou-
tine use of Doppler in pregnancy, due to the concerns related
to heating/thermal effects from the high intensities of
Doppler waves [15]. No evidence is available to assess the
effect on long-term outcomes, such as neurodevelopment and
maternal outcomes, particularly maternal satisfaction [1].

The rate of intervention was high, as seen in Table 1:
113 (64.4%) were delivered by caesarean section, com-
pared to 59 (33.7%) delivered vaginally. This was similar
to Kale et al. 2023 [5]. In Table 6, we see that there was no
significant relationship between UA ultrasound and fetal
demographic characteristics (P = 0.05), which is consistent
with the study by Amin et al. [16].

The age distribution for our studied group was
between less than 20 and more than 40 years age, with
a maximum age of between 21 and 25 years old, and the
least was more than 40 years old in both groups, as seen
in Table 2, which also shows fetal conditions, number of
postpartum hemorrhage, and number of miscarriages. In
a study by Kale et al. (2023), the age ranged from 21 to
25, with a mean of 26.73, which is similar to ours [5]. In
our study, we followed up these babies for up to 2 years
post-delivery. 126 (97.7) were well, 3 (2.3) were unwell,
and we lost contact with the rest, as shown in Table 6. A
randomized prospective controlled trial assessed the
long-term effects of ultrasonographic assessment on child-
hood outcomes up to 8 years of age. The data showed that

multiple prenatal ultrasonographic examinations from
the 18th week of gestation were correlated with effects
on fetal growth but were followed in childhood by growth
and developmental outcomes similar to those in children
who had received a single prenatal scan [17].

The study shows the role of this noninvasive nonex-
pensive promising tool. It shows the need to do at least one
time Doppler study in pregnancy in the second trimester,
which is consistent with the findings of Dominik et al who
investigated the role of UA Doppler examination in normal
singleton pregnancies from 2008 to 2017 [18], and a study
done by Dall and Asta et al. [19] and a study done by Valerie
et al. [20]. However, Alfirevic et al. [1 ]'s work did not pro-
vide evidence that would support the routine use of umbil-
ical and UA Doppler in low-risk populations [3].

6. Conclusion

The study shows the promising value of uterine artery US
Doppler ultrasound in detecting early causes of abnormal
fetal perfusion and growth. It shows that sufficient uterine
perfusion is crucial for a successful pregnancy. It is found
that although these patients had no risk factor, but a pro-
portion of them had abnormal Doppler waveforms, and
this may explain a lot of cases of unexplained fetal death
that occur without any risk factor. So, our study shows the
promising role of Doppler ultrasound during pregnancy,
a noninvasive, inexpensive test that can be performed at
the bedside and has been approved as safe, to detect these
patients and follow them properly, leading to a decrease
in the rates of unexplained fetal losses. It is important to
remember the role of this test: it is a screening test. There
is a need to follow these babies to determine the effects of
Doppler ultrasound on long-term development.

References

[1] Khong SL, Kane SC, Brennecke SP, da Silva Costa F.

First- trimester uterine artery Doppler analysis in the

153



Jarallah B et al.

(2]

(3]

prediction of later pregnancy complications. Dis. Markers.
2015;2015:679730. https://doi.org/10.1155/2015/679730
European Advisory Committee on Health Research (EACHR).
What is the efficacy/effectiveness of antenatal care and the
financial and organizational implications? 2003.

Alfirevic Z, Stampalija T, Medley N. Fetal and umbili-
cal Doppler ultrasound in normal pregnancy. Cochrane
Database Syst. Rev. 2015;2015(4):CD001450. https://doi.
org/10.1002/14651858.CD001450.pub4

Sharma D, Shastri S, Sharma P. Intrauterine growth
restriction: antenatal and postnatal aspects. Clin. Med.
Insights Pediatr. 2016;10:67-83. https://doi.org/10.4137/
CMPed.S40070

Kale RM, Tirupathi RG, Sheela SR. Role of ultrasonography
and color Doppler in the assessment of high-risk pregnan-
cies and their accuracy in predicting fetal outcome. Cureus.
2023;15(5):39017. https://doi.org/10.7759/cureus.39017
Tian Y, Yang X. A review of roles of uterine artery dop-
pler in pregnancy complications. Front. Med. (Lausanne).
2022;9:813343. https://doi.org/10.3389/fmed.2022.813343
Campbell S, Diaz-Recasens |, Griffin DR, Cohen-Overbeek TE,
Pearce JM, Willson K, Teague M]. New Doppler technique for
assessing uteroplacental blood flow. Lancet 1983;1:675-
677. https://doi.org/10.1016/s0140-6736(83)91970-0
Llurba E, Turan O, Kasdaglis T, Harman C, Baschat A.
Emergence of late-onset placental dysfunction: relation-
ship to the change in uterine artery blood flow resistance
between the first and third trimesters. Am. ]. Perinatol.
2012;30:505-512. https://doi.org/10.1055/s-0032-1329181
Schwartz JK. What are Doppler Ultrasound Tests?: Fetal
Health Foundation; 2017 [cited 2024. Available from:
https://www.fetalhealthfoundation.org/blogs/what-
are-Doppler- ultrasound-tests/.

Chaudhry R, Chaudhry K. Anatomy, abdomen and pelvis:
uterine arteries. Stat Pearls. Treasure Island (FL)2024.
Hlongwane TMAG, Bozkurt B, Barreix MC, et al.
Implementing antenatal care recommendations. South
Africa. Bull. World Health Organ. 2021;99(3):220-227.
https://doi.org/10.2471/BLT.20.278945

Dixit S, Dixit NA, Rawat A, Bajpai A, Alelyani M, Sabah ZU,
Raghuwanshi S. Color Doppler ultrasound in high-low

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

154

Evaluation of the Role of Uterine Artery Color Doppler Ultrasound

risk pregnancies and its relationship to fetal outcomes: a
cross-sectional study. Front. Pediatr. 2023;11:1221766.
https://doi.org/10.3389/fped.2023.1221766

Doppler Ultrasound In Pregnancy: Diagnostic Ultrasound
Series; [Available from: https://diagnosticultrasound.
org.uk/Doppler-ultrasound-inpregnancy/#:~:text=
Women%20with%20normal%20impedance%20to,t0%20
monitor%20the%20baby&#39;5s%20growth.

Kirkinen P, Muller R, Huch R, Huch A. Blood flow velocity
waveforms in human fetal intracranial arteries. Obstet.
Gynecol. 1987;70(4):617-621.

Radswiki T CA, Knipe H, et al. Umbilical arterial Doppler
assessment. Radiopedia. 2011.

Bilgees Amin SR, Arshad Bashir, Mir Mudasir Sidiq, Amina
Bhanu. Color Doppler ultrasonography in high risk preg-
nancies. Int. J. Obstetr. Gynaecol. Res. 2017;3(9).

Newnham JP, Doherty DA, Kendall GE, Zubrick SR,
Landau LL, Stanley FJ. Effects of repeated prenatal ultra-
sound examinations on childhood outcome up to 8 years
of age: follow-up of a randomized controlled trial. Lancet.
2004;364(9450):2038-2044. https://doi.org/10.1016/
S0140-6736(04)17516-8

Ratiu D, Hide-Moser K, Morgenstern B, Gottschalk I,
Eichler C, Ludwig S, et al. Doppler indices and notching
assessment of uterine artery between the 19th and 22nd
week of pregnancy in the prediction of pregnancy outcome.
In Vivo. 2019;33(6):2199-2204. https://doi.org/10.21873/
invivo.11722

Dall’Asta A, Asta F, Rizzo FG, Ramirez Zegarra R,
Morganelli G, Giannone M, Cancemi A, Mappa I, Lees C,
Frusca T, Ghi T. Uterine artery Doppler in early labor and
perinatal outcome in low-risk term pregnancy: prospec-
tive multicenter study. First published: 11 March 2023,
https://doi.org/10.1002/u0g.26199

Vanneve V, Vogel JP, Pattinson RC, Adanu R,
Charantimath U, Goudar SS, Gwako G, Kavi A, Maya E,
Osoti A, Puja Y, Qureshi AP, Rulisa S, Botha T, Oladapo OT.
Antenatal Doppler screening for fetuses at risk of adverse
outcomes: a multicountry cohort study of the prevalence
of abnormal resistance index in low-risk pregnant women.
https://doi.org/10.1136/bmjopen-2021-053622


https://doi.org/10.3389/fped.2023.1221766
https://diagnosticultrasound.org.uk/Doppler-ultrasound-inpregnancy/#:~:text=Women%20with%20normal%20impedance%20to,to%20monitor%20the%20baby&#39;s%20growth
https://diagnosticultrasound.org.uk/Doppler-ultrasound-inpregnancy/#:~:text=Women%20with%20normal%20impedance%20to,to%20monitor%20the%20baby&#39;s%20growth
https://diagnosticultrasound.org.uk/Doppler-ultrasound-inpregnancy/#:~:text=Women%20with%20normal%20impedance%20to,to%20monitor%20the%20baby&#39;s%20growth
https://diagnosticultrasound.org.uk/Doppler-ultrasound-inpregnancy/#:~:text=Women%20with%20normal%20impedance%20to,to%20monitor%20the%20baby&#39;s%20growth
https://doi.org/10.1016/S0140-6736(04)17516-8
https://doi.org/10.1016/S0140-6736(04)17516-8
https://doi.org/10.21873/invivo.11722
https://doi.org/10.21873/invivo.11722
https://doi.org/10.1002/uog.26199
https://doi.org/10.1136/bmjopen-2021-053622
https://doi.org/10.1155/2015/679730
https://doi.org/10.1002/14651858.CD001450.pub4
https://doi.org/10.1002/14651858.CD001450.pub4
https://doi.org/10.4137/CMPed.S40070
https://doi.org/10.4137/CMPed.S40070
https://doi.org/10.7759/cureus.39017
https://doi.org/10.3389/fmed.2022.813343
https://doi.org/10.1016/s0140-6736(83)91970-0
https://doi.org/10.1055/s-0032-1329181
https://www.fetalhealthfoundation.org/blogs/what-are-Doppler- ultrasound-tests/
https://www.fetalhealthfoundation.org/blogs/what-are-Doppler- ultrasound-tests/
https://doi.org/10.2471/BLT.20.278945

