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Abstract
Background While Doppler ultrasound screening is bene�cial for women with high-risk pregnancies, there
is insu�cient evidence on its bene�ts and harms in low- and unselected-risk pregnancies. This may be
related to fewer events of abnormal Doppler �ow, however the prevalence of absent or reversed end
diastolic �ow (AEDF or REDF) in such women is unknown. In this systematic review, we aimed to
synthesise available data on the prevalence of AEDF or REDF.

Methods We searched PubMed, Embase, CINAHL, CENTRAL and Global Index Medicus with no date,
setting or language restrictions. All randomized or non-randomized studies reporting AEDF or REDF
prevalence based on Doppler assessment of umbilical arterial �ow >20 weeks’ gestation were eligible.
Two authors assessed eligibility and extracted data on primary (AEDF and REDF) and secondary (fetal,
perinatal, and neonatal mortality, caesarean section) outcomes, with results presented descriptively. 

Results A total of 42 studies (18,282 women) were included. Thirty-six studies reported zero AEDF or
REDF cases. However, 55 AEDF or REDF cases were identi�ed from just six studies (prevalence 0.08% to
2.13%). Four of these studies were in unselected-risk women and �ve were conducted in high-income
countries. There was limited evidence from low- and middle-income countries.

Conclusions Evidence from largely observational studies in higher-income countries suggests that AEDF
and REDF are rare among low- and unselected-risk pregnant women. There are insu�cient data from
lower-income countries and further research is required.

Plain Language Summary
Doppler ultrasound can be used during pregnancy to determine how well blood is �owing through the
umbilical cord. When this blood �ow is restricted, absent or even reversed, the health of the baby can be
threatened. Poor umbilical blood �ow can lead to a baby experiencing growth restriction. If the �ow is
absent or reversed, the baby may die. In this review, we aimed to determine how often pregnant women
experience abnormal umbilical �ow during pregnancy, in particular the occurrence of absent or reversed
�ow. We were interested in how often this occurred in women who had a singleton, low-risk pregnancy
(i.e. women without signi�cant medical, obstetric or fetal complications of pregnancy). We found 42
studies reporting on over 18,000 women, mostly from high-income countries. Across all studies, 55
women experienced absent of reversed blood �ow in the umbilical artery, all of which occurred in just six
studies. However we found limited evidence from low- and middle-income countries, where rates of
growth restriction and preventable stillbirth are quite high. Further research on abnormal umbilical blood
�ow in pregnant women in low- and middle-income countries is required.

Introduction
An estimated 2.6 million stillbirths occur every year worldwide, 98% of which occur in low- and middle-
income countries (LMICs).(1, 2) Intrauterine growth restriction (IUGR) describes a pathological inhibition
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of fetal growth that prevents the fetus from attaining its growth potential.(3) The incidence of IUGR is
di�cult to estimate, varying between populations, settings and de�nitions  used.(4) However, the
prevalence of small-for-gestational-age (many of whom are growth restricted) is nearly 20% in low- and
middle-income countries.(5) It is a well-established risk factor for stillbirth, and can increase the risk of
stillbirth by up to 8-fold.(6, 7) IUGR is also associated with higher rates of neonatal death, perinatal
morbidity and non-communicable diseases (such as diabetes) into adulthood.(8-13) Placental
insu�ciency is the leading cause of IUGR, mostly due to poor uteroplacental blood �ow, placental
thrombi and infarctions.(14, 15) Despite the high prevalence of IUGR in many LMICs (up to 19% of live
births in LMICs are small-for-gestational age), it is often not detected during routine antenatal care.(5, 7,
16, 17) Undetected IUGR increases the risk of serious fetal complications, making the detection and
management of IUGR prior to birth crucial to preventing adverse perinatal outcomes.(18)

Doppler ultrasound can be used during pregnancy to detect blood �ow within the blood vessels of the
umbilical cord as a proxy measure of placental function.(19) When blood �ow is absent (i.e. absent end
diastolic �ow, AEDF) or reversed (i.e. reverse end diastolic �ow, REDF), urgent referral for specialist care is
needed to avert a perinatal death.(20) The use of Doppler ultrasound to assess umbilical blood �ow in
women with high-risk pregnancies has been shown to prevent perinatal deaths; its use in these trials trials
ranged from 24 weeks to 40 weeks gestation.(19) Conversely, a Cochrane review on the use of Doppler
ultrasound in low-risk or unselected populations of pregnant women identi�ed only �ve trials (involving
14,185 women) from high-income country settings.(21) The authors concluded that there was insu�cient
evidence on whether the use of routine umbilical artery Doppler ultrasound in low-risk or unselected
populations bene�ts either the mother or baby.(21) WHO does not currently recommend routine Doppler
ultrasound for women with no identi�able risk factors in pregnancy, however the WHO guideline panel
has stated that the value of routine application of single Doppler ultrasound assessment of the fetal
blood vessels during the third trimester needs more rigorous evaluation, particularly in LMICs where
stillbirth rates are high and Doppler ultrasound is not routinely unavailable.(22)

To further evaluate the value of Doppler ultrasound assessment of umbilical �ow in pregnancy
particularly in LMICs where stillbirth rates are unacceptably high, an estimate of the likely prevalence of
abnormal doppler �ow (especially AEDF and REDF) is required. However, this estimate is currently
unknown. This systematic review aims to �ll this knowledge gap by summarising all available data on
the prevalence of abnormal umbilical artery �ow indices (AEDF or REDF) in populations of low-risk or
unselected pregnant women.

Methods
The review protocol was registered on PROSPERO (CRD42020161980) and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist (See Appendix
S1).(23) As a systematic review of published studies, ethical approval was not required.

Eligibility criteria
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Eligible studies were primary research studies that reported the prevalence of AEDF and/or REDF
amongst low-risk or unselected-risk pregnant women with singleton pregnancies. Randomized or non-
randomized study designs (including cohort or cross-sectional studies, and randomized or non-
randomized interventional studies) were eligible for inclusion, though case reports, case series and
commentaries were not eligible. Conference abstracts were eligible provided that su�cient information
was available for data extraction and quality assessment. The primary outcomes of interest were the
prevalence of AEDF or REDF. Secondary outcomes included mortality (stillbirth, perinatal death, early
neonatal death, neonatal death) and mode of birth (percentage of caesarean births).

Studies were eligible if they included either “unselected-risk” pregnant women (de�ned as women
attending non-specialist antenatal care clinics, but have not been classi�ed as being low- or high-risk
based on local clinical guidelines, or as de�ned by study authors) or low-risk women (de�ned as women
attending non-specialist antenatal care clinics, who have been classi�ed as “low-risk” according to local
clinical guidelines, or de�ned as low-risk by the study authors). Studies involving only high-risk women
(regardless of how they were de�ned) were not eligible. If studies included mixed populations, they were
included only if data could be extracted separately for low- and/or unselected-risk populations. Studies
were eligible if umbilical arterial �ow was assessed by Doppler ultrasound, regardless of whether this was
continuous or pulsed-wave Doppler. We excluded studies where Doppler assessment was performed only
in the �rst 20 weeks of pregnancy – this threshold was used as it re�ects a when a consistently positive
umbilical arterial �ow can be expected. We also excluded studies of multiple pregnancies, post-term
pregnancies, or where Doppler assessment was done during labour or immediately prior to caesarean
section or labour induction.

Literature searching, data collection and analysis

We searched PubMed, Embase, CINAHL, Cochrane CENTRAL and Global Index Medicus for relevant
studies with no date, setting or language restrictions (initial search 19 December 2017, updated search 10
January 2020, see Appendix S2 for search strategy). At least 2 review authors independently screened all
titles and abstracts, assessed full texts of potentially eligible studies and extracted data (disagreements
were resolved by discussion). Covidence software was used for title, abstract and full text screening.(24)

Extracted data from each study included characteristics of the study (design, year, country, sample size,
study eligibility criteria), participants (including maternal risk pro�le) and Doppler assessment. Where
necessary, we contacted authors of the included studies for additional information on the primary
outcomes. Characteristics of studies and populations and prevalence of review outcomes were reported
descriptively (SPSS version 26).(25)  We planned but could not perform a meta-analysis due to
signi�cant methodological and reporting heterogeneity and sparseness of primary outcome events.
Countries were classi�ed into low, low-middle, upper-middle and high-income countries based on the
current World Bank classi�cation.(26)

As this review include different study designs, we used different tools to assess methodological quality.
Observational studies were assessed using the relevant iteration of the Newcastle-Ottawa scale for case-
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control, cohort or cross-sectional studies.(27, 28) Randomised controlled trials were assessed using the
Cochrane risk of bias tool.

Results
A total of 3,355 unique citations were screened, of which 2,796 were excluded (Figure 1). Of the 559
citations included for full text review, 518 were excluded. A total of 42 studies were included, from which
data on 18,282 women were extracted (Appendix S3). Included studies were mostly observational
designs (38 studies), though four randomized controlled trials were included. A total of 37 studies were
conducted in high income or upper-middle income countries, 4 studies were conducted in low-middle
income countries and one was a multi-country study was conducted in Brazil, Kenya and the UK (zero
studies in low-income countries).(29) The year of publication ranged from 1983 to 2020. Twenty studies
did not specify the years in which data were collected, though for studies that did specify, data collection
occurred between 1987 and 2017.

In total, 36 studies included low-risk pregnant women only, while 6 studies included unselected-risk
women (though these de�nitions varied across studies) (Table 2). Where it was reported, studies had
excluded women with anomalous pregnancies. Sample sizes from which data were extracted ranged
from 14 to 2,868 women; 24 studies had a sample of less than 200 women. The mean maternal age
(reported in 27 studies) ranged from 19.9 to 32 years. The mean gestational age of the study population
was only speci�ed in 22 studies, ranging from 20 to 40 weeks (in 8 studies, the mean gestational age was
38 to 40 weeks). Eight studies did not specify the type of Doppler used, though 6 used continuous-wave,
6 used pulsed-wave and 1 study used continuous or pulsed wave (practice varied between participating
centres (30)). Overall, 6 of 7 case-control studies, 9 of 12 cross-sectional studies and all cohort studies
were assessed as satisfactory, good or very good quality (Appendix S4). The four trials were assessed as
low or unclear risk of bias across all domains, except for lack of blinding of participants, personnel and
outcome assessment in three of four trials.(30-32)

Across all 42 studies (18,282 women), 36 studies had zero AEDF events, while 6 studies reported a total
of 55 cases of AEDF or REDF. Forty-eight of these cases were AEDF only and seven were AEDF or REDF,
reported in a 1993 study in South Korea by Yoon et al.(33) These six studies reported a prevalence
ranging from 0.08% to 2.13% (Table 4).(31-37) They were generally larger samples (ranging from 328 to
2,868 women) – four studies were in unselected-risk women and �ve were conducted in high-income
countries. The seventh study by Nkosi et al was conducted in South Africa (an upper-middle income
country) and contributed 38 of the AEDF cases we identi�ed.(37) They used a low-cost, handheld,
continuous �ow Doppler apparatus as a routine screening tool for assessing umbilical vessel �ow in
2,868 unselected-risk women attending two community health centres for antenatal care. The highest
prevalence was reported by Yoon et al, who reported a prevalence of AEDF or REDF of 2.13% amongst
328 unselected-risk women in South Korea.(38) The four studies (898 women) conducted in lower
middle-income countries (Bangladesh, Papua New Guinea, Nigeria and Tunisia) did not report any cases
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of AEDF or REDF.(39-42) Similarly, a three-country prospective cohort study of 431 healthy, low-risk
women by Drukker et al in Brazil, Kenya and the UK identi�ed no AEDF cases in any country.(29)

The CS rate for the population of interest was generally not reported (25 studies). Where it was reported, it
ranged from 2.9% to 57.1% (Appendix S3). Similarly, in most studies, stillbirth (30 studies), early neonatal
death (36 studies), perinatal death (31 studies) and neonatal death (34 studies) were not reported for the
population of interest. Where these rates were reported, they were very low, except for the study by Yoon et
al that reported 7 cases of AEDF or REDF, 10 stillbirths and 18 perinatal deaths among 328 unselected-
risk women.(38)

Discussion
This systematic review identi�ed the prevalence of severe umbilical arterial �ow abnormalities (AEDF or
REDF) amongst studies involving low-risk or unselected pregnant women to be 0% to 2.13%. The
available evidence is largely from observational studies of reasonable quality conducted in high or upper-
middle income countries. The 55 cases of AEDF or REDF were identi�ed in six studies, of which four
studies were in unselected-risk women.

End-diastolic �ow is one of several parameters that can be measured to assess fetal haemodynamics
during pregnancy. The identi�cation of absent or reversed �ow in the umbilical artery during the second
half of pregnancy is an indication for urgent referral, steroid administration and typically immediate
delivery due to its association with high perinatal morbidity and mortality.(43) While Doppler ultrasound
assessment in women with high-risk pregnancies has been shown to prevent perinatal deaths,(19) its
effectiveness as a routine screening tool is dependent on the underlying prevalence of abnormal blood
�ow in these high-risk women, which is considerably higher than in the general obstetric population. For
example, the largest trial in the Cochrane review of Doppler ultrasound in high-risk women was conducted
by Johnstone and colleagues in the UK.(19, 44) They recruited 2,289 women who attended the hospital
during the study period, of whom 8% had an RI above the normal range (i.e. more than 2 standard
deviations beyond the mean) on umbilical artery Doppler assessment. Our �ndings suggest that in low-
risk obstetric populations in high-income countries, the prevalence of AEDF or REDF ranges from zero to
very low, restricting its use as a routine screening tool. This could potentially explain why the Cochrane
review on use of Doppler ultrasound in women with normal pregnancies did not �nd clinical bene�t for
this intervention in �ve trials (14,185 women) in high-income country settings.(21)

Our review identi�ed only four studies (898 women) conducted exclusively in low-middle income
countries, which is an insu�cient sample size to con�rm the prevalence of AEDF or REDF in a low- or
unselected-risk population of pregnant women. However, the study conducted by Nkosi et al in South
Africa with 2,868 unselected-risk women identi�ed an AEDF prevalence of 1.29%, which is suggestive that
the prevalence of AEDF in some lower-resource settings may be higher than is appreciated. Furthermore,
in this study women with raised resistance index on umbilical arterial �ow assessment were referred to
higher-level obstetric care services, resulting in a 42% risk reduction in perinatal mortality.(37) This



Page 8/15

suggests there may yet be a role for Doppler ultrasound in preventing stillbirths amongst women with
low-risk pregnancies in LMIC settings. However, further research (including randomised trials) will be
required to evaluate the bene�ts and possible harms of using Doppler �ow assessment in low-risk
antenatal care in LMICs. In addition, further synthesis and primary studies on the prevalence of other,
earlier indicators of abnormal �ow (such as raised resistance and pulsatility indices) which precede
AEDF. Such research can yield important insights into how women at risk of IUGR may be identi�ed.

Strengths and limitations

Strengths of this review included a broad search strategy across multiple databases with minimal
restrictions. However, the �ndings of this review are reliant on the quality of the underlying studies, some
of which were conducted as uncontrolled or retrospective analyses of routinely collected observational
data. One limitation is the variation in de�nitions of maternal baseline risk between different studies and
settings - in several instances, the eligibility criteria were not well-described. Other limitations include poor
or inconsistent reporting of study parameters such as precise details of method of Doppler assessment.

Conclusion
This review has shown that the prevalence of AEDF or REDF in populations of low- or unselected-risk
pregnant women is zero or very low. However, there is limited evidence available on AEDF or REDF
prevalence in these populations of women in LMICs, where the burden of fetal growth restriction and
stillbirth is unacceptably high. Further research is required to determine the prevalence of AEDF or REDF
in such settings, which could be used to inform further research on the effectiveness of integrating
Doppler assessments into routine antenatal care in LMICs. To address this knowledge gap, WHO is
sponsoring an ongoing multi-country study on the prevalence of abnormal Doppler �ow.

Abbreviations
AEDF – absent end diastolic �ow

IUGR – intrauterine growth restriction

LMICs – low- and middle-income countries

REDF – reversed end diastolic �ow

WHO – World Health Organization

Declarations
ETHICS APPROVAL AND CONSENT TO PARTICIPATE

Not applicable.



Page 9/15

CONSENT FOR PUBLICATION

Not applicable.

AVAILABILITY OF DATA AND MATERIALS

The dataset is provided in the Supplementary Material.

COMPETING INTERESTS

The authors declare that they have no competing interests

FUNDING

None.

AUTHORS' CONTRIBUTIONS

The idea for this review was conceived by JPV and OTO. The protocol was written by JPV, VV, GG, TH,
RCP, ZPQ and OTO. Screening and data extraction were performed by JPV, VV, GR, GG, TL, AA, RCP, ZPQ
and OTO. GR and JPV checked the database and JPV conducted the analysis. JPV, VV, GR, GG, TL, AA,
TH, RCP, ZPQ, OTO reviewed the �ndings and contributed to the interpretation and write-up.

ACKNOWLEDGEMENTS

We acknowledge Mr Tomas Allen and Mr Jose Luis Garnica Carreno for their assistance developing the
search strategy. The manuscript represents the views of the named authors only.

References
1. Blencowe H, Cousens S, Jassir FB, Say L, Chou D, Mathers C, et al. National, regional, and worldwide

estimates of stillbirth rates in 2015, with trends from 2000: a systematic analysis. Lancet Glob
Health. 2016;4(2):e98-e108.

2. Lawn JE, Blencowe H, Pattinson R, Cousens S, Kumar R, Ibiebele I, et al. Stillbirths: Where? When?
Why? How to make the data count? Lancet. 2011;377(9775):1448-63.

3. Imdad A, Yakoob MY, Siddiqui S, Bhutta ZA. Screening and triage of intrauterine growth restriction
(IUGR) in general population and high risk pregnancies: a systematic review with a focus on
reduction of IUGR related stillbirths. BMC Public Health. 2011;11 Suppl 3:S1.

4. forMaternal-FetalMedicin ACoOaGCoPBOatS. ACOG Practice Bulletin No. 204: Fetal Growth
Restriction. Obstet Gynecol. 2019;133(2):e97-e109.

5. Lee AC, Kozuki N, Cousens S, Stevens GA, Blencowe H, Silveira MF, et al. Estimates of burden and
consequences of infants born small for gestational age in low and middle income countries with
INTERGROWTH-21. BMJ. 2017;358:j3677.



Page 10/15

�. Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C, Hogan D, et al. Stillbirths: rates, risk factors,
and acceleration towards 2030. Lancet. 2016;387(10018):587-603.

7. Gardosi J, Madurasinghe V, Williams M, Malik A, Francis A. Maternal and fetal risk factors for
stillbirth: population based study. BMJ. 2013;346:f108.

�. Pasupathy D, Wood AM, Pell JP, Fleming M, Smith GC. Rates of and factors associated with delivery-
related perinatal death among term infants in Scotland. JAMA. 2009;302(6):660-8.

9. Katz J, Lee AC, Kozuki N, Lawn JE, Cousens S, Blencowe H, et al. Mortality risk in preterm and small-
for-gestational-age infants in low-income and middle-income countries: a pooled country analysis.
Lancet. 2013;382(9890):417-25.

10. McIntyre S, Blair E, Badawi N, Keogh J, Nelson KB. Antecedents of cerebral palsy and perinatal death
in term and late preterm singletons. Obstet Gynecol. 2013;122(4):869-77.

11. Bukowski R, Burgett AD, Gei A, Saade GR, Hankins GD. Impairment of fetal growth potential and
neonatal encephalopathy. Am J Obstet Gynecol. 2003;188(4):1011-5.

12. Ross MG, Beall MH. Adult sequelae of intrauterine growth restriction. Semin Perinatol.
2008;32(3):213-8.

13. Gluckman PD, Hanson MA, Cooper C, Thornburg KL. Effect of in utero and early-life conditions on
adult health and disease. N Engl J Med. 2008;359(1):61-73.

14. Sala�a CM, Minior VK, Pezzullo JC, Popek EJ, Rosenkrantz TS, Vintzileos AM. Intrauterine growth
restriction in infants of less than thirty-two weeks' gestation: associated placental pathologic
features. Am J Obstet Gynecol. 1995;173(4):1049-57.

15. Alberry M, Soothill P. Management of fetal growth restriction. Arch Dis Child Fetal Neonatal Ed.
2007;92(1):F62-7.

1�. Figueras F, Gardosi J. Intrauterine growth restriction: new concepts in antenatal surveillance,
diagnosis, and management. Am J Obstet Gynecol. 2011;204(4):288-300.

17. Sovio U, White IR, Dacey A, Pasupathy D, Smith GC. Screening for fetal growth restriction with
universal third trimester ultrasonography in nulliparous women in the Pregnancy Outcome Prediction
(POP) study: a prospective cohort study. Lancet. 2015;386(10008):2089-97.

1�. Lindqvist PG, Molin J. Does antenatal identi�cation of small-for-gestational age fetuses signi�cantly
improve their outcome? Ultrasound Obstet Gynecol. 2005;25(3):258-64.

19. Al�revic Z, Stampalija T, Dowswell T. Fetal and umbilical Doppler ultrasound in high-risk pregnancies.
Cochrane Database Syst Rev. 2017;6:CD007529.

20. Karsdorp VH, van Vugt JM, van Geijn HP, Kostense PJ, Arduini D, Montenegro N, et al. Clinical
signi�cance of absent or reversed end diastolic velocity waveforms in umbilical artery. Lancet.
1994;344(8938):1664-8.

21. Al�revic Z, Stampalija T, Medley N. Fetal and umbilical Doppler ultrasound in normal pregnancy.
Cochrane Database Syst Rev. 2015(4):CD001450.



Page 11/15

22. WHO. WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience Geneva2016
[Available from: http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/anc-
positive-pregnancy-experience/en/.

23. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

24. Veritas Health Innovation. Covidence systematic review software. Melbourne, Australia2020.

25. IBM Corp. IBM SPSS Statistics for Mac, Version 26.0. Armonk, NY: IBM Corp; 2019.

2�. World Bank. Country Classi�cation 2020 [Available from:
https://datahelpdesk.worldbank.org/knowledgebase/topics/19280-country-classi�cation.

27. Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS)
for assessing the quality of nonrandomised studies in meta-analyses.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp2019 [

2�. Modesti PA, Reboldi G, Cappuccio FP, Agyemang C, Remuzzi G, Rapi S, et al. Panethnic Differences in
Blood Pressure in Europe: A Systematic Review and Meta-Analysis. PLoS One. 2016;11(1):e0147601.

29. Drukker L, Staines-Urias E, Villar J, Barros FC, Carvalho M, Munim S, et al. International gestational
age-speci�c centiles for umbilical artery Doppler indices: a longitudinal prospective cohort study of
the INTERGROWTH-21. Am J Obstet Gynecol. 2020.

30. A randomised controlled trial of Doppler ultrasound velocimetry of the umbilical artery in low risk
pregnancies. Doppler French Study Group. Br J Obstet Gynaecol. 1997;104(4):419-24.

31. Davies J, Gallivan S, Spencer J. Randomised controlled trial of Doppler ultrasound screening of
placental perfusion during pregnancy. Lancet. 1992;340(8831):1299-303.

32. Mason GC, Lilford RJ, Porter J, Nelson E, Tyrell S. Randomised comparison of routine versus highly
selective use of Doppler ultrasound in low risk pregnancies. Br J Obstet Gynaecol. 1993;100(2):130-
3.

33. Yoon BH, Oh IH, Lee PR, Kim WJ, Syn HC, Kim SW. Is an abnormal Doppler umbilical artery waveform
ratio a risk factor for poor perinatal outcome in the non-small for gestational age fetus? Am J
Perinatol. 1993;10(3):245-9.

34. Beattie RB, Dornan JC. Antenatal screening for intrauterine growth retardation with umbilical artery
Doppler ultrasonography. BMJ. 1989;298(6674):631-5.

35. Omtzigt A, Reuwer P, Bruinse H. A randomized controlled trial on the clinical value of umbilical
Doppler velocimetry in antenatal care. Am J Obstet Gynecol. 1994;170(2):625-34.

3�. Souka AP, Papastefanou I, Pilalis A, Michalitsi V, Kassanos D. Performance of third-trimester
ultrasound for prediction of small-for-gestational-age neonates and evaluation of contingency
screening policies. Ultrasound Obstet Gynecol. 2012;39(5):535-42.

37. Nkosi S, Makin J, Hlongwane T, Pattinson RC. Screening and managing a low-risk pregnant
population using continuous-wave Doppler ultrasound in a low-income population: A cohort
analytical study. S Afr Med J. 2019;109(5):347-52.

http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/anc-positive-pregnancy-experience/en/
https://datahelpdesk.worldbank.org/knowledgebase/topics/19280-country-classification
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp2019


Page 12/15

3�. Yoon BH, Oh IH, Lee PR, Kim WJ, Syn HC, Kim SW. Is an abnormal Doppler umbilical artery waveform
ratio a risk factor for poor perinatal outcome in the non-small for gestational age fetus? :245-9.

39. Ferdousi MA, Sharif MM, Mohiuddin AS, Shegufta F. Normal value of pulsatility index of umbilical
artery in second and third trimester of pregnancy. Bangladesh Med Res Counc Bull. 2013;39(1):42-4.

40. Ome-Kaius M, Karl S, Wangnapi RA, Bolnga JW, Mola G, Walker J, et al. Effects of Plasmodium
falciparum infection on umbilical artery resistance and intrafetal blood �ow distribution: a Doppler
ultrasound study from Papua New Guinea. Malar J. 2017;16(1):35.

41. Ayoola OO, Bulus P, Loto OM, Idowu BM. Normogram of umbilical artery Doppler indices in singleton
pregnancies in south-western Nigerian women. J Obstet Gynaecol Res. 2016;42(12):1694-8.

42. Kehila M, Touhami O, Hmid RB, Abouda HS, Chanou� MB, Abdeljelil K, et al. Correlation between
umbilical resistance index and fetal growth: Pilot study.820-4.

43. Maulik D, Zaluid I. Doppler Ultrasound in Obstetrics and Gynecology: Springer; 2005.

44. Johnstone FD, Prescott R, Hoskins P, Greer IA, McGlew T, Compton M. The effect of introduction of
umbilical Doppler recordings to obstetric practice. Br J Obstet Gynaecol. 1993;100(8):733-41.

Tables
Table 1. Characteristics of included studies
Study design N %
Case-control study 7 16.7
Cross-sectional study 12 26.2
Cohort study 19 45.2
Randomized controlled trial 4 9.5

     
Country income level    
High-income countries 24 57.1
Upper-middle income countries 13 31.0
Low-middle income countries 4 9.5
Low-income countries 0 0.0
Multiple* 1 2.1

* one study was a multi-country study conducted in Brazil (upper-middle income country),
Kenya (low-middle income country) and the UK (high-income country)

Table 2. Characteristics of women and Doppler assessments in included studies
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Study population  N
(studies)

%

Maternal risk
Low-risk women only
Unselected women

 
36
6

 
85.7
14.3

Doppler assessments
Doppler ultrasound of umbilical artery only reported
Doppler ultrasound of umbilical artery plus other Doppler investigations
reported*

 
15
27

 
35.7
64.2

Type of Doppler
Colour Doppler
Continuous-wave Doppler
Pulsed-wave Doppler
Pulsed-wave Doppler; colour Doppler
Pulsed-wave and continuous-wave Doppler
Doppler (not otherwise specified)

 
12
6
6
9
1
8

 
28.6
14.3
14.3
21.4
2.1
19.0

 *Fetal cerebral circulation, fetal aorta, fetal renal arteries, umbilical vein, ventricular outlets,
femoral vessels, uterine/placental vessels

Table 3. Studies with a prevalence of absent or reversed end diastolic flow greater than zero* 
Study Design Study population AEDF

prevalence
Low risk women
Souka
2012 (36)

Cross-sectional
study

2189 low-risk women in Greece 1/1289
(0.05%) 

Mason
1993 (32)

RCT 863 low-risk, nulliparous women in the UK
(Doppler arm only)

2/863
(0.23%)

Unselected risk women

Davies
1992 (31)

RCT 1246 unselected-risk women in the UK
(Doppler arm only)

1/1246
(0.08%)

Beattie
1989 (34)

Cohort 2097 unselected-risk women in USA 6/2097
(0.29%)

Nkosi
2019 (37)

Cohort 2868 unselected-risk women in South Africa 38/2868
(1.32%)

Yoon
1993 (38)

Cohort 328 unselected women in South Korea 7/328
(2.13%)**
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*Results of all included studies are in Appendix S3
**Defined as AEDF or REDF
 

Figures

Figure 1
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PRISMA Flowchart
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