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Integrated 2D Doppler indices of uteroplacental
and fetal blood flow in diagnosis of intrauterine hypoxia
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Abstract. Relevance. Intrauterine hypoxia associated with placental disorders is a significant factor of ante-, intra- and
postnatal fetal and newborn death. Despite clinical examination of pregnant women using ultrasound and cardiotocography,
cases of intrauterine hypoxia often remain undetected prenatally. Clinical manifestation of placental disorders and
intrauterine hypoxia are associated with pathological changes of blood flow resistance in the uterine, placental and fetal
vessels. A combined Doppler assessment of blood flow in the uterine, placental and fetal vessels could improve detection
of intrauterine hypoxia. The aim of the study was to assess the prognostic significance of integrated 2D Doppler indices
of uteroplacental and fetal blood flow for the detection of fetal hypoxia in the 3rd trimester and to predict unfavorable
perinatal outcomes. Materials and Methods. The outcomes of pregnancy of 48 women with fetal hypoxia delivered at
29 — 40 gestational weeks (study group), and 21 women who gave birth to healthy full-term infants (control group) were
retrospectively analyzed. On the eve of delivery all women had 2D Doppler assessment of the uterine arteries, umbilical
arteries, and fetal middle cerebral artery with an assessment of the cerebro-placental ratio, umbilical-cerebral ratio and
cerebro-placental-uterine ratio. Results and Discussion. Analysis of the obtained values of cerebro-placental-uterine ratio,
cerebro-placental ratio and umbilical-cerebral ratio showed the benefit from use of integrated 2D Doppler indices in the
diagnosis of fetal hypoxia at 29 — 40 gestations’ weeks and in predicting complications in newborns. The high sensitivity of
the cerebro-placental-uterine ratio (90.5%) makes it possible to effectively use this index for the diagnosis of intrauterine
hypoxia. Conclusion. Pathological cerebro-placental-uterine ratio < 2.44 is a clinically significant 2D Doppler criterion that
predicts a high risk of asphyxia, respiratory distress syndrome, hypotrophy, and perinatal hypoxic-ischemic encephalopathy.
Lower values of the cerebro-placental ratio and umbilical-cerebral ratio sensitivity (77.1% and 81.3%, respectively) limit
their use for the diagnosis of fetal hypoxia as compared with cerebro-placental-uterine ratio.

Key words: Doppler assessment, uteroplacental and fetal blood flow, intrauterine hypoxia, cerebro-placental ratio, cerebro-
placental-uterine ratio, placental disorders
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Introduction
Issues of gestational complications, which are

associated with placental disorders, leading to the
development of fetal hypoxia and the decrease in
oxygen transport of mother-to-fetus, still remain topical
in modern obstetrics and perinatology. Persistent fetal
hypoxia leads to fetal growth restriction (FGR) and
causes a conversion to anaerobic fetal metabolism that
contributes to the development of acidosis and lactate
accumulation, increasing the risk of ante-, intra- and
postnatal death [1—3].

«Brain-sparing effect» is manifested as a
compensatory response at the third trimester during
fetal hypoxia and it is characterized by redistribution
of blood flow to fetal brain resulting in centralization
of fetal circulation with increased cerebral blood flow
[4—6]. «Brain-sparing effect» leads to preferential
distribution of oxygenated blood to fetal brain that
allows for the maintenance of intrauterine growth and
fetal development during hypoxia [7—9].

Currently, 2D Doppler ultrasound is the generally
accepted standard for the monitoring of fetal status at the
third trimester of gestation. However, normal Doppler
ultrasound of uterine, umbilical and fetal blood flow
does not guarantee favorable perinatal outcome and does
not exclude hypoxic-ischemic damage in a newborn [4,
7, 8]. Cases of intrauterine hypoxia can not be diagnosed
antenatally due to poor interpretation and disregard of
rules for Doppler measurements of uteroplacental and
fetal blood flow, ignoring a number of signs associated
with fetal hypoxia (lean umbilical cord, fetal pyelectasis,
blood flow alterations in several umbilical segments
and etc.) and iatrogenic conditions influencing on
hemodynamics of women (hypotension of pregnant
women), as well as asymptomatic disease, contributing
to irreversible fetal hypoxic-ischemic damages. On the
contrary, overdiagnosis of placental disorders and fetal
hypoxia based on Doppler measurements can lead to
changes in management of pregnancy and delivery,
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no evidence-based treatment and polypharmacy in
expectant mothers [10—12]. Thus, it is necessary to
search for new predictors of fetal hypoxia based on an
integration of several 2D Doppler indices for promptly
change of pregnancy management and choose the
mode of delivery in order to prevent severe ischemic
complications and children’s disability.

One of the integrated 2D Doppler indices of fetal-
placental blood flow is the cerebro-placental ratio
(CPR), which is calculated as the ratio of resistance
indices of fetal middle cerebral artery to umbilical
artery, or as the ratio of pulsatility indices of the above-
mentioned vessels [6—8]. CPR less than 1 indicates the
centralization of fetal circulation at the third trimester,
allowing for prediction the risk of FGR, asphyxia and
respiratory distress syndrome in newborns, delivery by
caesarean section for fetal reasons with the admission
of newborns to the neonatal intensive care unit for
treatment [2, 4, 13]. Researchers have noted that CPR
has low predictive value for perinatal outcomes closer
to the full-term pregnancy that makes us search for more
informative predictors of hypoxia [8, 14, 15].

Recently, some researchers are focused on
umbilical-cerebral ratio (UCR), which is reciprocal
indicator of CPR, calculated as the ratio of resistance
indices of umbilical and middle cerebral arteries and,
according to Acharya G. et al. [14], UCR is more useful
for diagnosing of fetal hypoxia.

In the literature, there are data available for
possibilities for antenatal diagnosis of fetal hypoxia
based on cerebro-placental-uterine ratio (CPUR), which
is integrated Doppler index [16]. CPUR is calculated
as the ratio of CPR value to the mean of resistance
indices of the right and the left uterine arteries. CPUR
requires further study, because its threshold values at the
third trimester had not yet been clarified, below which
should be diagnosed with hypoxic-ischemic damage
of the fetus and initiate to the delivery.
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Thus, integrated 2D Doppler indices of
uteroplacental and fetal blood flow (CPR, UCR, CPUR)
require to define threshold limits at different periods for
diagnosis of fetal hypoxia and prediction of unfavorable
perinatal outcomes at gestation.

The aim of the study was to define threshold values
of integrated 2D Doppler indices of uteroplacental and
fetal blood flow (CPR, UCR, CPUR) for the detection
of fetal hypoxia at the 3rd trimester and the prediction
of unfavorable perinatal outcomes.

Materials and methods

Pregnancy outcomes and 2D Doppler indices
of uteroplacental and fetal blood flow prior to the
delivery were analyzed in 48 patients with fetal
hypoxia, delivered at 29—40 weeks of gestation (study
group), as well as in 21 women who gave a birth to
healthy full-term newborns (control group). The study
was approved by the clinical trial ethics committee
(13.04.2021 Ne 4). All study participants provided
voluntary informed consent to participate in the study
and the processing of personal data in accordance with
the World Medical Association’s Declaration of Helsinki
(WMA Declaration of Helsinki — Ethical Principles
for Medical Research Involving Human Subjects,
2013). Inclusion criteria for the study were: singleton
pregnancy, absence of chromosomal abnormalities.
The study group included women whose newborns
had retarded growth and malnutrition (P 05) with the
decrease in ponderal index, signs of intrauterine hypoxia
(P 20), impaired cerebral status (P 91) with perinatal
hypoxic ischemic encephalopathy according to the 10th
revision of the International Classification of Diseases.

Verification of fetal growth restriction (FGR)
was using ponderal index for a newborn, which is
the norm should be 2.4 to 12 months: less than 2.0
in cases of FGR at 29—37 gestations’ weeks and
less than 2.25 — after 37 weeks. The assessment of
newborns was based on clinical manifestation using
Apgar score and the acid-base state (ABS) of capillary
blood from newborn’s heel, which was determined
using gas analyzer Radiometer (ABL 800 FLEX, USA)
at 5—8 minutes of the child’s life. Insufficient tissue
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oxygenation and severity of hypoxia in capillary blood
of a newborn were indicated by: pathological acidosis
with pH < 7.25, lactate levels more than 3.0 mmol/L
[10, 11]. To assess of uteroplacental and fetal blood flow,
all women prior to the delivery underwent 2D Doppler
measurements of uterine and umbilical arteries, middle
cerebral artery of a fetus using Voluson 730 Expert
machine (GE, Healthcare, Austria) with a curved-array
transabdominal transducer (AV 2—7, 2—7 MHz). 2D
Doppler indices of uteroplacental and fetal blood flow
were analyzed: resistance indices values of uterine and
umbilical arteries, fetal middle cerebral artery, CPUR,
CPS, UCR. We used the classification of uteroplacental
blood flow disorders by A.N. Strizhakov et al. [17—19]
to describe the results of 2D Doppler ultrasound.

Statistical analysis was performed using SPSS
Statistica v10.0 and software AtteStat. Nonparametric
analysis was applied with a description of median (Me)
and interquartile range (25—75 %) for nonparametric
distribution. Comparison of data of study and control
groups was performed using the x2- test with Yates’
correction, Mann-Whitney U-test. ROC analysis
(Receiver Operating Characteristic) was performed
to identify the risk of fetal hypoxia at 29—40
gestations’ weeks according to the data of 2D Doppler
measurements of uteroplacental and fetal blood flow by
calculating optimal threshold values for CPUR, UCR
and CPR. Sensitivity and specificity with the description
of the 95 % confidence interval were calculated to
interpret the predictive effectiveness of the diagnostic
method. P-values of 0.05 or less were considered to
indicate statistical significance.

Results and discussion

42 (87.5 %) women had operative delivery in the
study group, and of these, 35 (72.9 %) had cesarean
section which has been performed remote from term
for the following indications: progressive fetal hypoxia
with abnormal umbilical blood flow down to absence
of end-diastolic flow in 25 (52.1 %), mild and severe
preeclampsia in 8 (16.7 %), premature rupture of
membranes in 2 (4.1 %) cases of a breech.
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FGR was verified using pathological decrease of
ponderal index in 19 (39.6 %) newborns of the study
group, and of these, 12 children until 37 weeks and 7
newborns after 37 weeks. In the study group 25 (52.0 %)
children were born in asphyxia with Apgar score less
than 7 points. There were cerebral status disturbances
in 28 (58.3 %) newborns of the study group: adaptation
disorders with a predominance of brain damage in 7
(14.6 %), cerebral excitability in 7 (14.6 %) and cerebral
depression in 14 (29.2 %) cases. As shown in Table 1,
acidosis was detected in more than half of newborns in
the study group, and of these 19 (39.6 %) had moderate
acidosis (pH 7.10—7.24) and 7 (14.6 %) — severe
acidosis (pH <7.10).

Table 1

Incidence of blood acidosis and lactatemia in newborns in
investigated groups

Study Control
Acid-base state of blood group group P-value
(N=48) (N=21)
Acidosis (5422 %) 0 0.00006
. 33 o
Lactatemia (> 3 mmol/l) (68.8 %) 5(23.8 %) 0.001
Lactatacidemia 15 0 0.009
(31.2%) ’

A few days before the delivery 2D Doppler
ultrasound data on disrupted uteroplacental blood flow
and abnormal fetal cerebral circulation in the study
group were registered 3.8 times more than in controls
(72.9 % versus 19.1 %, p = 0.00003). However, as
shown in Table 2, incidence of different degrees of
disrupted uteroplacental blood flow according to the
classification of A.N. Strizhakov et al. [17] and abnormal
cerebral blood flow in investigated groups was not
significantly different.

Thus, when registering IA and IB degrees of
disrupted uteroplacental blood flow the sensitivity of
2D Doppler ultrasound in diagnosis of fetal hypoxia
was limited to 43.5 % (p>0.05), and when detecting
IT and III degrees of disrupted blood flow, it was less
than 45.8 % (p<0.01) provided that the specificity
not exceeding 85.0 % (p>0.05). Other researches had
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previously described low sensitivity of 2D Doppler
assessment of blood flow in uterine and umbilical
arteries separately (27.1—32.6 %) during fetal hypoxia
[11, 18, 19]. Accordingly, Doppler ultrasound picture
in separate maternal or fetal vessels does not always
make clear the state of fetal health. So, a decrease in
blood flow resistance of middle cerebral artery below
the 5th percentile can be identified both in cases of fetal
hypoxia, when the effect of «brain sparing» appears, and
in cases of fetal hypertension [4, 5, 9]. This approach
to assessment of uteroplacental and fetal blood flow in
separate maternal or fetal vessels limits interpretation of
the measurement results and reduces informative value
of 2D Doppler ultrasound regarding the prediction of
adverse perinatal outcomes in fetal hypoxia.

Table 2

Incidence of disrupted uteroplacental and abnormal fetal blood flow
according to 2D Doppler assessment at 29—40 gestations’ weeks in
investigated groups

Variants of disrupted S:;chjy C?ZHOI P-value
uteroplacental and fetal blood flow (?1= 48p) (g - 22)
. 10 3
IA degree (RIUtA> 95th percentile) (208%) | (143%) 0.76
IB degree (RIUA> 95th percentile) (1 054)1 %) 0 0.30
Il degree (RIUtA and RIUA> 95th 11 o
percentile) (22.9 %) 1(48%) | 068
Il degree (absent or reverse 9
diastolic blood flow in umbilical (18.8 %) 0 0.08
artery) R
Abnormal cerebral blood flow 9 0 0.08
(RIMCA< 5th percentile) (18.8 %) ’

Note: RIUtA — resistance index of uterine arteries, RIUA —
resistance index of umbilical artery, RIMCA — resistance index
of middle cerebral artery

The study of integrated 2D Doppler indices
accounting for uteroplacental and fetal blood flow
parameters in total, have found that CPUR value
significantly was decreased by 30.6 % and CPR value
reduced by 24.1 % simultaneously with an increase of
UPR value by 23.6 % during fetal hypoxia in the study
group (table 3).
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Table 3

Values of integrated 2D Doppler indices in investigated groups

2D_Doppler Study group Control group
index, (n= 48) (n=21) P-value
Me [25; 75]
CPUR 2.04[0.81;3.29] | 2.94[2.05; 4.78] | <0.000001
CPR 1.07[0.62; 1.64] | 1.41[1.01; 1.71] 0.00001
UCR 0.93[0.61;1.61] | 0.71[0.58; 0.99] 0.00002

ROC-analysis for antenatal diagnosis of fetal
hypoxia at 29—40 gestations’ weeks based on 2D
Doppler assessment of uteroplacental and fetal blood
flow have allowed to determined the optimal cut-off
value of 2.44 for CPUR with the best combination of
sensitivity (90.5 %) and specificity (83.3 %). The area
under the ROC-curve (0.91 [0.82; 1.0], p <0.000001)
have indicated a high predictive value and clinical
significance of this method (Figure 1a). CPUR values
lower than 2.44 were interpreted as fetal hypoxia with
the high risk of perinatal complications such as asphyxia,
respiratory distress syndrome, fetal growth restriction,
and perinatal hypoxic-ischemic encephalopathy. The
optimal cut-off value for CPR was 1.14 with sensitivity
of 81.3 % and specificity of 63.0 % (p = 0.0003) and
low area under the ROC-curve (0.76 [0.66; 0.85], p =
0.0003) (Figure 1b). The optimal cut-off value for UCR
was 0.86 with sensitivity of 77.1 % and specificity of
67.4 % (p = 0.0002) and low area under the ROC-curve
(0.77 [0.67; 0.86], p = 0.0002) (Figure 1c).

ROC-curve for diagnosis of fetal hypoxia at 29—40 gestations’
weeks using CPUR

Sensitivity, %

Specificity, %
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ROC-curve for diagnosis of fetal hypoxia at 29—40 gestations’
weeks using CPR

Sensitivity,%

Specificity,%

ROC-curve for diagnosis of fetal hypoxia at 29—40 gestations’
weeks using UCR
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Fig. 1. ROC-curves for diagnosis of fetal hypoxia
at 290—40 gestations’ weeks using CPUR (a), CPR (b), UCR (c)

Conclusion

1. Abnormal integrated 2D Doppler indices
(CPUR, CPR, UCR) help to identify fetal hypoxia
at 29—40 weeks of gestation and anticipate of
complications in newborns.

2. High sensitivity of CPUR (90.5 %) allows
use this index as an effective diagnostic tool for
intrauterine hypoxia. Abnormal CPUR < 2.44 is
clinically significant 2D Doppler index, which allows
to predict a high risk of asphyxia, respiratory distress
syndrome, fetal hypotrophy, and perinatal hypoxic-
ischemic encephalopathy.
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3. Lower sensitivity values of CPR and UCR
(77.1 % and 81.3 %, respectively) limit their use for
the diagnosis of fetal hypoxia as compared with CPUR.
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UHTerpupoBaHHble 2D gonnnepomeTpuyeckue nokasaTenm
MaTOYHO-NaL,eHTapHOro ¥ NJI0A0BOro KPOBOTOKA B AUArHOCTUKE
BHYTPUYTPO6GHOM rMNOKCUN

H.B. MaukeBuu 8, M.II. ®omuHa

ButeGCKuii rocyapcTBeHHbIN opzeHa JIpykObl HAPOAOB MeAULIMHCKUY YHUBEpCHUTeT, 2. Bumebck, Pecnybauka Beaapychb
<l manatalika@mail.ru

AHHoTanusa. AkmyaabHocmb. BHYTpuyTpoOHasi TUIIOKCHS, CBsI3aHHasI C TUIaLeHTapHBIMU HAapYIIeHUSIMH, SBJISIETCS
3HauMMBbIM (haKTOPOM aHTe-, UHTPa- U NOCTHaTa/IbHOM rubesu 1y1ofia ¥ HOBOPOXKeHHOro. HecMoTpst Ha K/IMHKWYecKoe 06-
criejoBaHre GepeMeHHBIX C PUMeHeHHeM yIbTPa3ByKOBOIO UCC/IeJOBAaHHUS U KapAUOTOKOrpaduy, CIyyad BHYTPHYTPOOHOH
TUMOKCUU HepeJIKO OCTAal0TCs IIpeHaTaIbHO He BbIsB/IeHHbIMU. KiHMYeckass MaHM(ecTalus MylalleHTapHbIX HapyllleHUuH U
BHYTPUYTPOOHO! TUITOKCHM CBsI3aHa C TIaTO/IOTMUe CKUMH U3MEHeHUSIMU Pe3UCTeHTHOCTH KPOBOTOKA B COCY/laX MAaTKH, TUIaL{eHThI
n roga. CoueTaHHas [JONIIepoMeTprUyYecKas oljeHKa KpOBOTOKA B MaTOYHBIX, I/1alleHTapHbIX U (peTalbHbIX COCY[axX MOoIa
ObI yTyULINTE JUaTHOCTUKY BHYTPHYTPOOHOU rUmnokcuu. Leabto uccaedosanus Oblia OLieHKa IMPOTHOCTUYECKOW 3HAUUMOCTH
VHTerpupoBaHHbIX 2D fommiepomMeTpruecKrX roKasaresieii MaTOYHO-T1/1aljeHTapHOI0 U MJI04,0BOT0 KPOBOTOKA /IS AUAarHOCTUKU
rurnokcuu mnoga B 111 TpuMecTpe ¥ pOrHO3UPOBaHUs HeOMaroNmpHUSTHHIX ePUHATANBHBIX UCXO40B. Mamepuanbl U Memoobl.
PeTpocrieKTHBHO ObUIM NPOaHAIM3MPOBaHbl UCXO/bI OepeMeHHOCTH y 48 MalyeHToK C TUIOKCHel 1171073, POAopa3speleHHbIX
B 29—40 Hefesb recTaiiuy (OCHOBHAS IPyTIa), Uy 21 KeHIIWHBI, KOTOPbIe POAW/IN 30POBbIX IOHOIIEHHBIX /leTeill (KOHTPOJIb-
Has rpynmna). BceM >xeHIl[MHaM HakaHyHe pofiopaspellleHHsl Ipor3BefieHa 2D JonriepoMeTpyst MaTOUHBIX apTepuii, apTepuii
TMYTIOBUHEI, CPe/iHel MO3TOBOU apTepHH TIofia C OL|eHKO LiepeOpo-TialleHTapHOTO COOTHOLLEHVsI, TYTIOBUHHO-1iepeOpaTbHOTo
COOTHOLIEHHS U IlepeOpo-TlaljeHTapHO-MaTOUyHOT0 COOTHOIIEHUsI. Pe3yabmambt u 06¢cyxcoeHue. AHaIN3 MOLyUYeHHbIX 3HaUeHUH
LepeOpo-TUIalieHTapHO-MaTOYHOTO COOTHOLIEHHUs, [iepebpo-TyIalleHTapHOr0 COOTHOIIEHHS U MYTTOBUHHO-1iepebpaibHOro
COOTHOIIIeHHUS [TOKa3asl Pe3y/IbTaTUBHOCTb IPUMeHeHHsI MHTerPUpOBaHHbIX 2D fomiepoMeTpUYeCKUX NH/EKCOB B IMarHOCTHKE
TUINOKCHY T1o7ia B 29—40 Hejiesb recTariiii ¥ IPOrHO3MPOBAaHMH OCIOXKHEHUH Y HOBOPOK/IeHHBIX. BbICOKast UyBCTBUTENbHOCTD
LiepeOpo-TIaLieHTapHO-MaTouHOoro cooTHomeHus (90,5 %) no3BosisieT 3¢eKTUBHO UCI0/IB30BaTh JAHHBINA HHJEKC /715 JUarHo-
CTHKY BHYTPUYTPOOHOH r'MNOKCUH. Bbigoobl. KiHIMYecky 3HaUMMBIM 2D omIiepoMeTpruuecKAM KPUTEPHEM, TIO3BOJISIOIAM
TIPOTHO3UPOBATh BLICOKUH PUCK aC(PUKCHUH, peCITUPaTOPHOTO AUCTPeCcC-CUHAPOMa, TUIIOTPO(UH U NepyuHaTaIbHOM FMITOKCHYe-
CKU-UILIeMUYeCKOM SHLIe(aionaThy, sIBseTCs TIaToIornieckoe 1epeOpo-TialjeHTapHO-MaTOYHOTo COOTHOIIeHus < 2,44. Boree
HU3KUe 3HaueHHs1 UyBCTBUTE/IBHOCTH 1jepebpo-Ti/ialjeHTapHOr0 COOTHOIIEHUS U IYyTIOBUHHO-1lepe6pasbHOr0 COOTHOIIEHUS
(77,1 % u 81,3 % coOTBeTCTBEHHO) OrPAaHUYMBAIOT UX IIPUMEHEeHUe /JIsl AMAarHOCTUKY TUITOKCHUH TIJI0ZA 110 CPaBHEHHIO C
LiepeOpo-I1/1arleHTapHbIM-MaTOYHbIM COOTHOIIEHHEM.

Ki1roueBble CJI0Ba: JOMN/IEPOMETPHS], MaTOUHO-TIIaLleHTapHbBIN ¥ MI00BbIM KPOBOTOK, BHYTPUYTPOOHAs TUTIOKCHS,
LiepeOpo-TI/1alieHTapHOe COOTHOLLEHHE, IjepeOpo-TiialleHTapHOe-MaTOUHOe COOTHOIIIEHHe, T/1aljeHTapHble HapyLleH!s
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