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Abstract
Background: Increased fetal umbilical artery resistance can cause fetal hypoxia, redistribute fetal blood
�ow, dilate the middle cerebral artery, and reduce the cerebroplacental rate (CPR). CPR<1 is a danger sign
of fetal hypoxia. Choosing the appropriate time for terminating a pregnancy with the most favorable
pregnancy outcome and the short-term outcome of infants, based on the abnormal performance of the
cord blood �ow, is crucial.

Methods: A total of 114 pregnant women with CPR < 1 who gave birth at Obstetrics and Gynecology
Hospital A�liated to Nanjing Medical University from January 2015 to December 2019 were analyzed
retrospectively. The age, height, and weight of the aforementioned pregnant women, as well as the
gestational age when CPR<1 occurs for the �rst time, were recorded. The women were divided into two
groups, based on pregnancy termination: the immediately terminated pregnancy group and the continued
pregnancy group. The pregnancy outcomes, neonatal outcomes, and short-term outcome of the surviving
infants in both groups were recorded and compared.

Results:  the pregnant women in the continued pregnancy group waited for an average period of 3 weeks
prior to the termination of pregnancy beyond 32 weeks. The average weight of the newborn was 1429 g,
which was signi�cantly lower than that of the average newborn at the corresponding gestational age. In
the continued pregnancy group, intrauterine death was reported in 18 cases (40.9%) and intrauterine
death of one fetus in a twin pregnancy was reported in 2 cases. Intrauterine death occurred 2–33 day
after CPR<1 (12.8 d on average) as determined.  the incidence rates of neonatal asphyxia, neonatal
pneumonia, neonatal sepsis, and neonatal anemia in the continued pregnancy group were signi�cantly
higher than those in the immediately terminated pregnancy group.  The proportions of children with
autism spectrum disorder, motor development retardation, and growth retardation were slightly higher in
the continued pregnancy group than in the immediately terminated pregnancy group; however, the
difference was not statistically signi�cant.

Conclusion: Intrauterine hypoxia is considered severe when CPR<1. In this case, a cesarean section
should be conducted immediately, and waiting may cause an increased risk of neurodevelopment
disorder in children.

Background
The fetal umbilical artery is the channel connecting the fetus to the mother. Any factor that affects blood
�ow in the umbilical artery and increases its circulatory resistance may cause fetal hypoxia. At the same
time, as an adaptation mechanism to hypoxia, the blood �ow of the fetus will be redistributed, which is
bene�cial to vital organs, such as the heart and the brain(1). Cerebral vasodilatation is considered an
early protective self-regulatory mechanism, referred to as the "brain-sparing effect"(2). The pulsatility
index (PI) of the middle cerebral artery (MCA)/uterine artery (UA) ratio—the cerebroplacental ratio (CPR) < 
1—can be used as a predictive indicator of the brain-sparing effect of the fetus(3). However, recent
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research results indicate that CPR, which is often used clinically to evaluate cord blood �ow redistribution,
may not completely achieve the brain-sparing effect(4). Poor neonatal outcomes, decreased neonatal
brain volume, and increased risk of adverse neurocognitive outcomes in early childhood are related to
fetal cerebral vasodilation(5).

The ratio of umbilical blood �ow is an important indicator of fetal intrauterine safety. Absent end-
diastolic �ow (AEDF) and reversed end-diastolic �ow (REDF) are currently regarded as danger signs of
intrauterine fetal death(6, 7); CPR < 1 is also a danger sign of fetal hypoxia(3). Both aforementioned
conditions are prone to high perinatal mortality. Cesarean section is recommended as soon as possible.
However, if the gestational age is inadequate at this time, then the premature babies also have risk
factors, such as various complications, low survival rate, and unknowable long-term outcomes, which can
result in an increased burden to the family and society. The method of selecting the time for the most
favorable pregnancy outcome and the short-term outcome of infants to terminate the pregnancy, based
on abnormal cord blood �ow, is particularly important.

In this study, color Doppler ultrasound was used to examine the changes in blood �ow in the fetal
umbilical artery and MCA. Pregnant women with CPR < 1 were selected. Their pregnancy outcome,
neonatal outcome, and short-term outcome of infants was followed up. The correlation was determined
between different time frames of termination of pregnancy and pregnancy outcome, neonatal outcome,
and short-term outcome of infants. A theoretical basis was provided for the clinical selection of the
appropriate timing of pregnancy termination.

Materials And Methods

Patient, study design, and clinical data
A retrospective analysis was conducted on 114 pregnant women with CPR <1 who gave birth at the
Obstetrics and Gynecology Hospital A�liated to Nanjing Medical University from January 2015 to
December 2019. Fetal chromosomal abnormalities were excluded. The study was approved by the ethics
committee of the hospital with the informed consent of the selected patients and their families.

The ages, height, weight and the gestational age when CPR<1 occurred for the �rst time of the
aforementioned pregnant women were recorded. The patients were divided into two groups, based on
whether the pregnancy was terminated immediately: immediately terminated pregnancy group and
continued pregnancy group. The pregnancy outcome, neonatal outcome, and short-term outcome of
infants in the two groups were recorded and compared. The Medical Ethics Committee of Nanjing
Maternity and Child Health Care Hospital has approved this study, and the registry number is 2019KY-
046. All the experiment protocol for involving humans was Performed in accordance to guidelines of
national

Instruments and examination methods
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Philips iU22, Siemens S2000, GE E8, Alokas SSD-5500, and other color Doppler ultrasonic imagers were
used. The probe frequency was set to 3.5–5 MHz. The pregnant woman was placed in a supine position
and abdominal radiography was performed. Fetal growth indexes, such as the double apex diameter,
head circumference, abdominal circumference, and femur length, were determined by two-dimensional
ultrasound. The placenta and amniotic �uid were also observed.

Color Doppler ultrasound was conducted to detect blood �ow. All hemodynamic tests were performed
while the fetus was in the resting state, without breathing or movement, and the instrument settings used
to check the fetus were kept constant. The ultrasound beam was set parallel as possible to the direction
of blood �ow. In the measurement of the umbilical artery (UA), a free segment of the umbilical cord in the
amniotic �uid was selected, and a cross-section of MCA was taken from the biparietal plane to the level
of the sphenoid wing. Examinations were conducted when the circle of Willis was fully displayed. The
sampling volume was placed in the near-�eld MCA immediately adjacent to the origin of the internal
carotid artery and was not mixed with the internal carotid artery blood �ow. When the blood �ow in UA
and MCA had 5 consecutive spectra with similar shapes and regular rhythms, the hemodynamic
parameters to be recorded were as follows: the peak systolic velocity, end-diastolic blood �ow velocity,
average velocity of blood �ow, pulsation index, and resistance index. Loss or a reversal of the end-
diastolic blood �ow was recorded.

Methods of assessment of short-term outcomes of infants: General movements (GMs) was used
regularly to assess whether a motor developmental delay was observed in children. The M-CHAT autism
spectrum disorder scale was used to detect the presence of the disorder. Child development was
assessed using the Gesell scale. The height and weight of children were measured regularly to assess for
malnutrition (Malnutrition was de�ned as a child’s age-speci�c weight/height below the median minus 2
standard deviations from the reference population standard for the same age and sex). Regular screening
was conducted to assess for language barrier, visual impairment, and hearing impairment.

Statistical analysis
Data were statistically analyzed using SPSS 26.0. The data measured were expressed as x ±s , and
Student’s t-test was used. The data enumerated were expressed as n (%), and intergroup comparison was
performed using the Chi-square test.

Results
A total of 114 pregnant women with CPR < 1 were included in this study. Umbilical artery resistance
increased for the �rst time in 20–401/7 weeks (average 31.50 ± 4.24 weeks) gestation, and CPR < 1 �rst
occurred in 21–401/7 weeks (average 32.52 ± 4.03 weeks) of gestation, with an interval time of 0–50 d
(average 6.65 ± 11.38 days). A total of 13 patients had CPR < 1 and AEDF.
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Seven cases were lost to follow-up, whereas 107 cases remained. The 107 pregnant women were divided
into two groups, based on whether the pregnancy was terminated immediately: the terminated pregnancy
group (63 cases) and the continued pregnancy group (44 cases) (Fig. 1). The gestational age when CPR 
< 1 and the weight of the newborn (if twins, the recorded newborn weight was the weight of the fetus with
CPR < 1 after delivery) in the terminated pregnancy group were signi�cantly greater than those in the
continued pregnancy group (P < 0.05); no statistically signi�cant differences in the age, height, and
weight of women were found between the two groups (P > 0.05) (Table 1). The analysis of pregnancy
outcomes in the two groups showed intrauterine fetal death in 18 (40.9%) of the 44 patients who opted to
continue their pregnancies, and 2 cases were twin pregnancies in which one fetus died in utero, the time
leading to the occurrence of fetal death in utero was 21–33 d (an average of 12.8 days) after CPR < 1 was
detected. In addition, no signi�cant difference in pregnancy complications, including preeclampsia, fetal
growth restriction, intrahepatic cholestasis of pregnancy, oligohydramnios, and twin pregnancy was
found (p > 0.05) (Table 2).

Table 1
Basic characteristics of patients by group

Patient characteristics Immediately terminated
pregnancy group(n = 63)

Continued pregnancy
group (n = 44)

P

Age (y) 31.27 ± 4.80 29.73 ± 4.49 0.096

Height (cm) 160.86 ± 4.40 161.93 ± 5.26 0.254

Weight (kg) 71.92 ± 10.38 69.84 ± 9.66 0.296

Gestational week when CPR 
< 1 occurs (w)

34.66 ± 3.04 29.85 ± 3.48* 0.000

Pregnancy week (w) 34.66 ± 3.04 32.32 ± 3.83* 0.001

Newborn weight (g) 1927.21 ± 716.67 1429.12 ± 723.40* 0.002

* P<0.05
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Table 2

Pregnancy outcome by group

  Immediately terminated
pregnancy group (%)

(n = 63)

Continued pregnancy
group (%)

(n = 44)

P

Fetal death in the uterus 0 18(40.9)* 0.000

Preeclampsia 18(28.6) 17(38.6) 0.275

Fetal growth restriction 37(58.7) 27(61.4) 0.785

Intrahepatic cholestasis of
pregnancy

1(1.6) 0 1

Oligohydramnios 13(20.6) 6(13.6) 0.351

Twin pregnancy 13(20.6) 9(20.5) 0.982

* P<0.05

Patients who choose to continue pregnancy were intramuscularly injected with dexamethasone (6 mg
q12h, 4 times) to promote fetal lung maturity treatment (8), strengthen monitoring during treatment, and
evaluate the color Doppler ultrasound results regularly.

During the waiting period, 14 patients with CPR < 1 continued to develop AEDF, with an interval of 1–24 d
(average 8.8 d); only 3 patients with AEDF changed to CPR < 1; no REDF was detected in the patients.
Only 2 patients had abnormal a-wave venous catheters, and intrauterine death occurred within a short
period during follow-up.

Intrauterine death occurred in 18 (40.9%) of the 44 cases in the continued pregnancy group. Among them,
17 cases retained CRP < 1 or further developed into AEDF; only 1 returned to normal CRP, and the fetus
died after reexamination with CRP < 1. The 26 patients who gave birth to live fetuses were divided into the
following four groups, based on changes in condition: Group A, 4 patients (9.1%) restored normal CRP
and normal cord blood �ow continued to be monitored until full-term delivery; Group B, 11 patients
(25.0%) waited for a short period (2–5 d) and retained CRP < 1 for cesarean section; Group C, 5 patients
(11.4%) had persistent CRP < 1 and underwent cesarean section due to abnormal fetal heart rate (the
pregnancy time was expected to exceed 3 weeks); and Group D, 6 patients (13.6%) recovered normal CRP
within a short period, but the blood �ow in the umbilical artery remained abnormal. Subsequently, owing
to abnormal fetal heart rate, CRP < 1, or other obstetric factors, cesarean section was conducted on the
patients.

Comparison of neonatal outcomes
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Among the 107 cases that could be followed up, 89 cases remained, including 20 cases of twins, and 18
cases of fetal death in the uterus were excluded. This study only analyzed the neonatal outcomes of
fetuses with abnormal blood �ow in the artery after delivery. Therefore, 63 cases with 13 cases of twins
remained in the immediately terminated pregnancy group () and 26 cases with 7 cases of twins were
found in the continued pregnancy group. The outcome analysis of the two groups of newborns is listed in
Table 3. The incidence rates of neonatal asphyxia, neonatal pneumonia, neonatal sepsis, and neonatal
anemia in the continued pregnancy group were signi�cantly higher than those in the immediately
terminated pregnancy group (P < 0.05). The incidence rates of neonatal respiratory distress syndrome and
bronchopulmonary dysplasia were higher in the continued pregnancy group than in the immediately
terminated pregnancy group; however, the difference was not statistically signi�cant (P > 0.05). Intensive
care, neonatal death, intracranial hemorrhage, necrotizing enterocolitis, gastrointestinal hemorrhage,
hyperbilirubinemia, hypoglycemia, small for gestational age, and feeding intolerance had similar
incidences in both neonate groups (P > 0.05).
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Table 3
Neonatal outcome by study group

  Immediately terminated
pregnancy group (%)

(n = 63)

Continued
pregnancy group (%)

(n = 44)

P

Newborn in ICU 49(77.8) 22(84.6) 0.465

Neonatal death 6(9.5) 5(19.2) 0.362

Fatal dysplasia 1 0  

Intrauterine death of one fetus in
a twin pregnancy

2 4  

Neonatal asphyxia 2(3.2) 5(19.2)* 0.034

Neonatal intracranial hemorrhage 29(46.0) 12(46.2) 0.992

Neonatal respiratory distress
syndrome

16(25.4) 11(42.3) 0.115

Neonatal necrotizing enterocolitis 0 1(3.8) 0.292

Neonatal gastrointestinal bleeding 3(4.8) 2(7.7) 0.968

Neonatal pneumonia 1(1.6) 5(19.2)* 0.011

Neonatal sepsis 5(7.9) 7(26.9)* 0.041

Neonatal hyperbilirubinemia 27(42.9) 11(42.3) 0.962

Neonatal hypoglycemia 5(7.9) 2(7.7) 1

Neonatal anemia 6(9.5) 10(38.5)* 0.003

Bronchopulmonary dysplasia 0 2(7.7) 0.150

Small for gestational age 19(30.1) 9(34.6) 0.802

Feeding intolerance 12(19.0) 5(19.2) 1

* P<0.05

Analysis of short-term outcome of infants
An early prognosis analysis of the remaining 73 children, excluding 11 cases of neonatal deaths and 5
children lost to follow-up, is listed in Table 3. The proportion of children with autism spectrum disorder in
the continued pregnancy group was higher than that in the immediate termination group; however, the
difference was not statistically signi�cant (P > 0.05). There was no signi�cant difference in the rate of
delayed motor development and delayed motor development between the group of continuing pregnancy
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and the group of immediate termination(P > 0.05). The rates of malnutrition, language impairment, visual
impairment, and hearing impairment in both groups were similar (P = 1) (Table 4).

We further analyzed the long-term prognosis of the children in each subgroup of the continuing
pregnancy group; the children in Groups B and C had higher rates of poor long-term prognosis than those
in Groups A and D (Table 5).

Table 4
Long-term prognosis of children by study group

  Immediately terminated pregnancy
group (%)

(n = 55)

Continued pregnancy
group (%)

(n = 18)

P

Autism Spectrum
Disorder

0 2(11.1) 0.094

Motor retardation 19(34.5) 8(44.4) 0.575

Growth retardation 13(23.6) 6(33.3) 0.537

Language
impairment

9(16.4) 3(16.7) 1

Visual impairment 2(3.6) 1(5.6) 1

Hearing impaired 1(1.9) 0 1

Malnutrition 20(36.4) 7(38.9) 1

 
Table 5

Long-term prognosis of children in each subgroup of the continued pregnancy group

  Group A (%)

(n = 4)

Group B (%)

(n = 9)

Group C (%)

(n = 2)

Group D (%)

(n = 3)

Autism Spectrum Disorder 0 2(22.22) 0 0

Motor retardation 1(25.00) 6(66.67) 1(50.00) 0

Growth retardation 0 5(55.56) 1(50.00) 0

Language impairment 0 2(22.22) 1(50.00) 0

Visual impairment 0 1(11.11) 0 0

Malnutrition 0 5(55.56) 2(100.00) 0

Discussion
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The UA is the channel for nutrient exchange between the fetus and the mother. Color Doppler ultrasound
is typically used to check the blood �ow of the fetal umbilical artery. The PI of the MCA is normally higher
than that of the umbilical artery; however, when the umbilical blood �ow resistance progressively
increases, fetal hypoxia gradually increases, and a brain-sparing effect occurs, effectively redistributing
oxygen and nutrients to vital organs (the brain, heart, and adrenal glands), manifested by increased blood
�ow in the MCA during systole, decreased PI and S/D ratios, even lower than the PI of cord blood �ow, the
PI of the MCA/UA—CPR < 1(3). When an abnormal increase in umbilical blood �ow resistance is observed,
the blood �ow signal of the umbilical artery at the end of diastole decreases and even disappears (AEDF),
leading to re�ux (REDF). These occurrences and CPR < 1 are danger signs of intrauterine fetal death(9).

In clinical practice, CPR < 1 is a widely recognized danger sign of fetal hypoxia and intrauterine fetal
death. If the aforementioned abnormalities are observed during umbilical blood �ow monitoring and the
fetus can survive in vitro, except for fetal malformations and chromosomal abnormalities, pregnancy is
mostly actively terminated by cesarean section to free the fetus of poor intrauterine environment as soon
as possible for in vitro treatment. In this study, patients in the immediately terminated pregnancy group
had a longer gestational week when CPR < 1, with 34 weeks being the average. Considering the
probability of fetal survival after birth and improved long-term prognosis, the patients opted for
immediate termination of pregnancy. In the continuing pregnancy group, the gestational age when CPR < 
1 occurred was relatively short, averaging 29 weeks only. Concerned about poor survival ability after birth,
the patient chose to continue the pregnancy, waiting for an average of 3 weeks; beyond 33 weeks,
pregnancy was terminated, although the newborn weight was still signi�cantly lower than the average
weight for the corresponding gestational age. After the occurrence of CPR < 1, the intrauterine
environment of the fetus remained signi�cantly poor, and the intrauterine growth rate was slow.

In the current study, the average gestational age when the umbilical blood �ow resistance increased for
the �rst time was 31.50 weeks; the average gestational age for the �rst occurrence of CPR < 1 was 32.52
weeks; and the average interval was 6.65 d. Therefore, after the umbilical blood �ow resistance increased,
color Doppler ultrasound was reviewed at least weekly to eventually determine the change in the
umbilical blood �ow. Intrauterine death was reported in 18 (40.9%) cases of continued pregnancy. The
time of occurrence of fetal death in the uterus was 2–33 d after CPR < 1 was determined (average 12.8 d).
Studies have shown that the time interval from inspection to AEDF to fetal death is 1–14 d, with an
average of 6.3 d(10). Therefore, after determining CPR < 1 or AEDF in the umbilical blood �ow and MCA
blood �ow is determined, attention should be directed toward strengthening monitoring to promptly
detect abnormal fetal heart rates.

Studies have shown that CPR reduction is manifested before serious UA abnormalities occur(11). The
current study indicates that CPR < 1 continued to develop AEDF in 14 cases, with an average interval of
8.8 d. AEDF progressed to CPR < 1 in only 3 cases. Moreover, when abnormal umbilical artery blood �ow
occurs, CPR < 1 is observed before AEDF in most patients. The TRUFFLE(12) study showed that in
addition to minor changes in electronic fetal heart rate, the immediate termination of pregnancy is
necessary, and the fetus showing FGR and abnormal umbilical artery blood �ow waits until the venous
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catheter has an a-wave abnormality to terminate the pregnancy, which may provide an improved long-
term outcome. In the current study, only 2 patients were monitored for abnormal a-wave venous catheters
while waiting, but these patients suffered intrauterine death within a short period. Therefore, when a
signi�cant abnormality of the cord blood �ow is detected, it is not appropriate to simply wait for the a-
wave abnormality in the venous catheter to occur before terminating the pregnancy.

After treatment, 4 patients (9.1%) recovered to normal CPR and continued to monitor the normal cord
blood �ow until full-term delivery. Therefore, for cases with a fetus of very small gestational age and low
birth weight, the survival ability of the newborn after birth and the long-term prognosis are extremely poor;
thus, waiting is also a good choice.

Our study compared neonatal outcomes and found poorer outcomes in the group that continued
pregnancy than in the group that terminated immediately .The main manifestations indicated that the
incidence rates of neonatal asphyxia, neonatal pneumonia, neonatal sepsis, and neonatal anemia were
signi�cantly increased, and the incidence rates of neonatal respiratory distress syndrome and
bronchopulmonary dysplasia were slightly increased in the continued pregnancy group relative to those
in the immediately terminated pregnancy group.

The results of the current study are similar to those in the research conducted by Meher(4) and Flood(5).
Their research results showed that the increase in umbilical artery blood �ow resistance and blood �ow
redistribution might not completely achieve brain protection(4). Poor neonatal outcomes, decreased brain
volume in neonates, and increased risk of adverse neurocognitive outcomes in children are related to fetal
cerebral vasodilation(5). Neurodevelopmental disorders comprise a group of developmental disorders
that occur during the developmental period and are often manifested before the child enters elementary
school. Developmental disorders and defects lead to impaired personal social, academic, or professional
functions. In the current study, motor developmental retardation was assessed using GMS, autism
spectrum disorder was detected using M-CHAT, and child development was evaluated using the Gesell
scale. Comprehensive assessment of sports, small sports, and social adaptability was also conducted.
The aforementioned techniques were applied for the comprehensive assessment of neurodevelopmental
disorders in children. The early prognosis of the two groups of children followed in this study showed that
the incidence rates of autism spectrum disorder, motor development retardation, and growth retardation
were slightly higher in the continued pregnancy group than in the immediately terminated pregnancy
group, particularly those with autism spectrum disorder. The rate of neurodevelopmental disorders in
children who continue to wait after CPR < 1 increased.

Analysis of pregnancy outcome and long-term prognosis of the children in each subgroup of the
continued pregnancy group indicated that fetal intrauterine fetal death had a higher probability of
occurrence in the patients with persistent CRP < 1 or patients who further developed AEDF. The incidence
of adverse long-term outcomes was higher in children delivered by patients with persistent CRP < 1 than
in the subgroup with normal CRP or CRP that brie�y returned to normal during the monitoring period.
Therefore, during monitoring of patients with abnormal blood �ow in the umbilical artery, those with
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persistent CRP < 1 or those who further developed AEDF had poor prognosis and should actively
terminate pregnancy.

Our study is limited to the loss of some patients to follow-up, which may lead to bias in research results.

Conclusion
In summary, the increase in umbilical artery blood �ow resistance exerts a greater effect on children. CPR 
< 1 indicates quite severe intrauterine hypoxia that has been present for a long time. Even if cesarean
childbirth is immediately conducted among a large number of children with abnormalities, continuing to
wait may cause more neurodevelopment disorders in children. Speci�cally, patients with persistent CPR < 
1 or exhibiting further development of AEDF have poorer prognosis compared with those with CPR < 1
alone, and pregnancy should be actively terminated. Therefore, if CPR < 1 occurs, combined with the
gestational age, if the fetal survival rate is estimated to be high, the pregnancy should be actively
terminated rather than wait until the intravenous catheter becomes A-wave or an abnormal fetal heart rate
is observed.
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Figure 1

The �owchart of the analysis sample selection


