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Abstract: Objective: To evaluate the diagnostic value of ultrasound detection of the fetal middle cerebral artery,
umbilical artery blood flow and fetal movement reduction in fetal distress. Methods: A total of 30 cases of pregnant
women with fetal distress (FIUD) in our hospital were selected as the observation group, and 60 cases of normal
pregnant women in the same period were selected as the control group. The fetal umbilical artery, middle cerebral
artery resistance index (RI), pulsatility index (PI), the ratio of peak systolic blood flow velocity to end-diastolic blood
flow velocity (S/D) and fetal movement reduction were detected. The diagnostic value of the above indicators alone
and in combination for fetal distress was observed. Results: The RI, Pl and S/D of umbilical artery in the observa-
tion group were higher than those in the control group (P<0.001). The S/D, Rl and PI of the middle cerebral artery
in the observation group were lower than those in the control group (P<0.01). The number of cases with decreased
fetal heart rate in the observation group was significantly higher than that in the control group (P<0.001). The area
under the curve (AUC) of umbilical artery S/D, umbilical artery RI, umbilical artery Pl, middle cerebral artery S/D,
middle cerebral artery Pl, middle cerebral artery RI, fetal movement reduction and combined above indexes were
0.788, 0.870, 0.847, 0.852, 0.802, 0.658, 0.750 and 1.000 respectively (all P<0.05). The combined diagnosis
has a higher diagnostic value for fetal distress. Conclusion: Umbilical artery, middle cerebral artery hemodynamics
combined with fetal movement has a specific value in diagnosing fetal distress, which is worth of clinical application.
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Introduction

Fetal intrauterine distress (FIUD) refers to the
fetus’'s acute and chronic hypoxic symptoms
under the influence of various factors in the
uterus. It is the primary factor of intrauterine
fetal death [1]. The incidence of fetal intrauter-
ine distress is 2.7%-38.5% [2]. The occurrence
of FIUD can lead to changes in fetal heart rate
and metabolism and can cause neonatal
asphyxia. Cerebral ischemia and hypoxia may
affect the development of the neonatal ner-
vous system and continuous ischemia and
hypoxia can cause nervous system damage. In
serious cases, continuous ischemia and hypox-
ia can lead to death and seriously affect new-
borns’ prognosis and quality of life [3, 4].
Therefore, early accurate diagnosis of FIUD is
of great significance for the prognosis of new-
borns. The gold standard for the diagnosis of

FIUD is to detect the pH value of umbilical artery
blood. Still, the examination is invasive and not
suitable for detection and diagnosis before
delivery, which brings difficulties to the diagno-
sis of FIUD [5]. Clinical use of fetal heart rate
monitoring before delivery can reflect placental
function and oxygen reserve, but false positive
or false negative often occursdue to external
factors, which affects clinical judgment [6].
Color Doppler ultrasound is a non-invasive and
repeatable examination and is an important
tool for prenatal diagnosis [7]. The middle cere-
bral artery (MCA) is one of the main arteries
supplying blood to the brain, which can directly
reflect the cerebral blood flow and indirectly
reflect fetus’s situation in the uterine cavity [8].
Studies have shown that umbilical artery (UA)
blood flow is also closely related to fetal cere-
bral ischemia and hypoxia [9]. At present, there
lack of studies on the combined diagnosis of
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FIUD with the indicators of the umbilical artery,
middle cerebral artery hemodynamics and
fetal movement reduction. This study combined
ultrasonic monitoring of the middle cerebral
artery, umbilical artery and fetal heart monitor-
ing to study the diagnostic value of FIUD.

Materials and methods
Clinical data

This study was approved by the Ethics Com-
mittee of Linyi Women’s and Children’s Hospital.
A total of 30 cases of pregnant women with
FIUD admitted to our hospital from January
2018 to October 2020 were selected, and 60
of 646 pregnant women with normal childbirth
in the same period were randomly selected as
the control group. All the patients were 20-34
years old, with an average age of 27.3+2.9
years old. All the pregnant women included in
this study have signed informed consent.

Inclusion and exclusion criteria

Inclusion criteria: 1) About 72 suspected FIUD
pregnant women were included with cesarean
section, and 30 cases were under the diagnos-
tic criteria of FIUD after cesarean section: 1.
fetal movement decreased, fetal movement <6
time/2 hours or reduced by 50%, disappeared;
2. fetal heart rate monitoring, fetal heart rate
baseline >160 time/min or fetal heart rate
baseline <110 time/min, or late deceleration,
severe variation deceleration, sine wave; 3.
amniotic fluid lll degree pollution; 4. neonatal
asphyxia, 1-5 minutes Apgar score 7 points,
and the pH value of umbilical artery blood was
less than 7.2 [10]; 2) the results showed that
the age of pregnant women was more than 18
years old; 3) FIUD first occurred in a pregnant
women; 4) the detection of middle cerebral
artery, umbilical artery and fetal heart rate was
carried out and completed for all the included
fetuses; 5) all the included pregnant women
were determined the PH value of umbilical
artery blood after delivery and finally diagnosed
as FIUD.

Exclusion criteria: 1) pregnant women with mul-
tiple pregnancies; 2) those with abnormal fetal
position and unable to display normal blood
flow; 3) those with chromosomal abnormalities
or diagnosed as genetic diseases; 4) patients
with vascular malformations detected by fetal
ultrasound.
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Ultrasonic testing method

Middle cerebral artery detection method: Color
Doppler ultrasound (GE voluson E8, USA) was
used. Under the positioning of two-dimensional
color Doppler ultrasound, the fetal head was
positioned and the biparietal part of the fetus
was displayed. Then the probe was moved
down to the cerebral angle to display the mid-
dle cerebral artery. The sampling line of the
middle cerebral artery sample was selected to
keep consistent with the blood flow direction
That is, the included angle was less than 30°.
Three values were continuously measured to
record the middle cerebral artery resistance
index (RI), pulsation index (Pl) and the ratio of
peak-systolic blood flow velocity and end-dia-
stolic blood flow velocity (S/D) and the average
value was taken.

Umbilical artery detection method: Color
Doppler ultrasound (GE voluson E8, USA) was
used to detect the umbilical cord’s route, and
the location where the umbilical cord entered
the placenta was found to show the blood flow
of the umbilical artery. The sampling point of
the umbilical artery was taken at the blood flow
filling place, and the sampling line was consis-
tent with the blood flow direction. That is, the
included angle was less than 30° and three val-
ues were continuously measured. The values of
RI, PI and S/D of the umbilical artery were
recorded respectively and the average value
was taken.

Fetal heart rate detection: Fetal heart rate was
detected by fetal heart rate detector (Edan
ultrasonic Doppler fetal monitor) in the semi-
decubitus position of pregnant women for 30
minutes.

Outcome measures

The hemodynamic indexes of the umbilical
artery: RI, Pl and S/D of umbilical artery were
compared between the two groups; the hemo-
dynamic indexes of fetal middle cerebral artery:
RI, Pl and S/D were compared between the two
groups; the incidence of decreased fetal move-
ment was compared between the two groups;
the incidence of decreased fetal movement =
(number of cases of decreased fetal move-
ment/total number of cases) * 100%. The diag-
nostic value of umbilical artery, middle cerebral
artery and fetal movement reduction index and
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Table 1. Comparison of general information between the two groups (n)

Groups Observation group (n=30) Control group (n=60) X2/t P
Age (year) 27.4+2.7 27.1+2.3 0.550 0.584
Gestational age (week) 38.2+1.5 38.4+1.6 0.571 0.570
Number of pregnancies 2.537 0.111
The first time 24 55
>2 times 6 5
History of abortion 6 8 0.667 0.411
BMI (kg/m?) 24.23+2.61 23.9242.83 0.502 0.617
Comorbidities
Gestational hypertension 6 13 0.033 0.855
Gestational diabetes 8 10 0.478 0.489

Note: BMI: body mass index.

Table 2. Comparison of umbilical artery blood flow be-
tween two groups

diagnostic curve was used to evaluate
the diagnostic value. Multiple logistic

Observation Control group

regression models were established by

Groups group (n=30) (n=60) t P combining multiple variaples. Tf}e ROC
s/D 4.16+1.46 2.76+0.62 6.398  <0.001 curve was drawn by medical software,
Rl 0.74+0.07 0.61£0.00 6.926 <0.001 and the area under the curve was cal-

e T ) ) culated. The differences between dif-
PI 1.84+0.31 1.07+0.29 11.601 <0.001 ferent ROC curves were compared by
Note: S/D: systolic blood flow velocity to end-diastolic blood flow veloc- the Z test.
ity; RI: resistance index; PI: pulsatility index.

Results

Table 3. Comparison of the blood flow of middle cerebral

artery between the two groups

Comparison of general data between
the two groups of pregnant women

Groups ggjgr(v::gg) Corztnrzlefér)o up t P There was no difference in general data
between the two groups (P>0.05). See

S/D 3.43+0.73 5.26+1.52 6.232 <0.001 Table 1 groups ( )

RI 0.67+0.08 0.78+0.10 5241  <0.001 '

PI 1.53+0.38 1.87+0.59 2.869 0.005 Comparison of umbilical artery blood

Note: S/D: systolic blood flow velocity to end-diastolic blood flow veloc-

ity; RI: resistance index; PI: pulsatility index.

the combination of the above three indexes for
FIUD.

Statistical indicators

The data were analyzed by SPSS 17.0 sta-
tistical software. Continuous variables were
expressed as mean + standard deviation (X £
sd), which accorded with normal distribution
and homogeneity of variance. A T-test of
independent samples was used for compa-
rison between groups. The count data were
expressed by % and the Pearson chi-square
test was performed. The ROC curve was drawn
by SPSS 17.0 statistical software, and the area
under the ROC curve (AUROC) was calculated,
including a 95% confidence interval. The ROC
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flow between the two groups

The S/D, Rl and Pl of the umbilical

artery in the observation group were
higher than those in the control group
(P<0.001), as shown in Table 2.

Comparison of blood flow of the middle cere-
bral artery between the two groups of preg-
nant women

S/D, Rl and PI of the middle cerebral artery in
the observation group were lower than those in
the control group (P<0.01), as shown in Table 3
and Figure 1.

Comparison of the number of cases of fetal
heart rate reduction between the two groups

The number of cases with decreased fetal
heart rate in the observation group was signifi-
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Figure 1. Comparison of umbilical artery and middle cerebral artery blood flow by ultrasound in two groups of
pregnant women. A. The middle cerebral artery flow diagram of normal pregnant women, Plis 1.32, Rl is 0.75, S/D
is 4.1; B. Umbilical artery flow diagram of normal pregnant women, Pl is 0.82, Rl is 0.57, S/D is 2.34; C. Middle
cerebral artery flow diagram of pregnant women with fetal distress, Pl is 0.62, Rl is 0.42, S/D is 3.32; D. Umbilical
artery flow diagram of pregnant women with fetal distress, Pl is 0.76, Rl is 0.86, S/D is 2.65. RI: resistance index;

PI: pulsatility index; S/D: systolic blood flow velocity to end-diastolic blood flow velocity.

Table 4. Comparison of cases of fetal heart rate reduction between the two groups

Groups Observation group (n=30) Control group (n=60) X2 P

Fetal heart rate reduction (n %)

21 (70.00)

11 (18.33) 23.300 <0.001

cantly higher than that in the control group
(P<0.001). See Table 4.

Diagnostic value of different indicators for fe-
tal distress

Logistic regression was performed in the com-
bined diagnosis. The best diagnostic model
equation was obtained by logistic regression:
Logit (P) =-59.084 + 26.760 * umbilical artery
S/D + 16.736 * umbilical artery Rl + 53.843 *
umbilical artery Pl + (-3.539) * middle cerebral
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artery S/D + 45.465 * umbilical artery RI +
59.768 * umbilical artery Pl + 7.473 * fetal
movement reduction. The risk probability value
of fetal distress was established. Risk probabil-
ity value refers to the probability of predicting

the occurrence of disease based on risk factors
(P= +e—(—59.084 + 26.760 x umbilical artery S/D + 16.736 x umbilical

artery Rl + 53.843 x umbilical artery Pl + (-3.539) x middle cerebral artery S/D

+ 45.465 x umbilical artery Rl + 59.768 x umbilical artery Pl + 7.473 x fetal

movement reduction)) - According to the predicted value
of the joint diagnostic index obtained by regres-
sion analysis, ROC curve diagnosis was per-
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Table 5. Diagnostic value of different indexes for fetal distress

95% CI
Groups Sensitivity Specificity Tﬁgg: Ar(i?;:?:&é?e S:TSS P .U.ppe.r .L(.)we.r
limitation limitation
Umbilical artery S/D 0.533 0.975 0.508 0.788 3.771 <0.001 0.674 0.902
Umbilical artery RI 0.867 0.725 0.592 0.870 0.665 <0.001 0.789 0.952
Umbilical artery PI 0.767 0.800 0.567 0.847 1.595 <0.001 0.759 0.936

Middle cerebral artery S/D  1.000 0.625 0.625 0.852
Middle cerebral artery Pl 0.933 0.500 0.433 0.802
Middle cerebral artery RI 0.467 0.800 0.267 0.658
Fetal movement reduction 0.700 0.800 0.500 0.750

Combined indexes 1.000 1.000

1.000  1.000vccete

4.801 <0.001 0.766 0.937
0.802 <0.001 0.705 0.904
1.292 0.025 0.526 0.790

<0.001 0.630 0.870
1.000 <0.001 1.000 1.000

Note: Compared with umbilical artery S/D, 2P<0.05; compared with umbilical artery RI, °P<0.05; compared with umbilical artery
Pl, °P<0.05; compared with middle cerebral artery S/D, “P<0.05; compared with middle cerebral artery PI, °P<0.05; compared
with middle cerebral artery RI, 'P<0.05; compared with fetal movement reduction, éP<0.05. RI: resistance index; PI: pulsatility
index; S/D: systolic blood flow velocity to end-diastolic blood flow velocity.
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Figure 2. Diagnostic value of different indexes for fetal distress. RI: re-
sistance index; Pl: pulsatility index; S/D: systolic blood flow velocity to

end-diastolic blood flow velocity.

formed. The combined diagnosis of different
indexes had the highest value for fetal distress.
See Table 5 and Figure 2.

Discussion

Fetal distress (FIUD) in late pregnancy leads to
poor pregnancy outcomes [11]. There are many
factors that cause the occurrence of FIUD,
including reduction of maternal blood oxygen
supply, fetal dysplasia and oxygen supply disor-
der between the mother and fetus, etc. [12].
The early diagnosis of FIUD plays an important
role in improving the pregnancy outcomes of
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UmA SD pregnant women. Ultrasound is
MCA SID one of the primary means of pre-

natal diagnosis [13]. Previous
studies have shown that fetal
umbilical artery and middle cere-
bral artery hemodynamics often
appear abnormal changes in the
state of ischemia and hypoxia [9,
14]. Studies have shown that the
umbilical artery mainly plays a role
in connecting the fetus and pla-
centa to transport blood flow and
oxygen, which comes with a good
response to the early fetal isch-
emia and hypoxia [15]. With the
increase of gestational weeks in
norma pregnancy, the umbilical
artery blood flow should show a
downward trend [16]. The resis-
tance index (RI), pulsatility index
(PI), systolic-peak blood flow veloc-
ity and end-diastolic blood flow
velocity ratio (S/D) in the arterial blood flow of
patients can better reflect the situation of
blood flow resistance [17]. In this study, the RI,
Pl and S/D values of umbilical artery of FIUD
pregnant women were higher than those of nor-
mal pregnant women, indicating the presence
of ischemia and hypoxia symptoms. The results
of previous studies are consistent [16].
However, some studies have pointed out that
due to the influence of maternal body tempera-
ture and pulse on umbilical artery blood flow,
hemodynamic changes occur, and there are
limitations in judging FIUD only from the umbili-
cal artery [18]. The middle cerebral artery
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(MCA) is the continuation of the carotid artery
entering the brain and is the blood vessel with
high oxygen content during the fetal period.
Previous studies have shown that after FIUD,
the fetal blood supply to the brain is guaran-
teed, and the systemic circulation blood supply
is decreased. The expansion resistance of the
middle cerebral artery is reduced to ensure the
blood supply to the brain [19]. In this study, we
also showed that the blood flow resistance of
the middle cerebral artery decreased in FIUD,
which was consistent with the above results.
Fetal heart rate monitoring is a commonly used
means to monitor fetal health. In the early
stage of FIUD, due to the short duration of
hypoxia, the fetus often has no obvious change
or the fetal heart rate is not accelerated to
meet the fetal blood and oxygen supply. With
the aggravation of hypoxia, the vagus nerve
was stimulated and the heart rate of fetus grad-
ually slows down [20]. This study also showed
that the number of cases of slow fetal heart
rate in late pregnancy increased significantly,
which may be consistent with the mechanism
mentioned above.

In this study, the above indicators were further
combined for diagnosis. The combined diagno-
sis of indicators can increase the sensitivity
and specificity of FIUD, and the combined diag-
nosis of different indicators can complement
each other. Previous studies on umbilical artery
related indicators and middle cerebral artery
related indicators have good value for the diag-
nosis of FIUD, and the joint diagnosis effect is
better, which is consistent with the results of
this study [21]. Studies have shown that single
index diagnosis is more limited. Combined diag-
nosis can learn from each other’s strengths
and make up for weaknesses, which is condu-
cive to the early diagnosis of the disease and
can make a more comprehensive judgment on
the situation of the fetus [22].

Limitations: the sample size of this study is
small, and the follow-up time is short. We can
further expand the sample size for a multi-cen-
ter study and increase the follow-up time to
observe the diagnostic value of the above
indicators.

In conclusion: The umbilical artery, middle cere-
bral artery combined with fetal movement has
a certain value in diagnosing fetal distress,
which is worth of clinical application.
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