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Umbilical Artery Systolic/Diastolic Ratio and Amniotic Fluid Index in
Prediction of Adverse Perinatal Outcome in Term Pregnancies

Abstract

Background: Antenatal fetal surveillance is a field of increasing importance in modern obstetrics.
It is based on fetal heart rate monitoring using nonstress test and contraction stress test, ultrasound
biometry and amniotic fluid assessment, Doppler blood flow studies of fetal and uteroplacental
circulation, and an evaluation of biophysical fetal parameters. The combination of these methods
leads to improvements in fetal morbidity and mortality. Aim: The present study aimed to assess
the sensitivity, specificity, and positive and negative predictive values of umbilical artery (UA)
systolic/diastolic (S/D) ratio, and amniotic fluid index (AFI) in term pregnancies for the prediction of
perinatal outcome and their relation with perinatal outcome. Methods: This study was conducted at a
tertiary care hospital on 100 pregnant women where all the term singleton pregnancies (37-42 weeks)
admitted in maternity were subjected to color Doppler for UA S/D ratio assessment and AFI
estimation. Further, management of patients was done according to color Doppler findings and their
relation with perinatal outcome. Results: Out of 100 pregnant women, 68% had AFI >8 (normal),
while 32% of women had AFI <8 (abnormal), with the mean AFI being 9.39 + 2.55 cm, whereas70%
had S/D ratio <3 (normal) and 30% of women had S/D ratio >3 (abnormal), with the mean S/D
ratio of 2.61 + 0.450. UA S/D ratio had better performance values (i.e., sensitivity, specificity,
and positive and negative predictive value) than AFI in predicting adverse perinatal outcomes.
Conclusion: AFI and UA S/D ratio are important for predicting low appearance, pulse, grimace,
activity, and respiration score, meconium, respiratory complications, and perinatal mortality in
high as well as low-risk pregnancy cases. However, UA S/D ratio is a better predictor of perinatal
outcome in high-risk pregnancies.

Keywords: Amniotic fluid index, appearance, activity, color doppler, grimace, meconium, negative
predictive value, pulse, and respiration, perinatal outcome, positive predictive value, sensitivity,
specificity, umbilical artery systolic/diastolic ratio

profile, Doppler study of umbilical
artery (UA), and middle cerebral artery
(MCA).F1 However, AFI and UA Doppler
velocimetry both form an essential part of
the antenatal surveillance in the assessment
of fetal well-being. UA Doppler is a
powerful tool that allows the obstetrician
to follow a sequence of fetal hemodynamic
events that happen in response to placental
insufficiency.”” However, several studies
have reported higher sensitivities and
specificities for UA Doppler ratio for
prediction of fetal prognosis.*!

Introduction

Antepartum fetal surveillance is the
cornerstone of management in pregnancy.!!!
It is done primarily to reduce the incidence
of adverse fetal outcomes. It minimizes
morbidity by optimizing the timing of
delivery. Fetus genuinely at risk of chronic
hypoxia is identified and unnecessary
interventions are avoided. However, fetal
surveillance acts as a diagnostic modality to
detect the influence of maternal, placental,
and fetal factors on the fetus. The timely
detection of morbid changes in the fetal
status followed by adequate interventions to ~ Amniotic fluid is the product of complex
avoid death or disability is one of the most ~ and  dynamic  fetal and  placental
important objectives of prenatal care.?! physiologic processes. Disruption of the
fine balance may result in overproduction
or underproduction of fluid. Liquor
adequacy often reflects the fetal status.
Oligohydramnios  is  associated  with
increased perinatal loss. Furthermore,

Tests now commonly done for antepartum
fetal surveillance are nonstress test (NST),
amniotic fluid index (AFI), biophysical
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other studies indicate that UA velocimetry is a predictor
of adverse outcomes in pregnancies complicated by
oligohydramnios.®” Thus, arterial Doppler velocimetry
measurement may be useful in predicting adverse
pregnancy outcomes adjunct to other antenatal surveillance
tests, especially the AFI. Therefore, the present study was
done to evaluate the comparative assessment of UA ratio
and AFI in predicting adverse perinatal outcomes.

Materials and Methods

After  obtaining Institutional  Ethical = Committee
approval  (Reference No. GU/HREC/EC/2015/1053)
and written informed consent from all the patients, this
prospective 1-year observational study was conducted on
100 pregnant women who had term singleton pregnancy
(37-42 weeks), low- as well as high-risk pregnancies,
and were admitted in the department of obstetrics and
gynecology of a tertiary care hospital. The sample size
was calculated by considering sensitivity (Sn) — 66.6%
for appearance, pulse, grimace, activity, and respiration
(APGAR) score for AFI criteria as per the reference
article,'" precision [D] — 10%, power — 80%, confidence
interval — 95%, and nonresponse rate — 10% by using the
formula N = Z2 x Sn (1-Sn)/D? Calculated N was 89;
by adding nonresponse rate of 10%, the final calculated
sample size was 97. Considering this, a sample size of
100 was considered for the study. The study was started
in January 2015 up till the completion of the sample size.
Patients with multiple pregnancies, preterm pregnancies,
postterm pregnancies, and pregnancies with congenital
malformations were excluded from the study.

A detailed history of patients and demographic data such
as age and rural and urban settings were noted. Obstetrical
data which included obstetrical history, obstetrical risk
factors, date of last menstrual period (LMP), expected date
of delivery, and period of gestation (according to LMP
and ultrasonographically) were recorded. All women were
subjected to color Doppler (UA systolic/diastolic [S/D]
ratio) and AFI measurement. On ultrasound examination,
fetal and placental positions were recorded. Four-quadrant
assessment of amniotic fluid according to guidelines
described by Phelan et al.l' was made. The deepest pocket
in each quadrant was measured by calipers contained
within the ultrasound unit and recorded. The sum of these
measurements yielded AFI.

The women were advised either induction or expectant
treatment for the onset of spontaneous labor pains or
elective cesarean section depending on the clinical
assessment, AFI, color Doppler (S/D Ratio of UA),
and any other high-risk factors. Mode of delivery and
indications of cesarean delivery were noted. After the
delivery, perinatal outcome was assessed by evaluating
the gestational age, birth weight, meconium staining
of amniotic fluid, APGAR score at 5 min, respiratory
distress syndrome, admission to neonatal intensive care

unit (NICU), and perinatal mortality. Resuscitative
measures were required such as oxygen, bag and mask
ventilation, endotracheal intubation, phototherapy, number
of days in NICU, and breastfeed initiation (time and
duration). Details of obstetrical ultrasonography and
fetal color Doppler, i.e., S/D ratio and AFI and relation
of these indices with the perinatal outcome, were noted.
Assessment of sensitivity, specificity, and positive and
negative predictive values was done.

Statistical analysis was performed using Chi-square Test.
The significance was graded as P < 0.05-0.01 considered
statistically significant, P < 0.01 highly significant,
and <0.001 very highly significant.

Results

A total of 100 term singleton pregnant patients were
recruited in the study. Maximum number of women
belonged to the age group of 25-30 years (66%), urban
background (59%), booked (54%), multigravida (58%),
and most of the women (64%) underwent cesarean
section, as shown in Table 1. The mean age of women was
27.07 £ 3.75 years.

Various high-risk factors were present in pregnant
women [Figure 1]. The previous history of cesarean section
was the most common indication for cesarean section in
the current study, followed by fetal distress.

Out of 100 cases of pregnant women, 68% of women had
AFI >8 (normal) (10.53 + 2.19), while 32% of women had
AFI <8 (abnormal) (6.97 £ 1.26). The total mean AFI was
computed as 9.39 + 2.55 cm. The percentage of women
having oligohydramnios along with specific indications was
50.01% (32 patients) [Figure 2].

Table 1: Demographic and obstetric characteristics of
women

Parameters Number of patients, n (%)
Age (years)

<20 0

20-<25 23 (23)

25-<30 66 (66)

>30 11 (11)
Rural/urban

Rural 41 (41)

Urban 59 (59)
Booked/un-booked

Booked 54 (54)

Un-booked 46 (46)
Gravida status

Primigravida 42 (42)

Multigravida 58 (58)
Mode of delivery

Vaginal delivery 36 (36)

Elective cesarean section 47 (47)

Emergency cesarean section 17 (17)
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Among 100 pregnant women, 70% had S/D
ratio <3 (normal) (2.39 £ 0.34) and 30% of women had
S/D ratio >3 (abnormal) (3.14 £ 0.06). The total mean S/D
ratio was found to be 2.61 + 0.45. The ultrasonographic
evaluation of UA S/D ratio and AFI was studied and their
perinatal outcomes were noted [Tables 2-4].

UA S/D ratio had better performance values (i.e.,
sensitivity, specificity, and positive and negative predictive
values) than AFI in predicting perinatal outcome, as shown
in Table 5.

Out of 100 women studied, 30 women had an S/D ratio >3.
Among, these 27 women (90%) had reduced diastolic
flow. Of 27 newborns, 8 (29.61%) had meconium-stained
liquor, 3 (11.11%) had APGAR <7/10, 10 (37.03%)
respiratory complications within 72 h, 1 (3.70%) neonate
expired after NICU admission, and 5 (18.51%) were
found normal. A total of 22 (81.48%) newborns got
admitted in NICU. However, among 30 women who had
an S/D ratio >3, 3 women (10%) had absent diastolic
flow. Three newborns (100%) among these women had
meconium-stained liquor as well as APGAR <7/10. All
these neonates were admitted in NICU.

Discussion

AFI and fetal UA Doppler velocimetry are considered
as a newer modality in assessing fetal well-being, thus
helped in identifying compromised fetuses. They are
important indicators of fetal well-being and both of
these indicators help in reducing perinatal morbidity and
mortality. In the present study, the mean age of women
was 27.07 + 3.75 years which is comparable with the study
conducted by Shivalingaiah et al.l'"! and Asgharnia et al.l'”
The majority of women were from urban background (59%)
and most of them were booked (54%). About 58% of
women were multigravida, this is correlated with the study
done by Jandial er al.™! About 64% of women underwent
cesarean section, as similar to the study conducted by
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Figure 1: Indications for cesarean section

Bachhav et al.'¥ Seventeen percent of the cases presented
as breech. Intrauterine fetal death occurred in 5.5% of
these pregnancies. As it is a tertiary care referral center and
women with various high-risk factors are referred from the
periphery, the rates of cesarean section are high. The most
common indication for cesarean section was the previous
history of cesarean section.

Amniotic fluid volume remains an important component of
any obstetric ultrasonographic examination. The AFI was
the most commonly used method of measuring amniotic
fluid. In the present study, 68% of women had AFI >§
which was considered normal and 32% of women had
AFI <8 which was considered to be abnormal. The mean
AFI was 9.39 + 2.55 cm. These findings are correlated
with the previous studies.'*!”) Umbilical arterial Doppler
assessment is used in the surveillance of fetal well-being
in the third trimester of pregnancy. It is a marker of
uteroplacental insufficiency and its assessment has been
shown to reduce perinatal mortality and morbidity in
high-risk obstetrical situations. The distribution of women
according to UA S/D ratio reveals that 70% of women
have S/D ratio <3 and 30% of women have S/D ratio >3,
which is in accordance with the study conducted by Singh
et al"™® and Carroll et al." and Kwon et al.*

In the current study, perinatal outcome was evaluated
on the basis of presence of meconium, Apgar at 5 min,
presence of respiratory complications of delivery, NICU
admission, and perinatal mortality cases if any. Out of
100 women, 70% of women had an S/D ratio <3, 77.14%
had normal perinatal outcome, while 22.85% of women
had some perinatal complications, as 7.14% of neonates
had meconium, 5.71% of neonates had Apgar <7/10 at
5 min, 8.57% of neonates had respiratory complications
within 72 h of delivery, and perinatal deaths were found in
1.42%. Only 22.85% of neonates were admitted in NICU,
whereas 30% of women had S/D ratio >3, of them 16.66%
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Figure 2: Distribution of cesarean patients having oligohydramnios (amniotic
fluid index < 8) along with other high-risk factors
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Table 2: Distribution of neonates according to systolic/diastolic ratio and amniotic fluid index and perinatal outcome

Perinatal outcome S/D ratio AFI
<3 (n=70), n (%) >3 (n=30), n (%) <8 (n=32), n (%) >8 (n=68), n (%)

Meconium 5(7.14) 8 (26.66) 7 (21.87) 6 (8.82)
APGAR<7/10 at 5 min 4(5.71) 6 (20) 5(15.62) 5(7.35)
RDS within 72 h of delivery 6 (8.57) 10 (33.33) 7 (21.87) 9(13.23)
Perinatal mortality 1(1.42) 1(3.33) 1(3.12) 1(1.47)
NICU admissions 16 (22.85) 25 (83.33) 20 (62.5) 21 (30.88)
Normal 54 (77.14) 5(16.66) 12 (37.5) 47 (69.11)

S/D: Systolic/diastolic, AFI: Amniotic fluid index, APGAR: Appearance, pulse, grimace, activity, and respiration, RDS: Respiratory distress
syndrome, NICU: Neonatal intensive care unit

Table 3: Distribution of neonates according to systolic/diastolic ratio and perinatal outcome

Parameter S/D ratio Total
>3 <3
Meconium
Present 8 (true positive) 5 (false positive) 13
Absent 5 (false negative) 54 (true negative) 59
Total 13 59 72
APGAR score (at 5 min)
APGAR (<7/10) 6 (true positive) 4 (false positive) 10
APGAR (>7/10) 5 (false negative) 54 (true negative) 59
Total 11 58 69
RDS
Present 10 (true positive) 6 (false positive) 16
Absent 5 (false negative) 54 (true negative) 59
Total 15 60 75
Perinatal mortality
Present 1 (true positive) 1 (false positive) 2
Absent 5 (false negative) 54 (true negative) 59
Total 6 55 61
S/D: Systolic/diastolic, APGAR: Appearance, pulse, grimace, activity, and respiration, RDS: Respiratory distress syndrome
Table 4: Distribution of neonates according to amniotic fluid index and perinatal outcome
Parameter AFI Total
<8 >8
Meconium
Present 7 (true positive) 6 (false positive) 13
Absent 12 (false negative) 47 (true negative) 59
Total 19 53 72
APGAR score (at 5 min)
APGAR (<7/10) 5 (true positive) 5 (false positive) 10
APGAR (>7/10) 12 (false negative) 47 (true negative) 59
Total 17 52 69
RDS
Present 7 (true positive) 9 (false positive) 16
Absent 12 (false negative) 47 (true negative) 59
Total 19 56 75
Perinatal mortality
Present 1 (true positive) 1 (false positive) 2
Absent 12 (false negative) 47 (true negative) 59
Total 13 48 61

AFI: Amniotic fluid index, APGAR: Appearance, pulse, grimace, activity, and respiration, RDS: Respiratory distress syndrome

of women had normal perinatal outcome and 83.33% of
women had some perinatal complications in their neonates.

Of them, 26.66% of neonates had meconium, 20% of
neonates had APGAR <7/10 at 5 min, 33.33% of neonates
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Table 5: Test performance values of systolic/diastolic ratio and amniotic fluid index according to the perinatal outcome

Parameters Test performance Meconium APGAR Respiratory complication Perinatal mortality

S/D ratio Sensitivity (%) 61.53 60 62.5 50
Specificity (%) 91.52 91.52 91.52 91.52
PPV (%) 61.53 54.54 66.66 16.66
NPV (%) 91.52 93.10 90 98.18
P 0.0001 0.001 0.0001 0.471

AFI Sensitivity (%) 53.84 50 43.75 50
Specificity (%) 79.66 79.66 79.66 79.66
PPV (%) 36.84 29.41 36.84 7.69
NPV (%) 88.67 90.38 83.92 97.91
P 0.031 0.102 0.109 0.609

APGAR: Appearance, pulse, grimace, activity, and respiration, S/D:
value, PPV: Positive predictive value

had respiratory complications within 72 h of delivery, and
perinatal deaths reported were 3.33%. Almost 83.33%
of neonates were admitted in NICU. These findings are
comparable with earlier studies.!!:1-%!

Moreover, out of 100 women, 68% of women had
AFI >8, 69.11% women had normal perinatal outcome,
and 30.88% women had some perinatal complications,
as 8.82% neonates had meconium, 7.35% neonates
had APGAR <7/10 at 5 min, 13.23% neconates had
respiratory complications within 72 h of delivery, and
perinatal deaths were 1.47%. About 30.88% of neonates
were admitted in NICU, whereas out of 100 women,
32% of women had AFI <8, of them 37.5% of women
had normal perinatal outcome and 62.5% of women had
some perinatal complications in their neonates. Of them,
21.87% of neonates had meconium, 15.62% of neonates
had APGAR </10 at 5 min, 21.87% of neonates had
respiratory complications within 72 h of delivery, and
3.12% of perinatal deaths were reported among this group.
About 62.5% of neonates were admitted in NICU. Similar
findings are reported in Goyal et al.l'! study.

Sensitivity, specificity, and positive and negative predictive
values were calculated for S/D ratio in accordance
with meconium were 61.53%, 91.52%, 61.53%, and
91.52%, respectively (P < 0.0001); in accordance with
Apgar at 5 min, they were 60%, 91.52%, 54.54%,
and 93.10%, respectively (P < 0.001) as well as in
accordance with respiratory complications within 72 h of
delivery, they were 62.5%, 91.52%, 66.66%, and 90%,
respectively (P < 0.0001); and in accordance with perinatal
mortality, they were 50%, 91.52%, 16.66%, and 98.18%,
respectively (P < 0.0.471). These results are similar to
the study conducted by Goyal et al.l! and Lakhar et al.?¥!
Both these studies showed that UA S/D ratio is a good
predictor of perinatal outcome in high-risk pregnancy
cases. In addition, the sensitivity, specificity, and positive
and negative predictive values for AFI in accordance with
meconium were 53.84%, 79.66%, 36.84%, and 88.67%,
respectively (P < 0.031); in accordance with Apgar score
at 5 min, they were 50%, 79.66%, 29.41%, and 90.38%,

Systolic/diastolic, AFI: Amniotic fluid index, NPV: Negative predictive

respectively (P < 0.102); in accordance with respiratory
distress syndrome, they were 43.75%, 79.66%, 36.84%,
and 83.92%, respectively (P < 0.109); and in accordance
with perinatal mortality, they were 50%, 79.66%, 7.69%,
and 97.91% (P < 0.609). These results are similar to the
previous studies.!232]

Out of 100 women, 30 women had an S/D Ratio >3. Among
these women, 27 women (90%) had reduced diastolic flow.
Of 27 newborns, 8 (29.61%) had meconium-stained liquor,
3 (11.11%) neonates had APGAR <7/10, 10 (37.03%)
neonates had respiratory complications within 72 h, and
1 (3.70%) neonate expired after NICU admission. Of
these, 5 (18.51%) newborns were found normal. A total
of 22 (81.48%) newborns got admitted in NICU, whereas
among 30 women, 3 women (10%) had absent diastolic
flow. Three newborns (100%) among these women had
meconium-stained liquor as well as APGAR </10. All these
neonates were admitted in NICU. There was no case which
showed reversal of flow in their color Doppler study. These
findings are correlated with the other studies.!'” UA S/D
ratio had a better performance value than AFI in predicting
perinatal outcome.

Some limitations of the study include it did not include
fetal MCA Doppler, ductus venosus flow, and uterine
arterial Doppler assessment. A larger sample size with
a detailed evaluation of these vessels may have proved
effective in elucidating any maternal and neonatal side
effects related to them. Comparison of AFI with the
single deepest pocket for perinatal outcome was not done.
Severity of oligohydramnios was also not categorized
further in relation to the perinatal outcome.

Conclusion

We concluded that both the tests AFI and UA S/D ratio
form an integral part of antepartum fetal surveillance.
In addition, both tests are important for predicting low
APGAR, meconium staining, respiratory complications,
and perinatal mortality in high- as well as low-risk
pregnancy cases. However, UA S/D ratio is a better
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predictor of perinatal outcome in high-risk pregnancies.
The importance of AFI cannot be overlooked; rather, it
adds to UA S/D ratio in predicting perinatal outcome, but
both are complimentary to each other in decision-making.
In future, studies should be designed so as to evaluate
fetal MCA Doppler, ductus venosus flow, and uterine
arterial Doppler assessment. AFI and single deepest
pocket should also be considered in future studies for
identifying actual abnormal amniotic fluid (AF) volume
estimation.
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