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AbSTRAcT
Aim: To determine the ability of fetal monitoring tests to predict 
adverse perinatal outcomes in absent end diastolic flow (AEDF) 
babies.
Materials and methods: A retrospective cohort study of preg-
nant women with AEDF during the period 2001 to 2009. Fetal 
monitoring tests of interest included amniotic fluid index (AFI), 
nonstress tests (NST), and Doppler flow studies. Adverse peri-
natal outcomes included perinatal/neonatal mortality, necrotizing 
enterocolitis, respiratory distress syndrome, and grades III/IV 
intraventricular hemorrhage. Sensitivity, specificity, likelihood 
ratios, adjusted odds ratios, area under the receiver operator 
characteristic curves (AUROC) and the 95% confidence inter-
vals were determined.
 Study included 142 women with AEDF who delivered before 
34 weeks. Indications for delivery included abnormal AFI in  
6 (4.23%), worsening Doppler in 31 (21.83%), and abnormal 
NST in 48 (33.80%). An adverse fetal event was noted in 
107 [75.35%, 95% confidence interial (CI) 68.18%, 82.53%]. 
Birth weight adjusted odds for an adverse perinatal outcome  
decreased (Odds ratio: 0.79, 95% CI: 0.56, 1.10, p = 0.16) with 
an increase in each week of gestation. Fetal monitoring tests 
did not have clinically meaningful positive/negative likelihood 
ratio or significant AUROC.
Conclusion: Current fetal monitoring tests are more useful to 
identify noncompromised fetuses than to identify fetal distress. 
Delaying delivery till 34 weeks might improve outcomes. 
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INTRODucTION

Absent end diastolic flow (AEDF) in the umbilical artery 
during pregnancy indicates severe compromise of the  

fetoplacental circulation and is an indication for immediate 
and continuous fetal monitoring due to a higher risk for  
adverse perinatal outcomes.1-4 Previous studies have sugg-
ested that increasing gestational age and consequently  
increasing birth weight are good predictors of intact survival, 
although the proportion of women with AEDF was not signi-
ficantly different between survivors and nonsurvivors.5 An 
obstetrician, in the presence of AEDF in pregnancy, has to 
determine an appropriate time for delivery of the fetus based 
on gestational age, evidence of fetal compromise, and birth 
weight to optimize neonatal outcomes. The determination 
of the time of delivery is often based on the results of the 
various tests for fetal monitoring that include nonstress 
test (NST), amniotic fluid index (AFI), and Doppler flow  
studies. We did a retrospective study to determine the ability 
of fetal monitoring to predict adverse perinatal outcomes in 
pregnant women with AEDF in a singleton pregnancy and 
intrauterine growth restriction presenting at an advanced 
tertiary perinatal care center between 2001 and 2009.

MATERIAlS AND METhODS

The study protocol was part of regular AEDF audit and 
adhered to the tenets of the Declaration of Helsinki. The 
study institute is an advanced tertiary care referral perinatal 
center located at Hyderabad, India. Each pregnant woman 
attending the antenatal clinic at the study institute under-
goes a standardized antenatal examination that includes 
demographic information, past and current obstetric and 
medical history, personal and risk history, clinical exami- 
nation including trimester specific ultrasound examination 
for nuchal thickness, fetal abnormalities, and fetal well-
being. The institute has a fetal medicine unit with a group 
of trained and licensed obstetric sonologists specialized in 
fetal medicine that performs fetal monitoring on compro-
mised fetuses. Compromised fetuses or fetuses at risk for 
compromise are monitored by serial NST and serial Doppler 
umbilical artery and fetal vessel studies. A NST was consi-
dered abnormal if it showed a lack of acceleration for a 
minimum period of 40 minutes with decreased beat-to-beat 
variability and unprovoked decelerations. Fetuses with absent 
blood flow in diastolic component of fetal cardiac cycle in 
the umbilical artery on Doppler studies were considered to 
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have AEDF. Sonographic fetal biometry and Doppler were 
performed using transabdominal transducers (3.5-5 MHz) 
and Voluson 730 expert machine. An AFI < 5 cm was consi-
dered as abnormal and labeled oligohydramnios. The fetal 
surveillance protocol for compromised or growth restricted 
fetuses is almost similar except if there is a worsening of 
maternal indications for delivery (example–preeclampsia). 
Pregnant women detected with AEDF undergo daily NSTs, 
AFI, and Doppler flow studies if the gestational age at detec-
tion of AEDF is <34 weeks and the initial test results are 
reassuring or do not show worsening fetal compromise. The 
fetus is delivered immediately in the presence of worsening 
fetal compromise (nonreactive, decelerative NSTs and AFI 
< 5 cm or worsening of Doppler flow studies–reversed end 
diastolic flow in umbilical artery, middle cerebral artery  
redistribution or abnormal ductus venosus) or if the gesta-
tional age has reached 34 weeks. 
 We identified the records of pregnant women with a  
singleton pregnancy, an estimated fetal weight <5th centile 
for the gestational age, and an AEDF on umbilical artery 
Doppler from an electronic database that registers maternal 
and neonatal information at our institute. Pregnant women 
with multiple pregnancies and/or fetuses with structural  
abnormalities were not included in this analysis. We extracted 
data on maternal sociodemographics, medical and obstetric 
history, antenatal course, results of the serial ultrasound  
examinations, other investigations, intrapartum course, 
details of delivery, and immediate neonatal outcomes. Neo-
natal outcomes of interest included necrotizing enterocolitis 
(NEC), respiratory distress syndrome (RDS), Grade 3 and  
4 intraventricular hemorrhages (IVH), and neonatal morta-
lity and were based on standard definitions applied by a 
neonatologist. A composite adverse perinatal outcome 
(APO) was defined as the presence of at least one of the four 
neonatal outcome of interest. We excluded all mothers who 
were delivered at 34 weeks gestation, since the protocol for 
management of AEDF demanded a delivery at completion of  
34 weeks. The abnormal fetal test responsible for the decision 
to deliver was then evaluated for its ability to predict adverse 
neonatal outcomes.
 We used STATA version 9.0 (College Station, Tx, USA) 
for the statistical analysis. We used nonparametric tests to 
compare the means of continuous variables (K sample equality 
of median test with continuity corrected Pearson chi-square) 
and the Mann-Whitney test to compare categorical variables 
as the data were not normally distributed. Normality was 
tested using the Shapiro-Wilk test for normality. Associations 
with adverse perinatal outcomes were initially explored 
using a bivariate model and then in a multivariate model that 
included factors found significant in the bivariate regression 
model. Odds ratios and the 95% confidence intervals around 

the ORS were determined. The performance of each of the 
fetal monitoring tests with reference to perinatal outcomes 
(point estimates and 95% confidence intervals around the 
point estimates) was assessed by the sensitivity, specificity, 
positive and negative likelihood ratios, and the area under 
the reciever operating charateristics curve (AUROC). The 
likelihood ratio essentially expresses the odds that a given 
level of a diagnostic test result would be expected in a patient 
with the target disorder compared with a person without the 
target disorder. The ‘positive likelihood ratio’ (LR+) tells 
us how much to increase the probability of disease if the 
test is positive and is used to ‘rule in’ disease. Generally, a 
LR+ >10 is considered useful to rule in disease. The ‘nega-
tive likelihood ratio’ (LR–) tells us how much to decrease 
the probability of disease if the test is negative and is used 
to rule out disease. Generally, a LR– of <0.1 is considered 
useful to rule out disease. We preferred the LRS rather than 
predictive values as the LRS are more relevant for application 
to an individual patient at a clinic/hospital, while predictive 
values are more useful for a general population.

RESulTS

We identified 224 pregnant women with AEDF between 
2001 and 2009 based on an ultrasound examination in the 
third trimester. A total of 82 (36.61%) of these 224 women 
were excluded from the analysis as they were referrals who 
presented to our hospital beyond 34 weeks of gestation. We 
also excluded those who were monitored with these tests 
and were delivered as per protocol on reaching 34 weeks 
of pregnancy. The records of 142 women with AEDF were 
considered for analysis.
 The mean age standard deriation (SD) of women in the 
study was 26.99 (4.65) years and 85 (59.86%) were nulli-
parous (Table 1). The indications for delivery included an 
abnormal AFI (<5 cm) in 6 [4.23%, 95% confidence interval 
(CI) 0.88%, 7.57%], worsening Doppler in 31 (21.83%, 95% 
CI: 14.95%, 28.71%), and an abnormal NST in 48 (33.80%, 
95% CI: 25.93%, 41.68%) of pregnant women with AEDF in 
this series. One pregnancy was terminated and the remaining 
141 women underwent a cesarean section for delivery. The 

Table 1: Characteristics of 224 pregnant women with absent 
end diastolic flow

Mean age (SD), median, 
range in years

26.99 (4.65), 26.00, 
19.00-40.00

Nulliparous 85 (59.86%)
Diabetes 10 (7.09%)
Hypertension 7 (4.97%)
Preeclampsia 98 (70.50%)
Mean gestational age (SD), median 
range in weeks at diagnosis

30.85 (1.68) , 31.00, 
26.00-33.00

SD: Standard deviation
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mean (SD) diagnosis-to-delivery interval was 2.09 (3.12) days 
(median 1.00 day).
 One fetus was still born and 22 babies died during 
the neonatal period for a perinatal mortality rate of 162 
per 1000 live births. Nine babies were lost to follow-up 
including seven who took a discharge against medical  
advice and were not considered for the determination of the 
perinatal mortality rate. The mean (SD) birth weight was 
1.11 (0.26) kg (median 1.10 kg). A total of 105 (75.00%, 
95% CI: 67.74%, 82.26%) babies had RDS, 11 (7.80%, 
95% CI: 3.32%, 12.28%) babies had a low APGAR score at  
5 minutes, 12 (8.51%, 95% CI: 3.85%, 13.17%) babies 
had NEC, and two (1.42%, 95% CI: 0.56%, 3.39%) babies 
had grade 3 or 4 IVH (Table 2). An adverse fetal event  
was noted in 107 (75.35%, 95% CI: 68.18%, 82.53%) of the 
142 pregnancies with AEDF.
 Birth weight was significantly lower in babies with  
adverse perinatal outcomes (K sample equality of median 
test p = 0.03) compared with babies without adverse perinatal 
outcomes (Table 3). Babies with adverse perinatal outcomes 
had a lower (K sample equality of median test p = 0.001) 
mean gestational age at delivery (see Table 3). The adjusted 
odds for an adverse perinatal outcome decreased with an  
increase in each week of gestation (birth weight adjusted OR: 
0.79, 95% CI: 0.56, 1.10) although this was not statistically 
significant (p = 0.16).
 The sensitivity of the various fetal monitoring tests was 
low although AFI and Doppler had good specificity in deter-
mining adverse fetal outcomes. None of the fetal monitoring 
tests had a clinically meaningful positive or negative likeli-
hood ratio or a clinically significant area under ROC curves 
(Table 4). None of the fetal monitoring tests were predictive 
of specific adverse fetal outcomes (Table 5).

 After adjusting for birth weight and gestational age, NEC 
was not associated with oligohydramnios (adjusted OR: 3.98, 
95% CI: 0.58, 27.55, p = 0.16), worsening Doppler (adjusted 
OR: 0.92, 95% CI: 0.22, 3.89, p = 0.91), or abnormal NST 
(adjusted OR: 0.73, 95% CI: 0.18, 2.95). After adjusting for 
gestational age, RDS was not associated with worsening 
Doppler flow studies (adjusted OR: 0.64, 95% CI: 0.24, 1.69, 
p = 0.37) or abnormal NST (adjusted OR: 0.56, 95% CI: 0.25, 
1.27, p = 0.16). After adjusting for gestational age, neonatal 
death was not associated with worsening Doppler (adjusted 
OR: 1.03, 95% CI: 0.32, 3.32, p = 0.96) or abnormal NST 
(adjusted OR: 1.17, 95% CI: 0.38, 3.55, p = 0.79).

DIScuSSION

The results of this study indicate that current antepartum fetal 
monitoring tests are not particularly useful to discriminate or 
predict fetuses at risk for an adverse outcome in a high-risk 
group of pregnant women with AEDF in umbilical artery. 
We could not find evidence for an optimal antepartum test 
predicting adverse perinatal outcomes that will help to  
determine delivery for the growth restricted fetus with 
AEDF.6 The sensitivity, likelihood ratios, and AUROC of all 
the tests were not within clinically acceptable limits although 
AFI < 5 cms showed a very good specificity for any adverse 
perinatal outcome. Fetal monitoring tests appear to be more 
useful in identifying noncompromised fetuses rather than 
fetuses at risk for adverse events.
 The timing of delivery of the fetus for an optimal outcome 
in women with AEDF remains unclear in the absence of a 
fetal monitoring test that can predict adverse outcomes. We 
found that the adjusted odds for an adverse perinatal outcome 
decreased for each week increase in gestational age although 

Table 2: Adverse perinatal outcomes stratified by gestational age

Gestational age NEC (n = 12) IVH-grade 3 or 4 (n = 2) RDS (n = 105) NND (n = 22)

<30 weeks 2 (16.67%) 1 (50.50%) 25 (23.81%) 8 (36.36%)

30 to <32 weeks 6 (50.00%) 1 (50.50%) 43 (40.95%) 10 (45.45%)

32 to <34 weeks 4 (33.33%) — 37 (35.24%) 4 (18.18%)
IVH: Intraventricular hemorrhage; NEC: Necrotizing enterocolitis; NND: Neonatal death; RDS: Respiratory distressed syndrome

Table 3: Maternal and fetal factors with adverse perinatal outcome

Parameter APO (n = 107) Without APO (n = 35) Statistical test, p-value
Mean (SD), median age of mother 26.93 (4.69), 26.00 27.17 (4.59), 26.00 K-sample equality of median test, p = 0.63
Diabetes 9 (8.41%) 1 (2.94%) Mann-Whitney test, p = 0.28
Hypertension 7 (6.54%) 0 (0.0%) Mann-Whitney test, p = 0.12
Preeclampsia 73 (69.52%) 25 (73.53%) Mann-Whitney test, p = 0.66
Steroids 105 (98.13%) 34 (97.14%) Mann-Whitney test, p = 0.73
Surfactant 14 (13.08%) 1 (2.86%) Mann-Whitney test, p = 0.09
Mean (SD), median gestational  
age at delivery (weeks)

30.60 (1.61), 30.00 31.63 (1.66), 32 K-sample equality of median test, p = 0.001

Mean (SD), median birth weight 1.07 (0.24), 1.08 1.24 (0.28), 1.30 K-sample equality of median test, p = 0.03
APO: Apolipoprotein B, SD: Standard deviation 
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this decrease was not statistically significant (p = 0.16). We 
did find that birth weight was significantly lower for fetuses 
with adverse perinatal outcomes. These results might suggest 
that delaying delivery to improve birth weight (assuming an 
increase in birth weight with increasing gestational age) may 
be a useful option in the management of pregnant women 
with AEDF.7 However, in the absence of a test that can predict 
adverse fetal outcomes,8 an approach that focuses on delaying 
delivery is fraught with danger especially when one consi-
ders that three-fourths of pregnant women with AEDF in this 
study had an adverse perinatal fetal event. It might be a good 
idea to use AFI > 5 cm to identify noncompromised fetuses 
considering that the results of this study indicate that an  
apparently normal AFI has a very good specificity to identify 
noncompromised fetuses. Given the high specificity of AFI 
< 5 cm, oligohydramnios is to be considered as a possible 
indication of fetal compromise although the sensitivity, likeli-
hood ratios, and area under the curve of AFI do not suggest 
a good ability to predict adverse outcomes.
 An additional consideration is the association of AEDF 
or abnormal Doppler with placental injury rather than 
fetal injury.9 Increased resistance to blood flow within the  
placenta has consequences on the supply of nutrients to the 

fetus with short-term and long-term consequences on fetal 
health. With improving standards of neonatal care, it is prob-
able that obstetricians might prefer earlier delivery of a live 
preterm baby rather than lose the fetus in utero especially in 
the absence of reasonably accurate tests to predict adverse 
outcomes.
 We used the <5th centile of gestational age specific 
estimated fetal weight to determine severe fetal growth 
restriction in this study. However, we do not expect this 
cut-off to influence the results as most adverse perinatal 
events are in a population with an estimated fetal weight 
<5th centile compared with a population based on a <10th 
centile gestational age-specific estimated fetal weight. Previ-
ous studies have reported that low estimated fetal weights, 
abnormal Doppler and oligohydramnios are predictive of 
poor neonatal outcomes.10,11 We found similar results with 
a high incidence of adverse perinatal outcomes in women 
with AEDF.
 The retrospective design of this study is a limitation as 
we could not control for all possible confounders. Adverse 
neonatal outcomes may be attributable to a combination 
of hypoxia, prematurity, and other factors. However, the 
retrospective nature of data was a limitation in attributing 

Table 4: Diagnostic or predictive ability of fetal monitoring tests to predict abnormal fetal outcomes in 142 pregnant women with 
absent end diastolic flow

Test Sensitivity (%) Specificity (%) Positive likelihood ratio Negative likelihood ratio Area under 
ROC

Amniotic fluid index 
<5

5.61
(2.09, 11.80)

100.00
(90.00, 100.00)

4.33
(0.25,75.00)

0.95
(0.90, 1.01)

0.53
(0.51, 0.55)

Worsening Doppler 19.60
(12.60, 28.40)

71.40
(53.70, 85.40)

0.69
(0.36, 1.31)

1.13
(0.89, 1.42)

0.46
(0.37, 0.54)

Abnormal nonstress 
test

29.90
(21.40, 39.50)

54.30
(36.60, 71.20)

0.65
(0.41, 1.04)

1.29
(0.93, 1.79)

0.42
(0.33, 0.52)

Data in parenthesis are the 95% confidence intervals. ROC: Receiver operating characteristics

Table 5: Diagnostic or predictive ability of fetal monitoring tests to predict specific abnormal fetal outcomes in pregnant women with 
absent end diastolic flow

Test Outcome Likelihood ratio + Area under ROC

Amniotic fluid index <5 cm NEC 5.38 (1.1, 26.4) 0.57 (0.46, 0.68)

Worsening Doppler NEC 1.15 (0.41, 3.24) 0.52 (0.38, 0.65)

Abnormal nonstress test NEC 0.72 (0.26, 1.96) 0.45 (0.32, 0.58)

Amniotic fluid index <5 IVH Grade 3 or 4 3.59 (0.26, 50.3) 0.48 (0.46, 0.50)

Worsening Doppler IVH Grade 3 or 4 2.32 (0.56, 9.6) 0.64 (0.15,1)

Abnormal nonstress test IVH Grade 3 or 4 1.48 (0.36, 6.03) 0.58 (0.09, 1.00)

Amniotic fluid index <5 Respiratory distress 4.42 (0.25, 76.40) 0.53 (0.51, 0.55)

Worsening Doppler Respiratory distress 0.78 (0.39, 1.54) 0.47 (0.39, 0.55)

Abnormal nonstress test Respiratory distress 0.67 (0.42, 1.06) 0.42 (0.33, 0.52)

Amniotic fluid index <5 Neonatal death 0.38 (0.02, 6.42) 0.47 (0.45, 0.49)

Worsening Doppler Neonatal death 1.35 (0.64, 2.83) 0.53 (0.43, 0.63)

Abnormal nonstress test Neonatal death 0.84 (0.42, 1.70) 0.47 (0.37, 0.57)

Data in parenthesis are the 95% confidence intervals; NEC: Necrotizing enterocolitis; IVH: Intraventricular hemorrhage; ROC: Receiver 
operating characteristics
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a specific primary cause for the adverse neonatal event.  
The strength of the study is the documentation and the avail-
ability of regularly updated standardized protocols for ante-
natal and intrapartum care. Prospective studies, especially 
multicentric randomized controlled trials, are necessary to 
determine further evidence for optimal fetal monitoring tests 
in pregnant women with AEDF and to determine an optimal 
strategy to deliver the fetus including benefit–risk ratios of 
delaying delivery even by a few gestational weeks.

cONcluSION

Current fetal monitoring tests are more useful to identify non 
compromised fetuses than to conclusively provide evidence 
of fetal distress in pregnant women with AEDF. Delaying the 
delivery, in the absence of maternal or fetal indications of 
distress, till 34 weeks of gestation might improve outcomes 
in babies. 
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