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ABSTRACT

Background: Doppler velocimetry is a useful non-invasive investigation to assess the status of feto-placental circula-
tion. Cerebral Umbilical Resistance Index ratio is a useful predictor of birth asphyxia and adverse perinatal outcome.
The objective of the study was to determine the diagnostic accuracy of Cerebral Umbilical Resistance Index ratio in
the prediction of birth asphyxia.

Subjects and Methods: This was a cross sectional (Validation) study of 09 months duration (01/05/2012to 31/01/2013)
conducted at Radiology department, Khyber Teaching Hospital, Peshawar. All pregnant ladies at high risk for birth
asphyxia, referred to Radiology department for Doppler ultrasound were recruited. Demographic characteristics were
recorded and C/U Rl ratio was calculated for all patients and then they were followed at delivery. Of total 213 patients,
27 lost follow up and APGAR score of 186 new borns at 5 minutes of birth was recorded in a structured proforma.
Sensitivity, Specificity, Positive predictive value, Negative Predictive Value and Diagnostic accuracy of C/U RI for the
prediction of Birth asphyxia (low APGAR score) were calculated by cross tabulation using SPSS-16.

Results: The mean age of the patients was 30.25(%=5.53 Sd.) years. Abnormal C/U Rl ratio was found in 30% patients
on Doppler ultrasound, while APGAR score recorded at 5min of birth was low in 28.64%.The Sensitivity, Specificity,
PPV, NPV, and diagnostic accuracy of C/U Rl ratio was found as 55.35%, 79.92%, 50.81%, 80% and 70.4% respectively.

Conclusion: Cerebral-Umbilical Resistance Index ratio is a very good predictor of low APGAR score and birth asphyxia

in women with high risk pregnancies.
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INTRODUCTION

Birth asphyxia is an important obstetric problem
on account of the high associated peri-natal mortality
and morbidity." It refers to inadequate oxygenation of the
baby and is assessed by APGAR score at birth which
takes into account five simple parameters like Activity
(muscle tone), Pulse, Grimace (reflex irritability), Ap-
pearance (skin color) and Respiration of the new born.
Its score ranges from one to ten. A score below 7 at 5
min after birth is the hallmark of birth asphyxia.?

Pregnancies with Hypertension, Pre-eclampsia,
Ecclampsia, Diabetes Mellitus, Autoimmune disor-
ders,Kidney disorders and Hypercoagulable states
comprise the high risk group for placental insufficiency
which is the most important cause of birth asphyxia. The
prevalence of low APGAR score and birth asphyxia in
this high risk group has been reported as 39% in one
study®. Besides placental insufficiency, other causes
of birth asphyxia include antepartum hemorrhage,
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chorioamnionitis, cord prolapse, premature rupture of
membranes, prolonged labor, multiple gestations and
fetus with cord around neck or structural anomalies.*
It is essential to recognize placental insufficiency early
so that its hazards can be reduced if not prevented.®

Doppler ultrasonography is the most important
non-invasive test for placental insufficiency in high risk
pregnancies. It can be credited with causing a signif-
icant decrease in peri-natal mortality and morbidity.
Umbilical artery (UA) Doppler is the commonly used
method for assessment of placental insufficiency and
prediction of birth asphyxia but a more accurate in-
vestigation is the Cerebral-Umbilical Resistance Index
(C/U RI) ratio. Its sensitivity and specificity, positive and
negative predictive values for prediction of adverse
perinatal outcome in high risk pregnancies has been
reported as 73.7%, 68.3%, 52% and 85% respectively.”

Cerebral-Umbilical Resistance index ratio has
been shown to detect changes in fetomaternal and
uteroplacental circulation accurately which seem to cor-
relate strongly with the pregnancy outcome.® Systematic
review with meta-analysis has provided compelling
evidence that pregnant ladies at high risk for intrauterine
growth restriction, including patients with pregnancy
induced hypertension and preeclampsia should have
easy access to Doppler ultrasonographic assessment
of umbilical artery waveforms.® A meta-analysis of
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randomized clinical trials has showed that including
Doppler velocimetry in the management of high-risk
pregnancies lowers the perinatal mortality.'

C/U Rl is simple but less commonly practiced
investigation due to lack of local evidence of its accu-
racy. Since no work has been carried out before on this
issue locally, this study was designed to establish the
diagnostic accuracy of C/U Rl for birth asphyxia which
may be recommended as a routine for all pregnancies
suspected of having birth asphyxia (high risk pregnan-
cies).

OBJECTIVE OF THE STUDY

To determine the diagnostic accuracy of Cere-
bral-Umbilical Resistance index ratio in the diagnosis
of birth asphyxia among high risk pregnancies admitted
at Khyber Teaching Hospital, Peshawar.

PATIENTS AND METHODS

This was a Cross sectional (Validation) study
of 09 months (01/05/2012 -31/01/2013) conducted at
Radiology department, Khyber Teaching Hospital, Pe-
shawar. All high risk pregnant ladies within 3 trimester
(who had hypertension, ecclampsia, pre ecclampsia,
Diabetes mellitus, kidney diseases, hypercoagulable
states, autoimmune disorders like systemic lupus
erythematosis and antiphospholipid syndrome) were
included. Pregnancies with multiple gestations, cord
prolapse, preterm labor or antepartum haemorrage
were excluded. All pregnancies were subjected to Dop-
pler ultrasound to evaluate the middle cerebral artery
resistance index and umbilical artery resistance index.
This was followed by calculation of the C/U Rl to predict
the birth asphyxia. Careful follow up of all patients was
done in coordination with the gynecology department
till delivery of the fetus to detect birth asphyxia by re-
cording APGAR score at 5min after birth. All the above
mentioned information was recorded in a proforma. The
collected data was analyzed via SPSS-16. Sensitivity,
specificity, positive predictive value, negative predic-
tive value and diagnostic accuracy of C/U RI for the
prediction of Birth asphyxia (taking low APGAR score
as gold standard) were determined by using 2x2 table
and formulae shown below.

RESULTS

A total of 213 pregnant ladies with a high risk
for birth asphyxia of the new born were subjected to
Doppler ultrasound of fetal middle cerebral artery and
umbilical artery and Cerebral-Umbilical Resistance
index ratios were calculated. Out of these 213 patients,
27 were excluded either because they lost follow up or
gave birth to dead fetuses, and APGAR score of 186
patients was recorded after 5 minutes of birth. The mean
age of the patients was 30.25 (£5.53 Sd.) years. The
mean and Standard deviation of Obstetrical parameters
like Period of gestation (POG), Gravida and Para were

Birth Asphyxia on

APGAR
Yes No
Birth Asphyxia on | Yes a
C/URI No c

Sensitivity of C/U Rl = (a/a+c) x100

Specificity of C/URI = (d /b + d) x 100

Positive predictive value (PPV) for C/URI = (a/a +b)
x100

Negative predictive value (NPV) for C/U Rl = (d / c
+d) x100

Diagnostic accuracy of C/U Rl = (d + a) /overall patients
a =True positive, b = False positive,

c =False negative, d = True negative

Birth Asphyxia Total
on APGAR
Score
Yes No
Birth Yes 31 30 61
As- | No 25 100 125
phyxia
on Total 56 130 186
C/URI

a = True positive, b = False positive, ¢ = False negative,
d = True negative

Sensitivity of C/U Rl = (31/31425) x100 = 55.35%
Specificity of C/U Rl =(100/30+100) x 100 = 76.92%
Positive predictive value (PPV) for C/U RI= (31/31+30)
x100=50.81%

Negative predictive value (NPV) for C/U RI=(100/25+100)
x100=80%

Accuracy of C/U Rl = (100+31)/186= 70.4%

Birth Asphyxia on C/U RI

FIGURE 01: Percentage of Birth Asphyxia on Cerebral
Umbilical Resistance Index Ratio in high risk pregnan-
cies.
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Birth asphxia on APGAR

FIGURE 02: Percentage of birth asphyxia on APGAR
score in high risk pregnancies.

36.19 (x2.28 Sd), 3.83 (+2.80 Sd) and 2.32 (+2.48 Sd.)
We found an abnormal C/U RI in 30% of the patients
on Doppler ultrasound as shown in figure 01, while
APGAR score at birth of the new born babies was low
suggesting birth asphyxia in 28.64% as shown in figure
02. The sensitivity, specificity, PPV, NPV and diagnostic
accuracy of Cerebral Umbilical Resistance Index Ratio
in predicting birth asphyxia of newborn babies was
found as 55.35%, 76.92%, 50.81%, 80% and 70.4%
respectively as shown in table 01.

DISCUSSION

Birth asphyxia is a pathological condition strongly
related to the development and function of the uteropla-
cental and fetoplacental circulations. An adequate fetal
circulation is necessary for normal fetal growth. Doppler
ultrasonography is a useful non invasive investigation
to assess the fetal circulation. Results obtained from
Doppler flow velocimetry of the fetal middle cerebral
and umbilical arteries may assist in the management of
complicated pregnancies. A low resistance index ratio
of fetal middle cerebral and umbilical arteries has been
shown to be associated with fetal compromise.™

Because the middle cerebral artery-umbilical
artery Doppler ratio incorporates data not only on pla-
cental status but also on fetal response, it is potentially
more advantageous than either of the parameters alone
in predicting perinatal outcome'?

In normal pregnancies the diastolic flow in the
fetal middle cerebral arteries is lower than in the um-
bilical arteries at any gestational age. Therefore, the
cerebro-vascular resistance remains higher than the
placental resistance and the MCA/UA ratio is greater

than 1.08. We have taken the cut off as 1.08, as the index
becomes less than this value if the flow distribution is
in favor of the brain in pathological pregnancies.

Brar et al'®*recognized that Doppler studies of the
internal carotid artery or MCA/UA RI could be used to
identify pregnancies with compromised fetuses. The
fetuses in our study with adverse outcome (birth as-
phyxia) had a lower cerebral umbilical resistance index
ratio, supporting their finding.

We found the percentage of abnormal Cerebral
Umbilical Resistance Index Ratio as 30% which is lesser
as compared to the findings of Shahinaj et al'* who have
reported it as 42.54%. This discrepancy could be due to
the difference in inclusion criteria i.e they have enrolled
only those patients who were having pre-eclampsia and
it is a well known fact that pre eclamptic patients are
more prone to complications.

Similarly, abnormal APGAR score at 5 minutes
after birth was found in 28.64% of our study population.
Alocal study conducted at Ayub Teaching Hospital has
reported a low APGAR score in as many as 42.46% of
patients' This study was also conducted on Pre-ec-
lamptic patients which may be the reason for its higher
percentage of abnormal APGAR score.

The values of Sensitivity, Specificity, Positive
Predictive Value, and Negative Predictive Values were
found as 55.35%, 76.92%, 50.81%, and 80% respective-
ly, which are quite similar to the findings of Arias F.'"*who
has reported it in a similar group of patients (sensitivity
57.9%, specificity of 75.6%, false-positive rate as 24.4%).
In addition Ebrashy et al'” has reported the Sensitivity
as 64.1%, Specificity as 72.7%, Positive predictive value
as 89.2% and Negative predictive value as 36.3%. The
slight difference could be due to the lower cut off value
(1.00) of C/U Rl used in their study as compared to our
cut off value of 1.08. In addition, they have taken a lower
APGAR score (<6), as predictor of birth asphyxia.

Arduini and Rizzo'® have found that C/U Pl index
ratio was the best test when compared with MCA and
UA PI indices alone (sensitivity 89%, specificity 94%).
The higher sensitivity and specificity as compared
to our results could be due to the fact that this study
was conducted on fetuses that were clinically small for
gestation.

We found the diagnostic accuracy of C/U Rl ratio
as 70.4% which is similar to the findings of Grammellini
et al'® who have reported it as 70% in a similar group of
patients with a same cut off value of 1.08.

Doppler velocimetry studies of placental and fetal
circulation can provide important information regarding
fetal well-being, yielding an opportunity to improve fetal
outcome. Our results suggested that the C/U RI Doppler
ratio of less than 1.08 was a good predictive tool for
birth asphyxia in high risk pregnancies and could be
used to identify fetuses at risk of morbidity and mortality.
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The use of Doppler ultrasound in high risk pregnancies
appears to improve obstetric outcomes.

Limitations of the study

As this is a descriptive study which was conducted
in one centre so the results may not be generalizable.

Only one parameter (low APGAR score) at 5
minutes after birth was measured so no inference can
be drawn from this study regarding the role of C/U Rl
in the prediction of other adverse perinatal outcomes
like neonatal death, C-Section and metabolic acidosis.

CONCLUSION

Cerebral-Umbilical Resistance Index Ratio is a
useful non invasive ultrasonographic parameter during
the third trimester of pregnancy for the prediction of
low APGAR score and thus Birth asphyxia in high risk
pregnancies.

REFERENCES

1. Ali A, Ahmed K, Kumar A, Hamid A. Disease pattern
and outcome in neonatal unit at Children Hospital
Chandka Medical College, Larkana. Pak Paed J
2009; 33(4):238-44.

2. Olusanya BO, Solanke OA. Correlates of birth as-
phyxia using two Apgar score classification methods.
Nig Q J Hosp Med. 2010; 20(4):153-61.

3. Shahinaj R, Manuku N, Kroi E, Tasha I. The value
of the middle cerebral artery Doppler ratio in the
prediction of neonatal outcome in patients with
preeclampsia and gestational hypertension. J Prenat
Med. 2010; 4(2):17-21.

4. Majeed R, Memon Y, Majeed F, Parveen N, Rajar
U. Risk factors of birth asphyxia. J Ayub Med Coll
Abottabad.2007;19(3):67-71.

5. Lee S, Walker SP. Role of ultrasound in the diagno-
sis and management of the growth restricted fetus.
AJUM 2010; 13 (4):31-6.

6. Morris RK, Malin G, Robson SC, Kleijnen, Zamora
J, Khan KS. Fetal umbilical artery Doppler to predict
compromise of fetal/neonatal wellbeing in a high risk
population: systemic review and bivariate meta-anal-
ysis. Ultrasound Obstet Gynecol. 2011; 37(2):135.

7. El-Sokkary M, Omran M, Ahmad H. Ratio of middle
cerebral artery/umbilical artery. Doppler velocimetry
and status of Newborn in post-term pregnancy. Jour-
nal of American Science, 2011; 7(4):542-9.

8. Khalid M, Wahab S, Kumar V, Khalid S, Haroon
S, Noor A. Doppler indices in prediction of fetal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

outcome in hypertensive pregnant women. NJOG
2011; 6(1):28-34.

Baschat AA, Gembruch U. The cerebroplacental
Doppler ratio revisited Ultrasound Obstet Gynecol
2003; 21:124-7.

Marsal K. Role of Doppler sonography in fetal/ma-
ternal medicine. Curr Opin Obstet Gynecol. 1994
Feb; 6(1):36-44.

Madazli R, Uludag S, Ocak V. Doppler assessment
of umbilical artery, thoracic aorta and middle
cerebral artery in the management of pregnan-
cies with growth restriction. Acta Obstet Gynecol
Scand. 2001;80:702-7.

Bahado-Singh RO, Kovanci E, Jeffres A, Oz U, Deren
O, Copel J, et al. The Doppler cerebroplacental
ratio and perinatal outcome in intrauterine growth
restriction. Am J Obstet Gynecol. 1999; 180: 750-6.

Brar HS, Horenstein J, Medearis AL, Platt LD,
Phelan JP, Paul RH. Cerebral, umbilical and uterine
resistance using Doppler velocimetry in postterm
pregnancy. J Ultrasound Med. 1989; 8:187-91.

Shahinaj R, Manoku N, Kroi E, Tasha |. The value of
the middle cerebral to umbilical artery Doppler ratio
in the prediction of neonatal outcome in patient with
preeclampsia and gestational hypertension. J Prenat
Med. 2010 Apr; 4(2):17-21.

Ayaz A, Muhammad T, Hussain SA, Habib S. Neo-
natal outcome in pre-eclamptic patients.J Ayub Med
Coll Abbottabad 2009 Apr-Jun;21(2):53-5.

Arias F. Accuracy of the middle-cerebral-to-umbili-
cal- artery resistance index ratio in the prediction of
neonatal outcome in patients at high risk for fetal and
neonatal complications. Am J Obstet Gynecol.1994;
171:1541-5.

Ebrashy A, Azmy O, Ibrahim M, Waly M, Edris A. Mid-
dle cerebral/umbilical artery resistance index ratio as
sensitive parameter for fetal well-being and neonatal
outcome in patients with preeclampsia: case-control
study. Croat Med J. 2005 Oct; 46(5):821-5.

Arduini D, Rizzo G, Romanini C. Changes of pulsa-
tility index from fetal vessels preceding the onset of
late decelerations in growth retarded fetuses. Obstet
Gynecol. 1992; 79:605-10.

Gramellini D, Folli MC, Raboni S, Vadora E, Merialdi
A. Gramellini D, Folli MC, Raboni S, Vadora E, Merial-
di A.. Cerebral umbilical Doppler ratio as a predictor
of adverse perinatal outcome. Obstet Gynecol.1992;
79:416-20.

68

KJMS January-April, 2016, Vol. 9, No. 1



