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ABSTRACT

Background: World over, intrauterine growth restriction (IUGR) is observed in about 24% of newborns.
Approximately, 30 million infants suffer from IUGR every year. IUGR is associated with stillbirth, neonatal
death, and perinatal morbidity as well as delayed effects including cerebral palsy (CP) and adult diseases.

Objective: To assess the role of umbilical artery, middle cerebral artery and ductus venosus doppler in
evaluating the neonatal outcome of growth restricted fetuses.

Patients and methods: Our study was conducted on 100 pregnant women attended at the department of
Obstetrics and Gynecology, Al-Azhr University Hospitals from January 2019 to December 2019. The cases
were allocated into 2 main groups: Group I: thirty two pregnant women with intrauterine growth restriction
(IUGR), Group II: sixty eight normal pregnant women without IUGR.

Results: The presence of high statistical significance correlation between neonatal outcome and Doppler
indices of umbilical artery, middle cerebral artery (PSV, PI, RI) in IUGR group. There were also high
statistical significance correlation between neonatal outcome and Ductus venosus Doppler with high
specificity and sensitivity of A wave RI, Pl in IUGR group.

Conclusion: The umbilical artery Doppler indices (RI, PI) were abnormally high in IUGR, in addition with
S/D ratio have significant relation with poor neonatal outcome in IUGR fetuses. Middle cerebral artery
Doppler indices (PSV, S/D ratio, Rl and PI) are abnormally high in IUGR and have high significant relation
with poor neonatal outcome in IUGR group.

Keywords: Middle Cerebral Artery & Ductus, Doppler, IUGR.

INTRODUCTION evidence suggests that there are, at least,
two groups of small fetuses, fetal growth

restriction (FGR) versus constitutional
small-for-gestational age (SGA). FGR is
normally used to refer to small fetuses

Intrauterine growth restriction (IUGR)
is defined as a fetus that is at or below the
10th  percentile in weight for its

ional he A
gestational age as adopted by the ACOG with higher risk for fetal in utero

d the RCOG (Gluck tal., 2010). .Y -
and he (Gluckman etal., ) deterioration, stillbirth and overall poorer

While overall fetal smallness is perinatal outcome as compared with
associated with poorer outcome, clinical normally grown fetuses. These fetuses are
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thought to have ‘true’ growth restriction.
In general, FGR is associated with
Doppler signs suggesting hemodynamic
redistribution as a reflection of fetal
adaptation to under nutrition/ hypoxia,
histological and biochemical signs of
placental disease and a higher risk of
preeclampsia (Figueras and Gratacos,
2014).

Maternal habitus and physiology
largely influences birth size, showing an
association between height, uterine size,
and blood flow. The Doppler indices; such
as systolic/diastolic ratio, resistance index
and pulsatility index, indirectly reflect the
impedence of the circulation downstream
to the point of insonation, and there is a
significant association between abnormal
Doppler indices and fetal hypoxia, fetal
acidosis and adverse perinatal outcome
(Kaponis et al., 2011).

Clinical studies of umbilical arterial
flow velocity waveforms in IUGR have
reported a progressive increase in
impedance to flow until end-diastolic flow
becomes absent and, in extreme cases,
reversed (Al Qahtani, 2011).

In pregnancies with absent or reversed
diastolic (A/RED) flow, the capillary
loops in terminal villi are decreased in
number, longer and with fewer branches
than in normal pregnancies. For this
reason, there is a strong association
between the A/RED velocity and
hypoxia/acidosis (Petraglia et al., 2012).
When there is reversed flow, it may be a
clinical emergency because most of these
fetuses will die within 2 weeks. The
A/RED flow, as a test for hypoxia, shows
a high sensitivity, specificity, positive
predictive value and negative predictive
value (Mari et al., 2010).

The MCA Doppler is the most
commonly imaged intracranial vessel due
to its reproducibility and ease of
identification. In the IJUGR-affected fetus,
an increase in diastolic blood velocity to
the brain may be witnessed by MCA
Doppler (Baschat et al., 2011). This is
detected by a decrease in the S/D ratio or
pulsatility index and is referred to as a
brain sparing effect or cerebralization of
umbilical blood flow. This is due to
chronic hypoxia with redistribution of
blood flow and as a consequence
vasodilations in cerebral arteries occur.
Arterial Doppler abnormalities detected in
umbilical and middle cerebral arteries are
early warning signs in IUGR. Otherwise,
the fetal venous Doppler abnormalities
indicate a more advanced stage of fetal
compromise (Cosmi et al., 2011).

The aim of the work was to assess the
role of umbilical artery, middle cerebral
artery and ductus venosus Doppler in
evaluating the neonatal outcome of
growth restricted fetuses.

PATIENTS AND METHODS

This study was conducted at the
department of Obstetrics and Gynecology,
Al-Azhar University Hospital on 100
pregnant females in third trimester
pregnancy selected from the attendees.
Following counseling and explanation of
all the procedure to the subjects and
assurance  of  confidentiality  and
anonymity. An informed consent was
obtained from all subjects in the two study
groups. This study was approved by the
Ethical Committee of the Al-Azhar
University.

Inclusion criteria: Maternal age from 18-
40 years. Gestational age: second and
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third trimester's pregnancies and singleton
pregnancy.

Exclusion  criteria:  Fetuses  with
structural anomalies, chronic
hypertension, diabetes mellitus, multiple
gestations and uncertain gestational age.

Patients were subdivided in two groups:

Group I: Thirty two pregnant women
with ITUGR and Group Il: Sixty eight
pregnant women with appropriate fetal
growth.

All patients were subjected to history
taking, general medical examination,
Obstetrical ~ examination,  Abdominal
examination, vaginal examination and
routine laboratory investigations.

Specific investigations:

i. Non-stress test: The test involved
attaching one electrode to the mother's
abdomen to measure fetal heart rate
and another belt to measure
contractions.

ii. Ultrasonographic scanning for the
assessment of gestational age for all the
cases in the study, fetal biophyisical
profile, estimated date of delivery,
expected fetal weight using Hadlock
regression formula, presence of IUGR.
Fetal biometry (BPD, HC, AC, FL, and
TCD) for estimation of gestational age,
evaluation of fetal growth and
diagnosis of IUGR after two serial
examinations to evaluate fetal growth
curve) and diagnosis of IUGR.
Amniotic fluid index, exclusion of
anomalies.Assessment of the placenta.

iii.Doppler study of Umbilical artery
(UA), middle cerebral artery (MCA)
and ductus venosus (DV).

Delivery was evaluated regarding,
gestational age at delivery, mode of
delivery, and the presence or absence of
complications. All born neonates were
examined by a neonatologist in order to
assess the Apgar score and birth weight.
5-minute Apgar score was estimated by
evaluating the new born according to five
criteria; namely appearance, pulse,
grimace, activity and  respiration.
Following delivery, perinatal outcome
were evaluated by means of four
variables: the need for admission to the
neonatal intensive care unit (NICU), need
for neonatal intubation, and significant
neonatal morbidity (presence of central
nervous system complications).

Statistical analysis:

Results of the present study were
statistically analyzed wusing SPSS 25
(IBM, USA). Data were represented as
Mean £ SD or number and percentage.
Numerical data were compared using
Fisher exact test or Chi-square test as
appropriate. ROC curve was used to
evaluate the performance of different tests
differentiate between certain groups. The
level of significance was taken at P value
< 0.050 is significant, otherwise is non-
significant.
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RESULTS

No significant difference between
IUGR and non-lUGR cases regarding
LMP (38.1+£1.5, 38.0+1.6 respectively;
p=0.818). While Estimated (32.9+2.3,
38.6x1.7 respectively; p<0.001) and Gap

(LMP-  estimated) (-5.2+1.3, 0.6%0.6
respectively; p<0.001) were significantly
lower in IUGR cases than in non-lUGR
cases (Tablel).

Table (1): Comparison according to IUGR regarding gestational age (week) among

the studied cases

Methods (IlilJzG;;) N?&:Igg; R AP-value
LMP 38.1+1.5 38.0+1.6 0.767
Estimated 32.942.3 38.6+1.7 <0.001
Gap (LMP- estimated) -5.2+1.3 0.6+0.6 <0.001
AIndependent t-test.
UA Pl (0.88+0.13, 0.79x0.13 (0.51+0.10, 0.70x0.11 respectively;

respectively; p=0.002) was significantly
higher in ITUGR cases than in non-IUGR
cases. MCA Pl (0.93+£0.19, 1.19+0.32

p<0.001) and DV A-wave (33.6t£11.4,
42.0+12.3 respectively; p=0.002) were
significantly lower in IUGR cases than in

respectively; p<0.001), CPR (1.06+0.15,
1.49+0.22 respectively; p<0.001), DV PI

non-IUGR cases (Table 2).

Table (2): Comparison according to IUGR regarding Doppler findings

Variables (II\LIJ:C?;) N%&_zlggc);R AP-value
UAPI 0.88+0.13 0.79+0.13 0.002
MCA PI 0.93+0.19 1.19+0.32 <0.001
CPR 1.06+0.15 1.49+0.22 <0.001
DV PI 0.51+0.10 0.70+0.11 <0.001
DV A-wave 33.6x£11.4 42.0£12.3 0.002
Alndependent t-test.
Birth  weight (2.0£0.3, 3.1+0.4 0.0%; p=0.003) and Neonatal death
respectively; p<0.001) was significantly (6.3%, 0.0%; p=0.100) were more

lower in IUGR cases than in non-lUGR
cases. NICU admission (46.9%, 2.9%;
p<0.001), Intrauterine fetal death (15.6%,

frequent in IUGR cases than in non-lUGR
cases, the difference were significant
except in Neonatal death (Table 3).

Table (3): Comparison according to ITUGR regarding Neonatal outcomes

Methods IUGR (N=32) Non-1UGR (N=68) P-value
Birth weight (kg) 2.0£0.3 3.1+0.4 ~<0.001
NICU admission 15 (46.9%) 2 (2.9%) #<0.001
Intrauterine fetal death 5 (15.6%) 0 (0.0%) §80.003
Neonatal death 2 (6.3%) 0 (0.0%) §0.100

AIndependent t-test. # Chi square test. 8Fisher's Exact test.



1051

ROLE OF MIDDLE CEREBRAL ARTERY AND DUCTUSVENOSUS...

There was  significant

correlation between

negative
(LMP-

estimated) and UA Pl (-0.288). There
were significant negative correlations

between Gap (LMP- estimated) and MCA
PI, CPR, DV PI and DV A-wave(0.382,

0.691, 0.624 and
(Table 4).

0.278 respectively)

Table (4): Correlation between Gap (LMP- estimated) and Doppler findings

Variables R P
UA PI -0.288 0.004
MCA Pl 0.382 <0.001
CPR 0.691 <0.001
DV PI 0.624 <0.001
DV A-wave 0.278 0.003

Total=100. “Pearson correlation

AUC of UA PI, MCA PI, CPR, DV PI
and DV A-wave had significant diagnostic
performance in the diagnosis of IUGR,

were 0.693, 0.762, 0.

958, 0.900 and0.695

respectively; was highest in CPR (Figure

1).
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Figure (1): ROC curve for Doppler findings in the diagnosis of IUGR

Diagnostic characteristics of Doppler
findings cutoff points in the diagnosis of
IUGR show that CPR < 1.19 had highest

diagnostic characteristics in the diagnosis

of IUGR (Figure 2).
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Figure (2):
DISCUSSION
Our  results showed significant

statistical correlation between abnormal
neonatal outcome (IUFD, admission to
NICU, neonatal death) with abnormal
umbilical artery Doppler indices in group
| (S/D ratio, Pl and RI). These data were
consistent with study of Neilson and
Alfirevic (2010) who conducted a meta-
analysis on high-risk pregnancies has
demonstrated a significant improvement
of a number of perinatal outcomes, with
overall reduction of perinatal mortality of
30%.

A Cochrane review by Alfirevic et al.
(2010) had shown that fetal and umbilical
artery Doppler ultrasound in high risk
pregnancies can decrease the perinatal
mortality by 29% when obstetric services

were in place to ensure safe and timely
delivery of the baby when needed.
Spinillo et al. (2011) conducted a cohort
study at 24-35 weeks gestational age
complicated by IUGR and abnormal
umbilical artery Doppler measurements.
They concluded that IUGR with absent or
reversed UA end diastolic flow,
vasodilatation of the MCA is a risk factor
for neonatal death or brain damage.

Our study results demonstrated that
there  were  statistical  significance
regarding (S, D, S/D ratio, RI, PI) Doppler
indices of middle cerebral artery (MCA)
in relation to neonatal outcome in group I.
Mari et al. (2012) conducted a
retrospective cross-sectional study of 30
IUGR fetuses and they concluded that, in
IUGR fetuses, the high MCA-PSV
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predicts perinatal mortality better than low
MCA-PI.

The cerebral/umbilical pulsatility ratio
(C/U ratio) has been recognized as the
more sensitive and specific indicator of
likelihood of ITUGR and adverse perinatal
outcome in  high-risk  pregnancies.
Comparison between the two groups
regarding patient's MCA Pl / Umbilical
artery (Umb a) Pl showed statistical
significant  difference. Banu (2011)
measured Rl and Pl in UA and MCA and
also the RI& PI ratios between these
arteries. The result of this study indicated
that measurement of Pl value in the UA is
enough to detect IUGR, probably due to
reflection of decrease placental vascular
bed, but the ratio of indices between UA
and MCA is more accurate than
independent evaluations in identifying
fetuses developing distress, reflecting a
brain sparing effect as well as
fetoplacental insufficiency. Hung et al.
(2010) concluded that combining the Pl of
the UA and DV provides greatest
accuracy in predicting growth restricted
neonates with acidemia. Bano et al.
(2010) concluded that the MCA/UA ratio
is a better predictor of SGA fetuses and
adverse perinatal outcome than the MCA
Pl or the UA PI used alone; the UA PI can
be used to identify IUGR, and the MCA
Pl alone is not a reliable indicator for
predicting fetal distress. Jurisi¢ et al.
(2010) concluded that the reliability of
MCA/UA ratio in the estimation of fetal
condition in pre-eclamptic patients is high.
Very low MCA/UA ratio values in
patients with pre-eclampsia indicate that
in these fetuses, fetal acidosis and fetal
distress may be expected.

The Ductus Venosus (DV) allows the
diversion of highly oxygenated blood
from the umbilical vein into the right
atrium throught the foramen ovale to the
left side of the heart and hence to irrigate
the fetal brain (Mari et al., 2012). Our
result revealed strong statistical evidence
of poor neonatal outcome with abnormal
DV Doppler indices (mainly A wave, Rl,
PI), with p wvalue (0,000, 0.028)
respectively in group I. Our findings were
in close relation with Axt-Fliedner et al.
(2010) findings; the similarity with their
result was probably due to the use of the
same insonation angle correction.

References were higher than those
obtained by Pokharel and Alam (2017) the
difference was attributed to the fact that
the former study showed a smaller sample
size than our study and did not correlate
the pulsatility index with the gestational
age with scattered distribution. However,
their values were below 1.0 in all
gestational ages.

Late Doppler changes including an
elevated DV Doppler index and reversed
umbilical artery end-diastolic velocity
were observed in the week prior to
delivery in up to 40% of fetuses. They
documented parallel  progression  of
cerebral and precordial venous Doppler
abnormalities (Turan et al., 2010).

Picconi et al. (2010) assessed ductus
venosus wave forms qualitatively; forward
flow versus reversed or absent flow in
diastole. They proved that there is a
transition phase in which DV alternates
forward flow and absent or reversed A
wave before reversed A wave become
persistent, the time from the appearance of
DV reversed flow to IUFD is variable and
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so it has to be integrated with other
antenatal fetal parameters.

In the IUGR pre-eclampsia studies, the
number of obstetric interventions was
significantly reduced in pregnancies
monitored with  Doppler ultrasound
including antenatal admissions, inductions
of labor, and cesarean section (Schild et
al., 2013).

CONCLUSION

The umbilical artery Doppler indices
(RI, P1) were abnormally high in IUGR, in
addition with S/D ratio have significant
relation with poor neonatal outcome in
IUGR fetuses. Middle cerebral artery
Doppler indices (PSV, S/D ratio, Rl and
P1) were abnormally high in IUGR and
have high significant relation with poor
neonatal outcome in IUGR group. Ductus
venosus Doppler indices (Pl, A wave)
were significantly abnormal in IUGR
fetuses and have high significant relation
with poor neonatal outcome in IUGR
group. However, the use of multiple
parameters for assessment of the fetal
wellbeing simultaneously was the most
beneficial in predicting the neonatal
outcome, but this needs referral for
perinatologist.

Arterial Doppler abnormalities
detected in umbilical and middle cerebral
arteries were early warning signs in
IUGR. Otherwise, the fetal venous
Doppler abnormalities indicated a more
advanced stage of fetal compromise.

Conflicts of interest: No conflicts of
interest were encountered.
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