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 

Abstract- Aim: To evaluate the diagnostic criteria of 

Ultrasonographic parameters to predict intrauterine growth 

restriction. 

Methods: Normal pregnant females at different gestational ages 

that come for normal ultrasonography for routine check were 

recruited for the study. The USG markers to identify IUGR 

were assessed. 

Results: The umbilical artery indices such as S/D ratio 

decreased from 2.63 to 1.96. In addition, PI (Pulsatility Index) 

decreased from 1.24 to 0.60 & RI decreased from 0.62 to 0.48 

from 32 weeks onwards respectively. Doppler indices of MCA 

decrease after 32 weeks. The middle cerebral artery indices 

such as PI decreased from 2.16 to 1.36 and RI decreased from 

0.89 to 0.62 from 32 weeks onwards. In control group Cerebro 

Placental Ratio (CPR) was more than 1. Out of 50 cases of the 

study group, 25 cases shows PI of Umbilical artery more than 2 

SD, 23 cases with SDR of umbilical artery > 3, 20 cases with 

SDR > 95th percentile whereas in middle cerebral artery 15 

cases with SDR > 95th percentile and 27 cases with CPR < 1. 

The prevalence of IUGR among the study group was 51.5%. 

The best cut-off value of the TCD/AC ratio for predicting IUGR 

was 15.4%, giving the sensitivity, specificity, positive predictive 

value and negative predictive value of 73.26%, 80.25%, 

79.75%, and 73.86%, respectively and overall diagnostic 

accuracy was 92.4%. 

Conclusions We conclude that, no single non-Doppler 

sonographic parameter permits the confident diagnosis of 

IUGR. Multiple Doppler and conventional sonographic 

parameters shows increase sensitivity and predictivity than 

single parameter in the study group. Low Estimated Fetal 

Weight combined with Umbilical (Systolic Diastolic Ratio) SDR 

>2 SD and HC/AC ratio combined with SDR >2 SD parameters 

shows increased predictivity and sensitivity. Considering that 

C/U RI (Cerebral/Uterine Resistivity Index) reflects not only the 

circulatory insufficiency of the placenta by alteration in the 

umbilical resistance index, but also the adaptive changes 

resulting in modification of the middle cerebral resistance 

index, it seemed to be a potentially useful tool in predicting 

adverse perinatal outcome in high risk cases. Our results 

support the correlation between abnormal fetal C/U RI and 

adverse perinatal outcome in patients with IUGR. 

 

Index Terms— IUGR, Ultrasonographic parameters, Trans 

cerebellar diameter, Abdominal circumference, Head 

Circumference  
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I. INTRODUCTION 

 

Intrauterine growth restriction refers to a condition in 

which the fetus is smaller than it should be at that particular 

gestational stage because the rate of growth inside the womb 

is not normal. The fetus, in this condition, fails to achieve its 

growth potential, which increases their perinatal morbidity 

and mortality. Intrauterine growth restriction can be of two 

types-symmetrical and asymmetrical. The major cause of 

IUGR is represented by uteroplacental insufficiency. The risk 

factors for IUGR comprise a wide range of conditions and 

their assessment is essential during pregnancy. IUGR is 

observed in about 24% of newborns; approximately 30 

million infants suffer from IUGR every year [1]. In India, the 

prevalence of LBW has been reported as 26% [2]. While the 

proportion of IUGR has found to be 54% [3,4]. IUGR is one 

of the most common and complex problems in modern 

obstetrics and thus it are a wide topic for research today. 

The uteroplacental circulation can be assessed by means of 

Doppler ultrasonography [5]. This procedure has been 

reported in numerous studies to be promising technique for 

predicting the level of risk for pre-eclampsia and intrauterine 

growth restriction [6-8]. Doppler ultrasonography may be 

performed via the transvaginal or transabdominal route in the 

first or second trimester [9]. Waveforms on Doppler are 

reported to be readily obtainable in more than 95% of patients 

[10]. The uterine artery is identified with the use of color 

Doppler ultrasonography and various indices can be 

calculated and assessed [9]. In case of an incomplete 

trophoblastic invasion of the spiral arteries, the maternal 

compartment fails to transform from a high resistance to a 

low resistance flow district and this impairment is associated 

with the development of pre-eclampsia and IUGR. In these 

cases, Resistance Index (RI) or a Pulsatility Index (PI) above 

the 90th-95th percentile and/or the presence of unilateral or 

bilateral notching associated with a value of the RI >0.58 or a 

value of the PI >1.45 [11]. Onset of fetal growth restriction is 

associated with reduced placental perfusion due to a decrease 

in villous cross-sectional vascular area, which leads to 

elevated umbilical artery blood flow resistance once villous 

damage exceeds 30%. In early onset disease, elevated 

umbilical artery Doppler resistance is followed by middle 

cerebral artery brain sparing, escalating blood flow resistance 

in the umbilical artery with progressive reverse shunting in 

the aortic isthmus followed by deterioration of venous 

Doppler parameters and finally the biophysical profile score. 

 Although it is a public health problem with around 10% 

incidence in the pregnancy population, fetal growth 

retardation is still a matter of debate starting from the 

Evaluation of the Diagnostic Criteria of 

Ultrasonographic Parameters In The Prediction of 

Intrauterine Growth Restriction 
Dr.Haritha Nimmagadda, Dr.Priti Kapoor, Ms.Ritika Ladwal 



Evaluation of the Diagnostic Criteria of Ultrasonographic Parameters In The Prediction of Intrauterine Growth 

Restriction 

                                                                                29                                                                 www.wjrr.org 

 

definition, the multifactoral origin, the low levels of 

prediction, the questionable references like customized or 

uncustomized growth charts, and the methods of diagnosis 

and management [12]. 

Intrauterine growth restriction is one of the most severe 

complications in modern obstetrics. In about 75% of the 

cases, IUGR remains unrecognized until birth and the 

diagnosis comes retrospectively. As of today, no single 

marker has been found, be it ultrasonographic, serum markers 

or clinical factors that can help in the early diagnosis of this 

challenging condition. Various researches have been carried 

out in the same line, to establish a definite predictive marker 

in the detection of IUGR and to help reduce infant mortality 

and morbidity. According to literature, Ultrasonographic 

assessment has been found to be a very promising means for 

the detection of IUGR. A thorough investigation of the 

various parameters on ultrasonography will help to establish 

accurate marker/markers for the detection of IUGR and help 

in its efficient management thereby. Identification of such a 

diagnostic marker will aid extensively in the reduction of 

infant mortality and morbidity due to this condition, and will 

prove to be a revolution in the field of obstetrics. This study 

aims at assessing various ultrasonographic parameters 

accurately and establishing the relative reliability of each in 

the diagnosis of intrauterine growth restriction. 

 

II. METHODS 

Study Location: Department of Radiology, MGM Hospital, 

Navi Mumbai. 

Study design: Prospective cohort study – Observational 

study, conducted from June-2016 to March 2017. 

Sample size: 100 pregnant women at different gestational 

ages were assessed after informed consent was taken. They 

were grouped into control and IUGR categories. 

Inclusion criteria: 

• Singleton pregnant women, after obtaining consent. 

• All women screened for IUGR and those being treated 

for the same. 

• Clinically suspected IUGR/asymptomatic cases. 

Exclusion criteria: 

• Females of age less than 18 and more than 35 years, or 

unknown last menstrual period. 

• A known case of gestational diabetes and hypertension. 

• A known case of gestational complications. 

• A known case of neurodevelopmental disorders or 

genetic disorders. 

Parameters assessed: 
• Umbilical artery Doppler indices- Resistivity index (RI) 

and Pulsatility index (PI) 

• Transcerebellar diameter 

• Abdominal circumference 

• Head circumference 

III. METHODOLOGY 

 

Informed consent and PCPNDT Act: Informed consent 

was taken from the pregnant women in a language best 

understood by them. 

Under the PCPNDT Act, the sex of the fetus was not 

revealed during the process of data collection for this study. 

Normal pregnant females at different gestational ages that 

come for normal ultrasonography for routine checkup were 

recruited for the study. The following parameters were 

assessed to categorize the female to either control or IUGR 

group based on fetal weight less than 10th Percentile of 

normal weight. 1. The Middle cerebral artery and the 2. 

Umbilical artery was assessed on Doppler sonography. 

The Doppler sample volume was placed within 1 cm of the 

origin of the middle cerebral artery that was easily identified 

as a major branch running in anterolateral direction from the 

circle of Willis towards the lateral edge of the orbit. While 

angle of correction is not necessary when measuring the 

middle cerebral artery Pulsatility index (PI), peak systolic 

velocity measurement should use angle correction and the 

angle of incidence should be <30 degrees; optimally as close 

to 0 degrees as possible. For the waveform analysis, 

maximum and minimum values of the velocity waveforms on 

the frozen image were measured by use of electronic calipers 

of the machine. 

3. Transcerebellar diameter- This parameter was assessed 

with the fetus in the direct occiput anterior position. In this 

position, the posterior fossa appears closer to the transducer 

and thus the cerebellum was seen and the diameter was 

accurately measured [Figures-1, 2 and 3]. 

4. Head circumference- This was calculated using the 

shortest and the longest axes of fetal head measured outer to 

outer margins [Figure-4]. 

5. Abdominal circumference- The cephalocaudal plane is 

the position where the right and the left portal veins are 

continuous with one another. Secondly, the symmetric lower 

ribs were visualized, followed by visualization of the stomach 

bubble [Figure-5]. 

The TCD/AC and HC/AC ratios were correlated with 

advancing gestational age to know if these morphometric 

ratios were related to gestational age. Sensitivity, specificity, 

positive predictive value (PPV), negative predictive value 

(NPV) and diagnostic accuracy for TCD/AC and HC/AC 

ratios in evaluating IUGR fetuses were calculated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Fig:1 Grade I cerebellum. The cerebellum is seen between 

the calipers” 
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“Fig:2 Grade II cerebellum. The cerebellum is seen between 

the calipers” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig:3 Grade III cerebellum. The cerebellum is seen between 

the calipers” 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Fig:4 Head circumference (HC) measurement” 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Fig:5 Abdominal circumference measurement” 
 

 

OBSERVATIONS AND RESULTS: 

 

In the present study, 50 pregnant women between 18-35 years 

of age showing asymmetrical foetal IUGR were examined 

with majority of them (28%) being in the age group 27-29 

years [Table-I]. In majority of these pregnancies, the 

gestational age was between 34 to 36 weeks, accounting for 

30% of population [Table-II]. Seventy percent of patients 

were primigravida [Table-III]. 

 

Table:I Age distribution of patients studied in IUGR and 

normal pregnancies: 

 

Age group 

year 

N (number 

of 

patients-IU

GR) 

Percent

age (%) 

N 

(number 

of 

patients- 

Control) 

Percent

age (%) 

18-20 11 22 9 18 

21-23 12 24 15 30 

24-26 10 20 12 24 

27-29 14 28 7 14 

30-32 2 4 5 10 

33-35 1 2 2 4 

Total 50 100 50 100 

 

Table:II- Period of gestation among IUGR and normal 

pregnancies 

Gestational 

N 

(number of 

Percent

age (%) 

N (number 

of 

Percenta

ge (%) 

period 

IUGR 

cases)  

Control 

cases)  

     

20-21wk 6d 2 4 5 10 

22-23w 6d 2 4 12 24 

24-25w 6d 3 6 6 12 

26-27w 6d 1 2 4 8 

28-29w 6d 3 6 1 2 

30-31w 6d 4 8 6 12 

32-33w 6d 8 16 9 18 

34-35w 6d 11 22 5 10 

36-37w 6d 10 20 1 2 

38-39w 6d 6 12 1 2 

Total 50 100 50 100 

Table:III- Gravidity distribution in IUGR pregnancies  

 

Gravidity 

N (number of 

patients) Percentage 

Primi 72             72 

Multi 28             28 

Total 100            100 

DOPPLER STUDIES: 
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The umbilical artery indices such as S/D ratio decreased 

from 2.63 to 1.96. In addition, PI (Pulsatility Index) decreased 

from 1.24 to 0.60 & RI decreased from 0.62 to 0.48 from 32 

weeks onwards respectively. Doppler indices of MCA 

decrease after 32 weeks. The middle cerebral artery indices 

such as PI decreased from 2.16 to 1.36 and RI decreased from 

0.89 to 0.62 from 32 weeks onwards. In control group 

Cerebro Placental Ratio(CPR) was more than 1. Out of 50 

cases of the study group, 25 cases shows PI of Umbilical 

artery more than 2 SD, 23 cases with SDR of umbilical artery 

> 3, 20 cases with SDR > 95th percentile whereas in middle 

cerebral artery 15 cases with SDR > 95th percentile and 27 

cases with CPR < 1. About 96% of the babies of the patients 

in the study group were below 2500gram with a mean birth 

weight of 1806gram compared to 10% in the control group 

were the mean birth weight was 2749g, which is statistically 

significant at P=0.0001. Each of these sonographic 

parameters (HC/AC Ratio, AFI and EFW) has been found to 

have a statistically significantly different mean value or 

frequency of occurrence, in growth-retarded as compared 

with normal fetuses. Mean value of AFI and EFW of study 

group is lower than that of control group where as Mean value 

of HC/AC of study group is higher than control group. In 

umbilical artery, S/D ratio, PI and RI of IUGR fetuses were 

significantly higher than that of normal fetuses (4.03±0.15 vs 

1.99±0.493; p<0.01, 1.334±0.37 vs 0.736±0.17; p<0.01, 

0.753±0.151 vs 0.482±0.109; p<0.01). 

In middle cerebral artery, RI of IUGR fetuses was 

significantly lower than that of normal fetuses (0.0.598±0.12 

vs 0.0.742±0.129; p<0.01). Cerebroplacental ratio (MCA 

RI/UA RI) of IUGR fetuses was significantly lower than that 

of normal fetuses (0.814±0.20 vs 1.59±0.361; p<0.01. 

Umblical artery shows 73% sensitivity, 85% specificity, 35% 

positive predictive value with 96% negative predictive value 

when S/D ratio was more than 3. Sonography parameter such 

as HC/AC ratio shows 93% sensitivity, 95% specificity, 67% 

positive predictive value and 99% negative predictive value 

for IUGR. Low EFW shows 83% sensitivity and 85% 

specificity, 38% positive predictive value and 97% negative 

predictive value for estimation of IUGR. Out of sonographic 

parameters HC/AC ratio has better predictive value(67%). 

Combined sonographic and Doppler parameters such as Low 

EFW and SDR> 2 SD as well as CPR<1 and low EFW have 

better sensitive and predictive value. 

 
IV. SONOGRAPHICAL PARAMETERS 

 

The prevalence of IUGR among the study group was 

51.5%. The best cut-off value of the TCD/AC ratio for 

predicting IUGR was 15.4%, giving the sensitivity, 

specificity, positive predictive value and negative predictive 

value of 73.26%, 80.25%, 79.75%, and 73.86%, respectively 

and overall diagnostic accuracy was 92.4%. 

The study showed that there is poor correlation (r2=0.13, 

p>0.05) between TCD/AC and gestational age after 20 weeks. 

Therefore, even though there was slight increase in the 

TCD/AC ratio with gestational age, this increase is 

insignificant suggesting that this ratio will be constant at any 

gestational age. The mean TCD/AC was 13.63±1.2% (2SD). 

The ratio between TCD and AC was calculated and found to 

be 0.1436 +/- 0.0106 (SD) which remained fairly constant 

throughout pregnancy in control subjects. 

Analysis of 50 normal singleton pregnancies showed a 

statistically significant log-linear relationship between TCD 

and gestational age (R2= 0.96; P<0.0001; Figure 6a). A 

statistically significant log-linear relationship was also 

demonstrated between TCD and AC (R2= 0.95; P<0.0001; 

Figure 6b), and between TCD and HC (R2= 0.96; P<0.0001; 

Figure 6c). In the latter two relationships the proportional 

distance of the 5th and 95th centile from the median increases 

with circumference. In the subset of 50 IUGR fetuses, TCD 

was below the lower limit of the normal range in 13 (26%) 

cases, vs. 33 (66%) cases which were below the lower limit of 

the normal range for HC. This difference was statistically 

significant (P< 0.0001). The TCD was above the upper 

normal limit of the TCD/AC chart in 41 (82%) out of 50 cases, 

and above the upper normal limit of the TCD/HC chart in 24 

(48%) out of 50 cases. This difference was also statistically 

significant. The head circumference increased gradually with 

menstrual age from 9 cm per week to 33.51 cm per week at 

term in control group [Table-IV]. The phenotype of IUGR in 

this cohort was predominantly asymmetric, with 58% of 

fetuses (62/107) exhibiting an asymmetric pattern. This 

proportion is significantly greater than the expected 

proportion of fetuses with HC/AC ratio over the 95th 

percentile (5%) (Fisher exact test; P < 0.001)[13]. The 

proportion of IUGR fetuses with an elevated HC/AC ratio did 

not differ either by quartiles across the range of gestational 

age of ultrasound. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Figure:6: Log-linear relationship demonstrated between 

(a)TCD and Gestational age, (b)TCD and AC and (c) TCD 

and Head Circumference.” 
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Table-IV: Head Circumference (in cm) and standard 

deviations (SD) from 20th week to 35 weeks in normal 

control group. 

 

Gestation 

age in 

weeks 

Head 

circumference 

(HC) in cm 

SD± in cm 

20 17.63 0.17 

21 18.65 0.19 

22 19.94 0.36 

23 21.15 0.16 

24 22.13 0.21 

25 23.6 0.5 

26 24.6 0.23 

27 25.6 0.3 

28 26.5 0.42 

29 27.48 0.25 

30 28.7 0.1 

31 29.6 0.11 

32 30.5 0.06 

33 31.28 0.08 

34 31.67 0.17 

35 32.15 0.25 

 

V. DISCUSSION 

 

Human foetuses normally direct one-third of their cardiac 

output to the placenta during the second half of pregnancy 

and one-fifth during the last couple of months.[21] In contrast, 

IUGR foetuses with early umbilical artery abnormalities 

direct a reduced volume of blood toward the placenta, both in 

absolute and relative terms, while maintaining relatively 

normal cardiac output .[22] Low cardiac output to the 

placenta may already be present at a stage of the  disease that 

precedes the appearance of clinical evidence of a reduction in 

fetal growth and changes in impedance to flow in the fetal 

arterial and venous circulation [23]. This condition may 

suggest that, at an early stage of placental compromise, the 

volume of fetal blood flow toward the placenta is reduced, 

and more extensive recirculation of umbilical blood in the 

fetal body develops in an attempt to achieve more efficient 

extraction of oxygen and nutrients.[22–24] In control group 

90% cases had BW> 2.5 kg and the mean birth weight is 2749 

gm., which is normal according to Indian standards. In study 

group the mean birth weight is 1806 gm and 96% shows birth 

weight < 2500 gm. In the study by Mallikarjunappa cases of 

PIH with IUGR had an average birth weight of 1708 g. which 

correlates with this study. [25] Sonographic parameters 

(HC/AC Ratio, AFI and EFW) have been found to have a 

statistically significantly different mean value or frequency of 

occurrence, in growth retarded as compared with normal 

fetuses (1.2007±0.07 vs 1.0745±0.07; P<0.0001, 

4.9967±2.1573 vs 11.10±1.99; P<0.0001, 1783.83±479.43 vs 

2731±306.7; P<0.0001) in the present study. Crane JP, Kopta 

MM. 

Prediction of intrauterine growth retardation via 

ultrasonically measured head/abdominal circumference ratios. 

Obstet Gynecol, 54, 1979, 597-601 has similar statistical 

significant different mean in IUGR and normal pregnancy. 

[26] 

 

When the fetus is hypoxic, the cerebral arteries tend to 

become dilated in order to preserve the blood flow to the 

brain. In the middle cerebral artery, the systolic to diastolic 

S/D ratio will decrease (due to an increase in diastolic flow) 

in the presence of chronic hypoxic insult to the fetus. This 

increase in blood flow can be evidenced by Doppler 

ultrasound of the middle cerebral artery. This effect has been 

called “brain sparing effect” and is demonstrated by a lower 

value of the pulsatility index and resistive index. The 

cerebro-placental ratio (R.I of MCA/ R.I of umbilical Artery) 

becomes less than one. Banu (1998) studied the PI and RI in 

umbilical and middle cerebral arteries and compared ratio of 

PI and RI in UA and MCA. They found that ever though the 

measurement of PI value in the umbilical artery is enough to 

detect IUGR per se, the ratio of these indices between the UA 

and MCA is more accurate than independent evaluations in 

identifying fetuses developing fetal. [27] KW Fong 1999 

evaluated the usefulness of MCA to umbilical artery RI ratio 

(C/U ratio) as a predictor of adverse perinatal outcome. They 

concluded that the C/U ratio is a good predictor of neonatal 

outcome and can be used to identify fetuses at high risk of 

morbidity and mortality. [28] Present study shows that in 

umbilical artery, S/D ratio, PI and RI of IUGR fetuses were 

significantly higher than that of normal fetuses (4.03±0.15 vs 

1.99±0.493; p<0.01, 1.334±0.37 vs 0.736±0.17; p<0.01, 

0.753±0.151 vs 0.482±0.109; p<0.01). 

In middle cerebral artery, RI of IUGR fetuses was 

significantly lower than that of normal fetuses (0.0.598±0.12 

vs 0.0.742±0.129; p<0.01). Cerebroplacental ratio (MCA 

RI/UA RI) of IUGR fetuses was significantly lower than that 

of normal fetuses (0.814±0.20 vs 1.59±0.361; p<0.01 (Table 

6). Similar study in the year 2000 by Yoon Ha Kim/Seok Mo 

Kim/Tae Bok Song/ Ji Soo Byun revealed that in umbilical 

artery, S/D ratio, PI and RI of IUGR fetuses were 

significantly higher than that of normal fetuses (3.34±0.69 vs 

2.29±0.29; p<0.01, 1.27±0.27 vs 0.81±0.14; p<0.01, 

0.70±0.07 vs 0.55±0.06; p<0.01). In middle cerebral artery, 

RI of IUGR fetuses was significantly lower than that of 

normal fetuses (0.72±0.09 vs 0.82±0.07; p<0.01). 

Cerebroplacental ratio (MCA RI/UA RI) of IUGR fetuses 

was significantly lower than that of normal fetuses 

(0.93±0.25 vs 1.35±0.16; p<0.01). They concluded that 

umbilical blood flow was affected but middle cerebral blood 

flow was maintained in IUGR fetuses. Hence fetal blood flow 

redistribution in favor of the brain at development of IUGR 

may be present and detectable by Doppler ultrasonography 

using Cerebroplacental ratio. [29] 

In 2005, Alaa Ebrashy, Osama Azmy, Magdy Ibrahim, 

Mohamed Waly, Amira Edris, Obstetrics and Gynecology 

Department, Kasr El Aini Hospital, Cairo University; 

Reproductive Medicine Unit, National Research Center; and 

Neonatology Department, Kasr El Aini Hospital, Cairo 

University, Cairo, Egypt (Croat Med J, 46(5), 2005, 821- 825) 

performed prospective case-control study of 50 pregnant 

women with preeclampsia with or without intrauterine 

growth restriction (IUGR) middle cerebral/umbilical artery 
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resistance index (C/U RI) ratio < 1 is considered abnormal. In 

the preeclampsia group, C/U RI was abnormal in 32 out of 38 

fetuses with IUGR, and in only 5 out of 12 of fetuses without 

IUGR. [30] In the present study, although sensitivity was 

lower for the systolic to diastolic ratio (73%) of the umbilical 

artery than for the sonographic estimation of fetal weight 

(93%), the umbilical artery studies had a higher specificity 

(90 versus 85 %) (Table- 8 & 9).These findings indicate that 

sonographic biometry is a more sensitive technique for 

identifying IUGR but that the umbilical artery waveforms are 

a valuable adjunct for improving the diagnostic accuracy for 

the prenatal detection of IUGR. 

Berkowitz GS, Mehalek KE also reported the same finding 

in Sonographic estimation of fetal weight and Doppler 

analysis of umbilical artery velocimetry in the prediction of 

intrauterine growth retardation: a prospective study. [31] The 

most common determination of fetal growth restriction is 

based on the estimated fetal weight, EFW, determined from a 

combination of BPD and AC (Campbell, 1975). 

Cerebroplacental ratio (CPR) less than one is seen in 90% of 

IUGR cases with positive predictive value 66% in the present 

study. Article by Tatjana Reihs and Matthias Hofer in chapter 

(6) of teaching manual of color duplex sonography by 

Matthias Hofer mentioned that this index (CPR) is very 

sensitive predictor (80%) of fetal growth retardation.[33] The 

middle-cerebral-to-umbilical-artery ratio remains relatively 

constant (mean ± SD 1.33 ± 0.19) between 27 and 37 weeks. 

A cutoff value of 1.0 (sensitivity 57.9%, specificity 

75.6%,false-positive rate 24.4%) was selected from the 

receiver-operator characteristic curve analysis. This cutoff 

value successfully identified a population at significant risk 

of fetal growth retardation (relative risk 3.07, 95% confidence 

interval 1.73 to 5.45, exact two tailed p = 0.0009).[33] 

A middle-cerebral-to-umbilical-artery ratio of ≤ 1.0 

identifies a subgroup of patients at high risk for fetal growth 

retardation and severe neonatal morbidity. Alaa Ebrashy, 

Osama Azmy1, Magdy Ibrahim, Mohamed Waly, Amira 

Edris et al found C/U RI was abnormal (<1) in 32 out of 38 

fetuses with IUGR in 50 preeclampsia pregnancy group. [34] 

In the present study sensitivity, specificity, positive and 

negative predictive values are evaluated for umbilical as well 

as middle cerebral artery. Umbilical artery shows 73% 

sensitivity, 85% pecificity, 35% positive predictive value and 

96% negative predictive value when S/D ratio is more than 3. 

Overall, however, positive predictive values of Doppler 

criteria for IUGR were found to be poor. Benson CB, 

Doubilet PM have observed similar finding in their study. 

[35,36] 

Sonographic parameters such as HC/AC Ratio shows 93% 

sensitivity, 95%specificity, 67% positive predictive value and 

99% negative predictive value. Low EFW shows 93% 

sensitivity, 90% specificity, 50% positive predictive value 

and 99% negative predictive values. Ninety percent of fetuses 

are not growth-retarded, so any reasonable test will have a 

negative predictive value of at least 90%. Out of sonographic 

parameter HC/AC Ratio has better positive predictive value 

67%. Overall, no single non- Doppler sonographic parameter 

permits the confident diagnosis of IUGR. Benson CB, 

Doubilet PM, Saltzman DH observed the similar findings in 

their study of intrauterine growth retardation: predictive value 

of ultrasound criteria for antenatal diagnosis. (Radiology, 160, 

1986, 415-417). [37] Multiple Doppler and conventional 

Sonographic parameters shows increase sensitivity and 

predictivity than single parameter in the study group. Low 

EFW combined with Umbilical SDR >2 SD, HC/AC ratio 

combined with SDR >2 SD and CPR<1 with low EFW 

parameters shows increased predictivity and sensitivity. 

Berkowitz GS, Chitkara U, Rosenberg J, Cogswell C, Walker 

B, Lahman EA, Mehalek KE, Berkowitz RL concluded that 

sonographic biometry is a more sensitive technique for 

identifying IUGR but that the umbilical artery waveforms are 

a valuable adjunct for improving the diagnostic accuracy for 

the prenatal detection of IUGR. [38] Ott WJ concluded that 

when used in combination, abdominal circumference and 

Doppler, or estimated fetal weight and Doppler resulted in the 

best predictive values. Either estimated fetal weight or 

abdominal circumference (alone) is accurate predictors of 

IUGR. Combined with Doppler studies of the umbilical 

artery either method will provide accurate evaluation of 

suspected IUGR. Above two studies support the findings. [39] 

Our study also showed that C/U RI had a better specificity 

than either middle cerebral or umbilical artery resistance 

indices as measured by Doppler in predicting poor neonatal 

outcome. 

 

CONCLUSIONS 

 

We conclude that, no single non-Doppler sonographic 

parameter permits the confident diagnosis of IUGR. Multiple 

Doppler and conventional sonographic parameters shows 

increase sensitivity and predictivity than single parameter in 

the study group. Low Estimated Fetal Weight combined with 

Umbilical (Systolic Diastolic Ratio) SDR >2 SD and HC/AC 

ratio combined with SDR >2 SD parameters shows increased 

predictivity and sensitivity. Considering that C/U RI 

(Cerebral/Uterine Resistivity Index) reflects not only the 

circulatory insufficiency of the placenta by alteration in the 

umbilical resistance index, but also the adaptive changes 

resulting in modification of the middle cerebral resistance 

index, it seemed to be a potentially useful tool in predicting 

adverse perinatal outcome in high risk cases. Our results 

support the correlation between abnormal fetal C/U RI and 

adverse perinatal outcome in patients with IUGR. 

REFERENCES 

[1] De onis M, Blossner M, Villar J. Levels and patterns of intrauterine 

growth retardation in developing countries. Eur J Clin Nutr. 

1998;52:S83–S93. 

[2] Director General World Health Organization. Bridging the gaps. 

The World Health Report 

1995.http://www.who.int/whr/1995/en/index.html 

[3] Antonisamy B, Sivaram M, Richard J, Rao PSS. Trends in 

Intra-uterine Growth of Single Live Births in Southern India. J Trop 

Pediatr. 1996. pp. 339–341. 

[4] Pinheiro A, David A, Joseph B. Pregnancy weight gain and its 

correlation to birth weight. Indian J Med Sci. 2001;55:266–270 

[5] Campbell S, Pearce JMF, Hackett G, et al. Qualitative assessment of 

uteroplacental blood flow: Early screening test for high risk 

pregnancies.Obstet Gynecol 1986;68:649-53. 

[6] Martin AM, Bindra R, Curcio P, et al. Screening for pre-eclampsia 

and fetal growth restriction by uterine artery Doppler at 11-14 weeks of 

gestation.Ultrasound Obstet Gynecol 2001;18:583-6. 



World Journal of Research and Review  (WJRR) 

                                                                       ISSN:2455-3956,  Volume-5, Issue-3, September 2017  Pages 28-34 

                                                                            34                                                                              www.wjrr.org 

[7] Gomez O, Martinez JM, Figueras F, et al. Uterine artery Doppler at 

11–14 weeks of gestation to screen for hypertensive disorders and 

associated complications in an unselected population. Ultrasound Obstet 

Gynecol2005;26:490-4. 

[8] Albaiges G, Missfelder-Lobos H, Lees C, et al. One-stage screening 

for pregnancy complications by color Doppler assessment of the uterine 

arteries at 23 weeks' gestation. Obstet Gynecol 2000;96:559-64. 

[9] McLeod, L. How useful is uterine artery Doppler ultrasonography in 

predicting pre-eclampsia and intrauterine growth restriction? Canadian 

Medical Association Journal178.6(2008):727-729. 

[10] Papageorghiou AT, Yu CKH, Bindra R, et al. Multicentre screening 

for pre-eclampsia and fetal growth restriction by transvaginal uterine 

artery Doppler at 23 weeks of gestation. Ultrasound Obstet Gynecol 

2001;18:441-9. 

[11] Zhong Y, Tuuli M, Odibo AO. First trimester assessment of placenta 

function and the prediction of preeclampsia and intrauterine growth 

restriction. Prenat Diagn. 2010 Apr; 30(4):293-308. 

[12] Roberge S, Nicolaides KH, Demers S, Vila P, Bujold E. Prevention 

of perinatal death and adverse perinatal outcome using low-dose aspirin, a 

meta-analysis. Ultrasound Obstet Gynecol. 2013;41:491-499. 

[13] Snijders RJ, Nicolaides KH. Fetal biometry at 14–40 weeks’ 

gestation. Ultrasound Obstet Gynecol 1994;4:34–48. 

[14] Rubin JM, Bude RO, Carson PL, Bree RL, Adler RS. Power 

Doppler US: a potentially useful alternative to mean frequency-based 

color Doppler US. Radiology. 1994 Mar; 190(3):853-6. 

[15] Pretorius DH, Nelson TR, Baergen RN, Pai E, Cantrell C. Imaging 

of placental vasculature using three-dimensional ultrasound and color 

power Doppler: a preliminary study. Ultrasound Obstet Gynecol. 1998 

Jul;12(1):45-9. 

[16] Campbell S. New Doppler technique for assessing uteroplacental 

blood flow. Lancet. 1983;1:675-677. 

[17] Campbell. Qualitative assessment of uteroplacental blood flow; 

early screening test for high-risk pregnancies. Obstet Gynecol 

1986;68:649-653. 

[18] Trudinger BJ. Uteroplacental blood flow velocity-time waveforms 

in normal and complicated pregnancy. Br J Obstet Gynecol. 

1985:92:39-45. 

[19] Gomez O. Sequential changes in uterine artery blood flow pattern 

between the first and second trimester of gestation in relation to pregnancy 

outcome. Ultrasound Obstet Gynecol. 2006;28:802-808. 

[20] Crossen JS, Morris RK, Gerben ter Riet: et al. Use of uterine artery 

Doppler ultrasonography to predict pre-eclampsia and intrauterine growth 

restriction: a systemic review and bivariable meta-analysis. CMAJ, 2008, 

178(6), 5-8. 

[21] Robinson JS, Kingston EJ, Jones CT, Thorburn GD. Studies on 

experimental growth retardation in sheep: the effect of removal of 

endometrial caruncles on fetal size and metabolism. J Dev Physiol, 1, 

1979, 379–398. 

[22] Kiserud T, Ebbing C, Kessler J, Rasmussen S. Fetal cardiac output, 

distribution to the placenta and impact of placental compromise. 

Ultrasound Obstet Gynecol, 28, 2006, 126–136. 

[23] Rizzo G, Capponi A, Cavicchioni O, Vendola M, Arduini D. Low 

cardiac output to the placenta: an early hemodynamic adaptive mechanism 

in intrauterine growth restriction. Ultrasound Obstet Gynecol, 32, 2008, 

155–159. 

[24] Bellotti M, Pennati G, De Gasperi C, Bozzo M, Battaglia FC, 

Ferrazzi E. Simultaneous measurements of umbilical venous, fetal 

hepatic, and ductus venosus blood flow in growth-restricted human 

fetuses. Am J Obstet Gynecol, 190, 2004, 1347–1358. 

[25] B. Mallikarjunappa, H. Harish, S. R. Ashish, Ravindra S. Pukale. 

Doppler Changes in Pre-Eclampsia. JIMSA, 26, 2013, 4. 

[26] Crane JP, Kopta MM. Prediction of intrauterine growth retardation 

via ultrasonically measured head/abdominal circumference ratios. Obstet 

Gynecol, 54(5), 1979, 597- 601. 

[27] Banu AA. “Doppler velocimetry in the umbilical and middle 

cerebral arteries in fetuses with intrauterine growth retardation or fetal 

distress.” Fukuoka igaku zasshi Hukuoka acta medica, 89(5) 1998, 

133-144. 

[28] Fong K W. “Prediction of Perinatal Outcome in Fetuses Suspected 

to Have Intrauterine Growth Restriction: Doppler US Study of Fetal 

Cerebral, Renal, and Umbilical Arteries 1.” Radiology, 213(3), 1999, 

681-689. 

[29] Kim YH. “Umbilical Venous Blood Gases, Middle Cerebral and 

Renal Arterial Blood Flow Velocity Waveforms in Intrauterine Growth 

Restriction Fetuses.” Korean Journal of Perinatology, 12(2), 2001, 

145-154. 

[30] Ebrashy A. “Middle Cerebral/Umbllical Artery Resistance Index 

Ratio as Sensitive Parameter for Fetal Well-being and Neonatal Outcome 

in Patients with Preeclampsla: Casecontrol Study.” Croatian medical 

journal, 46(5), 2005, 821. 

[31] Berkowitz GS. “Doppler umbilical velocimetry in the prediction of 

adverse outcome in pregnancies at risk for intrauterine growth 

retardation.” Obstetrics & Gynecology, 71(5), 1988, 742-746. 

[32] Hofer M. Ultrasound teaching manual: the basics of performing and 

interpreting ultrasound scans. Thieme, 2005. 

[33] Fernando A. Fetus-Placenta-Newborn: Accuracy of the 

middle-cerebral-to-umbilical-artery resistance index ratio in the 

prediction of neonatal outcome in patients at high risk for fetal and 

neonatal complications, American Journal of Obstetrics and Gynecology, 

171, 1994, 1541–1545. 

[34] Ebrashy A. “Middle Cerebral/Umbllical Artery Resistance Index 

Ratio as Sensitive Parameter for Fetal Well-being and Neonatal Outcome 

in Patients with Preeclampsla: Casecontrol Study.” Croatian medical 

journal, 146(5), 2005, 821. 

[35] Benson CB. “Intrauterine growth retardation: diagnosis based on 

multiple parameters--a prospective study.” Radiology, 177(2), 1990, 

499-502.. 

[36] Raio L. “Umbilical Cord Morphologic Characteristics and 

Umbilical Artery Doppler Parameters in Intrauterine Growth–Restricted 

Fetuses.” Journal of ultrasound in medicine, 22(12), 2003, 1341-1347. 

[37] Benson, Carol B., Peter M. Doubilet, and Daniel H. Saltzman. 

“Intrauterine growth retardation: predictive value of US criteria for 

antenatal diagnosis.” Radiology, 160(2), 1986, 415-417. 

[38] Berkowitz, Gertrud S. “Sonographic estimation of fetal weight and 

Doppler analysis of umbilical artery velocimetry in the prediction of 

intrauterine growth retardation: a prospective study.” American journal of 

obstetrics and gynecology, 158(5), 1988, 1149-1153. 

[39] Ott, William J. “Intrauterine growth restriction and Doppler 

ultrasonography.” Journal of ultrasound in medicine, 19(10), 2000, 

661-665. 

[40] Campbell, Winston A. et al. Use of transverse cerebellar 

diameter/abdominal circumference ratio in pregnancies at risk for 

intrauterine growth retardation. J. Clin. Ultrasound 22.8 (1994):497-502. 

[41] Tongsong, T, C Wanapirak, and Thongpadungroj. Sonographic 

diagnosis of intrauterine growth restriction (IUGR) by fetal transverse 

cerebellar diameter (TCD)/abdominal circumference (AC) ratio. 

International Journal of Gynecology and Obstetrics. 66.1 (1999):1-5. 

 

Author details: 

Dr.Haritha Nimmagadda, Associate Professor, Department of 

Anatomy, MGM Medical College, Navi Mumbai. India.  

Dr.Priti Kapoor Associate Professor, Department of Radiology, MGM 

Medical College, Navi Mumbai. India. 

Ms.Ritika Ladwal, MBBS-VIIth Semester, MGM Medical College, 

Navi Mumbai. India. 

 

 


