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ABSTRACT 
Aim: To assess the effect of Color Doppler indices on intrauterine growth restriction diagnosis in high-risk 

pregnancies 
Study design: Across-sectional study 
Place and duration: This study was conducted at Al Shifa Hospital Quetta, Pakistan. from January 2020 to July 

2020. 
Methodology: In this study, 100 patients with suspected intrauterine growth restriction (IUGR) in their 31 to 41 

weeks of pregnancy have participated. The patients were studied till the babies were delivered. The Doppler 
indices and the grayscale results were correlated to the baby's weight. 
Result: The HC/AC ratio was found to be sensitive (84.4%). Whereas the most specific was oligohydramnios and 

C/U ratio that was 100% and 68.8% respectively. The lowest sensitivity was of the fetal MCA, which was 7.7%. 
Conclusion: For the diagnosis of IUGR, the highest specific parameter is oligohydramnios and the HC/AC ratio is 

very sensitive. However, the MCA PI should not be utilized for screening purposes in IUGR because it has very 
low sensitivity alone. C/U ratio is notably more specific than HC/AC ratio and more sensitive than 
oligohydramnios. It is the most appropriate parameter to use for the diagnosis of IUGR in the 3rd trimester.  
Keywords: IUGR,Fetal Doppler, Placentation and IUGR, C/U pulsatility ratio, Small for gestational age 

 

INTRODUCTION 
High-risk pregnancies are more likely to complicate Intra 
Uterine Growth Retardation (1, 2). The 
antenatalexamination is mostly conducted in the third 
trimester in such patients. Ahighly specific and sensitive, 
noninvasive test is needed (3). The reason behind 
conducting this study is to find out the role of 
ultrasonography in screening pregnant women to detect 
IUGR if the fetal parameters affect the intensity of IUGR, 
the different fetal parameters and their sensitivities, their 
comparison with each other and with the birth weight, and 
the relationship between birth weight and the sonographic 
pattern of IUGR. 
 

METHODOLOGY 
The study was done with the consent of the patients 
between the periods from January 2020 to July 
2020.Permission was taken from the ethical review 
committee of the institute. The patients were scanned for 
their Doppler parameters and the greyscale, and the 
patients were studied till the babies were delivered. The 
total number of patients was 118. However, 18 of them 
were lost in follow-up. Therefore, 100 patients were 
observed and their baby’s mode of delivery and weight at 
birth were noted. 
 A few parameters were needed for the study. The first 
criteria for inclusion were that the woman’s last menstrual 
cycle should be fully known. The second was gestational 
age of the woman being observed lay between 31 to 41 

weeks. The third criteria was that the pregnancy was 
single. The final criteria was that the woman had been 
diagnosed case of IUGR.The criteria for exclusion were 
congenital anomalies in fetus and more than one 
pregnancy.  
 The given format was used for evaluating the patients 
of the study:Ultrasonographic evaluation, thorough clinical 
history of the patient, and laboratory workup. Scanning 
techniques include Biparietal Diameter that was measured 
using scan was the one that showed thalami, the widest 
diameter of the interhemispheric fissure, and 2 lateral 
ventricles. The transducer was placed between the bladder 
and the heart at a right angle for abdominal circumference 
and measured with electronic calipers (4).After locating the 
femur, the clinician defined the ends of the calcified portion 
of the femur. The measurement of Amniotic fluid volume 
was done by observing the deepest vertical pocket of 
amniotic fluid that does not have any fetal parts or umbilical 
cord. If a measurement was less than 2 cm, it was 
oligohydramnios (5). If it lay in the range of 2 to 8 cm, it 
was considered to be normal. If the largest pocket was 
greater than 8 cm, it was taken aspolyhydramnios. 
 The placental site was first identified to study the 
uterine artery. Uterine artery of that side was observed if 
the placenta was unilateral. The pulsatility index and the 
waveforms of the contralateral uterine artery were 
observed for comparison.  The two uterine arteries were 
observed for the central placenta.  For the examination of 
the umbilical artery, an appropriate amniotic fluid pocket 
was selected which has the umbilical cord in it. 
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Measurements were taken at three points, near placenta, 
at mid free floating part and near fetal umbilicus (6). The 
values of the pulsatility index were noted and their average 
was taken.  An axial view of the head of the fetus was 
taken for the examination of the MCA, arising as main 
lateral branch of  Circle of Willis, using the color Doppler 
(7). The final step was placing the Doppler samples within 
1 cm of the MCA’s origin. 
 The Pulsatility Index requires digitalized waveform 
analysis to calculate the mean frequency. The formula is: 
 

PI =
S − D

Mean of Frequencies
 

 
 The PI ratio of MCA and umbilical artery were taken. 
This ratio was compared the HC/AC ratio and birth weight. 
The fetal parameter was considered normal if it was within 
±2SD. However, considered abnormal if more or less than 
±2SD. Statistical analysis was carried out by finding out the 
deviation from mean gestational age. Each parameter’s 
sensitivity was found. T-test was utilized for statistical 
analysis. A P value of 0.05 was deemed important. SPSS 
version 22 was used for data analysis. 
 

RESULTS 
The patients’ ages were between 18 to 40 years. Most of 
the observed patients, around 48% of all patients, were 21 
to 25 years of age. Most cases (48%) were primipara. 
Around 31% of the patients were at risk due to PIH. 
Whereas 20% of the women had history of growth-retarded 
babies. Out of all the cases, 11% were without any risk 
factor .In 21–25-years age group, most cases (65%) were 
found with history of IUGR. In 31% of the patients, their 
gestational age at examination was 35 to 37 weeks. 
Whereas in 28% of the patients, it was 33 to 35 weeks. 
Together, these groups made 59% of the total pregnancies 
being observed. The lateral position of the placenta was 
mostly linked with SFD cases (22%) as compared to AFD 
cases (10%). Whereas in both SFD and AFD cases, an 
anterior position of the placenta was commonly noted. 
Babies with low birth weight were delivered in 88% of the 
high-risk pregnancies. The classification of newborns’ 
weight was done using the Lubchenco classification, that 

is, low birth is <2500g weight, and an appropriate weight is 
>2500g. 29% of the newborns weighed in the range of 2 kg 
to 2.1 kg. In the detection of SFD cases, the sensitivity of 
the HC/AC ratio was 22%, with a specificity of 99.99%, a 
negative predictive value of 13, and a positive predictive 
value of 99.89. The relationship between abnormal 
outcome (SFD) and abnormal HC/AC was also noticed (p-
value 0.0001). The correlation between abnormal outcome 
(SFD) and oligohydramnios was not significant (p-value 
0.2). Another significant relationship was noticed between 
the outcome of cesarean section and abnormal uterine 
artery PI (p-value 0.0098). The relationship between an 
outcome of cesarean section and abnormal umbilical artery 
PI was not found to be important (p-value 0. 1409). The 
correlation between an outcome of cesarean section and 
an abnormal fetal MCA PI was also not significant (p-value 
0. 15). The relationship between an outcome of cesarean 
section and abnormal C/U ratio was not found to be very 
important (p-value 0. 93). PIH was found in largest number 
of cases that is 31% of the patients in our study. PIH cases 
were present mostly in the 21–25-year group (16/31). In the 
detection of SFD cases, the sensitivity of the HC/AC ratio 
was 85%, and 89% specificity, a negative predictive value 
of 12, and a positive predictive value of 99 (As shown in 
Table 1). 
 Oligohydramnios is a very good predictor of abnormal 
fetal outcomes (7). The patients in our study were 
diagnosed with oligohydramnios if the depth of their 
amniotic fluid vertical pocket<2 cm. In the detection of 
IUGR, the sensitivity of oligohydramnios was 22%, with a 
99.99% specificity, a negative predictive value of 13, and a 
positive predictive value of 99.89 (As shown in Table 2). In 
most cases, the pervaginal delivery occurred (64%). LSCS 
was used for delivery in 36% of cases. Fetal distress was 
the most frequent indication for LSCS (8). In 89 newborns, 
the weight was less than 2500 g. While normal weight that 
is a weight of more than 2500 g, was observed in 10 
newborns (As shown in Table 3). The UA Doppler indices’ 
sensitivity for the identification of abnormal fetal outcome 
was 38%, a negative predictive value of 12, a positive 
predictive value of 92, and a specificity of 69% (As shown 
in Table 5). 

 
Table 1: HC/AC ratio to detect abnormal fetal outcome 

Fetal outcome Number of findings Sensitivity Specificity Predictive value 

 TP 
(a) 

FP 
(b) 

TN 
(d) 

FN 
(c) 

a/ (a + c) d/ (b + d) Positive 
a/ (a + b) 

Negative 
d/ (c + d) 

SFD 77 2 10 15 85% 89% 99 12 

 
Table 2: Oligohydramnios' predictive value to detect abnormal fetal outcome 

Fetal outcome No. of findings Sensitivity Specificity Predictive value 

 TP 
(a) 

FP 
(b) 

FN 
(c) 

TN 
(d) 

a/ (a + c) d/ (b + d) Positive 
a/ (a + b) 

Negative 
d/ (c + d) 

SFD 20.0 0 72.0 11.0 22.0% 99.99% 99.89 13 

 
Table 3: Perinatal outcome distribution 

Perinatal Outcome Number of Patients Percentage (%) 

Normal birth weight (AFD)  10  10 

Perinatal mortality  1 1 

Low birth weight (SFD)  89 89 

 100 100 
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Table 4: Cases distributed based on abnormal and normal umbilical, uterine, and MCA indices 

Doppler Index (PI) Number of cases Percentage 

Normal UA Doppler indices 64 64 

Abnormal UA Doppler indices 40 40 

a. Increased Doppler indices 30 30 

b. Increased Doppler indices and diastolic notch 10 10 

Normal UA Doppler indices 39 39 

Abnormal UA Doppler indices 58 58 

a. Reduced end-diastolic velocity 30 30 

b. Absent end-diastolic velocity 15 15 

c. Reversed end-diastolic velocity 1 1 

Normal MCA Doppler Indices 91 91 

Abnormal MCA Doppler Indices 7 7 

Normal cerebral/umbilical Doppler index 40 40 

Abnormal cerebral/umbilical Doppler index 
 

59 59 

 
Table 5: Predictive value of Doppler for detecting abnormal fetal outcome 

Doppler Indices No. of findings Sensitivity Specificity Predictive value 

 TP 
(a) 

FP 
(b) 

TN 
(d) 

FN 
(c) 

a/ (a + c) d/ (b + d) Positive 
a/ (a + b) 

Negative 
d/ (c + d) 

UA Doppler Indices 35 4 8 58 38% 69% 92 12 

UMA Doppler Indices 60 3 9 31 65% 79% 87.2 19 

MCA Doppler Indices 11 2 10 84 9% 88% 88.2 10 

C/U Ratio 59 0 11 30 70% 100% 100 27 

 

DISCUSSION 
The purpose of this study was to understand the role of 
ultrasonography in identifying IUGR in women with high-
risk pregnancies. Therefore, we could reduce and prevent 
maternal and infant mortality and morbidity rates. We 
studied cases where the patients were at a high risk of 
IUGR, or a patient was suspected to have IUGR even 
though there were no risk factors involved in her 
pregnancy. The patients were observed till the babies were 
delivered. On delivery, the weight of the newborn and the 
mode of delivery were noted. In our study, only in 15% of 
the cases, the mother's age was above 30 years. 
Therefore, we observed that women in active reproductive 
age groups were at higher risk. IUGR and Primipara were 
found to have a significant association (48%).  
 In the Doppler ultrasonography, for the central 
placenta, bilateral uterine arteries were observed (9). For 
the case of the unilateral placenta, the main branch of the 
uterine artery was observed (10). In the 100 cases that 
were observed, 40 patients were noted to have abnormal 
uterine artery indices. Out of these 40 cases, in 10 cases, 
increased Doppler indices with uterine artery diastolic notch 
were observed. In the leftover cases, only abnormal uterine 
artery PI without diastolic notchingwas noticed. The 
caesarian section was done alot more in both groups. In 20 
out of 40 cases with abnormal uterine artery, a cesarean 
section was carried out. The adverse outcome was noticed 
in all 10 patients that showed early diastolic notching. The 
results of our study showed that if the Doppler indices 
increase along with the diastolic notch, then it is considered 
as a bad sign. If this is noticed, the fetus and mother 
require proper surveillance and intervention (11). 
 After Doppler ultrasound was introduced in obstetrics, 
the artery that has been studied the most is the umbilical 
artery (12). Adverse outcomes of pregnancy, such as fetal 
hypoxia or IUGR, are generally linked to the absence of 
diastolic flow (13). According to the results of ARFV, there 

is a significant relationship between acidosis and hypoxia 
(14). Our findings were: 31 cases out of 60 cases were 
seen to have a decreased end-diastolic flow and 26 
patients out of 31 suffered adverse fetal outcomes. In 15 
cases, the absent end-diastolic flow was found. While 
revered end-diastolic flow was found in 1 case (Table 4). 
On SFD outcomes, every single patient displayed reduced 
forward diastolic flow. The one patient that did display 
reversed end-diastolic flow ended in perinatal death. 
Therefore, ultimate reversal and changes in diastolic flow 
could have a relationship with the severeness of 
fetoplacental insufficiency (15).Twenty-six women out of 
sixty had cesarean section and the frequency of the C-
sections with abnormality in the UA Doppler waveforms 
was 43.3%. In our study, the UMA Doppler Indices’ 
sensitivity was 65%, a negative predictive value of 19, a 
positive predictive value of 87.2, and a specificity of 79% 
(Table 5). 
 In our study, the MCA (middle cerebral artery) 
Doppler Waveform’s sensitivity was 9%, a negative 
predictive value of 10, and positive predictive value of 88.2, 
and a specificity of 88% (Table 5). Out of the 100 patients 
observed, abnormal MCA indices were noted in 7 cases 
(Table 4). Five out of the seven women had a cesarean 
section done. 
 The C/U ratio has been noticed as one of the more 
specific and sensitive predictors of bad outcomes for the 
fetus such as IUGR (16). This ratio is better in predicting 
adverse perinatal outcomes compared to UA PI and MCA 
PI utilized alone (17). Fetal distress cannot be identified 
with just MCA PI. Therefore, the C/U ratio effect is the most 
reliable (18). In our study, the C/U ratio’s sensitivity was 
70%, a negative predictive value of 37, a positive predictive 
value of 100, and a specificity of 100%. 
 One of the most common causes of asymmetric IUGR 
is pregnancy-induced hypertension (19). This is most 
common for women who are 21 to 25 years of age. The 
incidence of intrauterine growth retardation is also 
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associated with the laterality of the placenta (20). The 
reason behind this factor is the unilateral uterine artery 
supplies the placenta.  
 

CONCLUSION 
To diagnose intrauterine growth retardation, 
oligohydramnios is used as it is a very specific parameter. 
However, it is not sensitive. One of the more sensitive 
ratios is the HC/AC ratio but it is not as specific. C/U ratio in 
doppler ultrasound is the extremely sensitive parameter 
that is used to check for fetal well-being and is 
compromised in PIH. As compared to the umbilical artery 
PI, the C/U ratio is more sensitive and more specific. It is 
well suited for diagnosing and predicting adverse perinatal 
outcomes. The MCA PI should not be utilized for screening 
purposes in IUGR because it has very low sensitivity alone. 
C/U ratio is notably more specific than HC/AC ratio and 
more sensitive than oligohydramnios. It is the most 
appropriate parameter to use for the diagnosis of IUGR in 
the 3rd trimester.  
 Ultimate reversal and changes in diastolic flow were 
noticed to have a link with this severeness of fetoplacental 
insufficiency. Therefore, identifying these results will help in 
early intervention and therapy. To identify the severity of 
PIH, uterine artery color Doppler is used. In conclusion, 
there is an urgent requirement of standardizing Doppler 
terminology as well as finding the reference values of 
Doppler indices to compare with other studies. 
Funding source: None 
Conflict of interest: None 
Permission: Permission was granted by the ethical review 

committee of the institute. 
 

REFERENCES 
1 Khanduri S, Chhabra S, Yadav S, Sabharwal T, Chaudhary 

M, Usmani T, et al. Role of Color Doppler Flowmetry in 
Prediction of Intrauterine Growth Retardation in High-Risk 
Pregnancy. Cureus [Internet]. [cited 2020 Dec 8];9(11). 
Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5757851/ 

2 Uquillas KR, Grubbs BH, Prosper AE, Chmait RH, Grant EG, 
Walker DK. Doppler US in the Evaluation of Fetal Growth 
and Perinatal Health. RadioGraphics. 2017 Oct;37(6):1831–
8. 

3 Turan OM, Turan S, Gungor S, Berg C, Moyano D, 
Gembruch U, et al. Progression of Doppler abnormalities in 
intrauterine growth restriction. Ultrasound in Obstetrics and 
Gynecology [Internet]. 2008 Aug [cited 2019 Sep 
13];32(2):160–7. Available from: 
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1002/uog.53
86 

4 Tolu LB, Ararso R, Abdulkadir A, Feyissa GT, Worku Y. 
Perinatal outcome of growth-restricted fetuses with abnormal 
umbilical artery Doppler waveforms compared growth-
restricted fetuses with normal umbilical artery Doppler 

waveforms at a tertiary referral hospital in urban Ethiopia. 
Cruz-Martinez R, editor. PLOS ONE. 2020 Jun 
18;15(6):e0234810. 

5 Aditya I, Tat V, Sawana A, Mohamed A, Tuffner R, Mondal 
T. Use of Doppler velocimetry in diagnosis and prognosis of 
intrauterine growth restriction (IUGR): A Review. Journal of 
Neonatal-Perinatal Medicine. 2016 Jun 22;9(2):117–26. 

6 Lee S, Walker SP. The role of ultrasound in the diagnosis 
and management of the growth-restricted fetus. Australasian 
Journal of Ultrasound in Medicine [Internet]. 2010 Aug 1 
[cited 2021 Apr 24];13(3):31–6. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5024867/ 

7 KRAMER WB, WEINER CP. Management of Intrauterine 
Growth Restriction. Clinical Obstetrics and Gynecology. 
1997 Dec;40(4):814–23. 

8 Lausman A, Kingdom J, Gagnon R, Basso M, Bos H, Crane 
J, et al. Intrauterine Growth Restriction: Screening, 
Diagnosis, and Management. Journal of Obstetrics and 
Gynaecology Canada. 2013 Aug;35(8):741–8. 

9 Figueras F, Gratacós E. Update on the Diagnosis and 
Classification of Fetal Growth Restriction and Proposal of a 
Stage-Based Management Protocol. Fetal Diagnosis and 
Therapy. 2014;36(2):86–98. 

10 Sharma D, Shastri S, Sharma P. Intrauterine Growth 
Restriction: Antenatal and Postnatal Aspects. Clinical 
Medicine Insights: Pediatrics. 2016 Jan;10:CMPed.S40070. 

11 Chiswick ML. Intrauterine growth retardation. BMJ. 1985 Sep 
28;291(6499):845–8. 

12 Belizán JM, Villar J, Nardin JC, Malamud J, De Vicurna LS. 
Diagnosis of intrauterine growth retardation by a simple 
clinical method: measurement of uterine height. American 
Journal of Obstetrics and Gynecology [Internet]. 1978 Jul 15 
[cited 2021 Dec 19];131(6):643–6. Available from: 
https://pubmed.ncbi.nlm.nih.gov/686050/ 

13 Demicheva E, Crispi F. Long-Term Follow-Up of Intrauterine 
Growth Restriction: Cardiovascular Disorders. Fetal 
Diagnosis and Therapy. 2013 Aug 14;36(2):143–53. 

14 Saleem T, Sajjad N, Fatima S, Habib N, Ali SR, Qadir M. 
Intrauterine growth retardation - small events, big 
consequences. Italian Journal of Pediatrics. 2011;37(1):41. 

15  Goldenberg RL, Cutter GR, Hoffman HJ, Foster JM, Nelson 
KG, Hauth JC. Intrauterine growth retardation: Standards for 
diagnosis. American Journal of Obstetrics and Gynecology. 
1989 Aug;161(2):271–7. 

16 Doubilet PM, Benson CB. Sonographic evaluation of 
intrauterine growth retardation. American Journal of 
Roentgenology. 1995 Mar;164(3):709–17. 

17 Carey M, Weerakkody Y. Intrauterine growth restriction. 
Radiopaediaorg. 2010 Sep 16; 

18 Cherian A. Diagnosis of intrauterine growth restriction. 
Current Medical Issues. 2017;15(4):267. 

19 Kaneoka T, Taguchi S, Shimizu H, Shirakawa K. Prenatal 
diagnosis and treatment of intrauterine growth retardation. 
Journal of Perinatal Medicine. 1983 Jan;11(4):204–12. 

20 Benson CB, Belville JS, Lentini JF, Saltzman DH, Doubilet 
PM. Intrauterine growth retardation: diagnosis based on 
multiple parameters--a prospective study. Radiology. 1990 
Nov;177(2):499–502. 

 


