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ABSTRACT 

Background: Intrauterine growth restriction (IUGR) is defined as a fetus whose estimated weight is below the 10th percentile 

for its gestational age. Literature has reported that TCD/AC ratio is more sensitive and specific in diagnosis of IUGR as 

compared to other parameters. This may be helpful in early prediction of IUGR and cases can be managed on early stages 

and neonatal/perinatal deaths can be prevented. Objective: To determine the diagnostic accuracy of transverse cerebellar 

diameter/abdominal circumference (TCD/AC) ratio for detection of intrauterine growth retardation (IUGR) taking 

postnatal diagnosis of IUGR as gold standard. Study Design: Descriptive cross-sectional study. Settings: Six months 

(August 2017 to February 2018). Duration: Department of Radiology, Holy Family Hospital, Rawalpindi Pakistan. 

Methods: Female patients between age 20 to 40 years and with gestational age >28 weeks and clinically suspected for IUGR 

were selected for study. Patients underwent ultrasound scan. TCD measurement was obtained by placing the electronic 

calipers at the outer-to-outer margins of the cerebellum. The AC was measured from a trans axial view of the abdomen at 

the level of the junction of the umbilical vein with the left portal vein. The measurements were made along the outer 

perimeter of the abdomen. TCD/AC ratios were calculated. TCD/AC ratio > 0.154 was considered as positive and ≤ 0.154 

was considered negative. After TCD/AC measurement, the patients were followed-up till delivery and assessed for IUGR. 

All the information was collected via self-designed study proforma. SPSS version 26 was used for statistical analysis. 

Results: In this study involving 135 female patients with clinical suspicion of intrauterine growth restriction (IUGR), the 

average age was 30.3 years, and the mean gestational age was 32.8 weeks. Ultrasound findings indicated that 62.2% of the 

patients showed positive signs of IUGR. Postnatally, IUGR was confirmed in 63.7% of cases. Study's results revealed a 

sensitivity of 83.7%, indicating the ratio of correctly identified cases of IUGR, and a specificity of 75.5%. Additionally, the 

positive predictive value (PPV) 85.7% and the overall diagnostic accuracy was 80.7%. Conclusion: Ultrasonography 

measurements of TCD/AC ratios allows non- invasive detection of IUGR in second and third trimester of pregnancy with 

good accuracy. 

Keywords: IUGR, TCD/AC, Ultrasound.  

 
INTRODUCTION 

symptomatic intrauterine growth restriction (IUGR) 
is a condition that occurs during pregnancy in which 

a developing fetus experiences restricted growth without 
displaying noticeable signs or symptoms. Approximately 

28% of pregnancies experience intrauterine growth 
restriction (IUGR). IUGR is associated with a higher 
likelihood of fetal mortality and morbidity and plays a 
role in the developmental origins of health and disease.1 

The neurodevelopmental prognosis for children born 
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following asymmetrical intrauterine growth restriction 
(IUGR) is significantly compromised in many instances.2 
It is essential to give particular consideration to the long-
term implications of IUGR, as these can result in 
diminished cognitive and language skills, learning 
challenges, and lower academic achievement levels.2 In 
Pakistan, approximately 25% of pregnancies are affected 
by intrauterine growth restriction (IUGR).3,4 Intrauterine 
growth restriction can arise from various factors, 
including maternal, placental, fetal, or genetic causes, and 
can also result from a combination of these factors. 
Approximately 70% of women experiencing early fetal 
growth restriction (FGR) will go on to develop 
hypertensive pregnancy disorders, primarily pre-
eclampsia.5  Precise identification of the IUGR-affected 
fetus enables the attending obstetrician to intervene 
promptly, leading to improved prenatal care and a 
reduction in delivery-related complications.6 Proper fetal 
growth and development depend on the unimpeded flow 
of oxygen and nutrients from the maternal circulation 
through normal uteroplacental and fetoplacental 
circulation.6 Several diagnostic modalities and techniques 
are employed to identify this condition. 

Intrauterine Growth Restriction (IUGR) is determined 
when the ultrasound-estimated fetal weight falls below 
the 10th percentile for the corresponding gestational age.7 
A diagnosis of IUGR indicates an abnormal growth 
restriction that leads to reduced fetal weight.7,8 
Ultrasound serves as a dependable method for assessing 
both typical fetal growth and Intrauterine Growth 
Restriction (IUGR). It involves measuring various fetal 
parameters, including head dimensions like Biparietal 
Diameter and Transcerebellar Diameter (TCD), body 
measurements such as Abdominal Circumference (AC), 
and limb measurements like Femur Length.9,10 The 
sonographic fetal TCD/AC ratio, which isn't reliant on 
gestational age, can prove valuable in the prenatal 
identification of IUGR, particularly in pregnancies where 
gestational age is uncertain.11 The existing literature on 
the diagnostic accuracy of the ratio of Transverse 
Cerebellar Diameter to Abdominal Circumference 
(TCD/AC) for detecting asymmetrical intrauterine 
growth retardation (IUGR) is limited specially at local 
level. However, this study aimed to explore the 
diagnostic accuracy of transverse cerebellar 
diameter/abdominal circumference (TCD/AC) ratio for 
detection of intrauterine growth retardation (IUGR) 
taking postnatal diagnosis of IUGR as gold standard.  

METHODS 

A descriptive cross-sectional study was done at 
department of Radiology, Holy Family Hospital, 
Rawalpindi. Study was done during a period of six 
months from (August 2017 to February 2018). All the 
female patients between age 20 to 40 years and with 

gestational age >28 weeks, booked cases, clinically 
suspected IUGR (low maternal weight gain (<6 kg from 
baseline) oligohydramnios AFI <5cm) were included. 
Women with multiple gestations (twin pregnancy), fetal 
death or anomalies, poor imaging of TCD or AC and 
females with PIH (BP> 140/90 mmHg) or GDM (BSR> 
186mg/dl) were excluded. After taking demographic 
information and informed consent, patients underwent 
ultrasound scan by using a real-time. 3.5-MHz curvilinear 
scan model 680EX: Aloka, Tokyo, Japan by a single 
radiologist. A cerebellar image was obtained by 
identifying the plane of the thalami and third ventricle, 
and then slightly rotating the transducer below the 
thalamic plane to reveal the butterfly-like appearance of 
cerebellum in the posterior fossa. A TCD measurement 
was obtained by placing the electronic calipers at the 
outer-to-outer margins of the cerebellum. The AC was 
measured from a trans axial view of the abdomen at the 
level of the junction of the umbilical vein with the left 
portal vein. The measurements were made along the 
outer perimeter of the abdomen. TCD/AC ratios were 
calculated. TCD/AC ratio was considered as positive 
(IUGR) if ratio was > 0.154 and if TCD/AC ratio ≤ 0.154 
then it was considered negative. After TCD/AC 
measurement, the patients were followed-up till delivery. 
After delivery, neonates were assessed for IUGR and 
results were compared with results of TCD/AC ratio. All 
the information was collected via self-designed study 
proforma. SPSS version 26 was used for statistical 
analysis.  

RESULTS 

A total of one hundred and thirty-five female patients 
with clinically suspicion of IUGR were studied. Their 
mean age was 30.3 ± 3.9 years and mean gestational age 
was 32.8 ± 2.2 weeks. There were 21.5% females were 
nulliparous and 78.5% were multiparous. Table.1  

According to the ultrasound findings, 62.2% of patients 
displayed positive indications of IUGR, while 37.8% did 
not. Postnatally, IUGR was confirmed in 63.7% of cases 
and ruled out in 36.3% of cases. Our study results showed 
that sensitivity, specificity, positive predictive value, 
negative predictive value and accuracy of 83.7%, 75.5%, 
85.7%, 72.5% and 80.7% respectively. Likelihood ratio 
was calculated as 3.42, as shown in table 2.  

Table 1: Descriptive statistics of demographic profile of 
study population n=135 

Variables Statistics 

Age  30.0 ± 3.9 years 

Gestational age (weeks) 32.8 ± 2.2 weeks 

Parity 
Nulliparous 29 21.5% 

Multiparous 106 78.5% 
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Figure 1: Ultrasonography results (TCDA/AC ratio) 
n=135 

 
 
Figure 2: Frequency of post-natal IUGR (n=135) 

 
 
Table 2: Cross-tabulation and postnatal results n=135 

Postnatal IUGR 

Ultrasound 
(TCD/AC) 

Present Absent Total 

Positive   
72 (True 

positives) 
12 (False 
positives) 

84 

Negative  
14 (False 

negatives) 
37 (True 
negative) 

51 

Total  86 49 135 

Sensitivity = 83.7%, specificity = 75.5%, PPV = 85.7%, NPV = 72.5%, 
over all Accuracy = 80.7%. Likelihood ratio: 3.42 

 
DISCUSSION 

Intrauterine Growth Retardation (IUGR) is a condition in 
which a fetus fails to achieve its expected growth 
potential during pregnancy. Detecting IUGR is critical for 
timely intervention and optimizing fetal outcomes. The 
effectiveness of using the ratio between the transverse 
cerebellar diameter and abdominal circumference 
(TCD/AC) to detect intrauterine growth retardation 
(IUGR) is being assessed among clinically suspected 
patients, with postnatal diagnosis of IUGR as the 
standard for comparison. In this study according to the 
ultrasound findings, 62.2% of patients showed signs of 
IUGR, and 37.8% did not. After birth, IUGR was 
confirmed in 63.7% of cases and ruled out in 36.3%. 

Specifically, when assessing its ability to identify cases of 
IUGR, TCD/AC displayed a sensitivity of 83.7%, which 
indicates that the ratio was successful in correctly 
flagging IUGR in a substantial 83.7% of instances where 
the condition was genuinely present, followed by  

specificity at 75.5%, positive predictive value at 85.7%, 
negative predictive value at 72.5%, and overall accuracy 
at 80.7%. Our findings were supported by Ashfaq N et al9 
as TCD/AC ratio showed sensitivity 85.29%, 91.3% 
specificity, 87.88% PPV, 89.36% NPV and 88.75% 
diagnostic accuracy in the detection of IUGR. El Nafrawy 
MA et al12 reported that TCD/AC demonstrated statistical 
significance when using a cutoff threshold of 13.2 for the 
prediction of IUGR. It achieved a high sensitivity of 
97.3%, 86.5% specificity, 63.3% PPV and 99.3% NPV. Roy 
J et al13 reported that TCD/AC achieves a sensitivity of 
100% when predicting IUGR, indicating its ability to 
correctly identify IUGR in all cases where it is truly 
present with specificity 80.95%.  

In this study patient’s mean age was 30.3 ± 3.9 years and 
mean gestational age was 32.8 ± 2.2 weeks, along with 
21.5% females were nulliparous and 78.5% were 
multiparous. These findings were corelated by the Naeem 
MA et al14 as overall average age of women was 28.69 ± 
4.46 years and average gestational age was 35.29 ± 2.50 
weeks. Usman M et al15 found average age 25.15 ± 3.49 
years among women with IUGR, additionally 63% 
women were nulliparous, 35% were primiparous, and 
2.6% were multiparous. In the study by Ashfaq N et al9 
also found consisting findings as patients average age 
was 28.61 ± 5.72 years and average gestational age was 
21.96 ± 1.50 weeks. In the comparison of this study Awan 
MW et al17 observed that the age of the participants 
ranged from 20 to 35 years, with an average age of 28.000 
years and a standard deviation of 2.89 years and the 
average gestational age was 29.547 weeks. These are 
findings closely corelated with our findings. However, 
like this study they also done diagnostic performance of 
the TCD/AC ratio for IUGR, which exhibited a sensitivity 
of 77.1% with higher its specificity 97.2%, followed by 
overall diagnostic accuracy 95%. Some other studies also 
found similar findings.18-20 Findings of current study have 
important clinical implications, as they suggest that 
clinicians can use TCD/AC ratios as a non-invasive and 
cost-effective screening tool to identify IUGR during 
routine prenatal ultrasound examinations. Early 
detection of IUGR is crucial for timely intervention and 
management, as it can help mitigate the potential adverse 
outcomes associated with this condition, such as preterm 
birth and neonatal complications. To further establish the 
utility of TCD/AC ratios in clinical practice, future 
research should involve larger and more diverse 
populations, conduct longitudinal analyses, and compare 
the method with existing diagnostic approaches. 
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Nevertheless, these results offer a significant step forward 
in improving the early detection of IUGR, potentially 
leading to better outcomes for both expectant mothers 
and their infants. 

CONCLUSION 

The findings of this study provide compelling evidence 
that ultrasonography measurements of the transverse 
cerebellar diameter to abdominal circumference 
(TCD/AC) ratios can serve as a non-invasive and reliable 
method for the detection of intrauterine growth 
restriction (IUGR) during the second and third trimesters 
of pregnancy. The sensitivity of 83.7% and specificity of 
75.5% indicate that this measurement can accurately 
distinguish between cases of IUGR and non-IUGR 
pregnancies. Moreover, the overall accuracy of 80.7% 
further underscore the reliability of TCD/AC ratios as a 
diagnostic tool for IUGR. 

LIMITATIONS 

There were no significant limitations in the study. 

SUGGESTIONS / RECOMMENDATIONS 

To confirm the further effectiveness of TCD/AC ratios in 
medical practice, future studies should include a wider 
range of participants, track measurements over time, and 
should compare it with other valuable diagnostic 
methods. 
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