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The Role Of Cerebro-placental Ratio In determining Fetal Outcomes In Gestational Hypertension: An Institutional-based Study 

ABSTRACT
Aim: This prospective longitudinal study investigated the predictive value of the cerebro-placental ratio (CPR) for perinatal outcomes in pregnancies complicated by gestational hypertension.
 Study location and duration: This study was conducted at the Lagos State University Teaching Hospital in Nigeria from May 2019 to February 2020. 
Methodology: Thee study included 110 pregnant women with gestational hypertension, matched for maternal and gestational ages with 110 normotensive controls. Both groups underwent ultrasound Doppler velocimetry to determine pulsatility indexes of the Middle Cerebral Artery (MCA) and Umbilical Artery (UA), from which the CPR was calculated. Participants were monitored until delivery, and both descriptive and inferential statistics were used to analyze data and evaluate the predictive accuracy of CPR for adverse perinatal outcomes.
Results: This showed that gestational hypertension was most prevalent among primigravidae aged 26–30 years. The mean maternal age was approximately 30 years. Both groups had similar mean gestational ages at recruitment and delivery. Median values for MCA-PI, UA-PI, and CPR were comparable in controls and cases {1.5 (1.1, 1.8), 0.9 (0.7, 1.3) and 1.5 (1.1, 1.9) versus 1.5 (1.2, 1.9), 1.0 (0.8, 1.3) and 1.4 (1.0, 1.9)}, with no statistically significant differences (P value= 0.978, 0.326 and 0.443 respectively). Most participants in both groups had a CPR greater than 1. Adverse perinatal outcomes occurred in 33 hypertensive cases versus 18 normotensive controls. In terms of predictive accuracy for adverse outcomes, MCA-PI had a sensitivity of 50% and specificity of 53%; UA-PI had a sensitivity of 57% and specificity of 35%; CPR demonstrated a sensitivity of 50%, specificity of 57%, and a negative predictive value of 89.7%.
Conclusion:  CPR was found to be normal in cases of mild gestational hypertension and did not differ significantly from normotensive pregnancies. Although CPR showed limited predictive accuracy for adverse perinatal outcomes in both groups, it may have greater value in pregnancies complicated by severe gestational hypertension.
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INTRODUCTION
Pregnancies complicated by Gestational Hypertension may result in intrauterine growth restriction (IUGR), placenta abruption, oligohydramnios, non-reassuring results of fetal surveillance, perinatal and neonatal death (Umegbolu et al., 2017, Smitha et al., 2017, Oluwole et al., 2022). An association between abnormal fetal blood flow and long-term neurodevelopmental impairment has also been demonstrated. One of the aims of routine antenatal care is to identify the “at risk” fetuses, investigate as appropriate and institute fetal surveillance. This in turn would result in reduction of perinatal morbidity and mortality. 
Doppler ultrasound velocimetry of the utero-placental circulation is an established noninvasive fetal surveillance assessment for clinical evaluation of high-risk pregnancies (Priya et al., 2016). In recent times, Doppler velocimetry has become an important tool for better understanding of the hemodynamics of maternal and fetal vessels (Ebeed et al.) and is indicated in pregnancies at risks of intrauterine growth restriction, rhesus iso-immunization, multiple pregnancies, anemia and hypertensive disorders (Oluwole et al, 2022, Ebeed et al, 2022) .
Studies show that in the presence of normal placental function, the umbilical artery waveform has a pattern compactible with low-resistance flow displaying forward blood flow throughout the cardiac cycle, whereas, the fetal MCA has a high resistance flow with minimal antegrade flow in fetal diastole. In pathologic states, the pattern of flow can be reversed into a low -resistance flow as a result of the head-sparing theory. The changes that takes place in middle cerebral artery and umbilical artery of a fetus can be used to prognosticate the outcome few days to weeks before terminal events in the fetus (Devi et al., 2017).Studies have shown consistent relationships of abnormal umbilical artery Pulsatility index [AU-PI] and abnormal middle cerebral artery Pulsatility index [MCA-PI] to poor outcome (Uma et al., 2015). Cerebro-placental ratio (CPR) is the ratio of  the pulsatility index of MCA to UA (MCA-PI/UA-PI). It enables the assessment of fetal response to hypoxia by detecting blood flow distribution pattern in placenta-umbilical and feto-cerebral circulations (Eshraghi et al., 2020).  In normal pregnancy, CPR should be greater than 1, values less than 1 is considered abnormal. Some has stated that CPR <10th centile also suggest abnormlity. Most studies have focused on preeclampsia and intrauterine growth restriction with few only a few conducted in gestational or non-protenuric hypertension. Abdelwahid et. al in a study among 280 pregnant women observed that in women with gestational hypertension who had adverse perinatal, there was a significant increase in UA-PI and MCA-PI beyond the upper limit compared to those without (Abdelwahid et al., 2018). In another study, Shahinaj et al compared between the sensitivity and specificity of umbilical artery or middle cerebral artery pulsatility indexes alone and a ratio of the two (CPR) (Shahinaj et al., 2010).  They concluded that the sensitivity and specificity are higher for the ratio of the indices in predicting the perinatal outcome in gestational hypertension (Shahinaj et al., 2010).  In a study conducted in a pregnant population of 106 singletons in India, Gaikwad et al reported that the specificity, positive predictive value and diagnostic accuracy of Doppler parameters was higher in predicting adverse perinatal outcomes (Gaikwad et al., 2017).  They noted that the ratio of Middle Cerebral and Umbilical Artery                                                                                        pulsatility indexes were more accurate than each of these individually. They recorded 98.55% for specificity, 94.44% for positive predictive value and 80.19% for the diagnostic accuracy of CPR in predicting the risk of adverse outcomes (Gaikwad et al., 2017). This study assessed the value of CPR in predicting adverse perinatal outcome in women with gestational hypertension in our environment. Hypertensive disorders are common in blacks, including Nigerians and are known to account for high perinatal morbidity and mortality. A handful of studies has been done using the MCA-PI and UA-PI individually in assessing the outcome of fetuses in mothers with hypertensive disorder in pregnancy. However, there is paucity of records on studies using the ratio of the two parameters particularly in blacks. This forms the basis for this study. The findings from this study will contribute data and may provide insight in to its pathology and management. 


MATERIALS AND METHODS
STUDY SITE
[bookmark: _Hlk221971071]This study was carried out in the obstetrics units of the Lagos State University Teaching Hospital, Lagos in south-west Nigeria. The women were recruited from the antenatal clinics, obstetrics emergency room and lying–in wards. 
STUDY TYPE
[bookmark: _Hlk221971004]This was a prospective longitudinal study of perinatal outcomes in patients with gestational hypertension in which the ratio of MCA and UA velocimetry was assessed.
STUDY POPULATION AND SAMPLING TECHNIQUE
Women diagnosed with gestational hypertension within gestational ages ≥ 28 weeks were recruited by non-probability sampling technique and matched for maternal and gestational age, with those who were normotensive until the calculated sample size was achieved.
SAMPLE SIZE ESTIMATION
 The sample size was calculated using Leslie-Kish formula; N=   Z2. P. (1-P) /d2, where n = required minimum sample size for the study; Z = the standard normal deviate, usually 1.96 at 95%confidence level; P = prevalence rate (7.2% was used in this study) (Oladele et al., 2018); d = precision rate (5%); N = 100.  An attrition of 10% (10 participants) of the calculated figure was added. Thus 110 women with gestational hypertension were recruited. One hundred and ten women with uneventful pregnancies matched for maternal age and gestational age served as control. 
INCLUSION CRITERIA
Women with singleton fetus, known gestational ages, a diagnosis of gestational hypertension and who gave consent to participate were recruited.
EXCLUSION CRITERIA
Women with multiple gestations, chronic hypertension, preeclampsia, cardiac disease, renal disease, liver disease, history of dyslipidemia or any other medical condition in pregnancy or who did not give consent were excluded. 
OUTCOME MEASURES
1. Presence of intrauterine growth restriction (IUGR), intrauterine fetal death (IUFD), low birth weight (< 2.5kg at term-37-42 weeks gestational age), APGAR score (<7 is abnormal and >7 normal), gestational age at delivery (Term ≥37 weeks; early preterm- 32-34 weeks; late preterm- 34-36weeks; 28-31 weeks), NICU admission (including indication for admission) and meconium stained liquor or aspiration.
2. Blood pressure (BP) was said to be mild if systolic BP is between 140-159mmHg and diastolic BP is between 90-109mmHg. It is said to be severe if systolic BP ≥160mmHg and/or diastolic BP is ≥110mmHg. The urinary protein on dipstick test is not significant.
APGAR score at 5 minutes after birth ˂ 6 was an indication for admission in to neonatal intensive care unit (NICU). The women were monitored till delivery. The study duration was 12 months. 
 DATA COLLECTION
Data was documented for each participant and included sociodemographics, clinical characteristics including weight, height and blood pressure. A bedside dipstick urinalysis for proteinuria was done to exclude preeclampsia. Blood pressure was measured on two occasion with patient in a sitting position using an adequate sized cuff mercury sphygmomanometer. Gestational age was estimated using the last menstrual period (LMP) and/or first trimester or early mid-trimester ultrasound scan.

DOPPLER ULTRASOUND
The Doppler ultrasound was performed by trans-abdominal examination with a HD5 Diagnostic Ultrasound System, serial number C157170325, manufactured by Neusoft Medical Devices Co., Ltd China in 2017 using a 3.5MHZ convex transducer. Examination was conducted with the patient in the semi recumbent position with a slight lateral (150) tilt (to reduce the risk of developing supine hypotension syndrome due to caval compression, with fetal heart rate between 120 and 160 bpm and minimal fetal breathing or body movement. UA Doppler velocimetry was done by insonation of the vessel close to its insertion in the placenta. The insonation of the middle cerebral artery was performed in its proximal third from the Circle of Willis at an angle maintained at near 00.  Four out of five spectral continuous and identical waves were considered, after verification of regular fetal cardiac frequency, without breathing and or fetal movement interference. The results were entered into a proforma for each participant. A ratio of MCA-PI to UA-PI ˂1 was considered abnormal. The reference values are according to Gramellini et al (Gramellini et al., 1992)
Decision to deliver was taken when: gestational age at 37 completed weeks; there was absent end diastolic flow or reversed end diastolic flow (abnormal umbilical artery Doppler) and other obstetrical indications for delivery. Induction of labor was performed with oxytocin in those planned for vaginal delivery. Women with associated obstetric indications were scheduled for elective caesarean section. Those with absent end diastolic were delivered by emergency caesarean section. All cases were followed up till delivery and the perinatal outcome were recorded. Outcome data collected included gestational age at birth, birth weight, Apgar score, admission to neonatal intensive care unit and neonatal mortality. The participants that had reduced end diastolic flow were repeated in week. Also, those who were remote from term had repeat Doppler ultrasound scan later in the pregnancy.
DATA PROCESSING AND STATISTICAL ANALYSIS
The data obtained was analyzed using Epi info version 7.2.2.6 (2018) of the Centre for Disease control, Atlanta Georgia, USA. Values were expressed using descriptive statistics (mean, standard deviation, median). Categorical variables were compared using the Chi-square test or the Fischer’s test as appropriate. Continuous variables were compared using the Students t-test or ANOVA test as appropriate. Correlation was done using the Pearson’s or Spearman’s correlation co-efficient as appropriate. P-value less than 0.05 was considered to be statistically significant (Confidence level = 95%).
ETHICAL CONSIDERATIONS
Ethical approval for the study was obtained from the Research and Ethics Committee of the Lagos State University Teaching Hospital, Ikeja, Lagos state on 05/03/2019 (LREC/06/10/1143). A written informed consent was obtained before recruitment into the study. Patients had the right to decline participation in the study a decision which did not affect their treatment or care. Participants’ confidentiality and good clinical practice was maintained.

RESULTS
[bookmark: _Hlk221974281]This study involved a total of 220 participants divided into two groups, cases (110 women diagnosed with gestational hypertension) and controls (110 normotensive pregnant women). Among women with gestational hypertension, 97 (88.2%) had mild disease while 13 (11.8%) had severe disease. The analysis of the socio-demographic data of these women is shown in Table 1. It showed that the women in both groups were drawn from the same population as there was no statistically significant difference in their age, marital status, parity and educational status (P value was >0.05 respectively). The mean (SD) age of the normotensive pregnant women was 29(4.41) years and 30.4 (4.6) years for those with gestational hypertension. Women within the 26-30-year age bracket were the majority. The mean (SD) of gestational age at recruitment into this study was 35.37(3.1) weeks and 35.35 (2.9) weeks for the control and cases respectively. The mean (SD) of the gestational age at delivery was 38.37 (1.2) weeks for the control and 38.27 (1.3) weeks for gestational hypertension.
Table 1:Socio- demographic and clinical details of normotensive and hypertensive pregnant women
Variable				Normotensive			Hypertensive		p
					n = 110 (%)			n = 110 (%)
Age group (in years)
≤ 20					0 (0.0)				0 (0.0)                        
21 – 25				21 (19.1)			21 (19.1)
26 – 30 				42 (38.2)			42 (38.2)
30 – 34 				30 (27.3)			30(27.3)
≥ 35					17 (15.5)			17 (15.5)
Mean (SD)				29.8 (4.4)			30.4 (4.6)		0.472	

Marital status
Single					12 (10.9)			7 (6.4)			0.230
Married				98 (89.1)			103 (93.6)

Parity 
Para 0					51 (46.4)			40 (36.4)		0.133
Para 1					37 (33.6)			37 (33.6)
Para 2					15 (13.6)			28 (25.5)
≥ Para 3				7 (6.4)				5 (4.5)	

Educational status		
Primary				3 (2.7)				1 (0.9)			0.590
Secondary				35 (31.8)			39 (35.5)
Tertiary 				72 (65.5)			70 (63.6)

Religion
Christianity				88 (80.0)			89 (80.9)		0.865
Islam					22 (22.0)			21 (19.1)
Weight (kg)				76.6 (15.2)			82.3 (21.9)		0.025
Height (m)				1.59 (0.09)			1.60 (0.09)		0.779
BMI (kg/m2)				30.1 (6.3)			32.2 (8.0)		0.040
*Systolic blood pressure (mm/Hg)	113.8 (10.3)			147.2 (10.4)		<0.001
*Diastolic blood pressure (mm/Hg)	64.4 (8.0)			93.1 (7.6)		<0.001
*Gestation age at recruitment (weeks)35.4 (3.0)			35.4 (2.7)		0.864
*Gestation age at delivery (weeks)	38.9 (1.2)			38.8 (1.4)		0.555

*Mean (standard deviation)


[bookmark: _Hlk221975669][bookmark: _Hlk221979269][bookmark: _Hlk221979409]The result of the Doppler velocimetry indices is shown in Table 2. The median (IQR) of MCA-PI, UAPI and CPR in the control was 1.5 (1.1, 1.8), 0.9 (0.7, 1.3) and 1.5 (1.1, 1.9) respectively. It was 1.5 (1.2, 1.9), 1.0 (0.8, 1.3) and 1.4 (1.0, 1.9) respectively in women with gestational hypertension. The difference in the indices was not significant between the groups (P value was 0.978, 0.326 and 0.443 respectively). 
Table 2: Median values of the Doppler velocimetry in normotensive and hypertensive pregnant women
Variable			Normotensive			Hypertensive		p
				n = 110 (%)			n = 110 (%)
				Median (IQR)			Median (IQR)
MCAPI			            1.5 (1.1, 1.8)			1.5 (1.2, 1.9)		0.978
UAPI				0.9 (0.7, 1.3)			1.0 (0.8, 1.3)		0.326
CPR				1.5 (1.1, 1.9)			1.4 (1.0, 1.9)		0.443
MCA/SD ratio			3.6 (2.9, 5.1)			3.8 (3.0, 4.8)		0.840
UA/SD ratio			2.4 (2.0, 3.0)			2.5 (2.1, 3.2)		0.372
______________________________________________________________________________


A comparison of the median values of CPR with the severity of hypertension also did not reveal a significant difference between those who were normotensive or had mild or severe gestational hypertension as shown in Table 3. 
Table 3: Comparing the median values of Doppler velocimetry in normotensive, mild gestational hypertension and severe gestational hypertension
Variable		Normal BP		Mild BP		Severe BP		p
			n = 110 (%)		n = 97 (%)		n = 13 (%)
			Median (IQR)		Median (IQR)		median (IQR)
MCAPI		           1.5 (1.1, 1.8)		   1.5 (1.2, 1.8)		1.6 (1.0, 1.9)		0.999
UAPI			0.9 (0.7, 1.3)		1.0 (0.8, 1.3)		1.2 (0.7, 1.7)		0.471
CPR			1.5 (1.1, 1.9)		1.4 (1.0, 1.9)		1.4 (0.7, 1.7)		0.618
MCA/SD ratio		3.6 (2.9, 5.1)		3.8 (3.0, 4.9)		3.2 (2.6, 4.6)		0.514
UA/SD ratio		2.4 (2.0, 3.0)		2.5 (2.1, 3.0)		3.0 (2.1, 3.9)		0.478
______________________________________________________________________________

In this study, adverse perinatal events that occurred in normotensive pregnant women compared to those with hypertension were:  babies born with APGAR score at 5 minutes <7 (3 vs 8), IUFD (1 vs 5), birth weight <2.5kg (9 vs 12), preterm delivery (3 vs 4) and admission to neonatal intensive care (2 vs 4). Although more of the women with gestational hypertension had adverse perinatal outcomes, this was not observed to be statistically significant with P values >0.05 as depicted in Table 4. There was no maternal or neonatal death in both groups.
Table 4: Perinatal outcomes among normotensive and hypertensive pregnant women
Variable			Normotensive		Hypertensive	      n=220 (%)	         p-value
				n = 110 (%)		n = 110 (%)
	GA at recruitment
28-34
35-37
>37
Mean±SD
	
38(38.9)
44(40.4)
27(24.8)
35.35±2.9
	
38(34.5)
37(33.6)
35(31.8)
35.37±3.1
	
76(34.7)
81(37.0)
62(28.3)
35.36±3.0
	
0.442

	GA at delivery
28-34
35-37
>37
Mean±SD
	
1(0.9)
21(19.1)
88(80.0)
38.27±1.3
	
0(0.0)
23(20.9)
87(79.1)
38.37±1.2
	
1(0.5)
44(20.0)
175(79.5)
38.37±1.3
	
 0.578


APGAR at 5 mins

≥ 7				107 (97.3)			102 (92.7)		             0.215
< 7				3 (2.7)				8 (7.3)

Birth outcome
Live delivery			109 (99.1)			105 (95.5)		             0.212
IUFD				1 (0.9)				5 (4.5)

Low birth weight (kg)
≥ 2.5 				101 (91.8)			98 (89.1)		            0.647
< 2.5				9 (8.2)				12 (10.9)

Type of delivery
Term				107 (97.3)			106 (94.3)		           1.000
Preterm			3 (2.7)				4 (3.6)

Admission into NICU
No				108 (98.2)			106 (96.4)		           0.683
Yes				2 (1.8)				4 (3.6)

A comparison of the median (IQR) value of MCA-PI, [1.5 (1.0, 2.1) vs 1.5 (1.2, 1.8)], UA-PI, [1.1 (0.9, 1.4) vs 0.9 (0.8, 1.3)] and CPR, [1.4 (0.9, 2,0) vs 1.5 (1.1, 1.4)] among those who had adverse perinatal outcome and those who did not is shown in Table 5. It was not significantly different (P value was 0.740, 0.249 and 0.637 respectively). 
Table 5: Median differences in the Doppler indices in relationship to the occurrence of adverse events during delivery
Variable				Presence of adverse events			p-value
				Yes				No
				n = 28				n = 192
				Median (IQR)			Median (IQR)
MCAPI			1.5 (1.0, 2.1)			1.5 (1.2, 1.8)		0.740
UAPI				1.1 (0.9, 1.4)			0.9 (0.8, 1.3)		0.249
CPR				1.4 (0.9, 2.0)			1.5 (1.1, 1.9)		0.637
MCA/SD ratio			3.1 (2.5, 5.4)			3.7 (3.0, 4.9)		0.257
UA/SD ratio			2.6 (2.0, 3.4)			2.5 (2.1, 3.0)		0.606


Table 6 show a comparison between gestational age at delivery and birthweight between women who had normal CPR (>1) and those with abnormal CPR and found no significant difference. 
Table 6: Comparing Gestational age at delivery and birth weight in women with gestational hypertension who had normal and abnormal CPR
	Variable
	CPR
	Total
	p-value

	
	Abnormal CRP
	Normal
	
	

	GA at delivery (weeks)
≤37
>37
	
7(31.8)
24(27.3)
	
15(68.2)
64(72.7)
	
22(100.0)
88(100.0)
	
0.672

	Birthweight (kg)
<2.5
≥2.5
	
5(51.7)
26(26.5)
	
7(58.3)
72(73.5)
	
12(100.0)
98(100.0)
	
0.271



To determine the predictive ability of the Doppler velocimetry assessment in the participants, an ROC curve analysis was drawn showing the various sensitivities and specificities. This is captured in Figure 1.

[image: ]
Figure 1: ROC curve analysis comparing the sensitivity and specificity of MCA-PI, UA-PI and CPR

Further analysis for the predictive performance of UA-PI, MCA-PI and CPR for adverse perinatal outcomes is shown in Table 7. At an AUC (95% CI) of 0.481(0.352-0.609), MCA-PI alone has a sensitivity of 50%, specificity 53%, and NPV of 87.9%; UA-PI alone at AUC (95% CI) of 0.432(0.321-0.544) has sensitivity of 57%, specificity 35% and NPV 85.2%; CPR with AUC of 0.528(0.407-0.648), had sensitivity 50%, specificity 57% and NPV 89.7%.
Table 7: Showing the AUC, MCA-PI, UA-PI and CPR Velocimetry as predictor of adverse perinatal outcome
Outcome variables   AUC (95%CI)	P-value Cut-off	   Sen	Spec          PPV		NPV
MCAPI	           0.481 (0.352 – 0.609)      0.740    1.435	0.500	0.531	    0.134		0.879
UAPI	           0.432 (0.321 – 0.544)      0.249    1.095	0.571	0.359	    0.115		0.852
CPR	           0.528 (0.407 – 0.648)       0.637   1.335	0.500	0.573	    0.146		0.897


DISCUSSION
Gestational hypertension is a disorder of pregnancy associated with arteriolar constriction leading to reduced uteroplacental flow. Consequently, there is a deficit in maternal and fetal exchange of oxygen, leading to fetal hypoxia. This study was done to determine the predictive value of the ratio of MCA to UA PI for adverse perinatal outcomes in patients with gestational hypertension. Gestational hypertension was more common in primigravida and most frequent in women in the 26-30 years age bracket. The age bracket was similar to findings by El Guindy et al and Agofure et al but at  variance with a similar study by Salvi et al that documented a higher prevalence in primigravida and in those within the age range of 21-25 years. The differences may result from variation in setting of the studies, practices like age at marriage, new partner and delayed conception associated with an urban setting (ElGuindy et al., 2018, Agofure et al., 2025, Salvi et al., 2019).
Most studies on Doppler velocimetry have been in women with preeclampsia and intrauterine growth restriction. It is unclear whether gestational hypertension and preeclampsia represent distinct pathologies or are varying aspects of a single pathophysiological spectrum. Its exact aetiology is also inconclusive. In the pathogenesis of gestational hypertension, the role of increased resistance in the uteroplacental circulation with a resultant impairment in blood flow and subsequent poor placental perfusion has been suggested.  
Generally, although there were more incidents of adverse perinatal events in participants who had gestational hypertension compared with the control group in this study, it was not statistically significant. However, compared with mild disease, women with severe gestational hypertension had more adverse perinatal events. This outcome is not unexpected, as severe gestational hypertension has been clearly established to be associated with adverse perinatal outcomes in similar studies (Gaikwad et al., 2017, Ayyuba et al., 2015). The absence of a significant difference in the overall incidence of adverse perinatal outcomes between the 2 groups may be due to the distribution of the participants. More than two-thirds of the cases had mild gestational hypertension, and the majority of the parturient were diagnosed in the late third trimester of pregnancy, with the possibility that the effect of the disease on fetal vascular circulation may not have altered enough to induce adverse changes before delivery, significantly different from that in the controls. An admission into the neonatal intensive care unit on account of birth asphyxia was the most common adverse event in this study. Our finding was similar to that reported by other authors (Shahinaj et al., 2010). 
The mean value of the MCA to UA PI ratio (CPR) in normotensive pregnant women and those with gestational hypertension was greater than 1 in this study, which suggests an absence of brain-sparing effects commonly associated with placental insufficiency in both groups. However, this finding (mean > 1) contrasts with other literature which suggests that while CPR is usually > 1 in normal pregnancies, it frequently drops to <1 in pregnancies with placental impairment, such as those with gestational hypertension (Anand et al., 2020, Mecke et al., 2023). CPR values less than 1 have been recorded in cases of severe preeclampsia and intrauterine growth restriction. A comparison between mild and severe disease in this study showed a CPR value relatively lower in severe gestational hypertension, but greater than 1. The lower proportion of participants with severe disease in this study may account for this observation. In their work, Mishra et al observed that women who had adverse perinatal outcomes had CPR values less than 1 compared to those who did not (Mishra et al., 2013).  In this study, there was no significant difference in the CPR levels between those who had adverse perinatal outcomes and those who did not (1.4(0.9-2.0) vs 1.5(1.1-1.5)} with a P-value of 0.637. Najam et al also documented abnormal CPR values in high-risk cases compared to their low-risk control (Najam et al., 2016).  The number of high-risk to low-risk participants was higher in their study compared to this study, which may explain the differences in findings.
The sensitivity and specificity of MCA-PI alone, UA-PI alone and CPR in predicting the possibility of adverse perinatal outcome in women with gestational hypertension were low in this study. However, it had a higher negative predictive value, suggesting that the risk of adverse perinatal outcomes in women with mild gestational hypertension was low and comparable with their normotensive counterparts. The predictive values of CPR in this study were lower than what is documented in other studies, where CPR had a high sensitivity and specificity for the occurrence of adverse perinatal outcomes in high-risk pregnancies, including gestational hypertension (Padmini et al., 2016).  Gramellini et al  found that the neonatal complication was 33.3% in newborns of mothers with abnormal CPR of <1 compared with 1.38% newborns of mothers with values >1, with sensitivity and specificity 68.0% and 98.4%, respectively. They concluded that CPR had high diagnostic accuracy and sensitivity in detecting intrauterine growth restriction (70%) and adverse perinatal outcome (90.0%) ( Gramellini et al., 1992). Shahinaj et al, Mishra and Padmini et al also documented higher predictive values for CPR in their studies compared to the individual indices (Shahinaj et al., 2010, Mishra et al., 2013, Padmini et al., 2016). The differences in the predictive value of CPR for adverse pregnancy outcomes in the studies may result from the varied gestational ages at recruitment. Previous studies suggested that the predictive value of CPR decreases as gestational age increases, however in a recent retrospective study by Morales-Rosello et al, the influence of gestational age on the predictive value of CPR for adverse intrapartum outcomes was examined (Morales-Rosello et al., 2025).  The authors observed that the predictive value of CPR actually increased with advancing gestational ages with a peak at 39-40 weeks. They also documented that the accuracy of CPR in this regard is also greatly influenced by the interval between Doppler assessment and labour onset. The longer the interval the less the predictive accuracy. They concluded that CPR assessment should be incorporated into the 3rd trimester surveillance strategies even in pregnancies considered as low-risk (Morales-Rosello et al., 2025).    A larger proportion of the participants in this study were above 34 weeks of gestation but a longer interval between the Doppler assessment and delivery (more than one day) may have contributed to the low predictive value of CPR recorded.
CONCLUSION
The use of Doppler ultrasound in high-risk pregnancies appears to improve several obstetric outcomes. The findings in this study suggest that the ratio of Middle Cerebral Artery to Umbilical Artery Pulsatility Index (cerebroplacental ratio) was normal in mild gestational hypertension and not significantly different from that of the normotensive pregnant women. Although a lower predictive accuracy of CPR for the adverse pregnancy outcomes was seen in both normotensive and those with mild gestational hypertension, it may be more valuable in those with severe gestational hypertension as documented in other high-risk pregnancies. A more robust study is however recommended.
LIMITATION AND RECOMMENDATION
This was an institution-based study with a small sample size, so the findings may not be generalizable.
The proportion of women with severe gestational hypertension was smaller compared with those with mild disease and the interval between assessment and delivery seems longer, this may have masked the true predictive performance of the cerebroplacental ratio in this study. 
Large and robust population-based longitudinal studies in our environment, are therefore recommended to assess the role of Doppler velocimetry in predicting outcomes in pregnancies.
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