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ABSTRACT
Introduction: Ophthalmic artery is the first branch of the internal 
carotid artery and provides an indirect approach to flow pattern 
and velocimetry information to less approachable intracranial 
circulation.

Aim: To obtain the normative reference value of maternal 
Ophthalmic Artery Doppler (OAD) velocimetry in the second 
trimester.

Materials and Methods: The present cross-sectional study 
was conducted on 700 patients who visited the hospital for 
antenatal ultrasound in the second trimester at the Department 
of Radiodiagnosis and Imaging, Sri Guru Ram Das Institute of 
Medical Sciences and Research, Amritsar, Punjab, India. Maternal 
OAD was performed with a GE Voluson E8 Expert BT12 (Wipro GE) 
using a linear 5-10 MHZ transducer. After recording the patient 
history, various doppler indices like First Peak Systolic Velocity 
(PSV1), Second PSV2, Pulsatility Index (PI), End Diastolic Velocity 
(EDV), Resistivity Index (RI), Systolic to Diastolic ratio (S/D) and 
PSV2 to PSV1 ratio (PSV ratio: PSV2/PSV1) were recorded. 
Descriptive analyses were performed using Statistical Package 

for Social Sciences (SPSS) version 25.0 to compute frequencies, 
percentages, means, and standard deviations.

Results: A total of 700 subjects were included with a mean age 
of 28.28±5.63 and a mean Body Mass Index (BMI) of 25.89±2.71 
kg/mm². The mean systolic blood pressure and diastolic blood 
pressure was 117.87±8.38 and 78.42±5.70, with Mean Arterial 
Pressure (MAP) 91.49±5.75. The OAD velocimetry revealed 
the mean PSV1 value of 33.05±6.71 cm/sec, PSV2 value of 
16.22±3.66 cm/sec. Similarly, mean PSV2/PSV1 and EDV 
values were 0.49±0.07 and 5.76±1.54 cm/sec, respectively. The 
other doppler parameters like mean PI, RI and S/D values were 
2.43±034, 0.82±0.04, and 6.07±1.85.

Conclusion: Establishing reference values for maternal OA 
doppler parameters is crucial for distinguishing between normal 
and pathological pregnancies. Change from normal values may 
indicate a pathological state like increased vascular resistance, 
which usually results at around 20th week of gestation. These 
changes may be the earliest indication of future development 
of preeclampsia, which requires earlier detection for proper 
management.

INTRODUCTION
The ophthalmic artery is the first branch of the internal carotid artery 
and has anatomical, embryological, and functional similarities 
with the intracranial vasculature and is an easily approachable 
artery for doppler assessment [1]. Various haemodynamic 
changes occur in pregnancy related to the compliance of the 
blood vessels [1]. Preeclampsia (PE) usually manifests at around 
20 weeks of gestational age, as increased vascular resistance 
of systemic vasculature induced by abnormal placental vascular 
response and endothelial dysfunction is at around the 20th week 
of gestation [2,3].

The OAD velocimetry most commonly used are the PSV, EDV, 
RI, and PI [4-6]. A relatively newer velocimetry parameter known 
as Peak Ratio (PR), which is calculated by dividing the second to 
PSV1 [7]. PE is a multisystemic disorder characterised by abnormal 
vascular response to placenta formation, a hypercoagulable state, 
and endothelial dysfunction [8,9]. It is one of the most common 
causes of morbidity and mortality, with a global incidence of 5 to 
10% [10]. It presents with complications in the eyes in 30 to 100% of 
patients [11]. The current emphasis has been on the association of 
ophthalmic artery velocimetry changes in the potential development 
of PE, but there has been a scarcity of normative data of the OAD 
velocimetry in the second trimester. Therefore, the present study 
aimed to provide and establish the normal OAD values in the second 
trimester of pregnancy in the Indian population.

MATERIALS AND METHODS
The present cross-sectional study was conducted on 700 patients 
who visited for antenatal ultrasound in the second trimester at the 
Department of Radiodiagnosis and Imaging, Sri Guru Ram Das 
Institute of Medical Sciences and Research, Amritsar, Punjab, 
India, over a duration of one and a half years. Clearance for the 
study was obtained from the Institutional Ethical Committee (Ref 
No. SGRDU/Cont/Thesis/24-534). Written informed consent in the 
vernacular language of each patient was taken.

Inclusion and Exclusion criteria: Females at 18 to 24 weeks of 
gestation presenting to the Department of Radiodiagnosis for a routine 
antenatal visit were included in the present study. Patients known to be 
hypertensive before conception, patients on medications other than 
supplementation routinely used in pregnancy (e.g., Iron supplements, 
multivitamins, etc.,), patients who are already on treatment for PE, 
patients with known ophthalmic pathology, and pregnancies with 
congenital abnormalities in the foetus were excluded.

Study Procedure
Demographic data like the maternal age and Body Mass Index (BMI), 
and relevant clinical history were obtained from the participants.

Ultrasonographic technique: Ultrasonography was performed 
using a GE Voluson E8 Expert BT12 (Wipro GE) using a linear 5-10 
MHZ transducer. The patient was placed in the supine position to rest 
for five minutes. The transducer was then placed transversely and 
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Age group Frequency (N=700)

Up to 20 years 64 (9.4%)

21-30 years 451 (64.1%)

>30 years 185 (26.5%)

[Table/Fig-3]:	 Age distribution of subjects (N=700).

BMI Frequency (N=700)

Normal 293 (41.8%)

Overweight 356 (50.8%)

Obese 51 (7.4%)

[Table/Fig-4]:	 BMI distribution of subjects (N=700).

Velocimetry parameters Values (N=700)

PSV1 33.05±6.71

PSV2 16.22±3.66

PSV2:PSV1 0.49±0.07

PI 2.43±034

RI 0.82±0.04

S/D 6.07±1.85

EDV 5.76±1.54

[Table/Fig-5]:	 Ophthalmic Artery Doppler (OAD) velocimetry parameters among 
subjects (n=700).

gently over her closed upper eyelid after application of conduction gel. 
Colour flow Doppler was used to identify the ophthalmic artery, which 
is found superiorly and medially to the hypoechoic band representing 
the optic nerve [Table/Fig-1]. A radiologist with more than nine years 
of experience performed the technique. Pulsed-wave doppler was 
then used to record three to five similar waveforms from each eye 
alternatively (i.e., first the right eye, then the left eye, followed by the 
right eye and then the left eye again). A similar technique has been 
performed in a previous study [10]. The angle of insonation was to 
be kept <20°. To minimise any potential adverse effects on the eyes, 
the duration of the examination of each eye is a few seconds, and 
a special preset was used with a marked reduction in output power 
and a maximum mechanical index of 0.4.

[Table/Fig-1]:	 Colour flow doppler to identify the ophthalmic artery.

The following indices were used for analysis: PSV1, PSV2, PI, ratio 
of second to PSV1 (PR), RI, and S/D. The first PSV, EDV, RI, PI, 
and S/D were automatically obtained by the machine, the second 
PSV was measured manually, and the ratio of the second to the 
first PSV was calculated [Table/Fig-2]. The average value of the 
two readings of each parameter was taken from the right and left 
eyes. The PR was calculated by dividing the second PSV by the 
first PSV.

[Table/Fig-2]:	 This image represents the spectral waveform of the ophthalmic 
artery with the arrows representing the first PSV, second PSV and the End Diastolic 
Velocity (EDV).

STATISTICAL ANALYSIS
The data collected was first entered in Microsoft Excel. Descriptive 
analyses were performed using SPSS version 25.0 to compute 
frequencies, percentages, means, and standard deviations.

RESULTS
The mean age of the participants was 28.28±5.63 years. The mean 
BMI among all the subjects came out to be 25.89±2.71. The total 
number of subjects below the age of 20 years was 64 (9.4%) [Table/
Fig-3]. A total of 293 (41.8%) subjects were labeled as normal, 356 
(50.8%) as overweight and 51 (7.4%) as obese [Table/Fig-4]. The 
mean systolic blood pressure and diastolic blood pressure among 
subjects was 117.87±8.38 and 78.42±5.70, respectively. The MAP 
was 91.49±5.75.

The OAD parameters were also calculated to their mean values, 
with a mean PSV1 of 33.05±6.71 cm/sec, a mean PSV2 value of 
16.22±3.66 cm/sec, a mean PR value of 0.49±0.07, and a mean 

DISCUSSION
The OAD is a non-invasive method of assessing real-time 
cerebrovascular parameters. It can provide useful and 
appropriate knowledge of cerebral manifestations of pregnancy-
related hypertension [12]. Various studies have shown lower 
ophthalmic artery PI values and higher PR values in women with 
hypertensive diseases of pregnancy [13,14]. Other cerebral arteries, 
embryologically and functionally related to the ophthalmic artery, 
also demonstrated lower flow resistance in the second trimester of 
pregnancy among women who were to develop PE [15,16].

A study was conducted by Alves JA et al., on 409 singleton 
pregnancies between 11 and 14 weeks’ of gestation [17]. In their 
study, mean±SD values for maternal OAD parameters were RI= 
0.81±0.12, PI= 2.06±0.57, PSV= 36.41±12.1, PD1= 21.07±7.62, 
and PR= 0.58±0.11.

In a longitudinal study conducted by Corrêa-Silva EP et al., on 63 
low-risk pregnant women, researchers observed a decreasing trend 
in PI and RI of the OA and PI of the Central Retinal Artery (CRA) as 
gestation progressed. However, the PR of the OA did not show 
significant changes. The present study provided percentile-based 
reference values for each gestational age [18].

Carneiro RS et al., on 276 healthy women between 20 to 39 weeks 
of gestation concluded that OA Doppler measurements did not vary 
significantly during healthy pregnancies, suggesting stability in these 
parameters across gestation. The parameters measured in their 
study were PI, RI, PSV, Peak Diastolic Velocity (PDV), End Diastolic 
Flow Velocity (EDFV) and PR [19].

A study involving 289 healthy pregnant women between 20 and 
40 weeks of gestation assessed the RI, PI, and PR of the OA. 
The findings indicated a significant inverse correlation between 
gestational age and both RI and PI, suggesting a decrease 
in vascular resistance as pregnancy progresses. PR values 
remained relatively stable throughout gestation. The study also 
demonstrated high intraobserver reproducibility and strong 
correlation between measurements in the right and left eyes, 
supporting the reliability of OA Doppler assessments in clinical 
practice [20].

EDV of 5.76±1.54. The other Doppler parameters, like mean PI, RI, 
and S/D, were 2.43±0.34, 0.82±0.04, and 6.07±1.85, respectively, 
with a p-value of <0.001 [Table/Fig-5].
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A study comparing OA doppler parameters between twin and 
singleton pregnancies found no significant differences in PI and PR 
values. This suggests that the same reference values established for 
singleton pregnancies can be applied to twin pregnancies for these 
specific indices. However, a significant difference was observed in RI 
values between the groups, indicating that RI may require separate 
reference considerations in twin gestations [21].

The establishment of normative OAD values during the second 
trimester has significant potential for application in clinical settings, 
especially for the prediction and monitoring of hypertensive 
disorders in pregnancy. As cerebral haemodynamic changes often 
precede clinical symptoms, the ability to detect these alterations 
non-invasively using OAD can offer a promising opportunity for 
earlier diagnosis. Normative Doppler indices- such as PI, RI, and 
PR- serve as reference benchmarks that enable clinicians to detect 
deviations suggestive of increased risk for PE. Incorporating these 
measurements into routine antenatal screening can aid in risk 
stratification and timely referral to specialist care. Moreover, serial 
assessment of these parameters can be particularly useful in high-
risk patients, where changes in OAD values over time may inform 
the trajectory of disease progression and the need for intensified 
monitoring or intervention.

Limitation(s)
The study did not follow participants longitudinally through 
pregnancy; thus trends across all trimesters or individual changes 
over time were not assessed. Conducted at a single tertiary care 
center, which may limit the generalisability of the results to other 
regions or healthcare settings within India. Participants were selected 
from an antenatal clinic, which may not reflect the characteristics of 
the general pregnant population in the community.

CONCLUSION(S)
Establishing reference values for maternal OA doppler parameters 
is crucial for distinguishing between normal and pathological 
pregnancies. Change from normal values may indicate a 
pathological state like increased vascular resistance, which usually 
results at around 20th week of gestation. These changes may be 
the earliest indication of future development of preeclampsia, which, 
when interpreted in the context of maternal history and other risk 
factors, can offer a non-invasive, accessible, and informative tool for 
the early identification and monitoring of hypertensive disorders in 
pregnancy, ultimately contributing to improved maternal and foetal 
outcomes.
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