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Background: Pre-eclampsia (PE) poses a serious challenge to maternal and fetal health in 

Africa. It is associated with hemodynamic changes that may affect the internal carotid/ophthalmic 

artery circulation with consequent neuro-ophthalmic manifestations. Ophthalmic artery Doppler 

(OAD) ultrasound is an important tool that can be used to detect hemodynamic changes in PE 

and monitor its severity. In this study, we evaluated hemodynamic changes on OAD ultrasound 

in the ophthalmic arteries of pre-eclamptic women and compared these with values in healthy 

pregnant women.

Methods: OAD parameters, such as, peak systolic velocity, peak diastolic velocity, end diastolic 

velocity, pulsatility index, and peak ratio, were measured on transorbital triplex ultrasound scan 

with a 7–10 MHz multifrequency linear transducer in 42 consenting pre-eclamptic patients and 

41 pregnant controls matched for maternal age, gestational age, and parity at the Department of 

Radiology, University College Hospital, Ibadan. Univariate, bivariate, and receiver operating 

characteristic curve data analyses were performed. P,0.05 was considered to be statistically 

significant.

Results: Mean resistivity index, pulsatility index, and peak systolic velocity were significantly 

lower in pre-eclamptic patients than in the controls. Mean peak diastolic velocity, end diastolic 

velocity, and peak ratio were significantly higher in the pre-eclamptic group. The receiver oper-

ating characteristic curve showed that the resistivity index (sensitivity 75%, specificity 77.8%) 

could distinguish mild from severe PE while the peak ratio (sensitivity 90.5%, specificity 81.3%) 

could accurately detect PE.

Conclusion: OAD ultrasound can be used to monitor patients with PE for early detection of 

progression to severe forms before cerebral complications develop. OAD screening of patients 

at high risk for PE can also detect early changes of hemodynamic derangement.

Keywords: ophthalmic artery, hemodynamic changes, ultrasound, Doppler parameters

Introduction
Pre-eclampsia (PE) is a pregnancy-related hypertensive disorder occurring usually after 

20 weeks of gestational age (GA) that may progress to eclampsia, which is the end 

point of the disease spectrum if left untreated.1 While hypertensive disorders (chronic 

or pregnancy-induced) complicate 6%–30% of all pregnancies throughout the world,2 

PE and eclampsia remain the most important hypertensive disorders in pregnancy. The 

incidence of PE ranges from 5% to 10% worldwide.3 PE is a major cause of maternal 

mortality and morbidity globally,3 and is documented in the literature to be more 

prevalent in blacks.4,5 The prevalence of PE in Nigeria ranges between 2% and 16.7%.6,7 

This condition contributes significantly to fetal wastage and perinatal mortality and 

morbidity.4,5 Even though the pathogenesis of PE is unclear,8 and several hypotheses 

have been proposed.2 The most widely accepted is that of endothelial dysfunction 

leading to defective release of nitric oxide, prostacyclin, and other potent endogenous 
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vasodilators.7,9,10 The resultant widespread vasospasm leads 

to protean consequences in multiple organ systems.8 The 

diagnostic criteria for PE according to the National High 

Blood Pressure Education Program in the USA11 includes 

a blood pressure (BP) of more than 140/90 mmHg with 

proteinuria .300 mg in a 24-hour urine sample (or 1+ on 

dipstick random urine test) after the 20th week of GA as the 

minimum criteria. The clinical diagnosis is more accurate in 

the presence of higher BP and proteinuria levels, persistent 

visual disturbance, and headache, as well as epigastric pain. 

Symptomatically, persistent headache and persistent visual 

disturbance have been documented as sufficient criteria to 

identify worsening of a pre-eclamptic condition. Visual 

disturbance is known to occur in 30%–100% of patients 

with PE.11 Eclampsia is the end point of untreated PE. This 

is defined as seizures that cannot be attributed to any source 

other than pregnancy in a woman with PE,9 and is character-

ized by abnormalities of intracerebral blood flow.12

Imaging
Magnetic resonance imaging can be safely used to study 

intracranial blood flow in pregnancy. MRI is however not 

readily available or cost-effective, and is contraindicated in 

some patients, such as those with ferromagnetic implants. 

Other radiological imaging modalities for evaluating the 

intracranial blood vessels, such as catheter angiography, com-

puted tomographic angiography, and radionuclide imaging, 

make use of ionizing radiation that is known to be hazardous 

to the fetus and are therefore contraindicated in pregnancy.13 

Transcranial Doppler ultrasound is documented as the safest 

and fastest direct means of studying the intracranial vessels. 

However, it is not simple to use, has poor spatial resolution, 

and requires significant technical expertise for accuracy.13 The 

equipment for transcranial Doppler imaging is also not readily 

available in many developing nations. Doppler ultrasound of 

the ophthalmic artery has been utilized in the last 2 decades 

to study the orbital circulation and to assess ocular as well 

as retrobulbar diseases.14 Ophthalmic artery Doppler (OAD) 

ultrasonography is safe in pregnancy, cheap, readily avail-

able, portable, repeatable, and noninvasive. It is employed 

for evaluation of the intracranial vascular hemodynamics in 

PE15 due to the fact that the ophthalmic artery has a similar 

embryologic origin to that of the intracranial vessels. The 

ophthalmic artery also has anatomical continuity with the 

intracerebral circulation, being a direct branch of the internal 

carotid artery.16 The lack of bony, fatty, or gaseous structures 

in the eyeballs makes insonation of the ophthalmic artery by 

the transorbital route technically feasible.

Ophthalmic Doppler parameters
The Doppler parameters used for characterizing flow in the 

ophthalmic artery include the resistivity index (RI), pulsatility 

index (PI), peak systolic velocity (PSV), peak diastolic veloc-

ity (PDV), end diastolic velocity (EDV), and peak ratio.17 The 

peak ratio, which is the ratio of the PDV to the PSV, has been 

found to be very useful in assessment of ophthalmic artery 

blood flow in the hypertensive state.18 The PI and RI measure 

the resistance to blood flow in a blood vessel. PI is PSV-EDV/

TAMAX, where TAMAX is time-averaged maximum veloc-

ity. The RI, however, measures resistance distal to the point of 

measurement and is obtained only at an instant in the cardiac 

cycle. RI is PSV-EDV/PSV. Since visual symptoms and 

signs are associated with progression of PE,18 measurement 

of OAD pressure is of great value in evaluation of the hemo-

dynamic changes in PE. The RI and PI are preferred to the 

PSV and EDV in the study of the ophthalmic artery, as both 

parameters are independent of the angle of insonation, unlike 

the PSV and EDV. There is also more variability between 

the PSV and EDV for both eyes, unlike the good correlation 

for PI and RI values obtained from both eyes.12,18,19 The RI is 

appropriate for evaluating waveforms with high systolic and 

diastolic flows, as typically seen in opthalmic arteries. It has 

been reported to be more useful than the PI in the study of 

the ophthalmic artery, which is more appropriate in vascular 

beds with mild-to-moderate resistance.20

In the developed world, the ophthalmic arteries have been 

evaluated using Doppler ultrasound in pregnant women with 

hypertensive disorders such as PE,21–24 following the OAD 

evaluation in pregnant women with PE first described by 

Hata et al23 in 1995.

However, there is a paucity of information on this subject 

in this environment despite the fact that pregnancy-induced 

hypertension contributes significantly to high maternal 

mortality.1 To our knowledge, this study appears to be the 

first to evaluate the hemodynamics of the ophthalmic artery 

in PE in this environment. The aim of this study was to 

document the hemodynamic changes in PE using the OAD 

ultrasonography technique in singleton pregnancies and 

compare with those in normotensive pregnant women living 

in the study region.

Materials and methods
Study site and design
This was a prospective case-control study conducted in 

the Department of Radiology, University College Hospital 

(UCH), a tertiary hospital located in Ibadan, Oyo State, 

Southwestern Nigeria, between June 2013 and September 
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2014. Ethical approval for this study was obtained from 

the University of Ibadan/University College Hospital Eth-

ical Review Committee. Informed consent was obtained 

and confidentiality of the participants ensured.

Study population
Pre-eclamptic patients were recruited from the antenatal clinic 

and labor ward of the UCH after diagnosis was confirmed by 

elevated BP and proteinuria. The control subjects were normoten-

sive pregnant patients seen in the antenatal clinic at the UCH.

Sample size
The sample size was estimated using the formula for com-

parison of means between two groups:25

	 n =
2 (Z +Z )2 2

2

δ α β

D
	

where n is the sample size for each group, δ is the standard 

deviation of the outcome variable (0.2, 0.04, and 0.09 for PI, 

RI, and peak ratio, respectively),20 Zα is the desired level of 

statistical significance which at 5% =1.96 and Zβ is the desired 

power which at 90% =1.28. D is the expected minimum differ-

ence between the two groups (0.15, 0.05, and 0.01 for PI, RI 

and peak ratio, respectively). The sample size for the outcome 

variables, allowing for an attrition rate of 10%, was 42 subjects 

and 42 controls. However, a total of 92 pregnant women (42 

subjects and 50 controls) were recruited for this study.

Selection criteria
Inclusion criteria for cases were age of GA .20 weeks, 

elevated BP $140/90 mmHg on two measurements taken 

6 hours apart, and proteinuria .300 mg in a 24-hour urine 

sample or at least 1+ on dipstick random urine test. Inclu-

sion criteria for controls included GA .20 weeks, normal 

BP ,140/90 mmHg on at least two separate antenatal visits 

2–4 weeks apart during the index pregnancy, and no protei-

nuria (,1+) on dipstick random urine test. Exclusion criteria 

for cases and controls were: a history of diabetes or chronic 

hypertension; smoking, alcohol abuse, or drug abuse; history 

of ocular disease; being on medication for hypertension or 

on corticosteroids; and vasculitis or other vascular disorders 

that may affect Doppler measurements. Those who did not 

consent to be involved in the study were also excluded.

Clinical evaluation
Patients with PE who met the inclusion criteria and consented 

to the study were recruited as cases and consenting normo-

tensive pregnant women were recruited as controls. A unique 

study number was assigned to each recruited subject. The 

control group was matched with the case group for maternal 

age, GA, and parity.

The GA at recruitment was calculated on the basis of the 

first trimester ultrasound examination. Where this was not 

available, GA was estimated from the last menstrual period 

and confirmed by an obstetric ultrasound performed for 

inclusion in the study.

BP was measured using an Accoson mercury sphygmo-

manometer while the patient was at rest. The first and fifth 

Korotkoff sounds were used to determine the systolic and 

diastolic BP, respectively. Mean arterial pressure (MAP) 

was then mathematically derived as 1/3 (systolic BP) +2/3 

(diastolic BP). A urine sample from all recruited patients was 

checked for proteinuria using an Albustix® test strip.

Ultrasound evaluation
A General Electric Logiq P5 ultrasound unit with a 10 MHz  

linear transducer was used to scan the orbit, and OAD param-

eters were documented. The patient was placed in a supine 

position with a slight lateral left turn, in accordance with the 

technique described by Lieb et al.14 Both eyes were closed, 

and after a resting period of 10 minutes, a small amount of 

acoustic gel was applied on the upper eyelid. The transducer 

was then gently placed horizontally over the upper eyelid, 

then tilted upward and downward until the ophthalmic artery 

was identified using color Doppler flow imaging. Both oph-

thalmic arteries were insonated, the right before the left. Flow 

velocity was measured approximately 15 mm from the optic 

disc on the medial side of the optic nerve. After recording 

six consecutive spectral waveforms of similar size and shape, 

measurements were made on three waveforms. The PI, RI, 

PSV, PDV, and EDV were measured on each of the three 

waveforms and an average value from the three measure-

ments was obtained for each parameter. The PSV was the 

fastest velocity of blood flow in systole, while the EDV was 

the slowest recorded velocity of blood flow in the diastolic 

phase of the cardiac cycle. All indices with the exception of 

the peak ratio were either automatically calculated by the 

ultrasound equipment or manually estimated by tracing the 

spectral waveform. The peak ratio was manually calculated 

as the ratio of the values for the PDV (measured by manual 

tracing of the spectral waveform at the peak after the protodia-

stolic notch) and the initial peak (ie, PSV).18 Throughout the 

examination, care was taken to avoid excessive compression 

of the eyelid with the transducer.

The angle of insonation was kept below 20°, while the 

filter was set at 50 Hz, the pulse repetition frequency was set 
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at 125 kHz, and the Doppler sample volume was adjusted to 

2 mm.12,26 All patients in the control group were scanned dur-

ing the third trimester, and all the OAD velocimetry indices 

(PSV, EDV, PDV, RI, PI, and peak ratio) were also measured 

sonographically and recorded. Six OAD parameters, ie, PI, 

RI, PSV, EDV, PDV, and peak ratio, were recorded for each 

case and control.

Data analysis
The data were entered and analyzed using Statistical Pack-

age for Social Sciences version 17.0 software (SPSS Inc, 

Chicago, IL, USA). The results are presented using frequency 

tables or bar charts, and the data distribution is demonstrated 

in box plots. The PI, RI, PSV, PDV, EDV, and peak ratio 

values observed in the cases, as well as their age-matched and 

parity-matched controls, were subjected to analysis using the 

independent samples (Student’s) t-test for comparison of the 

outcome variables. The level of statistical significance was set 

at 5%. The receiver operating characteristic curve was used 

to determine the cutoff value of relevant OAD parameters to 

predict PE and its severity.

Results
Sociodemographic characteristics of 
respondents
Ninety-two patients were recruited into the study (Figure 1). 

Forty-two (46%) had PE and 50 (54%) were normotensive 

pregnant women. Forty-one (82%) of the normal subjects 

completed the study. Eighteen (42.9%) of the pre-eclamptic 

patients were diagnosed with severe PE (MAP $125 mmHg) 

and 24 (57.1%) had mild PE (MAP ,125 mmHg).27

The normotensive patients were recruited at 21–25 weeks 

of GA. The mean maternal age was 30.9±4.2 (range: 23–40) 

years. Most of the women were nulliparous. The distribu-

tion of their systolic BP was between 100 and 120 mmHg, 

diastolic BP was 6–80 mmHg, and MAP was between 70  

and 90 mmHg. The normotensive patients who attended for 

the OAD scan (at the third trimester) were aged 2–41 years, 

with a mean age of 32.5±3.9 years. Their clinicodemographic 

parameters are as presented in Table 1.

The patients with PE presented most frequently between 

GA weeks 30 and 34. They were predominantly nulliparous 

and usually younger than 35 years of age (Table 2), with a 

mean age of 32.4±4.7 years. Their systolic BP, diastolic BP, 

Table 1 Characteristics of normal patients at the time of OAD 
scan

Characteristics Frequency (n=41) Percentage

Age (years)
,30
30–34
35–39
$40

8
22
8
3

19.5
53.7
19.5
7.3

GA (weeks)
30
31
32
33
34

4
6
10
9
2

9.8
14.6
24.4
22.0
29.2

Parity
0
1
2
$3

14
17
7
3

34.1
41.5
17.1
7.3

Systolic BP (mmHg)
,100
100–109
110–119
$120

2
4
18
17

4.9
9.8
43.9
41.6

Diastolic BP (mmHg)
,60
60–69
70–79
$80

0
11
21
9

0
26.8
51.2
22.0

Mean arterial pressure (mmHg)

,70
70–79
80–89
$90

0
11
19
11

0
26.8
46.4
26.8

Abbreviations: BP, blood pressure; GA, gestational age; OAD, ophthalmic artery 
Doppler.

Figure 1 Pie chart representation of study recruitment shows approximately equal 
proportions of pre-eclamptic patients and normotensive subjects.
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and MAP were most commonly in the range of 160–179 

mmHg, 90–109 mmHg, and 120–139 mmHg, respectively 

(Table 2).

The clinicodemographic parameters for the normotensive 

subjects (controls) were different from those of the pre-

eclamptic patients only with respect to their BP (Figure 2). 

The mean values for the demographic and clinical charac-

teristics of the normotensive patients and their pre-eclamptic 

counterparts are presented in Figure 2. The mean parity of the 

normotensive patients at the time of OAD measurement was 

1.0±1.1. This was not significantly different from the mean 

parity of 1.2±1.4 for the pre-eclamptic patients (P=0.87).

Comparison of OAD parameters 
between pre-eclamptic and normotensive 
patients
The mean values for the RI, PI, and peak ratio were signifi-

cantly different between the pre-eclamptic patients and the 

controls, as shown in Table 3. The RI and PI mean values 

were significantly lower in the pre-eclamptic group than in 

the normotensive patients. The mean value of the peak ratio 

was also significantly higher in the pre-eclamptic patients 

than in the control group.

Similarly, the PDV of both ophthalmic arteries was sig-

nificantly higher in the pre-eclamptic group. The EDV was 

marginally higher in the pre-eclamptic patients than in the 

control group, but this slight difference was of no statistical 

significance. The PSV in the left and right ophthalmic arter-

ies, although lower in the pre-eclamptic group, also showed 

no statistically significant difference (Table 3).

The box plot is used to show the data distribution and the 

data median, as a measure of central tendency, and to present 

comparisons. Only the box plots of selected right ophthalmic 

artery blood flow measures are presented in Figure 3A–C 

since there was no statistically significant difference in OAD 

metrics between the right and the left (Table 3). The right RI 

shows a positively skewed distribution in the pre-eclamptic 

group while a normal (symmetric) distribution was seen in the 

control group (Figure 3A). There was a normal distribution 

of right PI measurements in the pre-eclamptic patients and 

the control subjects, as shown in Figure 3B. The distribution 

of the right peak ratio in the normal patients was positively 

skewed, as shown by the box plot in Figure 3C. However, a 

normal distribution was seen in the pre-eclamptic patients. 

The control subjects showed a positively skewed distribu-

tion for their right EDV measurements (Figure 3D), while a 

normal distribution was seen in the pre-eclamptic group.

Comparison of BP and OAD metrics in 
mild and severe PE
When compared with values in those with mild PE, mean 

systolic BP, diastolic BP, and MAP were significantly 

higher in patients with severe PE. The systolic BP was 

Table 2 Characteristics of pre-eclamptic patients

Characteristics Frequency (n=42) Percentage

Age (years)
,30
30–34
35–39
$40

15
14
10
3

35.7
33.3
23.8
7.2

GA (weeks)
,30
30–34
35–39
$40

8
23
11
0

19.0
54.8
26.2
0

Parity
0
1
2
$3

18
11
5
8

42.8
26.2
11.9
9.1

Systolic BP (mmHg)
140–159
160–179
180–199
$200

7
23
9
3

16.6
54.7
21.5
7.2

Diastolic BP (mmHg)
90–109
110–119
120–139
$140

25
7
8
2

59.5
16.6
19.1
4.8

Mean arterial pressure (mmHg)
110–119
120–139
140–159
$160

7
28
5
2

16.7
66.6
11.9
4.8

Abbreviations: BP, blood pressure; GA, gestational age.

Figure 2 Bar chart representation of the mean values of clinicodemographic 
characteristics of the normotensive and pre-eclamptic participants in the study. 
Note the similarity in the maternal and gestational ages of the pre-eclamptic patients 
and the normotensive patients.
Abbreviations: BP, blood pressure; PE, pre-eclampsia.
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Table 3 Comparison of mean values of OAD parameters between the pre-eclamptic group and follow-up control group

Variable Pre-eclamptic
(n=41)

Control (2nd US)
(n=41)

t-test P-value

Right RI
(Mean ± SD) 0.62±0.10 0.70±0.10 -3.53 0.00*

Left RI
(Mean ± SD) 0.63±0.83 0.70±0.08 -4.20 0.00*

Right PI
(Mean ± SD) 1.2±0.50 1.60±0.40 -3.12 0.00*

Left PI
(Mean ± SD) 1.15±0.34 1.54±0.48 -4.24 0.00*

Right PSV (cm/sec)
(Mean ± SD) 28.16±9.15 32.10±12.30 -1.63 0.11

Left PSV (cm/sec)
(Mean ± SD) 29.77±10.69 33.88±12.22 -1.63 0.11

Right PDV (cm/sec)
(Mean ± SD) 22.56±7.13 19.06±6.82 2.28 0.03*

Left PDV (cm/sec)
(Mean ± SD) 25.43±8.73 19.85±7.34 3.15 0.00*

Right EDV (cm/sec)
(Mean ± SD) 9.85±3.31 8.76±4.00 1.35 0.18

Note: *,0.05 is significant.
Abbreviations: SD, standard deviation; RI, resistivity index; PI, pulsatility index; PSV, peak systolic velocity; PDV, peak diastolic velocity; EDV, end diastolic velocity; 
OAD, ophthalmic artery Doppler; US, ultrasound.

Figure 3 Box plots for right RI, PI, PR, and EDV in control subjects at GA of 23±2 weeks (n=50), control subjects at GA of 32±2 weeks (n=41) and pre-eclamptic patients 
(n=42). (A) Box plots for right RI showing a positively skewed distribution in pre-eclamptics. Note that pre-eclamptic patients have lower RI values. (B) Box plots for the right 
PI showing a normal distribution in all the groups. Note that pre-eclamptic patients have lower PI values. (C) Box plots for the right PR showing a positively skewed distribution 
in control subjects. Note that pre-eclamptic patients have higher PR values. (D) Box plots for right EDV. A positively skewed distribution is shown in the control subjects. 
Abbreviations: GA, gestational age; PR, peak ratio; RI, resistivity index; EDV, end diastolic velocity; PI, pulsatility index; Rt, right.
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182.78±23.21  mmHg in subjects with severe PE and 

159.58±7.51 mmHg in those with mild PE, with P-values 

of ,0.001. Diastolic BP and MAP values are as shown 

in Table 4 and Figure 4A. However, the RI and PI val-

ues were significantly lower in patients with severe PE, 

with P-values of 0.02 and 0.04, respectively (Table 4, 

Figure 4B and C).

Utility of OAD parameters to predict PE 
and its severity
The PDV, EDV, and peak ratio are useful to varying extents in 

predicting a pre-eclamptic state as determined by the receiver 

operating characteristic curve (Figure 5A–D). The peak ratio 

shows the highest sensitivity (90.5%) and specificity (81.3%) 

for this purpose when the cutoff value was 0.72 (confidence 

interval 0.84–0.96; P=0.00). A mild degree of PE can be pre-

dicted by the RI (Figure 5D) with a sensitivity and specificity 

of 75% and 77.8%, respectively, when the cutoff value of 

0.61 is used (confidence interval 0.54–0.88; P=0.02). None of 

the OAD parameters had an area under the curve significant 

enough to be of any use to predict severe PE.

Discussion
PE is a major cause of maternal mortality, and successful 

prevention of its attendant morbidity and mortality rests on 

the tripod of accurate prediction of onset, accurate predic-

tion of progression, and its prevention ab initio. There is no 

known intervention of any significant impact to prevent PE. 

Research should therefore be focused on improving the ability 

to predict its occurrence and complications. Transorbital 

Doppler sonography is the main noninvasive method used 

to quantify perfusion of the ophthalmic artery in pregnant 

women.

This study documented the pattern of OAD parameters 

among patients with PE and compared these values with those 

of a normotensive control group. The mean age of the subjects 

in this study was 32.5±3.9 years and 32.4±4.7 years in the 

PE and normotensive groups, respectively. These values are 

higher than those from studies in other climes, which recorded 

mean maternal ages of 26.7±4.9 years, 24.4±6.6 years, and 

25.7±1.7 years.13,16,28–12,16,26 However, they are consistent with 

data on PE from this environment.4,28–30 The higher mean 

age of pregnant women in this study may partly explain the 

higher burden of PE in this locality, this agrees with the study 

by Ananth et al that documented increased PE among 30–34 

year old women in the USA.31

The mean GA of the pre-eclamptic subjects in this study 

was 32±2 weeks, which is similar to the mean GA of pre-

eclamptic patients reported by other researchers.21,25,32–34 

This suggests that early-onset PE may be the more com-

mon subtype of PE in the study populations. Recent data 

from the western world indicate that black women and 

older age are strongly associated with early-onset PE.35 The 

racial and age profile of the pre-eclamptic patients in this 

study fits this description. On the other hand, the relatively 

high mean GA of the pre-eclamptic study participants may  

Table 4 Comparison of BP and OAD metrics between patients with mild and severe pre-eclampsia

Variable Mild PE (n=24) Severe PE (n=18) t-test P-value

SBP (mmHg)
Mean ± SD 159.58±7.51 182.78±23.21 4.60 0.00*

DBP (mmHg)
Mean ± SD 99.17±4.08 118.89±14.10 6.52 0.00*

MAP (mmHg)
Mean ± SD 119.31±3.68 140.19±16.03 6.19 0.00*

Right RI
Mean ± SD 0.66±0.87 0.59±0.74 -2.44 0.02*

Right PI
Mean ± SD 1.24±0.38 1.02±0.23 -2.16 0.04*

Right PSV (cm/sec)
Mean ± SD 28.44±8.68 27.80±9.99 -0.22 0.83

Right PDV (cm/sec)
Mean ± SD 22.62±6.48 22.95±8.09 0.31 0.76

Right EDV (cm/sec)
Mean ± SD 9.51±2.93 10.31±3.79 0.77 0.44

Right PR 0.81±0.18 0.84±0.12 0.68 0.50

Note: *P,0.05 is significant. 
Abbreviations: BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; SD, standard deviation; RI, resistivity index; PI, 
pulsatility index; PSV, peak systolic velocity; PDV, peak diastolic velocity; EDV, end diastolic velocity; OAD, ophthalmic artery Doppler; PR, peak ratio; PE, pre-eclampsia.
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Figure 4 Box plots of MAP, RI, and PI among the pre-eclamptic subjects (mild pre-eclampsia [n=24], severe pre-eclampsia [n=18]). (A) Box plots for mean arterial pressure 
in those with mild pre-eclampsia and in those with severe pre-eclampsia. (B) Box plots for right RI among those with mild pre-eclampsia and those with severe pre-eclampsia. 
(C) Box plots for right PI among those with mild pre-eclampsia and those with severe pre-eclampsia. 
Abbreviations: PE, pre-eclampsia; RI, resistivity index; PI, pulsatility index; MAP, mean arterial pressure.

also reflect either delayed presentation of patients or subtle 

late onset of PE. Ugwu et al36 reported 34–36 weeks as the 

commonest range of GA at which patients with PE presented 

over a 4-year period in Enugu, Nigeria. The contribution of 

delayed onset of PE to this observed pattern is a consideration 

for future research.

There was no significant difference in the values of the 

OAD parameters on the right and left, in agreement with 

observations from most previous studies; this may suggest no 

racial differences in the variability of OAD pressure in both 

eyes among native black Africans and other races.14,19,33,37

The statistically significant difference in OAD param-

eters between the control and the pre-eclamptic groups 

found in this study is similar to the findings of several 

research groups elsewhere.14,19,23,33,38–42 The lower mean 

values for RI and PI suggest a much lower impedance 

to blood flow in the ophthalmic artery of patients with 

PE. This is beyond what would be accounted for by the 

normal peripheral vasodilatation associated with increasing 

GA in healthy pregnant women. This assertion is further 

reinforced by the finding of lower PSV values in the pre-

eclamptic group when compared with the control group. 

Whereas the decrease in impedance indices (RI and PI) 

was accompanied by an increase in PSV values for normal 

progression in healthy pregnancies, it was accompanied 

by a decrease in PSV values in pregnancies complicated 

by PE. This decrease in PSV values, although not statisti-

cally significant, was observed in mild PE as well as in 

severe PE. There was also a statistically insignificant trend 

toward an increase in PSV values from mild-to-severe PE. 

However, the observations in this study as regards the trend 

of PSV in normotensive and pre-eclamptic patients are at 

variance with reports in the literature.20,27,40,42 Takata et al33 

found no difference in PSV between patients with mild PE 

and those with severe PE, a finding that is closer to that in 

this present study. The smaller sample size used in most 
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Figure 5 ROC curves for OAD parameters to predict pre-eclampsia and its severity. (A) ROC curve for PDV to predict pre-eclampsia (AUC 0.69; 95% CI 0.59–0.79).  
(B) ROC curve for EDV to predict pre-eclampsia (AUC 0.657; 95% CI 0.55–0.76). (C) ROC curve for PR to predict pre-eclampsia (AUC 0.900; 95% CI 0.84–0.96). (D) ROC 
curve for RI to predict mild pre-eclampsia (AUC 0.709; 95% CI 0.54–0.88). 
Abbreviations: AUC, area under the curve; CI, confidence interval; ROC, receiver operating characteristic; PR, peak ratio; RI, resistivity index; PDV, peak diastolic velocity; 
EDV, end diastolic velocity; OAD, ophthalmic artery Doppler.

of these previous studies with discordant results coupled 

with differences in the study population, instruments, and 

sonographic techniques used may be partly responsible for 

the variation in findings.

The observed reduction in mean values for PSV in 

pre-eclamptic patients may be the key to understanding 

the mechanism of the characteristic elevation of peak 

ratio in these groups of patients. Nakatsuka et al18 were the 

first researchers to describe the peak ratio, and they stated 

clearly that the “mechanism of elevation of the peak ratio 

in PE was not clarified” in their study. The elevation of 

peak ratio may not only be due to the rise in PDV but also 

result from the reduction in PSV of PE patients as observed 

in this present study. The fact that the peak ratio did not 

change significantly between mild and severe PE attests 

to this (t=-1.22, P=0.23). If both PSV and PDV increased 

in patients with PE as reported by many studies, the peak 

ratio, being a ratio of these two velocities, should not have 

changed appreciably in contradistinction to the general 

belief of rising PR in PE patients. Furthermore, because 

the PSV and PDV increased in normal pregnancy from the 

second to third trimester, the peak ratio remained largely 

constant throughout pregnancy, as consistently reported 

in the literature.12,18,23,33,43 This is why the mild rise in PSV 
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and PDV may be responsible for the lack of a statistically 

significant change in peak ratio between mild and severe 

PE (t=-1.22, P=0.23) in this study.

As documented in the literature, diastolic flow is higher  

in patients with PE than in those with normal 

pregnancies.12,20,23,26,33,43 It is also uniformly agreed that dia-

stolic flow is higher in severe PE than in mild PE.23,34 This same 

finding for PDV and EDV observed in this study between these 

groups of patients is therefore in concordance with reports from 

previous studies.

This study also determined the cutoff values of some 

OAD parameters to predict the presence of PE. A peak ratio 

value of 0.72 and above can predict PE with a high sensitivity 

(90.5%) and specificity (81.3%). Other useful parameters for 

this purpose as determined in this study are the PDV (cutoff 

21.33 cm/sec, sensitivity 71.4%, and specificity 69.2%) and 

EDV (cutoff 7.78 cm/sec, sensitivity 71.4%, and specificity 

61.5%).

A cutoff value for RI of 0.61 can also discriminate mild 

from severe PE with a sensitivity of 75% and a specificity of 

78.8% (P=0.02). In other words, RI values below 0.61 sug-

gest progression to severe PE. This is similar to the cutoff 

value of 0.657 (sensitivity 73.3%, specificity 88.8%) defined 

by de Oliveira et al34 in their Brazilian population. It is also 

consistent with the finding of Barbosa et al44 who associated 

RI values of ,0.56 with clinical evidence of posterior revers-

ible encephalopathy syndrome in Brazil.

In contrast with the report of de Oliveira et al,34 PI and 

peak ratio were not determined to be useful for distinguishing 

mild from severe PE by the receiver operating characteris-

tic curves obtained in this present study. This discrepancy 

may be due to the fact that a MAP value of 125 mmHg 

was used to define severe PE in this study. A MAP value 

of 125 mmHg is reported to be more accurate in defining 

severe PE than both systolic and diastolic BP.27 This study 

therefore used the MAP benchmark in accordance with cur-

rent recommendations.27,45

The identification of women at low risk for developing 

severe PE by making use of some of the derived cutoff values 

in this study may have clinical benefits. It may improve 

the confidence of care providers in adopting conservative 

management of such pregnancies aimed at enhancing fetal 

maturation before delivery. This will result in a better preg-

nancy outcome for mother and child.

Also, the cutoff values can be used to identify pre-

eclamptic women at higher risk of developing cerebral com-

plications, and should encourage intensive therapy aimed at 

saving the life of the mother. This will have a great impact 

in reduction of maternal mortality, which is currently a big 

challenge in Nigeria and many other developing countries. 

Future studies will be required in different populations to 

further ascertain how well OAD parameters can predict 

complications of PE and pregnancy outcomes.

The effects of pharmacological agents in modulating 

OAD parameters may be evaluated in future research with 

the ultimate goal of arresting progression to eclampsia and 

also to assess the effectiveness of current pharmacological 

therapies.

It is important to state that loss to follow-up in our con-

trol group was more than the 10% rate allowed for in the 

estimation of sample size. However, an attrition rate of 18% 

as recorded in this study is still below the 20% limit allowed 

for in statistics. The inferences drawn from this study are 

therefore unlikely to be affected to any significant extent by 

this higher than anticipated attrition rate.

Finally, this study did not determine the relationship 

between OAD parameters and severity of the patient’s neu-

rological symptoms as it was not a research question at the 

inception of the study. This is a limitation of the study and a 

research question for future studies.

Recommendations
OAD ultrasonography should be incorporated into the routine 

evaluation of pregnant women during antenatal care, espe-

cially those determined to be at high risk of PE on clinical 

grounds. These include patients younger than 18 years of age 

and those over 35 years of age, nulliparous patients, patients 

with a past history of PE, and patients with new partners. 

Patients who present with mild PE should undergo baseline 

OAD ultrasonography in order to determine their risk status 

as pertains to progression to severe forms of the disease 

(severe PE and eclampsia). Further research in different parts 

of Nigeria and among native African population is needed 

to validate some of the observations in this study which are 

at variance with studies from other races.

Conclusion
This study has shown that RI and PI (impedance indices) were 

reduced in pre-eclamptic patients when compared with healthy 

pregnant women, supporting the hyperperfusion model of 

altered central hemodynamics in this group of pregnant 

women. A reduction in the PSV value in mild PE is hereby 

proposed as a mechanism for the characteristic elevated peak 

ratio observed in patients with PE, while a marginal increase 

in the PSV value in severe PE compared with mild PE is 

postulated as the reason for the insignificant change in peak 
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ratio between these groups. This study also found the RI to 

be particularly useful for discriminating mild from severe PE, 

while the peak ratio, PDV, and EDV were found to help in 

detection of PE. Overall, this study has shown that OAD ultra-

sonography is a cheap, noninvasive, readily available, safe, 

and reliable tool for evaluation of the central hemodynamic 

changes in normal pregnancy, and even more so in PE.
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