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 Abstract : The aims of this study are to characterize the ophthalmic artery (OA) perfusion in smoker pregnant 

ladies, diabetic pregnant ladies and smoker diabetic pregnant ladies using Doppler indices and to compare with 

normal healthy pregnancy. 

The sample was divided into 4 groups: group 1 were normal healthy pregnant ladies (N=57) , group 2 were 

smokers pregnant ladies (N=44) ,group 3 were diabetic pregnant ladies (N=64),and group 4 were diabetic 

smoke pregnant ladies (N=71) ladies. All groups were examined and assessed during the pregnancy period for 

OA Doppler indices of both right and left eyes. The resistive index (RI), pulsatility index (PI), and mean velocity 

(MV) were determined. Comparisons were performed between the norms and the other three groups. 

Result showed significant increasing in RI,PI in the right and left eyes in all groups at p≤0.000 except in smoker 

pregnant ladies p≤ 0.069 , the PI decreased in the third trimester,as well the MV decreased significantly  with 

advancing GA. A significant differences were detected between norms and the three groups at p≤0.000 

In conclusion, Doppler velocimetry is an acknowledged technique for evaluation of the RI, PI, and MV in the 

OA. Regarding the results smoking provokes perfusion changes in ophthalmic artery in smoker pregnant ladies. 

Thus, there are signs of an OA vasoconstriction and hypoperfusion  . OA blood flow velocity was decreased in 

diabetic pregnant ladies. 
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I. Introduction 
Recent advances in color Doppler imaging techniques permit visualization and hemodynamic 

characterization of the ocular vasculature.[1,2] This technique is a noninvasive, reproducible, and easily applied 

method of examining hemodynamic changes in several orbital and retinal vascular diseases.[3–5]  

Cigarette smoking has increased among the female population and the rates of pregnant smokers are 

estimated at 13% [5,6]The cigarette has vascular effects because they are the summation of the actions of each 

vasoactive substance inhaled. [7,8] Cigarette smoking has been identified as a major risk factor for 

atherosclerotic complications in the coronary, aortic, and cerebral circulatory systems.[9] The ophthalmic artery 

(OA) is a vessel easily evaluated by Doppler method, since although being part of the central nervous system; it 

is located in the human body periphery. The OA artery presents morphological and physiological similarities 

with brain circulation.[10] Ophthalmic artery Doppler studies in smokers are not numerous and some results 

suggested indexes compatible with either vasoconstriction or vasodilatation but none of them included pregnant 

ladies [11-15]Cigarette smoking may be involved in development of vascular disorders in diabetes mellitus via a 

harmful effect on the circulation.[16] Most previous studies have investigated the effects of cigarette  smoking 

on ocular blood flow parameters in nondiabetic smokers. [17-22]Studies on smoking during pregnancy are 

subject to unfairness and it depends upon many factors [23] while the role of smoking in diabetic angiopathy, 

retinopathy, has not been clearly established. [24-30] 

To the best of our knowledge no studies in the open literature that addressed the hemodynamic profile 

of the ophthalmic artery was done in pregnant smokers or diabetic pregnant smokers. Herein, we examined the 

OA flow indices in normal pregnancy, in pregnancy with diabetes, in smoker pregnant ladies, and in diabetic 

smoker pregnant ladies during all pregnancy trimesters. 

 

II. Materials and Methods 
2.1. Study Population 

The data of this study were obtained from Sudanese pregnant ladies attending the designated study area 

during the study period, with singleton pregnancies with viable fetus. Verbal consent was firstly obtained from 

all potential participants. The aims, benefits of the present study were explained to all participants in details. 

Medical, obstetric and gynecological history of all study subjects posing as (sample) were thoroughly reviewed 

directly from participants themselves and those with conditions that may in any way, alter the findings of the 

current study were excluded. Any patients with eyes disease, abnormal pregnancy or pregnancy with 
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preeclampsia, or with hypertension were excluded. The sample was divided into 4 groups: group 1 were normal 

pregnancy (N=57) , group 2 were  pregnant smokers(N=44) ,group 3 were diabetic pregnant ladies (N=64),and 

group 4 were diabetic smoke pregnant ladies =71 ladies. Pregnant ladies were assessed and traced during the 

pregnancy period as once in first, second and third trimester for OA Doppler indices for both right and left eyes.  

 

2.2. Methods 

Color Doppler US High-frequency transducer (linear array transducer) (Volson E6) was used. The 

scans were performed with the patient supine and eyes were closed. 7.5 MHZ ultrasound scanner were used and 

applied with contact jelly through the closed upper lid while examiner’s hand rests upon the orbital margin to 

minimize the pressure on the globe. Horizontal scan through the eye and orbit was performed. Depending on the 

direction of flow with respect to transducer, the blood flow results were displayed in either red or blue. The 

ophthalmic artery Doppler indices including Resistivity index (RI), pulsatility index (PI), Mean Velocity (MV) 

were measured in all groups for right and left eyes. Measurements in the ophthalmic arteries were determined 

after correction for the angle of insonation. The angle was always less than 60 degrees, and every measurement 

was made at a constant angle to the vessel 

 

2.3. Data Analyses 

Data were collected using a data collection sheets .The results were registered in the first, second and 

third trimester for each pregnant lady and then analyzed using SPSS Program Version 16. T-test was used to 

compare means .Values were expressed as Mean ± SD; Significant at P-value < 0.05. 

 

III. Results 
Table 1 : Descriptive statistics of the measured values for Resistivity index (RI), pulsatility index (PI), Mean 

Velocity (MV) in all of the studied groups in first , second and third trimester 
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Normal 

Pregnanc

y 

Left Eye 

57 RI1 0.63 .26 PI1 1.20 0.540 MV1 7.52 1.79 

57 RI2 1.01 .35 PI2 1.87 0.571 MV2 6.52 1.46 

57 RI3 1.24 .34 PI3 2.28 0.543 MV3 5.18 1.52 

Right Eye 

57 RI1 0.70 .26 PI1 1.29 0.541 MV1 7.64 1.49 

57 RI2 1.03 .33 PI2 1.91 0.615 MV2 6.18 1.41 

57 RI3 1.26 .35 PI3 2.46 0.539 MV3 4.87 1.74 

Smoker 

Pregnant 
Ladies 

Left Eye 

44 RI1 0.80 .31 PI1 1.45 0.33 MV1 8.38 1.61 

44 RI2 1.20 .34 PI2 2.21 0.44 MV2 7.52 1.39 

44 RI3 1.58 .32 PI3 2.84 0.42 MV3 6.69 1.33 

Right Eye 

44 RI1 0.85 .38 PI1 1.47 0.30 MV1 8.50 1.53 

44 RI2 1.18 .39 PI2 2.16 0.48 MV2 7.46 1.33 

44 RI3 1.51 .44 PI3 3.47 4.65 MV3 6.68 1.32 

Diabetic 

Pregnant 
Ladies 

Left Eye 

64 RI1 0.88 .35 PI1 1.31 .56 MV1 7.12 1.64 

64 RI2 1.45 .39 PI2 2.57 .69 MV2 5.90 1.52 

64 RI3 1.84 .50 PI3 3.38 .47 MV3 4.64 1.56 

Right Eye 

64 RI1 0.90 .44 PI1 1.30 .67 MV1 6.89 1.59 

64 RI2 1.43 .42 PI2 2.62 .77 MV2 5.52 1.59 

64 RI3 1.80 .46 PI3 3.34 .59 MV3 4.46 1.68 

Smoker 

Diabetic 

Pregnant 
Ladies 

Left Eye 

71 RI1 0.98 .44 PI1 1.63 .56 MV1 7.43 1.67 

71 RI2 1.35 .40 PI2 2.73 .53 MV2 6.38 1.64 

71 RI3 1.72 .28 PI3 3.74 .59 MV3 5.30 1.62 

Right Eye 

71 RI1 1.01 .50 PI1 1.58 .59 MV1 7.80 1.52 

71 RI2 1.43 .38 PI2 2.77 .56 MV2 6.81 1.56 

71 RI3 1.67 .30 PI3 3.74 .68 MV3 5.58 1.48 
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(RI)stands for Resistivity index, (PI)for pulsatility index, (MV) for Mean Velocity in all of the studied groups in 

first , second and third trimester(RI1,RI2,RI3 and PI1,PI2,PI3 and MV1,MV2,MV3) 

 

Table 2 : Correlations  between the measured values for Resistivity index (RI), pulsatility index (PI), Mean 

Velocity (MV) in all of the studied groups in first , second and third trimester in all pregnancy conditions 

.Correlation is significant at p≤0.05 
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Normal 

Pregnancy 

Left 

Eye 

R1 & R2 .247 .064 P1 & P2 .450 .000 MV1 & MV2 .835 .000 

R2 & R3 .758 .000 P2 & P3 .521 .000 MV2 & MV3 .674 .000 

Right 

Eye 

R1 & R2 .328 .013 P1 & P2 .605 .000 MV1 & MV2 .544 .000 

R2 & R3 .731 .000 P2 & P3 .725 .000 MV2 & MV3 .698 .000 

Smoker 

Pregnant 

Ladies 

Left 

Eye 

R1 & R2 .246 .107 P1 & P2 .226 .141 MV1 & MV2 .898 .000 

R2 & R3 .373 .013 P2 & P3 .302 .046 MV2 & MV3 .910 .000 

Right 

Eye 

R1 & R2 .497 .001 P1 & P2 .589 .000 MV1 & MV2 .879 .000 

R2 & R3 .445 .002 P2 & P3 .097 .531 MV2 & MV3 .867 .000 

Diabetic 

Pregnant 
Ladies 

Left 

Eye 

R1 & R2 .428 .000 P1 & P2 .347 .005 MV1 & MV2 .769 .000 

R2 & R3 .544 .000 P2 & P3 .528 .000 MV2 & MV3 .835 .000 

Right 

Eye 

R1 & R2 .515 .000 P1 & P2 .245 .051 MV1 & MV2 .633 .000 

R2 & R3 .595 .000 P2 & P3 .261 .038 MV2 & MV3 .827 .000 

Smoker 

Diabetic 
Pregnant 

Ladies 

Left 
Eye 

R1 & R2 .567 .000 P1 & P2 .263 .026 MV1 & MV2 .722 .000 

R2 & R3 .500 .000 P2 & P3 .075 .536 MV2 & MV3 .840 .000 

Right 
Eye 

R1 & R2 .540 .000 P1 & P2 .239 .045 MV1 & MV2 .847 .000 

R2 & R3 .544 .000 P2 & P3 .387 .001 MV2 & MV3 .663 .000 

(RI)stands for Resistivity index, (PI)for pulsatility index, (MV) for Mean Velocity in all of the studied groups in 

first , second and third trimester(RI1,RI2,RI3 and PI1,PI2,PI3 and MV1,MV2,MV3) 

 

Table 3 : Paired Samples test showed the Paired Differences between the measured values for Resistivity index 

(RI), pulsatility index (PI), Mean Velocity (MV) in all of the studied groups in first , second and third trimester 

in all pregnancy conditions .Correlation is significant at p≤0.05 
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Normal 

Pregnan

cy 

Left 

Eye 

R1 - 

R2 
-.381 .39 .000 

P1 - 

P2 
-.67 0.58 .000 

MV1 - 

MV2 
1.00 .98 .000 

R2 - 
R3 

-.233 .24 .000 
P2 - 
P3 

-.41 0.54 .000 
MV2 - 
MV3 

1.34 1.20 .000 

Right 

Eye 

R1 - 

R2 
-.329 .35 .000 

P1 - 

P2 
-.62 0.51 .000 

MV1 - 

MV2 
1.45 1.39 .000 

R2 - 
R3 

-.227 .25 .000 
P2 - 
P3 

-.55 0.43 .000 
MV2 - 
MV3 

1.31 1.26 .000 

Smoker 

Pregnan
t Ladies 

Left 

Eye 

R1 - 

R2 
-.404 .40 .000 

P1 - 

P2 
-.75 0.48 .000 

MV1 - 

MV2 
0.85 0.71 .000 

R2 - 
R3 

-.384 .37 .000 
P2 - 
P3 

-.62 0.51 .000 
MV2 - 
MV3 

0.82 0.58 .000 

Right 

Eye 

R1 - 

R2 
-.333 .39 .000 

P1 - 

P2 
-.68 0.39 .000 

MV1 - 

MV2 
1.04 0.73 .000 

R2 - 
R3 

-.321 .44 .000 
P2 - 
P3 

-1.3 4.63 .069 
MV2 - 
MV3 

0.78 .68 .000 

Diabetic 

Pregnan
t Ladies 

Left 

Eye 

R1 - 

R2 
-.575 .40 .000 

P1 - 

P2 
-1.2 0.72 .000 

MV1 - 

MV2 
1.22 1.08 .000 

R2 - 
R3 

-.385 .43 .000 
P2 - 
P3 

-.81 0.60 .000 
MV2 - 
MV3 

1.26 .88 .000 

Right 

Eye 

R1 - 

R2 
-.528 .42 .000 

P1 - 

P2 
-1.3 0.89 .000 

MV1 - 

MV2 
1.36 1.36 .000 

R2 - 
R3 

-.370 .40 .000 
P2 - 
P3 

-.72 0.84 .000 
MV2 - 
MV3 

1.05 0.96 .000 

Smoker 

Diabetic 

Left 

Eye 

R1 - 

R2 
-.368 .39 .000 

P1 - 

P2 
-1.1 0.66 .000 

MV1 - 

MV2 
1.05 1.23 .000 
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Pregnan

t Ladies 

R2 - 

R3 
-.370 .35 .000 

P2 - 

P3 
-1.0 0.77 .000 

MV2 - 

MV3 
1.08 0.92 .000 

Right 

Eye 

R1 - 
R2 

-.426 .43 .000 
P1 - 
P2 

-1.1 0.71 .000 
MV1 - 
MV2 

0.98 0.85 .000 

R2 - 

R3 
-.238 .33 .000 

P2 - 

P3 
-.96 0.70 .000 

MV2 - 

MV3 
1.23 1.25 .000 

 

Table 4 : T-test showed the difference  between the measured values for Resistivity index (RI), pulsatility index 

(PI), Mean Velocity (MV) comparison between the examined groups and normal healthypregnant ladies in the 

three trimesters . 

 Site 
Parameters Smoker Pregnant 

Ladies 

Diabetic Pregnant 

Ladies 

Smoker Diabetic 

Pregnant Ladies 

Normal 
Pregnanc

y 

Left  Eye 

RI 0.003 0.000 0.000 

RI2 0.025 0.000 0.000 

RI3 0.038 0.000 0.000 

Right Eye 

RI 0.000 0.000 0.000 

RI2 0.000 0.000 0.000 

RI3 0.000 0.000 0.000 

Left  Eye 

PI1 0.000 0.000 0.000 

PI2 0.000 0.000 0.000 

PI3 0.000 0.000 0.000 

Right Eye 

PI1 0.000 0.000 0.000 

PI2 0.000 0.000 0.000 

PI3 0.000 0.000 0.000 

Left  Eye 

MV1 0.000 0.000 0.000 

MV2 0.000 0.000 0.000 

MV3 0.000 0.000 0.000 

Right Eye 

MV1 0.000 0.000 0.000 

MV2 0.050 0.020 0.000 

MV3 0.010 0.044 0.000 

Correlation is significant at p≤0.05 

 

IV. Discussion 
 This study analyzed the correlation between ophthalmic Doppler indices and gestational age 

(pregnancy trimesters) in healthy ladies with singleton pregnancies. In normal pregnant ladies group the RI, PI, 

MV were measured in each trimester for both eyes . Results showed no significant difference was detected 

between RI in first trimeater  and RI in the second trimester for the left eye, while the readings in the second 

trimester for RI2-RI3,PI1,PI2,PI3 and MV1,MV2,MV3 showed significant difference for both left and right 

eyes(Table1 and table2) 

Previous studies assessed the orbital circulation using ultrasonography, and patterns of orbital vessels 

normality have been described. The importance of this examination was first shown in ophthalmologic diseases. 

[31,32] 

Before abnormalities can be recognized in the eye , measurements must be achieved in healthy 

pregnant ladies, and the variation affecting the normal data should be resoluted. Therefore the current study 

analyzed the correlation between ophthalmic Doppler indices (RI, PI, and MV) and GA  progress in healthy 

patients with singleton pregnancies. 

Hata et al  [33]were the first to use Doppler velocimetry of the ophthalmic artery in the assessment of 

pregnant women. Several authors have since evaluated this method during pregnancy, especially in patients with 

hypertension.[34,35,36], Ocular Doppler sonography has been shown to be an perfect, objective, and capable 

method in the evaluation of preeclampsia .Yet, agreement on the reference values for the flow parameters of 

ocular Doppler sonography in normal pregnancy has not yet been established.[37] When comparing our results 

with the previous similar studies , MacKenzie et al [38] evaluated ophthalmic Doppler indices in normal 

pregnant ladies and reported that the ophthalmic artery (RI) decreased, whereas the (PI) remained unchanged 

with advancing gestational age (GA).However, Ohno et al [35] reported an inverse correlation between PI and 

GA values in normal pregnant ladies, and Carneiro et al [36] reported no significant correlation between 

Doppler indices (including the RI and PI) in healthy pregnant women.  

In the second group, (the smoker pregnant ladies) we found that the changes of RI,PI for the left eye 

did not differ significantly as the GA increased , however significant changes were detected for all of the 

parameters (RI,PI,MV) in the second and third trimesters for both eyes .However no significant changes 

between PI1 and PI2 of the right eye in smoker pregnant ladies p≤ .531. In the fourth group (the smoker diabetic 

pregnant ladies); Doppler indices for RI,PI,MV were statistically differ as the gestational age increased except 

for PI in the second trimester (Table 2,3).When comparing the normal pregnant values(Controls) with the 
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smoker pregnant ladies and the smoker diabetic pregnant ladies ; a significant difference were detected in all 

trimesters (Table4) 

The effects of smoking on the vessels are due to vasoactive substance inhaled [8]. Doppler indices of 

OA allocate us to characterize the hemodynamic changes in vessel. In the current study, we evaluated the 

readings of the Doppler indices in the OA and compared the findings with normal pregnant ladies 

readings.(table4) 

There are few studies characterizing the effects of cigarette in OA and they all didn’t discuss the effects 

in pregnant ladies [11-15]. Researchers, assessing the effects of smoking, observed lower peak systolic velocity 

in OA of smokers without change in end diastolic velocity and RI, compared to controls[11], but other 

researchers, report that the peak systolic velocity was lower in smokers[12]. These two authors did not specify 

how long ago was the use of cigarettes [11, 12] Similarly; our study did not consider the duration of smoking 

nor the type (cigarettes,sigar ,shisha, handmade cigarettes (tobacco roll), or other sourse of tobacco smoking) or 

the numbers of cigareates/day in all individuals in the two groups. We correlated the variables in each trimester, 

our findings was in disagreement with those studies. 

In previous studies about the Doppler velocimetry in smokers, the RI and PI show the arterial 

resistance to blood distal flow, reflecting vasoconstriction and hypoperfusion. Low PI values indicate 

ophthalmic artery hyperperfusion and hyperaemia [39,40]. A study evaluated smokers in advanced phase of 

using up, found an association between smoking and changes in blood flow in the ophthalmic artery [13] they 

found that the mean Doppler values were consistent with hypoperfusion, with low peak systolic velosity and 

higher RI compared to controls.  

Other studies, found results consistent with vasodilatation, with higher peak systolic velosity lower RI 

compared to controls.[14,15] These studies, are not in concordance with our results. We justify our results of 

finding the correlation between smoking and ophtalmic artery perfusion pattern is that there is signs of 

vasoconstriction. Our results finding reflects that the OA Doppler indices in smokers is compatible with 

hypoperfusion and vaso constriction.In diabetic pregnant ladies group; there are significant increasing in RI as 

the GA increased  for both right and left eyes as well as the PI and MV was found to be significantly changed in 

second and third trimester.(table2,3). When comparing the third group (diabetic pregnant ladies) with controls 

significant differences were detected between the diabetics and normal pregnancy (table4). 

Studies have mentioned that the association of smoking and diabetic retinopathy has not been clear 

[41]. It was reported that retinopathy has been associated with glycemic control and not smoking state. [42] 

Some studies have reported no association with smoking and retinopathy in type 2 diabetes. [42,43] The United 

Kingdom Diabetic study was done  to determine risk factors related to the incidence and progression of diabetic 

retinopathy . The development of retinopathy was associated with glycemia and higher blood pressure, but not 

smoking. [44] Thus in type 2 patients, the effects of smoking on diabetic retinopathy is not clear. [41] 

Using color Doppler sonography, Mendivil and associates [45]and Mendivil and Cuartero [46] reported 

that ocular blood flow velocity was decreased in diabetic patients with diabetic retinopathy . This was in 

concordance with our results. 

In a study done by Khan.et al ; 2014 [47] , peak systolic velosity was increased in diabetic. Reduced 

cellular oxygenation in diabetes may demand a compensatory increase in vascular flow.[48] This justified our 

result is that the  MV was increased .Increasing in RI in our study may be due to downstream vascular changes 

related to diabetes.[49] 

Regarding the results (highly significant changes of Doppler indices in group four during the 

pregnancy period) it showed that smoking has harmful effects on patients with diabetes. Smoking increases 

diabetic incidence and aggravates glucose homeostasis and chronic diabetic complications.  

 

V. Conclusion 
Smoking provokes perfusion changes in ophthalmic artery in smoker pregnant ladies. Thus, there are 

signs of an ophthalmic artery vasoconstriction and hypoperfusion. OA blood flow velocity was decreased in 

diabetic patients 
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