
Abstract

Background: Diabetic retinopathy is a vascular disorder affecting the microvasculature of retina. 
It is caused by changes in the blood vessels of retina. If untreated, it may lead to blindness which is 
usually preventable if retinopathy is diagnosed early and treated promptly. In ophthalmology, color 
Doppler imaging is a new method that enables us to assess the orbital vasculature. It allows for 
simultaneous two dimensional anatomical and Doppler evaluations of hemodynamic 
characteristics of retinal artery. Objective: To observe the difference between Doppler flow 
velocity indices (peak systolic velocity, end diastolic velocity and resistive index) of retinal artery 
in type 2 diabetic subjects without retinopathy and those of normal controls. Materials and 
Methods: This case-control study was carried out in the department of Radiology and Imaging, 
Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and Metabolic 
Disorders (BIRDEM) in collaboration with Ophthalmology Outpatient Department, BIRDEM, 
Dhaka from July 2011 to June 2013. Eighty diabetic patients without retinopathy aged 27–68 years 
were enrolled as cases and age and sex matched 80 healthy subjects were selected as controls. 
Type 1 diabetic patients, type 2 diabetics with retinopathy, hypertensive and dyslipidemic subjects 
were excluded from the study. All the selected subjects underwent duplex Doppler ultrasonography 
of both eyes using 5 to 7.5 MHZ linear phase transducer. Duplex color Doppler findings including 
spectral analysis (PSV, EDV and RI) were recorded. Unpaired t test was done to compare blood 
flow velocity indices of retinal artery in type 2 diabetic patients without retinopathy and that of 
healthy control subjects. p value <0.05 was considered as significant. Results: Majority (42.5% 
and 47.5%) of subjects were in 4th decade of life in both groups with predominance of males. The 
mean duration of diabetes was 4.56 ± 2.1 years. Mean peak systolic velocity (PSV) in 80 diabetic 
patients without retinopathy was 10.70 ± 1.50 cm/sec ranging 5.30–16.10 cm/sec and that of 80 
healthy subjects was 11.27 ± 0.98 cm/sec ranging 9.0–13.10 cm/sec. Mean end diastolic velocity 
(EDV) in 80 diabetic patients without retinopathy was 2.58 ± 0.67 cm/sec ranging 1.00 –5.10 
cm/sec and that of 80 healthy subjects was 4.11 ± 2.7 cm/sec ranging 3.00–4.60 cm/sec. Mean 
resistive index (RI) in 80 diabetic patients without retinopathy was 0.75 ± 0.04 ranging 0.66–0.81 
and that of 80 healthy subjects was 0.64 ± 0.02 ranging 0.60–0.70. Mean difference of retinal 
arterial RI of diabetic subjects without retinopathy and healthy control eyes was statistically 
significant (p<0.001). Conclusion: From the present study it can be concluded that, there is 
statistically significant difference between retinal arterial RI of type 2 diabetic patients without 
retinopathy and that of healthy control adult subjects.
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Diabetes mellitus is one of the most common non-
communicable diseases globally. The prevalence of 
diabetes for all age groups worldwide has been 
estimated to be 6.4%, affecting 285 million adults in 
2010.1 Bangladesh is a developing country that has 
been facing a high prevalence of diabetes mellitus. In 
2011, 8.4 million of people with diabetes have been 
estimated in our country with prevalence of 8.1% in 
urban and 2.3% in rural areas.2-3

As the prevalence of diabetes is rising, the systemic 
complications that include retinopathy, nephropathy and 
neuropathy and involvement of cardiovascular system 
are also increasing.4 Diabetic retinopathy is a vascular 
disorder affecting the microvasculature of retina. It is 
caused by changes in the blood vessels of retina. If 
untreated, it may lead to blindness. Therefore, if 
diagnosed and treated promptly, blindness is usually 
preventable.5-7

In ophthalmology, color Doppler imaging is a new 
method that enables us to assess the orbital vasculature. 
It allows for simultaneous two dimensional anatomical 
and Doppler evaluations of hemodynamic characte-
ristics of retinal artery.8-13 Standard ophthalmoscopy 
can detect retinal abnormalities, but after the 
development of retinopathy and it is very much 
observer dependent.14-16 On the other hand, slit-lamp 
biomicroscopy can assess retinal changes, but it is very 
much time consuming and needs pupillary dilatation 
which causes discomfort to patient.17-18 Retinal arterial 
hemodynamic changes can also be assessed by the gold 
standard fluorescein dye-dilution technique, but 
accurate measurement of staining after intravenous 
injection of fluorescein is difficult at retinal arterial 
level. Therefore, duplex color Doppler ultrasonography 
is the investigation of choice for qualitative and 
quantitative assessment of retinal arterial blood flow 
velocities very quickly without any invasive 
procedure.19-21

Diabetic retinopathy is the leading cause of blindness. 
As the prevalence of diabetes is rising, the  incidence of 
retinopathy is increasing day by day. For diagnosis of 
early changes in retinal blood flow in DM without 
retinopathy duplex color Doppler ultrasonography is the 
investigation of choice to assess the problem very 

quickly without any invasive procedures. Thus, this 
would be a beneficial tool for the ophthalmologist to 
assess and make quick decision about patient with 
impaired blood flow and to take necessary actions. 
Therefore, we designed this study in our population to 
assess the different Doppler flow velocity indices of 
retinal arteries.

Materials and Methods
This case-control study was conducted on both eyes of 
160 subjects aged 27–68 years in the department of 
Radiology and Imaging, Bangladesh Institute of 
Research and Rehabilitation in Diabetes, Endocrine and 
Metabolic Disorders (BIRDEM) from July 2011 to June 
2013. Patients with type 2 diabetes without retinopathy 
(normal findings in slit lamp biomicroscopy) were 
referred from Ophthalmology OPD, BIRDEM to the 
department of Radiology and Imaging for duplex color 
Doppler study of eyes. Among them 80 diabetic patients 
without retinopathy were enrolled as cases and age and 
sex matched 80 healthy subjects with normal 
ophthalmology examination findings were taken as 
controls. Patients with hypertension and dyslipidemia 
were excluded. The objective of the study was 
discussed in details with the patients before enrollment. 
Demographic information was recorded and 
substantiated by means of inspection of medical record. 
Information included the subject’s age, sex, medical and 
surgical history, clinical history of diabetes, followed by 
duplex color Doppler study with spectral analysis. The 
color Doppler study was performed first by the 
investigator herself and subsequently confirmed by a 
radiologist of the department of Radiology and 
Imaging, BIRDEM who was not informed of the 
subject’s condition to eliminate bias. Peak systolic 
velocity (PSV), end diastolic velocity (EDV) and 
resistive index (RI) of retinal arteries were recorded 
from both right and left eyes. Duplex color Doppler 
sonography of retinal arteries was also carried out in 
control group after informing them about the purpose of 
the study. PSV, EDV and RI were also measured in both 
eyes in control group. PSV, EDV and RI values of 
retinal artery of both groups were compared. 

All the relevant collected data were compiled on a 
master chart first, then organized by using scientific 
calculator and standard statistical formulas. Percentage 
was calculated to find out the proportion of the findings. 
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Further statistical analysis of the results was 
done by SPSS version 17.0. Comparison 
between the velocity indices in diabetic 
patients without retinopathy and normal 
control individuals was done by the unpaired 
student t test. p value <0.05 was considered 
significant. 

Results 
Mean age of the diabetic patients was 46.05 ± 
9.78 years with range from 27–68 years. 
Among them 58.7% were male and 41.3% 
were female. Most of the patients (42.5%) 
were found in 4th decade. On the other hand, 
the mean age of healthy control subjects was 
42.78 ± 7.31 years with range from 30–59 
years. Among them 53.7% were male and 
46.3% were female. Majority (47.5%) were 
found in 4th decade. The mean duration of 
diabetes was 4.56 ± 2.1 years. The study also 
reveals that there was no significant difference 
(p>0.05) in retinal arterial mean PSV, mean 
EDV and mean RI between right and left eyes 
of diabetic patients without retinopathy and 
also in control subjects.

In the current study, it was found that the mean 
PSV in diabetic patients without retinopathy 
was 10.70 ± 1.50 cm/sec ranging 5.30–16.10 
cm/sec and the mean PSV measured in healthy 
subjects was 11.27 ± 0.98 cm/sec ranging 
9.00–13.10 cm/sec (Table I).

In the present study, it was also found that the 
mean EDV in diabetic patients without 
retinopathy was 2.58 ± 0.67 cm/sec ranging 
1.00–5.10 cm/sec and the mean EDV measured 
in healthy subjects was 4.11 ± 2.7 cm/sec 
ranging 3.00–4.60 cm/sec (Table II).

In this study the mean differences of retinal 
arterial PSV and EDV in diabetic eyes without 
retinopathy and healthy control eyes was 
statistically significant (p<0.01). 

In the current study, it was found that the mean 
RI in 80 diabetic patients without retinopathy 
was 0.75 ± 0.04 ranging 0.66–0.81. And the 

mean RI value measured in 80 healthy subjects was 0.64 ± 0.02 
ranging 0.60 – 0.70. The mean difference was statistically 
significant (p<0.001) between two groups  (Table III).

Spectral Doppler flow patterns of retinal arteries of both eyes in 
a normal control subject and a type 2 diabetic subject are shown 
in Figures 1, 2, 3 and 4.

Table I: Comparison between mean peak systolic velocity of 
retinal artery of 160 control eyes and 160 diabetic 
patients’ eyes without retinopathy (n=320)

 Groups Mean (cm/sec) Range (cm/sec) t value p value

 Control group 11.27 ± 0.98 9.00–13.10
     (n=160) 78.45 <0.01

 Diabetic group 10.70 ± 1.50 5.30–16.10 
     (n=160)

p value was achieved from unpaired t test 

Table II: Comparison between mean end diastolic velocity of 
retinal arteries of 160 control eyes and 160 diabetic 
patients’ eyes without retinopathy (n=320)

  Groups   Mean (cm/sec) Range (cm/sec) t value p value

  Control group  4.11 ± 2.7 3.00–4.60
     (n=160) 71.76 <0.01

  Diabetic group  2.58 ± 0.67 1.00–5.10
     (n=160)

p value was achieved from unpaired t test

Table III: Comparison of retinal arterial mean resistive index 
(RI) between 160 control eyes and 160 diabetic 
patients’ eyes without retinopathy (n=320)   

 

  Groups Mean ± SD Range t value p value

  Control group 0.64 ± 0.02 0.60–0.70
      (n=160) 13.41 <0.001

  Diabetic group 0.75 ± 0.04 0.66–0.81
      (n=160)

p value was achieved from unpaired t test 
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Discussion
As the prevalence of diabetes is rising, the systemic 
complications that include retinopathy, nephropathy, 
neuropathy and involvement of cardiovascular system 
are also increasing. Diabetic retinopathy is the leading 
cause of blindness in the world. Prevention of 
retinopathy needs early diagnosis.22 Despite the 
improvement in ophthalmoscopic examination in 
outpatient department (OPD) in Ophthalmology, in 
order to diagnose early changes in retinal arterial flow 
velocity, a newer imaging modality may be used for 
diagnosis of early changes in retinal artery before 
clinical manifestation of retinopathy.

Color Doppler imaging is the most promising modality 
that produces conventional gray-scale ultrasound 

images along with information regarding the direction 
and velocity of blood flow.23 The present study was 
attempted to evaluate clinically diagnosed diabetic 
patients without retinopathy by measuring the retinal 
arterial RI and compare the result with normal healthy 
controls by duplex color Doppler study.

In this study the age of the patients ranged from 27 to 
68 years with the maximum number of cases found in 
the 40–49 years age group. Observation reveals no 
statistically significant difference regarding mean age 
between cases and controls (p>0.05). A similar study 
done by Kawagishi et al24 showed no significant 
difference between the two groups with respect of age.

In this study the mean difference of retinal arterial PSV 
in diabetic eyes without retinopathy and control eyes 

 

 

Fig 1.  Spectral Doppler flow patterns of retinal artery of 
           right eye in a normal control subject

Fig 2. Spectral Doppler flow patterns of retinal artery of
          right eye in a type 2 diabetic subject

Fig 3. Spectral Doppler flow patterns of retinal  artery of
          left eye in a normal control subject

Fig 4. Spectral Doppler flow patterns of retinal artery of
          left eye in a type 2 diabetic subject
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was statistically significant (p<0.01). One investigator 
Guthoff et al25 who compared the mean PSV of retinal 
artery in diabetic patients without retinopathy and 
healthy subjects also found significant difference in 
retinal arterial PSV between cases and controls. 

The mean EDV of 160 diabetic eyes without 
retinopathy and 160 control eyes was statistically 
significant (p<0.01). This observation is supported by 
the study done by Jack et al15 who has compared the 
mean EDV of diabetic patients and control group and 
discovered that there was statistically significant 
difference of mean retinal arterial EDV between cases 
and control groups.

In this study mean RI in 160 eyes of 80 diabetic patients 
without retinopathy was found 0.75 ± 0.04 (0.66–0.81). 
Kawagishi et al24 found the mean RI value 0.70 ± 
0.005. Mean RI value measured in 160 eyes of 80 
healthy subjects was 0.64 ± 0.02 (0.60–0.70) in this 
study and Kawagishi et al24 found the mean RI value 
0.65 ± 0.05 in healthy subjects. So, the result of present 
study is consistent with the study done by Kawagishi et 
al.24 

From the results of the present study it can be 
concluded that there is statistically significant 
difference between retinal arterial RI of type 2 diabetic 
patients without retinopathy and that of healthy control 
adult subjects included in this study. Higher RI in type 2 
diabetics may predict the early hemodynamic changes 
in the retinal artery of these patients before the clinical 
onset of retinopathy. However, further studies including 
large number of study subjects are recommended.
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