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Evaluation of ocular hemodynamic alterations in
patients with diabetes mellitus using colour

doppler imaging
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Abstract

Background: To study ocular blood flow velocity in the ophthalmic artery (OA) and central retinal artery (CRA) in

patients with Type 2diabetes. Materials and methods: This was a cross-sectional study conducted at Y enepoya Medical
College, Derlakatte, Mangalore. The retrobulbar circulation in 35 patients with Type 2 diabetic patients was compared
with age-matched 35 non-diabetic patients. Linear transducer (9MHz) of Voluson E8 GE machine was used for
performing Color Doppler imaging. Results: The peak systemic velocities and EDVs of CRA in the diabetic group were
lower than those of normal subjects. The resistivity index (RI) of CRA was 0.78 in diabetic group and 0.70 in control
group, and that of the OA was 0.79 in diabetic group and 0.72 in control group which was statistically significant.
Conclusion: The study showed reduced blood flow velocity and increased RI in Type 2 diabetic patients as comparedto

normal healthy individuals.
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INTRODUCTION

Orbital circulation has been assessed by colour Doppler
imaging for more than last 20 years. Ophthalmic artery
and central retinal artery are the commonly used vessels
for the assessment. Doppler velocimetry of orbital vessels
has been proposed to be a useful tool for investigation of
pathologic ophthalmic conditions (diabetic retinopathy,
glaucoma) and hypertensive  pregnant  women
(preeclampsia) and also as an aid to estimate intracranial
circulation. It is a non-invasive technique, relatively easy
to perform and not expensive. It is also a reliable

technique. Previous studies which assessed reliability of
Doppler velocimetry have found a good inter-observer
reproducibility in the Doppler parameters.® Diabetes
mellitus are commonly associated with abnormalities in
the orbital circulation.?® It seems that colour Doppler
imaging of retinal arteries may be helpful in detecting the
flow changes, even before retinal vasculopathy become
visible on ophthalmoscopic examination. Diabetic
Retinopathy affects the microvasculature of the eye
causing alteration of the same.? Diabetes, with and
without  retinopathy, is often associated with
hemodynamic alterations in ocular blood flow.
Significant circulatory alterations are found in the
ophthalmic artery in diabetic patients suggesting
hemodynamic dysfunction. Colour Doppler Imaging
showed alteration in the flow parameters of ophthalmic
artery and central retinal artery in patients with diabetes.*
Resistive index was significantly increased in diabetics as
compared to controls.? The recent advances in non-
invasive imaging techniques such as Color Doppler
imaging (CDI) have improved clinical evaluation of
ocular hemodynamic circulation. It is a useful tool when
standard diagnostic procedures are difficult in the
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presence of cataract or hazy media.* The ophthalmic
artery (OA), central retinal artery (CRA) and central
retinal vein (CRV), posterior ciliary arteries (PCAs), and
the superior ophthalmic vein can be easily identified
using CDI. The circulatory parameters recorded include
peak systolic velocity (PSV), end-diastolic velocity
(EDV), and mean velocity (MV), the resistivity index
(RI) and the pulsatility index. The purpose of this study
was to measure blood flow velocity

in the OA, CRA, and PCA in patients with Type 2
diabetes and compare the results with age-matched
normal control subjects

MATERIALS AND METHOD
This was a cross-sectional study conducted at Yenepoya
Medical College, Derlakatte, Mangalore over a period of
3 months on 70 patients (35 diabetic patients and 35
healthy control patients). All participants will undergo
ophthalmic artery and central retinal artery color Doppler
imaging by the same radiologist. It will be performed
using a high resolution linear array multi-frequency
transducer L9Mhz on GE voluson E8. After explaining
the procedure to the participant the scan will performed
with the subject in supine position and eyes closed. The
transducer will be positioned on the eyelids with a gel
interface. Excessive pressure will be avoided during the
scan. First the Optic nerve will be identified as a linear
hypo echoic stripe posterior to the scleral surface. Central
retinal artery can be identified next to central retinal vein
as two parallel vascular structures within the hypo echoic
stripe. The ophthalmic artery can be identified nasally and
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Figure 1

RESULTS

superior to the optic nerve approximately 10 mm from the
posterior wall of the sclera. The flow velocity will be
measured at the Arteries using a wall filter of 100 Hz and
sample of 1 mm. Doppler insonation angle will be
adjusted below 60°. If the ophthalmic artery is not
detected within 3 minutes, the examination will be
aborted. Pulse repetition frequency (PRF) will be 4340
Hz for the ophthalmic artery and 2441 Hz for the CRA.
PSV (cm/s), EDV (cm/s) and RI (RI = PSV-EDV/PSV)
will be determined from spectral waveform.

The patients were divided in to two groups:

Group 1(Diabetic patients)

Inclusion criteria:

e All Adults with Type 2 Diabetes Mellitus will be

included in the study.
Exclusion criteria:
Subjects with the following criteria will be excluded from
the study:

e Children and elderly (as age may have effect on
blood flow.)

e Patients with Type 1 Diabetes Mellitus.

e All those patients with history of DM for more
than 20 years (as the probability of them without
diabetic retinopathy is less even though may not
be clinically detectable)

Group 2(Control group): This group comprises of
healthy subjects. The control group were selected from
relatives accompanying the patients or volunteers and will
match for age and sex of the cases .Children and elderly
will be excluded.

Figure 2
Figure 1and 2: Shows the waveform, PSV, EDV and Rl of the CRA and OA respectively.

Table 1: Demographics

Parameters Case control Diabetics Total
Number 35 35 70
Meanageinyears  4523+/-7.81 4538+/-7.90 45.31+/-7.80

Sex (male/female) 22/13 9/26 31/39
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Table 2: Ophthalmic artery blood flow velocities (cm/s) and resistivity indices in normal subjects and diabetic patients.

Parameters Case control Diabetics Total
No.of subject 35 35 70

PSV (mean+/-SD) 31.03+/-2.09 29.64+/-2.11  30.34 +/-0.98
EDV(mean+/SD)  ge61/.078  6404/-070  7.53+/-1.60
RI(mean+/-SD) 0.72+/-0.03 .79 +/-0.02 0.76 +/- 0.05

Table 3: Central retinal artery blood flow velocities (cm/s) and resistivity indices in normal subjects and diabetic patients

Parameters Case control Diabetics Total
No.of subjects 35 35 70
PSV(meant/-SD) 117547150 9.63+/-148 1069 +/-150
EDV(meant/-SD) 444 1/.058  2174/-029  282+/-092
Ri(meant/-SD)  (76.4/.005  0.78+/-0.03 074 +/-0.06

Table 4: Below table represents the group comparison among normal and diabetes cases. Applying two independent sample t-test at 5%

level of significance.

Parameters Group Statistics Group N Mean Std. Deviation Significance

Age (In years) AGE(YRS) Normal 35 453714 7.90043 t=0.076
Diabetes Cases 35 45.2286 7.80681 p=0.940

(PSV(CM/SEC) ) Normal 35 31.0329 2.08552 t=2.771

Diabetes Cases 35 29.6420 2.11380 p=0.007

OPHTHALMIC ARTERY EDV(CM/SEC) Normal 35 8.6557 77769 =-0.854
Diabetes Cases 35 21.8494 91.38006 p=0.396
RI Normal 35 .7200 .02787 t=-11.696
Diabetes Cases 35 .7846 .01704 P<0.001*

(PSV(CM/SEC) ) Normal 35 11.7537 1.49486 t=5.983
Diabetes Cases 35 9.6269 1.47950 p<0.001*

CENTRAL RETINAL ARTERY EDV(CM/SEC) Normal 35 3.4423 58157 t=11.629
Diabetes Cases 35 2.1669 .28780 p<0.001*

RI Normal 35 .7000 .05330 t=-7.642
Diabetes Cases 35 7783 .02885 p<0.001*

Note: * in the significance column represents significance difference the mean score among the groups.

There were 35 Type 2 diabetic and 35 normal subjects in
our study groups. Of the 35 diabetic patients 9 were male
and 26 females. Of the 35 healthy control individuals 22
were male and 13 females. Table 2 presents the PSV,
EDV and RI of the ophthalmic artery in control and
diabetic subjects. EDVs in diabetics were lower than
those of control subjects (P < 0.05). The RI in patients
with diabetes (0.79 £ 0.02) was greater (P < 0.05) than
those in normal subjects (0.72 + 0.03). The PSVs and
EDVs in the diabetic group were significantly lower than
those of normal subjects. Table 3 presents the PSV, EDV
and RI of the central retinal artery in normal and diabetic
patients. The PSVs and EDVs in the diabetic group were
lower than those of normal subjects. The RI in patients
with DR (0.78 + 0.03) was greater than control group
(0.70 £ 0.05).
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DISCUSSION

CDl is a recent advance in ultrasonography which allows
simultaneous two-dimensional imaging of structure and
measurement of the blood flow with minimal discomfort
and risk. Doppler spectral analysis allows quantitative
assessment of blood flow velocity in the vessels. CDl is a
useful tool for investigating the hemodynamic circulation
in retro orbital vessels> 8. In diabetic patients when
fundus evaluation and fluorescein angiography are
difficult due to hazy media (vitreous hemorrhage or
cataract), CDI can be used to evaluate ocular blood flow.
Retina derives its main blood supply from the CRA,
which is a branch of the internal carotid artery” & PCA
also supplies a part of retina and optic nerve. The blood
flow velocity in CRA is pulsatile like OA®°. Many studies
have been reported on ocular circulation in diabetic
patients using a variety of methods. Decreased blood flow
velocity has been detected in the retinal circulation of the
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diabetic patients by blue light entoptic measurement:
scanning laser ophthalmoscopy and bidirectional laser
Dopplert® 1% 12There are even some reports suggesting
increased ocular blood flowin the diabetic retina. These
blood flow variations are due to other factors such as
duration and type of diabetes, anatomiclocation of
measurement, metabolic control, systemic diseases, and
use of antihypertensive agents. In our study of total 70
patients out of which 35 were diabetic and 35 healthy
control individuals, we found EDVs of ophthalmic artery
and central retinal artery indiabetic subjects were lower
than those of normalsubjects. We also found that the RI
of ophthalmic artery was greaterin diabetic patients as
compared to normal individuals. These findings are
comparable to the previous studies and show that
hemodynamic  disturbances in retrobulbar ocular
circulation appear before clinical manifestations of
diabetic retinopathy®34, A study by Khandelwal et al
also showed reduced blood flow velocity and increased
RI in Type 2 diabetic patients as compared to normal
healthy individuals. There are significant changes noted
in retrobulbar flow in patients with diabetic retinopathy as
compared to patients without retinopathy 5.

CONCLUSION

Although it was a study with a small sample size, our
results suggest that it has a potential to provide useful
information related to altered ocular blood flow in
diabetic patients. This also suggests CDI may have
prognostic value in identifying those at risk of developing
sight threatening PDR.

REFERENCES

1. CristianeAlves de Oliveira, Renato Augusto Moreira de
Saluis Guillermo Coca Velarde et al. Doppler
Velocimetry of the Ophthalmic Artery. Reproducibility
of Blood Flow Velocity Measurements. J Ultrasound
Med 2012; 31:879-884.

2. Khan AdeebAlam, Sharma Mayank,Rizvi Syed Wajahat
Ali, AmitavaAbadan Khan, SiddiquiZiya et al. Alteration
in Hemodynamic Parameters in Ophthalmic and Central
Retinal Arteries in Indian Patients with Increasing Grade

10.

11.

12.

13.

14,

15.

of Diabetic Retinopathy . Austin J ClinOphthalmol -
Volume 1. Issue 1 - 2014.

Luis  AbegaoPinto, and Ingeborg  Stalmans
EvelienVandewalle, Eline De Clerck, Carlos Marques-
Neves .Ophthalmic Artery Doppler Waveform Changes
Associated with Increased Damage in Glaucoma Patients.
Investigative Ophthalmology and Visual Science, April
2012, Vol. 53, No. 4.

Goebel W, Lieb WE, Ho A, Sergott RC, Farhoumand R,
Grehn F. Color Doppler imaging: A new technique to
assess orbital blood flow in patients with diabetic
retinopathy. Invest OphthalmolVisSci 1995; 36: 864-70.
Lieb WE. Color Doppler ultrasonography of the eye and
orbit. Curr Opin Ophthalmol 1993; 4: 68-75.

Arai T, Numata K, Tanaka K, Kiba T, Kawasaki S, Saito
T, et al. Ocular arterial flow hemodynamics in patients
with diabetes mellitus. J Ultrasound Med 1998; 17:
675-81.

Karadeniz-Bilgili MY, Ekmekci Y, Koksal A, Akarsu C,
Ziraman |. Effects of hypertension and antihypertensive
treatment on retrobulbar circulation detected on Doppler
sonography. J Ultrasound Med 2004; 23: 13-7.

Hayreh SS, Dass R. The ophthalmic artery: II.
Intra-orbital course. BrJ Ophthalmol 1962; 46: 165-85.
Steigerwalt RD Jr., Belcaro GV, Laurora G, Cesarone
MR, De Sanctis MT, Incandela L. Ocular and orbital
blood flow in patients with essential hypertension treated
with trandolapril. Retina 1998; 18: 539-45.

Grunwald JE, Riva CE, Sinclair SH, Brucker AJ, Petrig
BL. Laser Doppler velocimetry study of retinal
circulation in diabetes mellitus. Arch Ophthalmol 1986;
104: 991-6.

Rimmer T, Fallon TJ, Kohner EM. Long-term follow-up
of retinal blood flow in diabetes using the blue light
entoptic phenomenon. Br J Ophthalmol 1989; 73: 1-5.
Wolf S, Arend O, Toonen H, Bertram B, Jung F, Reim
M. Retinal capillary blood flow measurement with a
scanning laser ophthalmoscope. Preliminary results.
Ophthalmology 1991; 98: 996-1000.

Dimitrova G, Kato S. Color Doppler imaging of retinal
diseases. SurvOphthalmol 2010; 55: 193-214.

Evans DW, Harris A, Danis RP, Arend O, Martin BJ.
Altered retrobulbar vascular reactivity in early diabetic
retinopathy. Br J Ophthalmol 1997; 81: 279-82.

M, Khandelwal RR, Raje D, Rathi A. Ocular
hemodynamic alterations in patients of Type 2 diabetes
mellitus. J ClinOphthalmol Res 2017; 5:17-22.

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Radiology, Volume 9, Issue 2 February 2019



