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Evaluation of Resistive Index of Orbital Vessels Using Color
Doppler Imaging in Patients with Type 2 Diabetes Mellitus
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Background: Resistive index (RI), derived from color Doppler imaging (CDI), is a marker of vascular resistance used widely in varied clinical
settings. The aim of this study was to analyze the association between Rls of the orbital vessels in a pure cohort of type 2 diabetic patients
with or without retinopathy using CDI. Methods: Fifty patients having type 2 diabetes and 50 age-matched controls were evaluated in this
prospective study. Diabetic retinopathy (DR) was diagnosed based on seven-field stereo fundus photography and diabetic patients were divided
into two. Patients with no DR (n = 26) were taken as Group 1, while patients with DR (n = 24) were taken as Group 2. CDI was performed
and the RIs of the ophthalmic artery (OA), posterior ciliary artery (PCA), central retinal artery (CRA), and central retinal vein (CRV) were
measured. Results: Significant differences were observed in the mean RI values of all orbital arteries between controls and patients with
DR (P <0.05). Comparison of RI values between controls and Group 1 showed no significant differences. Mean Rl values of the PCA and CRA
were found to be significantly higher in the patients in Group 2 than in Group 1 (P=0.03 and P <0.001, respectively). The duration of diabetes
correlated with the mean RI of all the orbital vessels. RI of the CRA was a reliable predictive indicator for DR (P =0.001). Conclusion: Rls
of the orbital arteries are significantly higher in patients with DR. RI of the orbital vessels can be a potentially useful biomarker in the early

diagnosis and follow-up of patients with DR.
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INTRODUCTION

Color Doppler imaging (CDI) is a convenient noninvasive
method that gives information about the velocity of
blood and vascular resistance at various sites of complex
vasculature using simultaneous B mode ultrasound and
Doppler images. The resistive index (RI), calculated from
CDI, is a universally used measure of resistance to the
arterial blood flow. In the recent past, RIs of the orbital
arteries have been studied extensively to gain diagnostic
and prognostic insight into a variety of clinical conditions,
such as chronic obstructive pulmonary disease, hypertension,
chronic kidney disease, and diabetes-related micro and
macrovasculopathies.['!

Usefulness of RI of the retrobulbar vessels in risk stratification
and management of ophthalmic diseases such as diabetic
retinopathy (DR), age-related macular degeneration, glaucoma,
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retinal vein occlusion, and thyroid-associated orbitopathy has
been documented in the literature.®7]

Several studies have evaluated the RI of the retrobulbar vessels
in diabetic patients with or without retinopathy and have shown
inconsistent results. While few studies have shown significant
correlation between RI of the orbital vessels and severity of
DR,® few others suggest that the hemodynamic alterations
observed in the orbital arteries reflect macrovascular changes
and are not related to DR.>!Y The observed inconsistencies
can be attributed partly to the differences in sample sizes,
patient characteristics, duration of diabetes, methods of
assessment of DR, and probe positions used for color Doppler
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measurement. Further, most of these studies included patients
with comorbidities such as hypertension and coronary artery
disease as well as those patients on cardiac or antihypertensive
drugs, which might alter the vascular resistance.

The aim of this study was to analyze the association between
RIs of the orbital vessels in a pure cohort of type 2 diabetic
patients with or without retinopathy using CDI.

MareriaLs AND METHODS

This prospective study was conducted between March
2017 and May 2019 from a tertiary care institution in
South India. The institutional human ethical committee
approval was obtained before the initiation of the study
(IRB approval number: 16/325), and the principles of
Declaration of Helsinki were adhered to. Informed, written
consent was obtained from all the study participants. Fifty
consecutive patients of type 2 diabetes (as per definition of the
American Diabetes Association) were recruited for the study.
Exclusion criteria were the presence of associated systemic
hypertension, nephropathy, dyslipidemia, and cardiovascular
diseases. Patients on medications known to affect systemic
hemodynamics such as angiotensin-converting enzyme
inhibitors, calcium channel blockers, and antimigraine drugs
were excluded. Patients with a history of any ocular disease
that might affect ocular blood flow such as retinal diseases,
high myopia, glaucoma, previous ocular surgery, or panretinal
photocoagulation were also excluded from the study. A control
group of 50 age-matched subjects were included. None of the
controls had any ocular or systemic disease.

Data regarding age, gender, body mass index (BMI), duration
of diabetes and antidiabetic medications were obtained from all
the study participants. Blood pressure and serum glycosylated
hemoglobin (HbAIc) levels were determined.

All participants underwent a comprehensive eye examination
and the presence/absence of retinopathy was diagnosed
through dilated fundus examination and 30° stereoscopic
fundus photograph of seven standard early treatment DR study
fields using a digital fundus camera (TRC-50 DX Mydriatic
Retinal Camera; Topcon Medical Systems, Oakland, NJ,
USA). Diabetic patients were divided based on retinopathy
into two groups. Group 1 contained patients with no DR;
Group 2 included patients with DR. One eye (right eye, unless
another ocular pathology was identified) was included from
each study participant.

A masked expert radiologist performed CDI of the eye for all
study participants using a color Doppler unit and a 12-5 MHZ
linear-array transducer (Philips iU22 xMATRIX ultrasound
system). The CDI was performed with patients lying in the
supine position with a 30° head tilt and any undue pressure
on the eye was avoided. Examiner’s hand was rested on the
orbital margin, and sterile coupling gel was applied over closed
eyelids. Angle of the transducer was taken as 30°—60° during
the examination. CDI was performed after exclusion of any

other ocular or orbital pathologies by B mode, and optic nerve
was considered as a reference for all further measurements.
The velocity of blood flow in the ophthalmic artery (OA)
was measured 20-30 mm behind the globe after crossing of
the optic nerve in the nasal aspect. Blood flow velocity in the
central retinal vein (CRV) and central retinal artery (CRA)
was measured within the optic nerve around 5 mm behind the
posterior margin of the eyeball. Blood flow velocity from the
temporal branch of the short posterior ciliary artery (PCA) was
determined approximately 5—10 mm posterior to the globe. The
peak systolic velocity (PSV) and end diastolic velocity (EDV)
measurements were taken for OA, CRA, PCA, and CRV. With
the help of PSV and EDV, we calculated the vascular resistance
based on the RI using Pourcelot’s formula:

RI=(PSV — EDV)/PSV.

Statistical analysis

Statistical analysis was carried out using Statistical Package
for the Social Sciences (SPSS, SPSS Inc., Chicago, IL,
USA) Version 24. Data were reported as mean + standard
deviation. The normality of data distribution was assessed
by Kolmogorov—Smirnov test. One-way analysis of variance
with a post hoc Bonferroni was used for analysis of normally
distributed continuous data. Kruskal-Wallis analysis was used
for analyzing nonnormally distributed data. Bivariate analysis
using Pearson’s correlation coefficient was used to study
the relationship of RIs with biochemical and demographic
variables of patients with diabetes. Receiver operating
characteristic (ROC) curve analysis was used to explore the
predictive indicators of DR. A P < 0.05 (two-tailed) was
considered statistically significant.

ResuLts

The study consisted of 51 males and 49 females. The age
of the participants ranged from 41 to 76 years. Duration of
diabetes ranged between 6 months and 20 years. Among
the diabetic patients studied, 26 had no DR and constituted
Group 1. Group 2 consisted of 24 patients with DR. In
Group 2, three patients had mild nonproliferative DR (NPDR)
characterized by only few microaneurysms, seven had
moderate NPDR (presence of more than just microaneurysms
but less than severe NPDR), six had severe NPDR (presence of
more than 20 intraretinal hemorrhages in each of four quadrants
or definite venous beading in 2+ quadrants or prominent
intraretinal microvascular abnormalities in 1+ quadrant), and
eight had proliferative DR (presence of neovascularization of
disc or elsewhere in the retina).

There were no statistically significant differences in the
age, BMI, and blood pressure between controls and diabetic
groups. Duration of diabetes and HbAlc levels were found
to be significantly increased in Group 2 patients with
DR (P <0.001). Significant differences were observed in the
RI values of all orbital arteries between controls and diabetic
groups. Table 1 shows the demographic data and clinical
attributes of controls and diabetic subjects.
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Subgroup analysis with post hoc comparison revealed
significantly higher RI values in OA, PCA, and CRA in
Group 2 compared to controls (P < 0.001, P < 0.001, and
P = 0.03, respectively). Comparison of RI values between
Group | and controls showed no significant differences. When
diabetic Groups 1 and 2 were compared, statistically significant
differences were observed in the mean RI values of CRA and
PCA (P <0.001 and P = 0.03, respectively).

In bivariate analysis, the mean RI values of all orbital vessels,
namely OA, CRA, PCA, and CRV, had a significant correlation
with the duration of diabetes (R =0.396, P<0.001; R=0.282,
P =10.005; R=0.334, P=10.001; and R = 0.290, P = 0.003,
respectively) [Figure 1]. In addition, the mean RI of the
OA correlated significantly with HbAlc levels (R = 0.321,
P =0.001) [Figure 2].

ROC analysis showed that the RI of CRA was a definitive
predictive indicator for DR. RI of the CRA >0.79 indicated the

existence of DR with a sensitivity of 75% and a specificity of
73% (area under the curve = 0.780 [95% confidence interval:
0.650-0.909]) [Figure 3].

Discussion

DR, a common microvascular complication of diabetes, is
one of the leading causes for preventable blindness in people
of the working age.l'! There has been conflicting evidence
on the ocular hemodynamics as to whether blood flow is
increased or decreased in diabetics. Curtis et al. have proposed
a hemodynamic framework which states that there is an initial
reduction in the perfusion of retina before the onset of DR
which later increases as DR progresses.!'?!

The various hematological changes observed in diabetes
such as increased aggregation of erythrocytes and platelets,
increased blood viscosity, and reduced deformability of

Table 1: Demographic and clinical characteristics of controls and diabetic subjects

Characteristic Controls (n=50) Group 1 (n=26) Group 2 (n=24) P
Mean age (years) 56.58+8.81 54.85+8.52 54.42+7.84 0.52
Mean body mass index (kg/m?) 23.3543.62 25.33+2.69 24.09+3.88 0.07
Median systolic BP (mmHg) 110 (110-130) 120 (110-126.25) 120 (110-130) 0.16
Median diastolic BP (mmHg) 70 (70-80) 76.5 (70-80) 70 (70-80) 0.27
Median duration of diabetes (months) - 24 (6-72) 120 (48-144) <0.001
Mean glycosylated hemoglobin (%) 5.81£0.30 8.62+1.91 10.64+2.29 <0.001
Mean RI of OA 0.76+0.06 0.79+0.06 0.82+0.06 <0.001
Mean RI of CRA 0.77+0.07 0.72+0.17 0.84+0.11 0.001*
Mean RI of PCA 0.73+0.06 0.74+0.08 0.79+0.08 0.004*
Mean RI of CRV 0.42+0.12 0.44+0.12 0.46+0.11 0.29
*P<0.05. BP: Blood pressure, OA: Ophthalmic artery, CRA: Central retinal artery, PCA: Posterior ciliary artery, CRV: Central retinal vein, RI: Resistivity
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Figure 1: Scatter diagram showing correlation between duration of diabetes and resistive index of (a) ophthalmic artery, (b) central retinal artery,

(c) posterior ciliary artery, and (d) central retinal vein
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Figure 2: Scatter diagram showing correlation between mean resistive
index of ophthalmic artery and glycosylated hemoglobin

erythrocytes contribute to increased peripheral vascular
resistance.['’1 RI, an indirect measure of vascular resistance, can
be useful to identify individuals at higher risk for developing
DR. Further, RI, being independent of Doppler angle, has been
shown to be reliable and reproducible with least coefficient
of variation.!'¥

Our study results demonstrate that significant changes occur
in the RIs of the orbital vessels in patients with diabetes. The
orbital vascular resistance (as reflected by RI) was found to
be significantly increased in patients with DR as compared
to controls and those in Group 1. Our observations are in
agreement with certain other published studies.['>!4

We observed no significant differences in the mean RI values
between controls and those without DR. Our findings are
similar to that of Basturk et al., who evaluated the RI of the
orbital arteries in type 2 diabetics with microalbuminuria. No
significant differences were observed in the mean Rls of OA,
CRA, and PCA between controls and no DR group.

In contrast, Dimitrova et al. have noted higher RI in the PCA
in patients with no DR than controls.l'” However, their study
included patients with hypertension and longer duration of
diabetes than ours. In patients with hypertension, the RI of
the PCA is reported to be high and correlates with duration
of hypertension.l'¥ Moreover, CDI was performed in erect
posture, which might have influenced the results. Few other
investigators have noted increased RI values in the OA and
CRA in patients with diabetes but without DR compared to
that of controls, suggesting that even before the appearance
of overt DR, there is increased resistance to blood flow in the
peripheral vascular bed.['"2"!

We found significantly greater RI in the PCA and CRA (P=0.03
and P < 0.001, respectively) in patients with DR compared to
those without DR. While the inner layers of the retina are
perfused by the CRA, the choroidal vasculature (derived from
PCA) is responsible for the nourishment of outer retina. The
various pathological changes observed in DR, such as loss of
pericytes, thickening of the capillary basement membrane, and
vascular smooth muscle cells, lead to compromised arteriolar
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Figure 3: Receiver operating characteristic curve analysis of resistive
index of central retinal artery and diabetic retinopathy (area under the
curve was 0.780)

integrity and autoregulation of blood flow. Loss of capillaries
is critical to the pathogenesis of progressive retinal ischemia in
DR and is a ubiquitous retinal finding from histopathological
specimens.! Dropout of capillaries could be responsible for
the increased vascular resistance observed in the RI of CRA
and PCA in patients with DR. Further, the RI of the CRA was
found to be a reliable predictive indicator of DR in our study.
In this context, our findings are partly in agreement with that
of Krasnicki ef al., who have noted significant differences in
the RI of CRA in subjects with DR and concomitant coronary
artery disease.’! The CRA, one of the major feeding vessels
of the retina, reflects the identified vascular changes that
have been associated with DR more sensitively. It has been
suggested that hemodynamics in OA, a medium-sized muscular
artery with many branches, is unlikely to be influenced by
isolated alterations in blood flow in one of the branches.*?

However, with progression of DR, the RI of the OA can
eventually increase due to ensuing vascular changes related
to diabetes in both retinal and choroidal vasculature.

Our finding of positive correlation between RI of all orbital
vessels and the duration of diabetes is in concordance with
that of Karami et al.®! With prolonged duration of diabetes,
alterations in blood vessel diameter and perfusion pressure
occur due to disturbed autoregulatory mechanisms, subsequently
leading to changes in the resistance of all retrobulbar vessels.
We identified a statistically significant correlation between RI
of the OA and the levels of HbAlc (P =0.001). Clermont et al.
have demonstrated reduction in the blood flow to retina with
increasing HbA1¢ in subjects with type 1 diabetes without DR.*4

Nagaoka et al. evaluated subjects with type 2 diabetes for
changes in the retinal circulatory parameters using laser
Doppler velocimetry and found significantly higher HbAlc in
patients with the least retinal blood flow quartile, suggesting
that poor glycemic control is associated with lowering of the
retinal blood flow.>
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Our study has several strengths. None of the patients had
any associated vascular diseases such as hypertension. The
presence of DR was assessed through seven-field stereo fundus
photography for accuracy. A single experienced radiologist
performed the CDI studies of the entire study participants,
thereby eliminating interobserver variability. All examinations
were performed with least pressure on the globe.

Limitations of our study include cross-sectional design and a
small sample size. However, we intentionally excluded patients
with other comorbid conditions to focus the effects of diabetes
on retrobulbar circulation. Subgroup analysis of patients with
different stages of retinopathy could not be performed because
of limited sample size.

CONCLUSION

RIs of the orbital arteries are significantly higher in subjects
with DR. RI of the orbital vessels can be a potentially useful
biomarker in the early diagnosis and follow-up of patients with
DR. This may be particularly helpful in patients with opacities
in the ocular media.
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