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B Abstract

BACKGROUND: There have been conflicting results in
relation to impaired ocular hemodynamics in the orbital ves-
sels of patients with diabetic retinopathy (DR). Clarification
of the early signs of retinopathy in diabetic patients is ur-
gently needed. AIMS: We aimed to evaluate orbital blood
flow velocities using Doppler and gray-scale sonography in
patients with DR, and to compare the results with those of
their non-diabetic and diabetic peers without retinopathy.
METHODS: Orbital Doppler and gray-scale sonography
were performed in 123 patients aged 29-77 who had been
divided into 3 groups: non-diabetic controls (n = 25), diabe-
tes and impaired glucose tolerance with minimal clinical
retinopathy (n = 74), and diabetes with untreated non-
proliferative retinopathy (n = 24). Retinopathy was diag-
nosed by an ophthalmologist on the basis of fundoscopic ex-
amination. The peak systolic (PSV) and end-diastolic (EDV)
blood flow velocities, and the resistivity and pulsatile indices,

of the ophthalmic artery, central retinal artery, posterior
ciliary artery, and central retinal vein were measured. RE-
SULTS: Compared with healthy controls, the age-adjusted
resistivity and pulsatile indices of the ophthalmic artery were
significantly higher in patients with DR (p < 0.05). PSV and
EDV of the posterior ciliary arteries were significantly lower
in diabetic patients with DR. After further adjustment for
age, gender, HbAlc, fasting plasma glucose, blood pressure,
BMI, cholesterol, HDL, LDL, and triglycerides, only the re-
sistivity index of the ophthalmic artery and the central reti-
nal vein remained significantly higher in patients with DR
compared with healthy controls (p < 0.005 after Bonferroni
adjustment). CONCLUSIONS: Resistivity index alteration
of the ophthalmic artery and central retinal vein may be
prevalent among patients with early changes in DR.

Keywords: diabetes - diabetic retinopathy - blood flow pa-
rameters - Doppler sonography - ocular circulation - oph-
thalmic artery

Introduction

¢ iabetic retinopathy (DR) is the most common
ocular complication in patients with diabetes
2o [1]. Despite intensive research efforts, the
mechanisms of initiation and progression of DR
are still not well understood. Vascular changes
and subsequent ocular hemodynamic changes are
critical events in the pathogenesis of DR. However,
the role of hemodynamics in DR has not been
clearly defined [2]. There have also been conflict-
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ing reports of impaired hemodynamics in the or-
bital vessels in patients with DR [3-14]. Orbital
blood flow velocities were increased in some stud-
ies [3], but decreased in others [4, 9-11, 13, 14], or
unchanged [15].

Color Doppler imaging is one of the most widely
used and well-established techniques for assessing
ocular blood flow velocities in the retrobulbar ves-
sels. This is a non-invasive, painless imaging
method with highly reproducible procedures. Es-
timation of orbital blood flow velocity from color
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Doppler imaging of the ophthalmic artery, central
retinal artery, posterior ciliary artery, and the cen-
tral retinal vein is a technique offering great po-
tential for the identification of early retinopathy in
diabetic patients [16].

However, it is not clear whether impaired
hemodynamics in the orbital vessels of patients
with diabetes is the decisive factor in the patho-
genesis of DR. We therefore examined patients
with untreated DR, and compared them with con-
trols regarding the values obtained for orbital
blood flow velocity, resistivity index, and pulsatile
index in the ophthalmic artery, central retinal ar-
tery, posterior ciliary artery, and the central reti-
nal vein. We used color Doppler and gray-scale
sonography at a stage before the development of
proliferative retinopathy.

Subjects and methods

Subjects

The study population consisted of 123 partici-
pants, 57 (46.3%) men and 66 (53.7%) women, in-
cluding non-diabetic controls (n = 25), subjects
with diabetes and impaired glucose tolerance with
minimal clinical retinopathy (n = 74), and diabetes
patients with untreated non-proliferative retinopa-
thy (n = 24). The patients with type 2 diabetes and
their non-diabetic first-degree relatives (non-
diabetic controls and subjects with impaired glu-
cose tolerance) were recruited from the Isfahan
Endocrine and Metabolism Research Center be-
tween August 2008 and May 2009. Cases of diabe-
tes, impaired glucose tolerance, and non-diabetic
controls were categorized using the oral glucose
tolerance test according to American Diabetes As-
sociation criteria [17]. Exclusion criteria were pre-
vious laser photocoagulation, and any disease or
anomaly of the eye, which may affect blood flow
velocity, such as ocular inflammation, trauma,
non-diabetic vascular disease, and glaucoma.
Pregnant and breast-feeding women were also ex-

Abbreviations:

ANOVA - analysis of variance

BMI - body mass index

DR - diabetic retinopathy

EDV - end-diastolic velocity

HbA1c - glycosylated hemoglobin Alc

HDL - high-density lipoprotein

LDL - low-density lipoprotein

PSV - peak systolic velocity

SE - standard error

SPSS - statistical package for the social sciences
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cluded. No participants had a history of major
systemic disease, including cardiovascular disease,
arterial hypertension, and hyperlipidemia.

Assessment of diabetic retinopathy

DR was diagnosed by an expert ophthalmolo-
gist (AD). All patients with diabetes underwent di-
lated fundoscopy using the biomicroscopic indirect
ophthalmoscope. Cases of DR were identified ac-
cording to the modified Airlie House system [18,
19]. Patients without retinopathy had no clinically
observable retinopathy. Background retinopathy
was defined by the presence of microaneurysms,
hemorrhage, and hard exudates, according to reti-
nopathy level 2-3 in the Airlie House classification.
Pre-proliferative changes consisted of background
retinopathy lesions plus two or more of the follow-
ing impairments:

- Venous beading or reduplication

- Intra-retinal microvascular abnormalities

- Deep intra-retinal hemorrhage

- Multiple cotton wool spots qualifying for
retinopathy level 4-5

Patients with proliferative retinopathy were ex-
cluded because they were few in number and had
started treatment.

Systolic and diastolic blood pressure, measured
during blood flow velocity investigations, did not
exceed values of 130 mmHg and 85 mmHg, respec-
tively. Estimation of intrabulbar pressure did not
exceed 22.0 mmHg.

Color Doppler and gray-scale sonography

Retrobulbar blood flow velocity was assessed
using orbital Doppler and gray-scale sonography.
Color Doppler imaging of the eye was performed in
all individuals by two masked expert sonographers
(KK and AK) using a color Doppler unit and a 7.5-
10-MHz linear-array transducer (model G-60;
Siemens, Germany). Hemodynamic measurements
had intra- and inter-sonographer reliability coeffi-
cients of 0.913 and 0.934 (using the kappa coeffi-
cient). The patients were examined in the supine
position to avoid any pressure on the eye. Sterile
coupling gel was applied to closed eyelids, with the
examiner’s hand resting on the orbital margin to
minimize pressure on the globe, and real-time
gray-scale and color-flow images were obtained
[20].

Angle correction was applied to the pulsed
Doppler recordings to minimize errors in the
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Table 1. Age, age-adjusted mean, and characteristics of participants with and without diabetic retinopathy
Characteristic Total Control Diabetes and IGT Diabetic
(minimal retinopathy) retinopathy
Number (%) 123 (100) 25 (20.3) 74 (60.2) 24 (19.5)
Age (yr) 522 £ 0.7 499 £ 15 51.1 + 0.9 58.1 £ 1.5
Body mass index (kg/m?®) 279 £ 03 281 + 0.7 278 + 04 280 + 0.7
Duration of diabetes (yr) 56 = 0.7 126 + 117
Fasting plasma glucose (mg/dl) 1208 + 3.0 950 + 5.9 1234 + 3.4 1396 + 637
HbAlc (%) 65 + 0.1 50 £ 0.3 65 + 0.1 78 £ 03™
Total cholesterol (mg/dl) 1913 + 35 2069 + 7.6 187.7 + 44 186.1 + 8.2
HDL (mg/dl) 465 + 1.3 439 + 29 478 + 1.7 452 + 3.2
LDL (mg/dl) 1118 + 2.9 126.0 + 6.4 107.3 + 3.6 1114 + 6.7°
Triglycerides (mg/dl) 164.0 + 6.5 166.3 +14.5 167.0 + 83 152.6 +15.2
Systolic blood pressure (mm Hg) 1188 + 1.3 120.1 + 2.7 1171 + 16 1226 + 2.9
Diastolic blood pressure (mm Hg) 733 +11.0 797 + 2.1 721 + 12 704 £ 227
Women, no. (%) 66 (53.2) 17 (68.0) 37 (50.0) 12 (48.0)
Obesity, no. (%) 27 (22.9) 5 (20.8) 19 (27.5) 3(12.0)

Legend: Data are mean * SE, or number (%). Age-adjusted means were calculated using general linear models with Bonferroni correction for
multiple comparisons. The difference in the mean of the variables compared with the control group (a) and diabetes group (b) without reti-
nopathy. Abbreviations: IGT - impaired glucose tolerance, LDL - low density lipoprotein, HDL - high density lipoprotein. *p < 0.05, **p < 0.001,

for comparisons across all three groups.

measured velocities. We obtained peak systolic
(PSV) and end-diastolic (EDV) velocity measure-
ments in the ophthalmic artery, central retinal ar-
tery, posterior ciliary artery, and in the central
retinal vein. We used these measurements to cal-
culate vascular resistance (expressed by the resis-
tivity index and pulsatile index) using the follow-
ing formula:

Resistivity index = (PSV-EDV)/PSV [21] and
Pulsatile index = (PSV-EDV)/V

mean

where V__ = 1/3 (PSV-EDV)+EDV [22], in all
patients. The eye with the worse retinopathy was
chosen for inclusion in study examinations. If both
eyes had equal retinopathy, the right eye was as-
signed to the study.

Signals from the ophthalmic artery can be lo-
cated in the medial section of an eyeball, superior
to the optic nerve, just lateral to and abutting the
visible hyporeflective stripe representing the
nerve. The central retinal artery originates from
the ophthalmic artery and can be found anterior to
the optic nerve, around 7.5 mm behind the ocular
bulb. The posterior ciliary arteries are also sup-
plied with blood by the ophthalmic artery, and
they divide into multiple branches to supply the
pial arteries. These arteries have a diameter of

Rev Diabet Stud (2012) 9:104-111

around 0.2 mm and form the pial network which
adheres to the optic sheath and contributes to the
vascularization of the optic nerve [23]. Signals
from short posterior ciliary arteries can be located
in the lateral and medial sections of an eyeball. Al-
though numerous branches of short posterior
ciliary arteries were available for assessment, only
the lateral branch was chosen for analysis in this
study.

The following measurements were carried out
in all participants: HbAlc (measured by spectro-
photometer), fasting plasma glucose, triglyceride,
cholesterol, high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL)
(calculated by the Friedewald Equation [24]), body
mass index (BMI, kg/m?), and systolic and diastolic
blood pressure.

The study protocol was approved by the Institu-
tional Review Board of Isfahan University of
Medical Sciences, Iran. Patients were informed
about the Doppler method, and gave informed con-
sent.

Statistical analysis

On the basis of previous estimates (with stan-
dard deviation of 2.2) [10], we calculated that 25
patients per treatment group would be required to

Copyright © by Lab & Life Press/SBDR
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Table 2. Age-adjusted means (SE) of parameters obtained from color Doppler imaging in the ophthalmic, central
retinal, and posterior ciliary arteries, and in the central retinal vein in participants with and without diabetic reti-
nopathy

Variable Control Diabetes and IGT Diabetic
(minimal retinopathy) retinopathy
Ophthalmic artery
PSV (cm/sec) 305 + 1.6 335 + 09 328 + 1.7
EDV (cm/sec) 77 = 06 77 = 03 6.7 = 0.6
Resistivity index 0.76 + 0.01 0.79 + 0.01 082+ 0.01™
Pulsatile index 172+ 0.1 1.83 + 0.06 21 + 011"
Central retinal artery
PSV (cm/sec) 115 + 08 117 + 05 118 + 0.9
EDV (cm/sec) 39 £ 03 37 + 02 36 + 03
Resistivity index 0.70 £ 0.02 0.71+ 0.01 0.74 + 0.02
Pulsatile index 1.32 + 0.06 131+ 0.03 145+ 0.06
Posterior ciliary artery
PSV (cm/sec) 139 + 08 111 + 05 127 + 097
EDV (cm/sec) 50 + 03 39 + 03 42 + 03"
Resistivity index 0.67 + 0.01 0.67 + 0.01 0.71+ 0.01
Pulsatile index 1.19 + 0.06 1.16 + 0.04 1.29 + 0.06
Central retinal vein
PSV (cm/sec) 53 + 03 55 + 0.2 59 + 0.3
EDV (cm/sec) 37 = 02 38 = 0.1 36 = 02
Resistivity index 0.38 = 0.02 0.36 = 0.01 043+ 0.027™
Pulsatile index 0.48 + 0.03 0.44 + 0.02 0.55 + 0.04

Legend: Data are mean = SE. Age-adjusted means were calculated using general linear models with Bonferroni
correction for multiple comparisons. The difference in the mean of the variables compared with the control group
(a) and diabetes group without retinopathy (b). The indices are calculated as follows: resistivity index = (PSV-

EDV)/PSV, pulsatile index = (PSV-EDV)/V,
glucose tolerance, EDV - end-diastolic velocity, PSV - peak systolic velocity, V

e With V= 1/3 (PSV-EDV)+EDV. Abbreviations: IGT - impaired
- mean time velocity. *p < 0.05,

mean

**p < 0.001, for comparisons across all three groups.

achieve the power of 80 percent required to detect
a mean difference in blood flow velocity of 1.0 cm/s
between the diabetic retinopathy and the control
group, with a two-sided alpha of 0.05. Statistical
methods applied included Student’s t-test, one-way
analysis of variance (ANOVA), Chi-square test,
and the general linear model. Comparisons be-
tween PSV, EDV, and the resistivity and pulsatile
indices were calculated by ANOVA followed by
Tukey-Kramer post-hoc comparison. Non-normally
distributed data were analyzed using the Kruskal-
Wallis analysis of variance. Correlation between
variables was detected using the Pearson’s coeffi-
cient. Chi-square analysis was used where indi-
cated. Age-adjusted means were calculated and
compared using general linear models with Bon-
ferroni corrections for multiple comparisons. Ad-
justments for age and HbAlc were examined in
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separate models. Further adjustments for age,
gender, HbAlc, fasting plasma glucose, blood pres-
sure, BMI, cholesterol, HDL, LDL, and triglyc-
erides were analyzed to compare diabetes with and
without retinopathy. The analyses were under-
taken using SPSS version 18 for Windows (SPSS
Inc., Chicago, IL, USA). All tests for statistical
significance were two-tailed, and performed as-
suming a type | error probability of <0.05.

Results

Characteristics of study participants

The characteristics of the study participants
are shown in Table 1. In age-adjusted comparisons
of variables, age, fasting plasma glucose, and
HbAlc, were more likely to increase, whereas LDL

Rev Diabet Stud (2012) 9:104-111
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Table 3. Pearson correlation coefficients between HbAlc, duration
of diabetes, and hemodynamic parameters

Variable HbAlc Duration of diabe-
tes
Ophthalmic artery
PSvV 0.076 0.131
EDV -0.080 -0.186
Resistivity index 0.175 0.290*
Pulsatile index 0.149 0.261*
Central retinal artery
PSvV -0.103 -0.137
EDV -0.201 -0.224
Resistivity index 0.247** 0.327**
Pulsatile index 0.266** 0.322**
Posterior ciliary artery
PSV -0.022 0.161
EDV -0.105 -0.133
Resistivity index 0.167 0.365**
Pulsatile index 0.156 0.387**
Central retinal vein
PSvV 0.033 0.197
EDV -0.100 -0.190
Resistivity index 0.201* 0.543***
Pulsatile index 0.157 0.582***

Legend: *p <0.05, ** p <0.01, *** p < 0.001.

and diastolic blood pressure tended to decrease
across the three subject groups. The mean (stan-
dard error (SE)) age of patients was 52.2 (0.72)
years. Of these participants, 53.2% (n = 66) were
women. In diabetic patients, 65.1% were on oral
agents, followed by diet (21.1%), and insulin
(13.8%). Sulphonylurea derivatives were the most
commonly used first-line treatments (51.5%), fol-
lowed by metformin (36.5%), and combination
treatments (12.0%), for those treated with oral
agent.

Blood flow parameters

Table 2 shows the age-adjusted mean (SE) val-
ues for parameters obtained from color Doppler
imaging measurements in the ophthalmic, central
retinal, and posterior ciliary artery, and in the
central retinal vein, in the following three groups:

1. Patients with diabetes and impaired glu-
cose tolerance but without retinopathy

Rev Diabet Stud (2012) 9:104-111

2. Patients with diabetes and with untreated
retinopathy
3. Non-diabetic controls

There were no statistically significant differ-
ences between eyes with and without DR in PSV
and EDV in the ophthalmic artery, central retinal
artery, and central retinal vein. The mean resistiv-
ity (p = 0.009 after Bonferroni adjustment) and
pulsatile (p = 0.029 after Bonferroni adjustment)
indices in the ophthalmic artery were higher in
eyes with DR than in healthy control eyes. The
mean resistivity (p = 0.004 after Bonferroni ad-
justment) and pulsatile (p = 0.023 after Bonferroni
adjustment) indices in the central retinal vein
were also higher in eyes with DR than in diabetic
and impaired glucose tolerance control eyes with
minimal retinopathy.

However, PSV and EDV of the posterior ciliary
arteries were significantly lower in patients with
DR compared with healthy controls. We proceeded
by stepwise inclusion of additional model adjust-
ments. An initial comparison of the model adjusted
for age alone with the model adjusted for age and
HbA1c yielded no appreciable differences between
eyes with and without DR in the resistivity and
pulsatile indices in the ophthalmic artery and cen-
tral retinal vein. After additional adjustment for
age, HbAlc, and systolic blood pressure, the pulsa-
tile index in the ophthalmic artery and central
retinal vein was no longer significant. Finally, af-
ter further adjustment for age, gender, HbAlc,
fasting plasma glucose, blood pressure, BMI, cho-
lesterol, HDL, LDL, and triglycerides, only the re-
sistivity index of the ophthalmic artery and central
retinal vein remained significantly higher in pa-
tients with DR compared with healthy controls (p
= 0.005 after Bonferroni adjustment).

Blood flow in relation to HbAlc and duration
of diabetes

We evaluated the relationship between HbALc,
duration of diabetes, and hemodynamic parame-
ters. The analysis showed significant positive cor-
relations between HbAlc levels and the resistivity
indices of the central retinal artery and the central
retinal vein, as well as the resistivity and pulsatile
indices of the central retinal artery (Table 3).
HbAlc was negatively correlated with EDV of the
central retinal artery. Duration of diabetes was
positively correlated with the pulsatile and resis-
tivity index of the ophthalmic artery, central reti-
nal artery, posterior ciliary artery, and central

Copyright © by Lab & Life Press/SBDR
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retinal vein. There was no correlation between
HbA1c levels and duration of diabetes (Table 3).

Discussion

Compared with healthy controls, patients with
DR had a significantly higher resistivity index in
the ophthalmic artery and central retinal vein.
Several studies have performed color Doppler im-
aging to assess orbital blood flow velocities in DR.
These studies focused only on some of the orbital
vessels and measured indices and velocities in spe-
cific diabetic or control groups. They were usually
of limited sample size, and the results produced
were inconsistent [3-12].

There is conflicting evidence as to whether
blood flow velocity is increased, unchanged or de-
creased in DR. The inconsistency may be explained
in part by different techniques and sites of meas-
urement, differences in patient characteristics,
definitions of DR, and there may be an element of
chance. While differences in hemodynamic pa-
rameters over the course of the disease may partly
account for the range of results seen in the litera-
ture, it is much more likely that the main compo-
nent of variance in DR Doppler studies results
from differences in instrumentation and technique.

Our findings are consistent with those of
Grunwald et al. who found no differences in blood
flow velocity in healthy eyes compared with the
eyes of diabetic patients with or without retinopa-
thy [8]. Patel et al., using laser Doppler veloci-
tometry, showed an increase in blood flow velocity
in patients with type 1 and type 2 diabetes with
untreated retinopathy compared to non-diabetic
controls and diabetics without retinopathy [3]. In
contrast, studies using color Doppler imaging re-
ported a reduced blood flow velocity in patients
with diabetes which appeared to become further
reduced as retinopathy progressed [6, 25]. Two
other studies evaluated the blood flow velocities of
the ophthalmic artery, central retinal artery, and
posterior ciliary artery and found decreased PSV
and EDV in the central retinal artery in patients
with retinopathy [9, 11]. Similar results were re-
ported by Mendivil et al., who analyzed 25 type 1
and type 2 diabetes patients with proliferative
retinopathy and 30 non-diabetic controls [5]. In
contrast to the results obtained in our study, these
studies reported significant differences in blood
flow velocities between healthy and DR eyes.

Our finding of an increased resistivity index in
the ophthalmic artery and central retinal vein is
similar to that reported by MacKinnon et al. [11].
The finding that the resistivity and pulsatile indi-
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ces of the central retinal artery, posterior ciliary
artery, and ophthalmic artery in patients with and
without retinopathy are significantly greater than
those of healthy individuals is also in agreement
with certain other studies [6, 25-27]. It has been
suggested that an increased resistivity index in
the ophthalmic artery in the DR group may be due
to downstream vascular changes related to diabe-
tes in both retinal and choroidal vasculature.

Evans et al. also used color Doppler imaging to
investigate retrobulbar vascular reactivity in early
DR [12]. While under conditions of isocapnic hy-
peroxia, diabetic patients exhibited a significantly
lower resistivity index in both the ophthalmic and
central retinal artery compared to controls. Hy-
poxia induced a higher EDV in the central retinal
artery, and a lower PSV in the ophthalmic artery
compared to the healthy group. The higher resis-
tivity index of the ophthalmic artery found in the
retinopathy group can be indicative of decreased
retinal blood and decreased perfusion. It was
shown that choroidal blood flow decreased with the
increase in severity of DR because of increased
vascular resistance and decreased perfusion pres-
sure [28].

There are many different results relating to the
association of blood flow velocities and DR in the
literature. The interpretation of these data is com-
plicated by the demographic variability in the pa-
tients, the methodological problems related to the
outcome measures in these studies, and their sub-
sequent analyses. In addition, statistical analyses
did not always deal with the small number of pa-
tients and the small effect sizes. To elucidate the
complex links of orbital blood flow velocity with
DR is a challenge for future research.

The precise mechanism of action of orbital blood
flow velocities in DR outcome appears to be a com-
plex pathology. The variability in orbital blood flow
velocities may be caused by chance. There is a
need to assess the mechanism for the association,
whether it is through change in retinal blood flow,
change in perfusion pressure, change in intralu-
minal capillary pressure, poor glycemic control,
chance, or a combination of these and other fac-
tors.

The strength of our study is based on the fact
that none of the patients with type 2 diabetes were
on treatment for or had systemic diseases. We ex-
cluded these patients to focus on the effect of dia-
betes on orbital blood flow in type 2 diabetic pa-
tients. An experimental study by Guthoff et al. has
shown that an increase in intraorbital pressure
leads to a decrease in central retinal artery flow
[30]. Great care was thus taken to apply as little
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pressure as possible to the patient’s eye during
color Doppler imaging examination.

There are also some critical issues to consider.
Firstly, retinopathy was diagnosed by an expert
ophthalmologist using an indirect ophthalmoscope
with the patient’s pupils diluted. Ophthalmoscopy
may be less exact than fundus photography in the
detection of DR. However, we classified the pa-
tients into two groups only, and with such a lim-
ited number of categories, discrepancies by misdi-
agnosis are largely excluded. Moss et al. [31], and
Kinyoun et al. [32], found that ophthalmoscopy
compared reasonably well with fundus photogra-
phy, with 85.7% and 85.9% agreement respectively
at any one examination. Secondly, the sample size
of 123 patients is relatively small, even though ex-
aminations were thoroughly and carefully per-
formed.

The data from most studies suggest an associa-
tion between nephropathy, as manifested by mi-

croalbuminuria, and DR [29]. The association be-
tween nephropathy and retrobulbar hemodynamic
alteration is not clear. The increase in resistivity
index in DR may be an indicator of increased mi-
croalbumin in the urine and other vascular com-
plications of diabetes. However, no information on
renal function or nephropathy was recorded. Fur-
ther investigation is needed to extend the study by
these data.

In conclusion, our finding of an increased resis-
tivity index in the ophthalmic artery and central
retinal vein may indicate disturbances of retinal
and choroidal circulation in patients with DR.
These events may be among the early changes in
DR. Further studies with larger groups of patients
are needed to understand better the role of retro-
bulbar hemodynamics in the pathogenesis of DR.

Disclosure: The authors report no conflict of interests.
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