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Purpose: We sought to assess long-term changes in the flow parameters of retrobulbar vessels 

in diabetic patients.

Methods: The retrobulbar circulation of 138 eyes was evaluated between 1994 and 1995 

and 36 eyes were reevaluated between 2004 and 2008 (study group). They were divided into 

four groups: eyes of diabetic patients without diabetic retinopathy (DR), eyes with nonpro-

liferative DR, eyes with proliferative DR, and eyes of nondiabetic patients (controls). Color 

Doppler imaging was used to assess the flow velocities in the major retrobulbar vessels. The 

resistive index (RI) was calculated and compared among the groups and between the two 

time periods.

Results: RI values of the central retinal artery and posterior ciliary artery had increased in the 

two non-DR groups and in the nonproliferative DR group, with a surprising decrease measured 

in eyes with proliferative DR (P= nonsignificant [NS]). Combining the nonproliferative DR and 

proliferative DR groups resulted in a milder increase of the RI of the posterior ciliary artery 

(P= NS) and the central retinal artery (P=0.02) in the DR group compared to the other groups.

Conclusion: Our results demonstrate that an increase of the resistance in the retrobulbar ves-

sels, as a part of DR, can lessen over time and may even be reversed.
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Introduction
Diabetic retinopathy (DR) is the most frequent cause of preventable blindness in 

working-age adults (20–74 years), representing a major public health issue.1 The 

frequency of DR as the most common microvascular complication of diabetes mel-

litus (DM) increases with age and disease duration. Almost all patients with type 1 

DM and over 60% of the patients with type 2 DM will develop DR in 20 years.2 DR 

is a progressive disease, and in this study, its progression was divided into two main 

phases according to the Early Treatment Diabetic Retinopathy Study’s final retinopathy 

severity scale: nonproliferative DR (NPDR) and proliferative DR (PDR). The presence 

of apparent neovascularization, preretinal hemorrhage, or vitreous hemorrhage is the 

basis for characterizing an eye as having PDR.1,3

There is only one short-term follow-up study in the literature that has assessed 

changes in the ocular blood flow in DR by color Doppler imaging (CDI).4 Its results 

showed significantly increased central retinal vein peak systolic velocity (PSV), end-

diastolic velocity (EDV), and resistive index (RI), with progression of the retinopathy 

over a period of 21 months. Circulatory parameters in the central retinal artery (CRA) 

and posterior ciliary artery (PCA) did not alter significantly after progression of DR.4 

Only a few follow-up studies on these changes have been carried out, and they utilized 

techniques other than CDI.5–7
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There has not been any long-term follow-up study about 

the changes of the ocular blood flow in the setting of DR. The 

purpose of the current study was to conduct measurements 

with CDI and present the changes in RI of the retrobulbar 

vessels in the same diabetic patients and nondiabetic controls 

after a 10-year follow-up.

Materials and methods
subjects
The study protocol adhered to the tenets of the Declaration 

of Helsinki and was approved by the institutional ethics 

committee of the Tel Aviv Medical Center (TAMC), Tel 

Aviv, Israel. All participants signed an informed consent 

form after a detailed explanation of the nature and possible 

consequences of the study procedures.

This study is a historical prospective study because the 

baseline data were taken from measurements obtained for 

unpublished research that was conducted in the authors’ 

Department of Ophthalmology at TAMC 10 years earlier.

Patients with a history of nondiabetic vascular ocular 

disease, retinal detachment, previous ocular surgery, or pan-

retinal photocoagulation were excluded. The follow-up data 

were taken from measurements of the same parameters made 1  

decade later on the same patients from among the patients of 

the original cohort who were available and compliant.

All the patients of the current study underwent a full slit-

lamp examination and fundoscopy by a staff ophthalmologist. 

The diagnosis and severity of DR were determined according 

to the system used in the Early Treatment Diabetic Retinopa-

thy Study.3 The patients were then divided into the same four 

groups mentioned earlier: patients with DM without retinal 

findings, with NPDR, with PDR, and nondiabetic controls.

Methods
Retrobulbar blood flow velocity was determined by CDI 

of the ophthalmic artery (OA), CRA, and PCA using the 

ultrasound device that was available in our department. 

During the years 1994–1995, the sonographic examination 

was performed using Acuson128XP10 (Acuson, Mountain 

View, CA, USA) with a 7.5 MHz linear transducer. During 

the years 2004–2008, the ATL HDI 5000 (Philips, Seattle, 

WA, USA) with a multifrequency 7–12 MHz linear array 

probe was used. All CDI examinations were performed by 

the same experienced sonographer at the two time points. 

Each patient was placed in a supine position, and the probe 

was applied to the closed eyelid using sterile coupling gel. 

The PSV (cm/s) and EDV (cm/s) of blood flow in the OA, 

CRA, and PCA were measured with CDI. The RI was then 

calculated using the expression [(PSV - EDV)/PSV] with a 

computer for each measured vessel. We decided to include 

only the RI measurements in the statistical analysis.

statistical analysis
The RI was the main measure for comparison of the changes 

in the four groups between the two time points 1994–1995 

and 2004–2008. During the analysis, the NPDR and PDR 

groups were combined in order to increase the statistical 

significance of the results. The paired t-test assessed the dif-

ferences between the RI results of the same patients between 

the two points of examination. Statistical significance was set 

at P0.05. The Pearson correlation test assessed the correla-

tion between the differences in the RI during the follow-up 

and the duration of diabetes. A one-way analysis of variance 

characterized changes in the RI between the four groups. 

All the measurable results were specified as the means with 

standard deviations (SDs). The SPSS program (Statistical 

Package for the Social Sciences Statistics, version 17.0.1) 

was used for all analyses.

Results
The original participants included 72 consecutive patients 

(138 eyes), of whom 33 had since died, three declined to partici-

pate in the current study, and 17 patients were unable to arrive 

to the medical center for various reasons (moved away and so 

on). We had to exclude one eye of two patients due to major 

ocular pathology (end-stage glaucoma). Thus, we had 36 eyes 

from 19 patients of the previous study who were examined a 

second time by CDI after an interval of 10 years. The patients 

included 13 men and six women; their mean age was 69.9 years 

(SD =10.07) and the mean duration of DM in all the patients 

was 21.4 years (SD =7.6). The mean follow-up period was 

10.9 years (SD =2.19), and the median measure of 10 years 

was used in the statistical analysis for all the patients.

The study population was again divided into four groups 

according to the first examination and diagnosis at presenta-

tion: diabetic patients without DR (n=12 eyes, 33%), patients 

with NPDR (n=9 eyes, 25%), patients with PDR (n=8 eyes, 

22%), and nondiabetic patients (n=7 eyes, 19%; served as 

controls). The relevant characteristics of all the study partici-

pants are listed in Table 1. During the follow-up, three eyes 

progressed from NPDR to PDR, but they were allocated to 

their original group in the statistical analysis. Furthermore, 

one patient’s right eye was in the NPDR group and his left 

eye was in the PDR group.

There had been a similar significant increase (P=0.02–0.006) 

in the RI of the OA in all patient groups (Figure 1 and Table 2). 
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The question arose as to whether this increase was caused by 

aging, but no correlation was found between the age of the 

patients and the RI results of the OA (P=0.56, nonsignificant 

[NS]). RI values of the CRA and PCA had a different pattern of 

progression: they increased in the two non-DR groups and in the 

NPDR group (P=0.06–0.1, NS), with a nonsignificant decrease 

(P=0.3–0.8, NS) measured in eyes with PDR (Figures 2 and 3; 

Table 2). Combining the NPDR and PDR groups in order to 

increase the statistical significance of the results resulted in a 

smaller increase in the RI values of the PCA (P=0.12, NS) and 

the CRA (P=0.02) in the DR group, compared to the increases 

in the other groups (Figures 4 and 5; Table 3).

Discussion
The pathophysiological mechanism of DR remains a challenge 

for medical research. Although the exact pathogenesis of the 

disease is yet unknown, there are several theories about the 

processes that affect the ocular blood flow in DR. Most of the 

studies claim that the central abnormality in DR is microan-

giopathy, which causes macular edema and retinal ischemia. 

The microangiopathy is multifactorial and appears to be a 

consequence of hyperglycemic and hypoxic damages.8–12

Hemodynamic changes in the diabetic retina and choroid 

have been the focus of considerable research. As in other 

vascular beds, ocular blood flow is measured as blood flow 

velocity multiplied by cross-sectional area. Reports about 

ocular blood flow abnormalities in the different stages of 

DR show some significant deviations, but the exact nature 

of these deviations is somewhat controversial and possibly 

attributable to the variety of techniques used to measure 

retinal blood flow.13,14

Despite the many advances that have been made in the 

past 30 years, there is still no gold standard for the evalua-

tion of blood flow in humans. The methods that are currently 

available for the assessment of ocular blood flow utilize dif-

ferent measures that evaluate, and thus represent, different 

phases in the retinal circulation.15 These methods include 

fluorescein angiography, fluorescein angiography with 

scanning laser ophthalmoscopy, CDI, laser Doppler veloci-

metry, laser Doppler flowmetry, scanning laser Doppler 

flowmetry, laser speckle imaging, blue field entoptic test, 

pneumotonometry, laser interferometric measurement of 

fundus pulsation, and color Doppler Fourier domain optical 

coherence tomography.15–17

CDI is an ultrasound-based technique that combines 

B-scan images with velocity information obtained from the 

Doppler shift of the moving erythrocytes. Doppler spectra can 

be obtained from the CRA, PCA, and OA. The operator can 

identify the PSV and the EDV, which represent the fastest 

velocities in systole and diastole, respectively. The RI can be 

calculated as a measure of downstream vascular resistance. 

The RI is calculated as RI = (PSV - EDV)/PSV.15–17 All the 

studies utilizing CDI that have been published thus far showed 

a decrease in the retrobulbar flow velocities, an increase of the 

Table 1 Characteristics of the diabetic and normal (control) subjects

Controls Diabetic but no DR NPDR PDR

number of eyes, n 7 12 9 8
number of patients, n 4 6 5 5
Mean age at the second time point (years) 67 (8.47) 72.5 (11.84) 74 (4.95) 66 (11.56)
Mean duration of diabetes at the second time point (years) 18.7 (3.5) 28.8 (8.14) 17.4 (3.1)

Note: The table shows mean values (standard deviations in parentheses).
Abbreviations: Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; PDr, proliferative diabetic retinopathy.

Figure 1 ri values of the Oa in all patient groups, at the two time points.
Abbreviations: Dia no Dr, diabetics without Dr; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; Oa, ophthalmic artery; PDr, proliferative diabetic 
retinopathy; ri, resistive index.
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resistance, or a combination of these two processes in DR. 

These results have been attributed to downstream vascular 

changes related to diabetes in both the retinal and choroidal 

vasculature, ie, the concept of “diabetic choroidopathy.”18–33

Furthermore, several studies reported a correlation 

between the severity of retinopathy and the extent of the 

decrease in blood flow. Hyperglycemia increases blood flow 

and interferes with retinal autoregulation. Retinal blood flow 

regulation is achieved through changes in ocular vascular 

resistance; thus, the parameter of resistance is important in 

the assessment of hemodynamic changes in DR.19,20,26,34,35

To the best of the authors’ knowledge, this study is the 

first to assess long-term changes in flow parameters of the 

retrobulbar vessels in diabetic patients. Blood flow measure-

ments, as expressed in their RI values, were compared after 

an interval of 10 years in 36 eyes of nondiabetic patients, 

diabetic patients without DR, patients with NPDR, and 

patients with PDR. We chose to present the RI measurements 

only because the RI is more accurate than pure velocity mea-

surements. In reproducibility tests, the lowest coefficients of 

variation were obtained for the RI, among all the circulatory 

parameters of CDI. Furthermore, the RI value is more reliable 

Table 2 resistive index values in the Oa, Cra, and PCa before combining the nPDr and PDr groups

Controls, N=7 eyes Diabetic but no DR, N=12 eyes NPDR, N=9 eyes PDR, N=8 eyes

First Oa  measurement 0.766 (0.064) 0.767 (0.06) 0.791 (0.053) 0.806 (0.082)
second Oa measurement 0.824 (0.05) 0.814 (0.045) 0.853 (0.047) 0.851 (0.058)
First Cra measurement 0.6 (0.047) 0.726 (0.082) 0.734 (0.053) 0.783 (0.06)
second Cra measurement 0.739 (0.053) 0.76 (0.047) 0.808 (0.066) 0.746 (0.104)
First PCa measurement 0.63 (0.081) 0.696 (0.064) 0.703 (0.05) 0.737 (0.067)
second PCa measurement 0.704 (0.076) 0.747 (0.059) 0.727 (0.055) 0.736 (0.039)

Note: The table shows mean values (standard deviations in parentheses).
Abbreviations: Cra, central retinal artery; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; Oa, ophthalmic artery; PCa, posterior ciliary artery; 
PDr, proliferative diabetic retinopathy. 

Figure 2 ri values of the Cra in all patient groups, at the two time points.
Notes: (A) Column graph and (B) line graph of the ri values. The numbers 0–3 indicate the different groups of the study.
Abbreviations: Cra, central retinal artery; Dia no Dr, diabetics without Dr; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; PDr, proliferative 
diabetic retinopathy; ri, resistive index.
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because it is not direction (angle) dependent, as has been 

proven by several studies.30,31,36–38

The results of the RI of the OA were as expected: there 

was an increase in the RI in all patient groups during the 

10 years that had elapsed since the baseline evaluation. 

The RI values of the CRA and the PCA had increased in 

the two non-DR groups and in the NPDR group, with a 

surprising, albeit nonsignificant, decrease in eyes with PDR. 

Combining the NPDR and PDR groups resulted in a smaller 

increase in the RI of the PCA and the CRA in the DR group 

compared to the other groups. The slope of the increase in 

the RI of the CRA was the smallest in the DR group, and the 

extent of change reached a level of significance. This result 

contradicted the widely accepted hypothesis, according to 

which progression of the disease is accompanied with a 

greater increase in the resistance.

The age difference between diabetic patients and normal 

controls in our study was not significant. In addition, there 

was no correlation between the changes in RI during 

follow-up and the age of the patients. This result is in line 
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Figure 4 Column graph of the ri values of the Cra in the new patient groups, at the two time points after the merger of the nPDr and PDr groups.
Notes: (A) Column graph and (B) line graph of the ri values. The numbers 0–2 indicate the different groups of the study.
Abbreviations: Cra, central retinal artery; Dia no Dr, diabetics without Dr; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; PDr, proliferative 
diabetic retinopathy; ri, resistive index.

Figure 3 ri values of the PCa in all patient groups, at the two time points.
Abbreviations: Dia no Dr, diabetics without Dr; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; PCa, posterior ciliary artery; PDr, proliferative 
diabetic retinopathy; ri, resistive index.
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with the findings of Mendivil et al.20 However, there are a 

few studies that did show a linear correlation between the 

age of the patient and the RI, and such a correlation could 

explain the increase in the RI that had been measured in the 

control group. Williamson et al39 presented a linear correla-

tion between the RI of the CRA and the age of the patient, 

attributing the increase in RI with the progression of age to 

the decrease in the peripheral perfusion. Greenfield et al40 

demonstrated an increase in the RI of the CRA and the 

PCA with the progression of age in 32 healthy subjects. 

Harris et al41 presented the changes in retrobulbar blood 

flow with age progression in male versus female subjects 

and showed an increase in RI of the OA in both sexes with 

age progression.

The only follow-up study on the assessment of the 

ocular blood flow utilizing CDI in diabetic patients thus far 

was that of Dimitrova et al.4 The mean follow-up period in 

their study was 21 months. The patients who developed DR 

progression showed significantly increased central retinal 

vein PSV, EDV, and RI at the final measurement compared 

to the initial measurement, but circulatory parameters in 

the CRA and the PCA did not alter significantly after pro-

gression of DR. This follow-up might have been too short 

to reflect the unique changes that characterize the ocular 

hemodynamics in DR.

Past findings on CDI measurements in diabetic patients 

versus healthy controls led to the assumption that the RI 

increases with the progression of retinopathy. The increase in 

RI was proposed as being attributable to several mechanisms, 

such as capillary obstruction due to microaneurysms, sclerotic 

lesions, and so on.10 The current findings demonstrated a 

smaller increase in the RI of the CRA in patients with DR 

compared to healthy controls, and even a decrease in the RI 

of patients with PDR.

The longest published follow-up study on changes in the 

ocular blood flow in patients with DR was carried out by Konno 

et al7 who used laser Doppler velocimetry. The follow-up 

period in their study lasted 3.8 years, and the duration of the 

disease ranged between 7 and 20 years. The changes in the 

flow measurements were compatible with the results of the cur-

rent study. They showed a unique transition from decreasing 

retinal blood flow to increasing retinal blood flow in patients 

with type 1 DM, which depended on the duration of disease 

and the severity of the retinopathy. Their study proved that 

at approximately 20 years of diabetes, the retinal blood flow 

values are the lowest and the blood flow in the major retinal 

arteries ceases to decrease thereafter and begins to increase.7 

The decreasing blood flow measured in the major retinal arter-

ies close to the onset of the disease was attributed to increas-

ing resistance to flow through the retinal vascular network. 
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Figure 5 ri values of the PCa in the new patient groups, at the two time points after the merger of the nPDr and PDr groups.
Abbreviations: Dia no Dr, diabetics without Dr; Dr, diabetic retinopathy; PCa, posterior ciliary artery; nPDr, nonproliferative diabetic retinopathy;  PDr, proliferative 
diabetic retinopathy; ri, resistive index.

Table 3 resistive index values in the Oa, Cra, and PCa after combining the nPDr and PDr groups

Controls, 7 eyes Diabetic but no DR, 12 eyes DR, 17 eyes

First Oa measurement 0.766 (0.064) 0.767 (0.06) 0.798 (0.066)
second Oa measurement 0.824 (0.05) 0.814  (0.045) 0.852 (0.051)
First Cra measurement 0.6 (0.047) 0.726 (0.082) 0.757 (0.06)
second Cra measurement 0.739 (0.053) 0.76 (0.047) 0.779 (0.089)
First PCa measurement 0.63 (0.081) 0.696  (0.064) 0.718 (0.059)
second PCa measurement 0.704 (0.076) 0.747 (0.059) 0.731 (0.047)

Note: The table shows mean values (standard deviations in parentheses).
Abbreviations: Cra, central retinal artery; Dr, diabetic retinopathy; nPDr, nonproliferative diabetic retinopathy; Oa, ophthalmic artery; PCa, posterior ciliary artery; 
PDr, proliferative diabetic retinopathy.
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The beginning of an increase in retinal blood flow suggests 

that there is a beginning of a net decrease in the resistance 

to flow. One explanation for the net decrease is that short-

circuiting of the obstructed retinal capillary network begins to 

occur during the progression of DR. This explanation is sup-

ported by histopathologic studies42,43 that clearly show areas of 

capillary closure traversed by preferential dilated anastomotic 

channels that act as shunts between arterioles and venules. The 

beginning of an increase in blood flow in the major feeding 

arteries may thus be an indication that more blood begins to 

flow through the preferential channels, bypassing obstructed 

portions of the capillary network.

The saturation curve model, which applies to variables 

that follow a sigmoid pattern, provides another reasonable 

explanation for the current findings. The pattern of progres-

sion in DR is still unknown. Therefore, if the increase in RI 

follows a sigmoid pattern, the reason for the milder increase 

in the RI of the DR group could be their progression to the 

plateau phase of the curve. The patients in the DR group 

began the study with a higher RI value and reached their 

maximum potential for increasing the RI sooner than the 

other groups, whereupon the slope of the increase in the RI 

in this group would be significantly less.

One of the main limitations of our study is its small 

sample. We have conducted a long-term follow-up of old-age 

patients with DM. Unfortunately, many patients died during 

the follow-up. In addition, we had only partial data regard-

ing some of the patients, and we had to exclude from the 

study the measurments of PSV and EDV, the blood pressure, 

and the intraocular pressure results of the patients. Because of 

the unique nature of our study, we believe that its results are 

important and need to be presented despite the limitations.

Conclusion
The current study used CDI to assess long-term changes 

in flow parameters in diabetic patients. During the 10-year 

interval between measurements, the RI of the CRA and the 

PCA decreased in patients with PDR and slightly increased 

in patients with DR, both compared to healthy controls. The 

increase of resistance in the retrobulbar vessels, as a part of 

DR, was shown to lessen during follow-up. These results 

contradicted the commonly accepted theory that claims that 

the RI increases as a part of the deterioration that takes place 

during the disease process, but the findings were in line with 

the results of follow-up studies that had employed other 

techniques. Multicenter studies are needed to verify these 

findings and their contribution to the better understanding 

of the pathophysiology of DR.
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