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ABSTRACT

Diabetic retinopathy is the most common eye complication in diabetic patients that early detection of this
complication is essential. The aim of this study was to evaluate ophthalmic artery index in diabetic retinopathy by
Doppler ultrasound. . In this cross-sectional study, 64 patients were studied in 4 groups (healthy, diabetic without
retinopathy, background retinopathy and proliferative retinopathy). Resistance index (Rl) and Pulsatile Index (PI)
were assessed by color Doppler ultrasound. The obtained data were analyzed by ANOVA and chi-square test and
ROC curve. Rl in diabetic patients with proliferative retinopathy has the highest mean (0.83) and the lowest mea
was observed in healthy subjects (0.54) (P <0.001) as well asin PI, the highest rate was in diabetic patients with
proliferative retinopathy (1.41) and the lowest was in healthy subjects (0.92) (P <0.001). The results of our study
showed that the sensitivity, specificity, positive and negative predictive values and overall accuracy of Rl and PI in
diabetic patients with proliferative retinopathy in the best cut-off points (0.645 and 1.0175 respectively) were
100%.Ophthalmic artery index RI and Pl was significantly increased in patients with diabetic retinopathy and the
sensitivity and specificity for detection retinopathy was 100%. Color Doppler ultrasound method is more efficient
for screening diabetic patients with retinopathy.
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INTRODUCTION

Diabetic Retinopathy (DR) is a most common eye maration which seen in 30% of diabetic patientshaome
degree of retinopathy [1]. Despite extended resganitiation and progression mechanisms of DR stit clear,

but vascular and hemodynamic alternations in eggy pl critical role in DR individuals. On the otheaind, the
hemodynamic process role are not clearly defingdd@d in researchers reported inconsistency iesidbut the
hemodynamic factors. According to these resultspdiflow in retrobulbar arteries can increase {@crease [4-14]
or shown no changes [15]. Doppler ultrasound imgggrknown one of the widely used techniques fal@ation of
flew rate in vascular [1]. This imaging is reportad noninvasive, repeatability, spend a short timith no

complication technique, while for funduscopy pujilatations required and the patients have to Balkrtain angle
and the vision impaired as results of drugs effect4-6 hours [1]. Assessment of blood flew rateophthalmic
artery, central retinal artery, posterior ciliamtesty and central retinal vein with Doppler is taitue with high
ability in detection of early stage retinopathydiabetic patients [1]. The aim of this study isetaluation of eye
arteries index among diabetic patients with or aithretinopathy using the color Doppler sonografityquick

detection and treatment, decrease complicationsnameve quality of life of patients.
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MATERIALSAND METHODS

This study was descriptive-analytical study. Thaelgtpopulation include diabetic patients withoutrmepathy, with
background retinopathy, proliferative retinopathdahealthy individuals who come to ophthalmologinick in
Emam Khomeini hospitals in Ahvaz-lran in 2015. Aating to the previous studies [10] standard dewats 0.7
and given that 0.05 difference among resistancevd®mt a group clinically important and under consitien
a=0.05 andp=0.2 sample size in each group is 16 and totallyinrgdviduals. Exclusion criteria from the study
include: history of phaco surgery, trauma, inflantiora nondiabetic vascular disorders, pregnancgastfeeding,
high blood pressure and hyperlipidemia. The setepiients referred for ultrasound. The physicias ho idea
about retinopathy before ultrasound performed. Thesound performed by expert sonographer andvitiz
linear probe V10 Medison ultrasound in Emam Khoredaspital. Fundoscopy were performed by ophthatimist.
Patients were in supine position and sterile get wkaced in closed eyelid [16]. Measurements ireligak
Systolic Velocity (PSV), End Diastolic Velocity (BD in ophthalmic arteries, central retinal arterydgposterior
ciliary artery. According to the following formuResistive Index (RI) and Pulsatile Index (PI) wereasured [17,
18]: Resistive Index (RI) = PSV-EDV/PSV; Pulsatitedex (PlI) = PSV-EDV/V mean; V mean=1/3(PSV-EDV)
+EDV.

The eye with severe retinopathy were selected farsdimopathy is equal in both eye, the right eyaravselected for
further evaluation. The signal localized from ogtithic artery in upper part of intraocular regionaptic nerve.
Posterior ciliary artery were separated from oplmi@artery and divided in some branches for blsopply. These
branches is 0.2 mm and formed pial network [19yn3is were localized from posterior ciliary arteBespite
multiple branches of posterior ciliary artery, otdyeral branches were selected for evaluation.

Statistical analysis

Demographic factors and clinical symptoms were méed and entered in SPSS ver22 software. Statistizdysis
were presented in descriptive and analytical sec#idl demographic and clinical factors of patiemtsre reported
according to the descriptive criteria. Tukey andnBan tests were performed if ANOVA test assumptions
established and if not Kruskal-Wallis nonparametasts were performed. For determination sensjtiaind
specificity, ROC curve were used. All tests weraleated in 5% error.

RESULTS

This study was performed in 2015 on 64 individualsjded in for group include: diabetic patientsthvaiut
retinopathy, with background retinopathy, prolitara retinopathy and healthy individuals (in eacbup, n=16).
Demographic variable include age (P=0.612) and gelid=0.556) among groups were not significant. Agho
study groups, RI mean were high in proliferativénapathy group (0.83) and after that backgrourtthopathy
(0.74), without retinopathy (0.69) and lowest me&are observed in healthy individuals (0.54) whitdtistically
significant (P<0.001). Also, Pl mean were high ioliferative retinopathy group, background retintbyya without
retinopathy and healthy individuals were 1.41, 1.2618 and 0.92 respectively which statisticallgn#ficant
(P<0.001) (Table.1). Area under the ROC curve fiabetic patients without retinopathy for Rl was 1/9and
highest sensitivity and specificity in the cut-pfiint was 0.62 which sensitivity and specificityrei@qual to 93/8%
and 100% respectively. Area under the ROC curv@faras 0.938 and highest sensitivity and spetyfici the cut-
off point was 1.015 which sensitivity and spectiicivere equal to 93/8% and 100% respectively (TaBland 3)
(Fig. 1). Area under the ROC curve for detectiobatkground retinopathy for RI was 0.984 and higkessitivity
and specificity in the cut-off point was 0.625 whisensitivity and specificity were equal to 93/8%d al00%
respectively. Positive predictive value (PPV) amrdjative predictive value (NPV) in this method w&@9% and
94.11% respectively. Area under the ROC curve fowés 0.936 and highest sensitivity and specifigityhe cut-
off point was 1.04 which sensitivity and specifycivere equal to 87.5% and 100% respectively. PRYNRV in
this method were 100% and 88.88% respectively @aBland 3) (Fig. 2). Area under the ROC curvaléiection
of proliferative retinopathy for Rl and Pl was ldamighest sensitivity and specificity in the cuf-pbint were 0.645
for Rl and 1.075 for Pl which sensitivity and sfietty were equal to 100%.PPV and NPV in this metheere
100% (Table 2 and 3) (Fig. 2).

Table 1. Demographic and Doppler ultrasound variables frequency in study groups

Group Proliferativeretinopathy Background Diabetic without Control P-value
variable retinopathy retinopathy
age 61.81+8.65 61.75+8.94 58.31+11.8 62+6.07 0.61
Gender male 7 (43.8%) 9 (56.3%) 11 (68.8%) 9(56.3%) 0.566
female 9(56.3%) 7(43.8%) 5(31.3%) 7(43.8%)
RI 0.83+0.08 0.74+0.1 0.69+0.06 0.54+0.03 <0.00
PI 1.41+0.21 1.26+0.25 1.18+0.2 0.92+0.06 <0.00
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Figure 1. ROC curvein diabetic patients without retinopathy accor ding to the Rl and the PI
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Figure 2. ROC curvein patientswith background retinopathy accor ding to the Pl and RI
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Figure 3. ROC curvein patientswith proliferativeretinopathy according to the Pl and RI

Table 2. Area under the ROC curvein study group according to the Rl and PI

group variables Areaunder standard significance Confidenceinterval
curve error Low High
Proliferative Pl 1 0 <0.001 1 1
retinopathy RI 1 0 <0.001 1 1
Background Pl 0.936 0.049 <0.001 0 1
retinopathy RI 0.977 0.025 <0.001 0 1
Diabetic without RI 0.977 0.025 <0.001 0 1
retinopathy Pl 0.938 0.061 <0.001 0 1
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Table 3. Sensitivity, Specificity, PPV and NPV according to the Rl and Pl in study group

Group Variables | Sensitivity | Specificity PPV NPV Positive Negative Overall
probability | probability Accuracy
Proliferative | RI (cut off: 100 100 100 100 - - 100
retinopathy 0.645)
PI (cut off: 100 100 100 100 - - 100
1.075
Background| RI (cut off: 93.8 100 100 94.11 - 0.062 96.87
retinopathy 0.625)
Pl (cut off: 87.5 100 100 88.88 - 0.125 90.9
1.04
Diabetic RI (cut off: 93.8 100 100 94.11 - 0.062 96.87
without 0.62)
retinopathy | PI (cut off: 93.8 100 100 94.11 0.062 96.87
1.015
DISCUSSION

Results shown that mean of RI in proliferative megiathy group is high (0.83) and in healthy grosipoiv (0.54)
which statically significant. Also PI measuremenhigh in proliferative retinopathy group (1.41ddaw in healthy
group (0.92) which statically significant. The riéswalso shown that sensitivity, specificity, PPRdaNPV for RI

and Pl in diabetic individuals with retinopathydant-off points (0.645 and 1.0175 respectively) éqoa00% and
overall accuracy also 100%. Buzney and Feke (1¥34)uated 39 diabetic type | patients with retirtbga
compared with 7 healthy individuals. According be tresults, retrobulbular artery index in diabgtitients with
retinopathy were significantly high (4). Our resul$ also shown that the high Pl and RI values vedserved in
diabetic patients with proliferative retinopathydabackground retinopathy. Karami et al., (2012)lest&2ed 125
individuals include 25 healthy, 74 diabetic withoatinopathy and 24 with retinopathy and observé@mi Pl of
retrobulbular artery in diabetic retinopathy indivals were significantly high (20). Also in thiugy observed
blood flew rate in end of diastole and systole peakese patients were lower than other groupterAfpplying and
remove confounding effects, observed only RI isidicantly in these patients. Our results are imsistent with
these findings. Atakashi et al (1998) evaluatedh@althy and 52 diabetic patients. Resistance indestrobulbular
artery in diabetic patients were significantly highi]. These findings are consistent with our resul

Baydar et al., evaluated ophthalmic artery Dopplatiabetic retinopathy and shown that Rl of cdnigtinal artery
in control group is significantly higher than didglbepatients without retinopathy. Also they obsehephthalmic
artery Rl in diabetic patients without retinopattsy significantly higher than patients with non-piedative
retinopathy [22]. These results in contrast withr eesults, because in our research ophthalmic yafrin
proliferative retinopathy group is higher than bgr@und retinopathy, and in background retinopaghligigher than
patients without retinopathy, and in these patidigber than healthy individuals. Theses differenty be due to
different demographic variables and sample siz#uerto different in accuracy of measurement tools.

MacKinnon et al., (2000) evaluate ophthalmic artBgppler in diabetic patients with retinopathy asftbwn that
ophthalmic artery RI in proliferative retinopath9.81) and background retinopathy (0.81) is higlanthealthy
individuals (0.72) [23]. The results of these fimgh is in consistent with our results, but in dodiihngs ophthalmic
artery Rl in background retinopathy group is simgaifitly lower than proliferative retinopathy growhich these
difference may cause due to different sample siwedemographic variables. D.Evans et al., evaluapddhalmic
artery Doppler in patients with retinopathy anderlied hypoxic conditions cause significant alteoret in flow
rate of end diastolic and ophthalmic artery RI @althy individuals, but in retinopathy patientsshehanges were
not observed. Also they found RI in hypoxic corais in healthy individuals are higher than diabegitnopathy
patients [24].

CONCLUSION

According to these results, it should be stated Riaand Pl index of ophthalmic artery in diabet&tinopathy
patients are increased significantly. Evaluatiorsensitivity of Rl and Pl shown that these Dopplariables in
0.645 and 1.0175 cut-off points are sensitivity apdcificity equal 100% and PPV and NPV is 100%aAssults
we can purposed that Doppler is a useful methoddmrening patients with retinopathy.
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