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Abstract

Introduction. Diabetic retinopathy (DR) is one of commonest DM microvascular
complications, and a leading reason of blindness. The DR progression is ranging from
mild non-proliferative diabetic retinopathy (NPDR) abnormalities, to moderate and severe
NPDR, to proliferative diabetic retinopathy (PDR) and macular edema. Ocular ultrasound
(OUS) is a widely used tool for evaluating a variety of eye illnesses, when ophthalmoscopy
is not possible due to opacity of the lens and in peri-orbital edema.

Purpose. The study aimed to estimate the ocular blood flow indices in patients with
diabetic retinopathy, and to evaluate the blood flow parameters in the central retinal
artery in patients with PDR and NPDR and to compare the findings with a control group
of healthy subjects.

Materials and methods. A prospective study conducted in Al-HaboubiTeaching Hospital.
Totally, 96 individuals enrolled, 25 patients diagnosed with proliferative DR, 25 patients
with non-proliferative DR, 23 diabetic patients without DR and 23 healthy individuals.
Radiological images of the eyes performed in all subjects using a Color Doppler and gray
scale sonography.

Results. ANOVA test revealed that Rl (max), Rl (mean), Pl (max) and Pl (mean) were
significantly difference among all groups. The areas under curve (AUC) of Rl (max), RI
(mean), PI (max), and Pl (mean) were 0.823, 0.965, 0.707, and 0.874, respectively. RI of
central retinal artery (CRA) had high sensitivity and specificity, at various cut off values.
Conclusions. Older age, long duration of DM and high level of HbA1c are greatly impact
Doppler US indices. The highest means peak of RIl, and Pl reported is in the PDR indicated
the progress of DR. The highest areas under curve (AUC) for RI (mean), Rl (max), and PI
(mean) indicate that Rl (max), and Pl (mean) are most better indices for diagnose CRA
retinopathy.

Keywords: central retinal artery, doppler study, resistance index, pulsatility index, diabetic
retinopathy
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Pesiome

BBegeHwme. [nabetnueckas petuHonatua (OP) aBnaeTca ogHUM u3 Hanbonee pacnpo-
CTPaHeHHbIX MUKPOCOCYANCTBIX OCIIOXKHEHNI caxapHoro aAnabeta (CL1) 1 ocCHOBHOM npu-
yrHon cnenoTbl. MNporpeccnpoBaHne [P BapbrpyeTca OT nerkux HenponudepaTuBHbIX
HapyweHun arnabetnueckon petnHonatum (HHOP) po ymepeHHbix un Tsxenbix HHAP,
nponudepaTrBHon grnabeTnyeckon petnHonatum (MOP) n oteka Makynbl. YnbTpa3ByKo-
BOE MCCreloBaHMe rnasa ABMAETCA WIMPOKO NCMNOMb3yeMbIM MHCTPYMEHTOM Af1A OLEHKN
pa3nunuHbIX 3aboneBaHnii OpraHa 3peHus, Korga odTanbMOCKONMA HEBO3MOXHa M3-3a He-
NPO3PaYHOCTU XPYCTaNIMKa UK NPU NepropomUTanbHOM OTeKe.

Lienb. OueHKa NokasaTesiell rna3Horo KPOBOTOKA Y MaLUMEHTOB C AMabeTnyeckon peTrHo-
naTven n napameTpoB KPOBOTOKA B LIEHTPaNbHOM apTepumn ceTyaTkn y nauyuneHTos c MNAP
n HHIP v cpaBHeHMne pe3ynbTaToB C KOHTPONBHOM FPYNMon 300POBbIX NKL,.

Matepuanbi u meToapbl. [1pocnekTVBHOE UCCNeA0BaHNE NPOBeeHO B yuebHOM 60NbHM-
ue Anb-Xabybu, Bcero B Hero Gbinv BKIIOUEHbI 96 yesioBek: 25 naumeHToB ¢ nponudepa-
TmBHoOM [P, 25 nauymeHToB ¢ HenponudepateHon [P, 23 nauneHTa ¢ gnabetom 6e3 [P
1 23 NpakTUYeCcKn 300POBbIX YesloBeKa. PeHTreHonornyeckme n3obpakeHns rnas ooiim
CAenaHbl y BCEX UCMbITyeMbIX C MCMONb30BaHEM LIBETHOMO oMniepa 1 Cepo WKanbl CO-
Horpaduu.

Pesynbratbl. Tect ANOVA nokasan, uto Rl (makc.), Rl (cpepHee), Pl (makc.) n Pl (cpegHee)
3HaUMTENbHO pasnMyanucb mexgy Bcemu rpynnamu. Mnowaan nopg kpuson (AUC) Rl
(makc.), Rl (cpegHee), Pl (makc.) u Pl (cpeaHee) coctasunu 0,823, 0,965, 0,707 n 0,874 co-
OTBeTCTBEeHHO. Rl LieHTpanbHOWM apTepun CceTyaTKn UMeN BbICOKYK YyBCTBUTENbHOCTb U
CneundrUHOCTb NP PasNYHbIX MOPOroBbIX 3HAYEHUAX.

BbiBoAbl. [oxunon Bo3pact, 6onblias NPofomKMTenbHOCTb Cll 1 BbICOKUI YPOBEHb
HbA1c oka3biBaloT 3HaUNTENbHOE BNMAHME Ha MHAEKCHI gonnepoBckoro Y3W. Camblii Bbi-
cokmm cpepgHuin nuk Rl n Pl npu MNAP ykasbiBaeT Ha nporpeccupoBaHue [P. Camble BbICO-
Kne nnowaau nog kpmson (AUC) ana Rl (cpepHee), Rl (makc.) n Pl (cpegHee) yka3sbiBatloT Ha
10, uTO RI (MaKc.) n Pl (cpenHee) ABNAOTCA NyUYWNMN NHAEKCAMU ONA AUArHOCTUKU peTu-
HOMATWM LeHTPaNIbHOWM apTepurm CeTyaTKu.
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KnioueBble cnoBa: LeHTpa/ibHaA PeETUHaNIbHAA apTepnA, [ON1epPOBCKOE nccnegoBsaHne,
NHOEKC PE3NCTEHTHOCTU, MHAEKC NynbCaunu, JJ,VIa6ETI/I‘-IECKaF| peTnHonaTnA

B INTRODUCTION

Diabetic retinopathy (DR) is one of commonest DM microvascular complications, a
leading reason of blindness and it occurring because of the long-term effects of DM, it
causes vision-threatening damage to the retina, and causing blindness [1-3].

The DR progression is ranging from mild non-proliferative diabetic retinopathy (NPDR)
abnormalities (raised vascular permeability), to moderate and severe NPDR (vascular
closure), to proliferative diabetic retinopathy (PDR) (new vessels growth on retina and
posterior substance of vitreous) and macular edema [4]. The DR prevalence influenced by
many factors which are DM duration, DM type, blood sugar poor control, hypertension,
dyslipidemia and raise urinary albumin-to-creatinine ratio [5]. Uncontrolled DM led to
ocular disorders as glaucoma, cataracts, ocular surface disorders, non-arteritic anterior
ischemic optic-neuropathy, recurrent stye, diabetic papillopathy and DR [6].

Ocular ultrasound (OUS) is a widely used tool for evaluating a variety of eye illnesses,
when ophthalmoscopy is not possible due to opacity of the lens and in peri-orbital edema.
An US examination is an accessible, easy, quick, non-invasive, and dynamic technique.
Doppler US (DUS) examination of the ophthalmic vessels has become a very useful for
detection of various vascular eye diseases. DUS allow for examining ocular blood flow
even in the presence of dense ocular opacities that cover a posterior segment direct view
of the eye. In addition, compared to angiography with fluorescein, DUS allow for assessing
ocular blood flow in a non-invasive manner [7-9].

These are diagnostic adjunctive roles in persistent fetal vasculature, intrabulbar
tumors, arterial occlusion, ocular ischemic syndrome and carotid cavernous fistula;
as prognostication and follow-up in Glaucoma, thyroid eye diseases, DR, vascular
malformations and Mucormycosis; and age-related macular degeneration, CRVO, central
serous chorio-retinopathy, Sickle cell disease, Behcet disease and orbital cysticercosis [10].

B MATERIALS AND METHODS

Study design and setting

A combine retrospective-prospective study conducted in Department of Surgery, Al-
Haboubi Teaching Hospital. Totally, 96 individuals enrolled, 25 patients diagnosed with
proliferative DR, 25 patients with non-proliferative DR, 23 diabetic patients without DR
and 23 healthy individuals, during the period from 12% June 2024 to 2" February 2025.
The study sample consisted of 44 males and 51 females, with their age mean (median) was
50.23+£10.49 (49) years.

Inclusion Criteria

Patients with DR (PDR and NPDR).
Diabetic cases without retinopathy.
Both genders.

Age between 25-75 years.
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Exclusion Criteria

Inflammatory and infectious eye diseases.
Orbital benign or malignant lesions.
Ophthalmic surgeries and trauma.

Laser photocoagulation therapy.
Anomalies.

Glaucoma.

Eye traumas.

Data collection

These were included age of subject, gender, side of eye involve with retinopathy,
minimum, maximum, median and mean of Rl and PI. In addition, type of DR, duration of
DM and the level of HbA1c.

Blood flow Doppler indices [11-13].

Resistance index (Rl), i. e., ratio of the difference between systolicand diastolic velocities
to the systolic velocity of blood flow (normal = 0.69).

Pulsatility index (PI), defined as the difference between the peak systolic flow and
minimum diastolic flow velocity, divided by the mean velocity documented throughout
the cardiac cycle (normal = 1.05).

DR assessment

The diagnosis of DR done by expert ophthalmologists. The dilated fundoscopy using
the bio-microscopicindirect ophthalmoscope to diagnosed DR according to the definition
by the presence of microaneurysms, hemorrhage, and hard exudates, according to
retinopathy level 2-3 in the Airlie House classification [13].

Ethical considerations

Written informed consent was obtained from the patients for participating in this
study. The study conforms to the 1995 Helsinki declaration and was approved by The
Medical Ethical Committee of College of medicine, University of Thi-Qar (No. 7/54/142 in
27/02/2025).

Statistical analysis

Statistical package for social science (SPSS statistics for windows, version 26.0, Chicago:
SPSS, Inc.) software version 24 was used. Results were described in the form of frequencies
and percentage distribution for qualitative data and mean and SD for quantitative data.
One-way ANOVA followed by post-hoc comparison was used to estimated differences
in quantitative variables within three or more groups. Paired samples T-test was used to
estimated differences in quantitative variables within two groups. The area under a receiver
operating characteristic (ROC) curve was used to evaluated the diagnostic performance.
The sensitivity, specificity, PPV, NPP, accuracy index was calculated. A one-sided P value of
0.05 or less was considered statistically significant [14, 15].

B RESULTS
Among control group, the mean age was 44.5+10.43 years with median of 43.5 years.
Among gender, results observed 10 (45.5%) were male, and 12 (54.5%) of patients were
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female.In DM without retinopathy group, the mean age was 51.3+10.43 years with median
of 50 years. Among gender, findings observed 12 (52.2%) were male, and 11 (47.8%) of
patients were female. The mean (median) duration of DM was 8.9 (9) years, besides, more
individuals reported diabetic more than ten years. The mean (median) concentration
of HbA1C was 5.7 (5.7) mmol/mol. In PDR group, the mean age was 46.12+5.7 years
with median of 47 years. Among gender, results observed 9 (36%) were male, and
16 (64%) were female. Both sides of eye involved documented in 19 (76%) cases. Left
side only in five and one case right eye involved. The mean (median) duration of DM was
12.08 (9) years, besides, more individuals reported diabetic below than ten years. The
mean (median) concentration of HbA1C was 9.4 (9) mmol/mol. In NPDR, the mean age
was 58.72+9.04 years with median of 58 years. Among gender, results observed 13 (52%)
were male, and 12 (48%) were female. Left side involved was most frequent (13, 52%) of
cases. The mean (median) duration of DM was 9.08 (10) years, besides, more individuals
reported diabetic more than ten years. The mean (median) concentration of HbA1C was
8.14 (8.2) mmol/mol (Table 1).

Table 1
General characters
Group Character No. %
20-30 3 13.6
Age (years) 31-40 5 22.7
Mean=SD (Median) = 44.5+10.43 (43.5) 41-50 8 36.4
Control >50 16 27.3
M 10 455
Gender
F 12 54.5
Age ) 30-40 5 21.7
ge (years ~
MeanSD (Median) = 51.3+10.43 (50) 41-50 8 348
>50 10 43.5
Gend M 12 52.2
i ender
DM without F 11 478
retinopathy
DM duration (years) <10 12 52.2
Mean=+SD (Median) = 8.9+1.7 (9) >10 1 47.8
HbA1_ (mmol/mol) <5.7 12 522
Mean+SD (Median) = 5.7+0.5 (5.7) >5.7 1 47.8
Age ) 30-40 4 16
ge (years ~
MeanSD (Median) = 46.12+5.7 (47) 41-50 18 72
>50 3 12
M 9 36
Gender
F 16 64
Right 1 4
PDR .
Side Left 5 20
Both 19 76
DM duration (years) <10 14 56
Mean+SD (Median) = 12.08+5.5 (9) >10 11 44
HbA1_(mmol/mol) <5.7 0 0
Mean=SD (Median) = 9.4+0.47 (9) >57 25 100
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End of table 1
Age( ) 40-50 8 32
ge (years ~
Mean=5D (Median) = 58.72+9.04 (58) >1-60 6 24
>60 11 44
M 13 52
Gender
F 12 48
Right 5 20
NPDR ,
Side Left 13 52
Both 7 28
DM duration (years) <10 10 40
Mean+SD (Median)= 9.08+4.39 (10) >10 15 60
HbA1_(mmol/mol) <5.7 0 0
Mean+SD (Median) = 8.14+1.52 (8.2) >57 25 100

Doppler US indices mean+SD (median) including Rl (max), Rl (mean), Pl (max), and PI
(mean) were recorded as following: in control group [0.62+0.01 (0.62), 0.61+0.02 (0.62),
1.174£0.37 (1.06), and 1.13£0.29 (1.01), respectively], in DM without retinopathy [0.67+0.04
(0.69), 0.66+0.02 (0.65), 1.24+0.22 (1.17), and 1.13+0.23 (1.08), respectively], in PDR
[0.74+0.03 (0.74), 0.75+0.03 (0.76), 1.81+1.07 (1.24), and 1.29£0.11 (1.31), respectively], in
NPDR [0.73£0.04 (0.73), 0.65+0.07 (0.62), 1.25+0.14 (1.24), 1.07+0.15 (1.06), respectively]
(Table 2).

Doppler parameters for assessment of DR in central retinal artery by Post Hoc Tukey
and ANOVA analysis was listed in Table (3). ANOVA test revealed that Rl (max), RI (mean),
Pl (max) and PI (mean) were significantly difference among all groups (F=78.83; p<0.0001,
F=41.37; p<0.0001, F=6.18; p=0.0007 and F=3.93; p=0.011), respectively. The Tukey tests

Table 2
Control group Doppler US parameters

Group * Parameter (cm/sec) | Mean+SD Median Max Min
1 0.62+0.01 0.62 0.65 0.61
2 0.61+0.02 0.62 0.63 0.57

Control
3 1.17£0.37 1.06 2.06 0.93
4 1.13£0.29 1.01 1.83 0.94
1 0.67+0.04 0.69 0.71 0.62

DM without 2 0.66+0.02 0.65 0.65 0.63

retinopathy 3 1.24+0.22 1.17 1.69 1.01
4 1.13+£0.23 1.08 1.82 1.00
1 0.74%0.03 0.74 0.78 0.7

PDR 2 0.75+0.03 0.76 0.79 0.7
3 1.81+1.07 1.24 3.9 1.14
4 1.29£0.11 1.31 1.45 1.09
1 0.73+£0.04 0.73 0.79 0.65
2 0.65%0.07 0.62 0.74 0.56

NPDR
3 1.25+0.14 1.24 1.5 0.93
4 1.07+0.15 1.06 1.27 0.85

Notes: * 1 — Rl (max); 2 - Rl (mean); 3 - Pl (max); 4 - Pl (mean).
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showed that RI (max) in control group was smaller described than No DR (p<0.0001), PDR
(p<0.0001) and NPDR (p<0.0001). The Rl (max) No DR was greater significantly than PDR
(p<0.0001). The RI (max) PDR was greater significantly than NPDR (p<0.0001). The Tukey
tests showed that RI (mean) in control group was smaller described than No DR (p=0.028),
PDR (p<0.0001) and NPDR (p=0.003). The Rl (mean) No DR was greater significantly than
PDR (p<0.0001). The RI (mean) PDR was greater significantly than NPDR (p<0.0001). The
Tukey tests showed that Pl (max) in control group was smaller than PDR (p=0.002). The
Pl (max) of No DR was smaller significantly than PDR (p=0.008). The PI (max) of PDR was
greater significantly than NPDR (p=0.007). In post hoc analysis, the PI (mean) of No DR was
smaller significantly than PDR (p=0.007).

Depend on Doppler parameters of CRA and by using receiver operating characteristics
(ROCQ) curve analysis, sensitivity and specificity, the accuracy was assessed. The ROC curve
analysis showed the accuracy of Doppler parameters of CRA in differentiating controls

Table 3
Doppler parameters analysis by Post Hoc Tukey and ANOVA
Parameter (cm/ | Control No DR PDR NPDR ANOVA P-value Post Hoc
sec) (n=22) (n=23) (n=25) (n=25) test Tukey
G1:G2
G1:G3
RI (max) 0.62 0.73 0.74 0.67 78.83 <0.0001 G1:G4
G2:G4
G3:G4
G1:G2
G1:G3
RI (mean) 0.61 0.64 0.75 0.66 41.37 <0.0001 G1:G4
G2:G3
G3:G4
G1:G3
PI (max) 116 1.25 1.81 1.23 6.18 0.0007 | G2G3
G3:G4
Pl (mean) 1.12 1.08 1.28 1.13 3.93 0.011 G2:G3
Table 4
Accuracy of Doppler indices in PDR and NPDR
PDR
Parameter (cm/sec) Sensitivity Specificity PPV NPV Accuracy
RI (max) 77.8 70 60.9 84 729
RI (mean) 83.3 88.9 90.9 80 85.7
Pl (max) 82.6 76 76 82.6 79.2
Pl (mean) 77.3 72 70.8 78.2 74.5
NPDR
Parameter (cm/sec) Sensitivity Specificity PPV NPV Accuracy
RI (max) 82.6 88 86.4 84.6 85.4
RI (mean) 80 92 90.9 82.1 86
Pl (max) 77.3 80 77.3 80 787
Pl (mean) 84.2 72 69.6 85.7 77.3
160 "Ophthalmology Eastern Europe’, 2025, volume 15, N 2
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from DR. The areas under curve (AUC) of Rl (max), Rl (mean), Pl (max), and Pl (mean) were
0.823, 0.965, 0.707, and 0.874, respectively. Rl of CRA had high sensitivity and specificity,
at various cut off values, as shown in Table 4. In the PDR, the most sensitive parameter was
RI (mean) 83.3%, most specific 88.9%, and most accurate 90.9%. In the NPDR, the most
sensitive parameter was Pl (mean) 84.2%, most specific was Rl (mean) 92% and also the
most accurate 90.9%.

B DISCUSSION

In control group, the Doppler indices median including Rl (max), Rl (mean), PI (max),
and PI (mean) were recorded as following: 0.62, 0.62, 1.06, and 1.01, respectively; of DM
without DR are: 0.69, 0.65, 1.17, and 1.08, respectively; in PDR: 0.74, 0.76, 1.24, and 1.31,
respectively and in NPDR: 0.73, 0.62, 1.24, .06), respectively. In Sarkar et al. [16] study, and
Somfai et al. [17], they reported a dropping in RI. Other study by Wang et al. [18] study,
groups: healthy, DM without DR, NPDR and PDR. The Rlamong PDR was the highest mean
and the lowest mean among healthy subjects (P<0.001). The Pl values were greatest
among their DM. Nadeem and co-authors concluded a significant change occur in ocular-
retro-bulbar blood flows in DR, which discover by Doppler US. These Doppler indices
could serve as diagnostic screening to determine the hemodynamic differences. There
are significant differences between DR and non-diabetic ophthalmic Doppler indices.
A predictive power can be identified when monitoring with Doppler US may have to those
at greatest risk to develop PDR [19].

Aharwal and colleagues [20] investigated three indices only (PSV, EDV and RI) on 100
eyes (50 persons) of 30 males and 20 females. The mean DM duration was 8.4+1.2 years.
The mean Rl in DM without DR was 0.92+0.05. In comparison with the findings in this
study, it has lower RI. These could be explained by large population of this study and the
range of values measurement. These variation in results might be attributed to DM, which
lead to microcirculation disturbances in the endothelial dysfunction leading to perfusion
dysfunctions, which seen at US doppler as a significant drop coronary vulnerable plaque
in CRA occlusion (CRAO), ocular ischemic syndrome (OIS) and thrombosis of veins [21].
The CRA flow is antegrade, with rounded systolic peak, low resistance and diastolic
continuous flow [20].

In the current study, the Doppler indices of CRA assessment by Post Hoc Tukey and
ANOVA analysis revealed that Rl (max), Rl (mean), Pl (max) and Pl (mean) were significantly
difference among all groups (p<0.0001, p<0.0001, p=0.0007 and p=0.011), respectively.
These findings dissimilar with what obtained by Pauk-Domanska et al. [12] study. They
found among cases with DM, there were statistically significant differences in blood
flow indices in the CRA (an elevate in RI) compared to the control group (p<0.05). In
the control group, the value was significantly higher. The value of Rl in DR group was
significantly higher than in the control group (p<0.0001). The reasons behind that were
the differences in parameters of blood flow were found between the DM groups without
changes of fundus and the groups of subjects with mild NPDR or severe PDR resulting in
disorientation of RI [12, 20].

Chronic DM disturb the body auto-regulatory mechanisms, leading to the onset of DR
by altering the blood vessels diameter, dropping the perfusion pressure and inductions
changes of resistance of peripheries [12, 22].
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Depend on accuracy parameters of CRA Doppler indices the ROC curve analysis
showed the areas under curve (AUC) of Rl (max), Rl (mean), Pl (max), and Pl (mean), which
was highest for Rl (mean), Rl (max), and PI (mean). Rl of CRA had high sensitivity and
specificity. Khatri et al. [23] studied 107 DM cases (40-70 years), they divided sample to
4 groups: control (n=26), No DR (n=26), PDR (n=26) and NPDR (n=29). However, they
study only one index which was Rl as a significant raise in Rl (P<0.001) with severity of DR.
The ROC analysis showed diagnostic accuracy of Rl (AUC = 0.84-0.99) among control
and DM. Rl had high sensitivity and specificity. Wang et al., reported that the sensitivity,
specificity, PPV, NPV and accuracy of Rl and PI, in PDR might reached to 100%.
They mentioned that color Doppler was a more efficient screening method for DR [18].
RI has been considered as a marker of vascular resistance; it is elevated with raising
resistance [24]. CRA Rl is found to be a useful marker for early detection and follow-up
of DR [25].

In another study, Pl blood flow is found to be more in cases with no DR as well as PDR
as compared to controls. Hemodynamic circulation is found to playing a causative role in
the DR pathogenesis [26].

Pauk-Domarnska et al. [12] concluded that blood flow indices alterations in CRA
reflecting a vascular dysfunction precede the onset of visible signs of DR. Thus, they
might serve as hemodynamic disorders sensitive markers in DM without fundus injuries,
and they are more prominent in DR. The level of HbA1c, besides, decrease vascular flow
velocities of CRA by Doppler indication of uncontrolled DM.

B CONCLUSIONS

The Doppler indices of control group slightly more than in DM without DR group.
The highest means peak of RIl, and Pl reported is in the PDR indicated the progress of DR.
The highest AUC for Rl (mean), Rl (max), and Pl (mean) indicate that Rl (max), and Pl (mean)
are most better indices for diagnose CRA retinopathy. Rl of CRA has a high sensitivity and
specificity.

B REFERENCES
1.

Klein BE. Overview of epidemiologic studies of diabetic retinopathy. Ophthalmic Epidemiol. 2007;14:179-83.

2. Yau J, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global prevalence and major risk factors of diabetic retinopathy. Diabetes
Care. 2012;35:556-64.

3. Shukla UV, Tripathy K. Diabetic Retinopathy. [Updated 2023 Aug 25]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK560805/

4. Taylor D. Diabetic eye screening revised grading definitions. In: To Provide Guidance on Revised Grading Definitions for the NHS Diabetic Eye
Screening Programme. Sandwell and West Birmingham Hospitals NHS Trust: NHS, 2012;22.

5. Medina-Ramirez SA, Soriano-Moreno DR, Tuco KG, et al. Prevalence and incidence of diabetic retinopathy in patients with diabetes of Latin
America and the Caribbean: A systematic review and meta-analysis. PLoS One. 2024;19(4):e0296998.

6.  Stone WL, Patel BC, Basit H, et al. Retinopathy. [Updated 2023 Aug 8]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK541131/

7. DeLaHoz Polo M, Torramilans Lluis A, Pozuelo Segura O, et al. Ocular ultrasonography focused on the posterior eye segment: what radiologists
should know. Insights Imaging. 2016;7:351-64.

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

9.  Bittner M, Faes L, Boehni SC, et al. Colour Doppler analysis of ophthalmic vessels in the diagnosis of carotid artery and retinal vein occlusion,
diabetic retinopathy and glaucoma: systematic review of test accuracy studies. BMC Ophthalmol. 2016;16:214.

10.  Shah SS, Khanam S. Orbital Color Doppler Imaging. 2024 Feb 29. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024:1-11.

11.  Aharwal S, Rathore VS, Agrawal R, Abraham S. Study of the Orbital Vessels by Color Doppler in Known Diabetic Patients for Evaluation of Diabetic
Retinopathy. Indian Journal of Public Health Research and Development. 2023;14(2):348-352.

162 "Ophthalmology Eastern Europe’, 2025, volume 15, N2 2



OpyruHanbHble NccneaoBaHNs
Original Research -~ ™

20.

21.

22.

23.

24,
25.

26.

Pauk-Domanska M, Wilczewska A, Jagus D, et al. Doppler ultrasound-based evaluation of hemodynamic changes in the ophthalmic artery
and central retinal artery in patients with type 1 diabetes mellitus without retinopathy and with mild non-proliferative retinopathy. J Ultrason.
2024;24(96):20240009.

Karami M, Janghorbani M, Dehghani A, et al. Orbital Doppler evaluation of blood flow velocities in patients with diabetic retinopathy. Rev Diabet
Stud. 2012 Summer-Fall;9(2-3):104-11.

Abdulazeez RAJ, Tawfeeq RHA, Noori FA. Role of T1 Weighted and Diffusion Weighted Magnetic Resonance imaging application in the diagnosis
of osteoporosis in lumbar spine in postmenopausal women. University of Thi-Qar Journal of Medicine. 2017;14(2):158-173.

Hammood SMA, AliTalib M, Al-Baghdadi FA, et al. The role of Fast spin-echo T2-weighted and diffusion-weighted imaging for spine bone marrow
changes evaluation in postmenopausal women with osteoporosis. Egypt J Radiol Nucl Med. 2022;53:158.

Sarkar P, Ghosh S. Comparison of ocular blood flow by Doppler evaluation in middle aged type 2 diabetes patients with and without diabetic
macular edema. Indian J Clin Exp Ophthalmol. 2018;4(1):60-66.

Somfai GM, Campagnoli TR, Tian J, et al. The assessment of blood flow velocities in retinal collaterals in diabetic retinopathy. Klin Monbl
Augenheilkd. 2019;236(4):530-535.

Wang X-H, Jing X, Sheng X-I. Analysis of retinal hemodynamics in patients with diabetic retinopathy by color Doppler ultrasonography. Int Eye
S¢i.2018;18(1):112-114.

Nadeem B, Bacha R, Gilani SA, Manzoor |. Comparison of the Doppler Indices in the Ophthalmic Artery and Central Retinal Artery in Diabetic and
Nondiabetic Individuals. Journal of Diagnostic Medical Sonography. 2021;37(6):521-526.

Aharwal S, Rathore VS, Agrawal R, Abraham S. Study of the Orbital Vessels by Color Doppler in Known Diabetic Patients for Evaluation of Diabetic
Retinopathy. Indian Journal of Public Health Research & Development, 2023;14(2):348-352.

Wei J, Chen C, Shen Y, et al. Quantitative evaluation of ocular vascularity and correlation analysis in patients with diabetic retinopathy by SMI
and OCTA. BMC Ophthalmol. 2024;24(1):76.

Ebrahimi S, Bedggood P, Ding Y, et al. A High-Fidelity Computational Model for Predicting Blood Cell Trafficking and 3D Capillary Hemodynamics
in Retinal Microvascular Networks. Invest Ophthalmol Vis Sci. 2024;65(13):37.

Khatri M, Saxena S, Kumar M, et al. Resistive index of central retinal artery is a bioimaging biomarker for severity of diabetic retinopathy. Int J
Retina Vitreous. 2019;5:38.

Qian X, Zhen J,Meng Q, et al. Intrarenal Doppler approaches in hemodynamics: A major application in critical care. Front Physiol. 2022;13:951307.
Oliveira RAG, Mendes PV, Park M, Taniguchi LU. Factors associated with renal Doppler resistive index in critically ill patients: a prospective cohort
study. Ann Intensive Care. 2019;9(1):23.

Shah S, Venkataraman A, Appaji A, et al. Evaluation of macular perfusion in eyes with proliferative diabetic retinopathy using optical coherence
tomography — Angiography following panretinal photocoagulation. Oman J Ophthalmol. 2022;15(3):342-346.

«O¢Tanbmonorusa BoctouHas EBpona», 2025, Tom 15, N2 2 163



