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Abstract

Purpose

Anterior segment neovascularization (ASNV) could be a masquerade for ocular ischemic

syndrome (OIS) in diabetic patients which misleads diagnosis and treatment. The purpose

of our study is to find the relationship between blood flow velocity in carotid siphon and the

development of ASNV in diabetic.

Methods

We reviewed 34 eyes of 17 diabetic patients who had Transcranial Color Doppler (TCD) ex-

amination with unilateral ASNV. The circulatory parameters of both eyes of each patient

were compared and analyzed. In addition, 9 patients with more than 50% stenosis of extra-

cranial internal carotid artery (ICA) and low velocity flow through TCD had been treated by

carotid revascularization surgery.

Results

The maximal velocity in systole (Vmax) of carotid siphon (SCA) was lower in the eyes with

ASNV than in the eyes without ASNV (P<0.05). ASNV of all the 9 patients regressed totally

and BCVA improved significantly (P<0.05). Stenosis of ICA and arm-retina time (ART) de-

creased significantly (P<0.01) and SCA and ophthalmic artery (OA) increased significantly

(P<0.01).

Conclusions

Our study showed ASNV could be a masquerade for OIS in patients with diabetic retinopa-

thy. The decreased blood flow velocity in carotid siphon is related to the development of

ASNV. Circulatory parameters screening of SCA by TCD is important to help us to evaluate

the blood flow in SCA, the possibility of development of ASNV, and the prognosis of the pa-

tient. Interference such as carotid endarterectomy (CEA) or carotid artery stenting (CAS) can

be performed if necessary to improve the blood flow in SCA and make ASNV regression.
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Introduction
Persons with diabetes are at risk of developing diabetic retinopathy (DR) and having it progress
to proliferative DR (PDR), macular edema (ME) and anterior segment neovascularization
(ASNV) [1]. ASNV includes angle neovascularization (ANV) and iris neovascularization
(INV). It can lead to neovascular glaucoma (NVG) which is a severely blinding, intractable dis-
ease. The retinal and choroidal ischemia/hypoxia are considered the exciting factor for the de-
velopment of ASNV. The presence of ASNV in diabetic always implies underlying retinal
detachment with anterior proliferative vitreoretinopathy (PVR), severe ischemia retinopathy
without enough coagulation, inflammation or ocular ischemic syndrome (OIS) [2, 3].

Ocular ischemic syndrome is a rare condition, which is caused by ocular hypoperfusion due
to stenosis or occlusion of the common or internal carotid arteries. It is a frustrating condition
for the ophthalmologist. The visual prognosis and treatment outcomes are poor. There is no
well-established treatment. Moreover, it may be overlooked or misdiagnosed, primarily be-
cause of its diverse and sometimes subtle presentation[4, 5]. In the study of Mizener on ocular
ischemic syndrome, the prevalence of diabetes mellitus in these patients was much higher than
in the comparable general population[5]. As a ophthalmologist, we usually focus on retinal de-
tachment with PVR, severe ischemia retinopathy without enough coagulation, however, ignore
OIS. Therefore, ASNV could be a masquerade in diabetic which misleads diagnosis and treat-
ment. To prevent and reduce the extent of visual loss caused by ASNV, the first priority should
be looking for predictable risk factors of ASNV and trying to interfere its development by ap-
propriate management of the causative diseases.

Ophthalmic Color Doppler imaging (CDI) is most commonly used to investigate circulatory
parameters in the retrobulbar blood vessels and to evaluate retinal and choroidal perfusion.
But the reproducibility of the measurement of the blood flow velocity in the retrobulbar vessels
using CDI varies depending on the vessel imaged[6–10], the equipment used[6–10], the pres-
sure that the examiner applied to the globe[6, 7], patient posture[11], eye movement and
where the Doppler gate is positioned[6, 9, 10]. Misinterpretation of the Doppler spectrum by
the software will lead to false results whenever the Doppler signal is noisy[6]. The coefficient of
variation of blood flow velocity measured by CDI was reported to be 5–39%[7]. All these limi-
tations make it difficult to analyze and explain the conflicting results that CDI give to us.

Carotid Doppler can help us evaluate blood flow in the carotid but it can only detect stenosis
of the carotid artery in the neck but not above or below that. The blood flow in the extracranial
carotid and their relationship with ASNV had been well studied but the blood flow in the carot-
id siphon was usually overlooked[11].

Transcranial Color Doppler (TCD) imaging of the carotid siphon can provide information
about the blood flow in carotid siphon where in most cases the ophthalmic artery arising from
[12].

The purpose of our study is to find the relationship between blood flow velocity in carotid
siphon and the development of ASNV in diabetic.

Methods

Ethical statement
The study protocol was approved by the Ethics Committee for Human Research of Peking Uni-
versity People’s Hospital (No. 200903007) and adhered to the tenets of the Declaration of Hel-
sinki. The study is in accordance with HIPAA regulation. Written informed consent was
obtained from all study subjects. We explained risk and benefits on the consent form. Partici-
pants were voluntary, and individuals could withdraw from the trial at any time.
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Procedure
We reviewed the charts of the diabetic patients who had TCD examination with unilateral
ASNV from 2009 through 2013. The circulatory parameters including internal diameter (ID),
intima-media thickness (IMT), maximal velocity in systole (Vmax), minimal velocity in late di-
astole (Vmin), mean velocity (Vtamx), pulsative index (PI) and resistance index (RI) in the
common carotid artery (CCA), extracranial internal carotid artery (ICA), carotid siphon
(SCA) and ophthalmic artery (OA) of the both eye of each patients were compared and ana-
lyzed. All the circulatory parameters were measured by one experienced examiner.

34 eyes of 17 diabetic patients with unilateral ASNV were included in our study totally
(Table 1). The mean age± standard deviation[SD] of the patients was 60.88±6.36years. The
eyes were diagnosed as PDR without retinal detachment or PVR and with panretinal photoco-
agulation and without nonperfusion area through fluorescein angiography (FA). In addition, 9
patients with more than 50% stenosis of extracranial internal carotid artery (ICA) and low ve-
locity flow through TCD had been examined by digital subtraction angiography(DSA), and
then treated by carotid artery stenting (CAS) or carotid endarterectomy (CEA). All patients
underwent a complete ophthalmic examination at each visit, including assessment of BCVA
using standardized refraction with a Snellen chart and converted to logarithm of the minimum
angle of resolution (logMAR) units for analysis, biomicroscopic evaluation, intraocular-pres-
sure measurement with an applanation tonometer, and funduscopic examination. FA images
were taken at pretreatment examination and at every visit. Patients were then followed month-
ly until six months by clinical, TCD and FA examinations.

Statistical analysis
Statistics were analyzed with SPSS Statistics 19.0. Statistical analyses were performed with Stu-
dent’s t test. Paired-t test was used to compare the circulatory parameters between both eyes of

Table 1. Characteristics of the study population.

Case Number Tender Age DM Hypertension Cardiovascular Disease Hyperlipidemia

1 M 78 DR + - -

2 F 62 PDR + - +

3 F 56 PDR - - -

4 F 64 PDR - + +

5 F 67 PDR + + +

6 F 59 PDR - - -

7 M 64 PDR + - -

8 M 61 PDR + + +

9 M 60 DR + - -

10 M 49 PDR - - -

11 F 59 PDR + - +

12 M 56 PDR + - -

13 F 57 PDR + - -

14 M 67 PDR + - -

15 M 63 PDR + - +

16 F 55 PDR + - -

17 F 58 PDR + - -

Abbreviations: M, male; F, female; DR, diabetic retinopathy; PDR, proliferative diabetic retinopathy;

doi:10.1371/journal.pone.0123627.t001
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the same patients and independent-Sample t test was used to compare the circulatory parame-
ters between pre- and posttreatment values. Values of P<0.05 were considered statistically
significant.

Results

The relationship of blood flow velocity in carotid siphon and the
development of ASNV in all subjects
Paired-t test showed there was no significant difference in circulatory parameters of CCA, ex-
tracranial ICA, and OA between eyes with and without ASNV in the same patient (Table 2).
The Vmax of SCA was lower in the eyes with ASNV than in the eyes without ASNV (79.65
±21.44 cm/s vs. 83.41±23.59 cm/s, P<0.05) (Table 2).

Comparison of pre- and posttreatment values in the nine treated patients
Table 3 shows the comparison of pretreatment and posttreatment in sixth months BCVA,
arm-retina time(ART), stenosis of ICA, SCA, OA in nine treated patients. ASNV of all the 9
patients regressed totally and BCVA improved significantly (P<0.05). Stenosis of ICA and
ART decreased significantly (P<0.01) and SCA and OA increased significantly (P<0.01).

Here we want to show a representative case of patient 10 who underwent carotid endarter-
ectomy (CEA). He was a 49 years old Chinese male. He had had type 2 diabetes and hyperten-
sion for 3 years. When he presented to us, his BCVA in LogMAR was 1.70 in the right eye and
1 in the left eye. His intraocular pressure was normal in both eyes. Slit lamp examination found
new vessels at the pupil margin from 9 to 11 o’clock in the right eye but no ASNV in the left
eye. B ultrasound showed vitreous hemorrhage in both eyes without retinal detachment. He
was diagnosed as binocular PDR with vitreous hemorrhage and INV in the right eye. CDI

Table 2. Comparison of circulatory parameters in CCA, extracranial ICA, SCA and OA between eyes with and without ASNV.

Circulatory Parameters ASNV(+) ASNV(-) P value

n mean n mean

CCA ID (mm) 17 6.66±1.22 17 6.66±1.12 0.966

IMT (mm) 17 0.89±0.22 17 0.88±0.19 0.549

Vmax (m/s) 17 0.58±0.18 17 0.64±0.19 0.211

Vmin (m/s) 17 0.14±0.06 17 0.15±0.06 0.280

Vtamx (m/s) 17 0.26±0.09 17 0.28±0.09 0.505

PI 17 1.66±0.36 17 1.72±0.34 0.333

RI 17 0.76±0.07 17 0.76±0.06 0.610

Extracranial ICA ID (mm) 17 4.29±0.97 17 4.38±0.90 0.489

IMT (mm) 17 0.84±0.14 17 0.87±0.19 0.266

Vmax (m/s) 17 0.60±0.17 17 0.59±0.19 0.896

Vmin (m/s) 17 0.23±0.08 17 0.22±0.08 0.743

Vtamx (m/s) 17 0.35±0.11 17 0.34±0.13 0.768

17 17 1.04±0.24 17 1.04±0.24 0.992

PI 17 0.61±0.07 17 0.61±0.09 0.975

SCA Vmax (cm/s) 17 79.65±21.44 17 83.41±23.59 0.035*

OA Vmax (cm/s) 17 34.94±12.52 17 37.06±8.81 0.198

Abbreviations: CCA, Common carotid artery; ICA, Internal carotid artery; SCA, Carotid siphon; OA, Ophthalmic artery; ID, internal diameter; IMT, intima-

media thickness; Vmax, maximal velocity in systole; Vmin, minimal velocity in late diastole; Vtamx, mean velocity; PI, pulsative index; RI, resistance index.

doi:10.1371/journal.pone.0123627.t002
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examination of his CCA and extracranial ICA showed 50% stenosis of the right extracranial
ICA which was confirmed by carotid arteriography. TCD examination showed lower Vmax in
right SCA and OA comparing to the left side. Circulatory parameters of extracranial ICA, SCA
and OA were showed in Table 3. He underwent CEA of right ICA because of 50% stenosis of
the right extracranial ICA. 6 months after CEA, the INV in his right eye regressed totally (Fig
1A and 1B).TCD showed his Vmax in right SCA improved from 130 cm/s to 182 cm/s, Vmax
in right OA improved from 18 cm/s to 26 cm/s (Fig 1C and 1D).

Discussion
The vascular complications in diabetic patients comprise large vessel disease, macroangiopa-
thy, and also diabetic microangiopathy that is considered to be specific to diabetes. Macroan-
giopathy is characterized by ischemic heart disease, cerebrovascular disease and peripheral
vascular disease[13]. Carotid occlusive disease, one of the cerebrovascular diseases, is a com-
mon cause of stroke and presents with several ocular manifestations, collectively referred to as
the ocular ischemic syndrome (OIS)[14, 15]. When OIS is associated with diabetes mellitus,
the ocular manifestations of both diseases may be superimposed, which may lead to some
confusion.

Previous studies reported an association of carotid occlusive disease and diabetes in the de-
velopment of ASNV [16]. When ASNV was examined, as a ophthalmologist, we focused on
retinal detachment with PVR, severe ischemia retinopathy without enough coagulation, how-
ever, ignored OIS. Therefore, ASNV could be a masquerade in diabetic which misleads diagno-
sis and treatment. The development of ASNV and subsequent NVG is usually difficult to
manage and often resulting in disastrous visual loss. Moreover, carotid artery occlusion often
progresses without symptoms, and when the patient notices an ocular disorder

and visits a clinic, the condition is often at an advanced stage of ocular ischemia, in which
neovascular glaucoma has developed with severe internal carotid artery stenosis[17]. To pre-
vent or reduce the visual loss caused by ASNV, the first priority should be looking for predict-
able risk factors of ASNV and try to interfere its development by appropriate management of
the causative diseases.

Table 3. Comparison of pre- and posttreatment values in the nine treated patients.

Case
Number

Operation Pre-operation Post-operation

ASNV BCVA
(LogMAR)

ART
(s)

stenosis
of ICA

SCA
(cm/s)

OA
(cm/s)

ASNV BCVA
(LogMAR)

ART
(s)

stenosis
of ICA

SCA
(cm/s)

OA
(cm/s)

1 CEA (+) 2.00 26.0 90% 81 19 (-) 2.00 19.3 30% 113 22

3 CEA (+) 1.70 20.3 70% 78 30 (-) 0.70 17.8 20% 95 37

4 CEA (+) 1.70 25.1 80% 73 21 (-) 0.80 19.1 30% 103 31

7 CEA (+) 2.00 29 70% 64 30 (-) 2.00 18.3 20% 80 32

8 CEA (+) 2.00 24.2 80% 68 18 (-) 1.70 17.3 30% 145 24

10 CEA (+) 1.70 23.2 50% 130 18 (-) 0.40 16.7 10% 182 26

12 CEA (+) 2.00 19.3 80% 87 24 (-) 1.40 16.6 30% 146 33

14 CAS (+) 0.52 18.1 60% 78 29 (-) 0.52 16.0 30% 101 38

17 CEA (+) 2.00 21.3 70% 72 24 (-) 0.49 18.1 20% 107 41

Abbreviations: ASNV, Anterior segment neovascularization; VA, Visual acuity; HM, Hand movement; FC, Finger counting; ART, Arm-retina time in

fluorescein angiography. ICA, Internal carotid artery; SCA, Carotid siphon; OA, Ophthalmic artery; CEA, Carotid endarterectomy; CAS, Carotid

artery stenting.

doi:10.1371/journal.pone.0123627.t003
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It is not uncommon in clinical practice to find that carotid artery disease is ruled out as the
cause of ocular ischemia based on findings of absence of occlusion or severe stenosis of the in-
ternal carotid artery on carotid Doppler. However, carotid Doppler evaluates only the artery in
the neck and not the siphon part of ICA where it may be stenosed. In our study, we not only
use carotid Doppler to compare the circulatory parameters of CCA and extracranial ICA, but
also use TCD to compare the circulatory parameters of SCA and OA between eyes with and
without ASNV in the same patient. The variation caused by the factors that may affect the ocu-
lar circulation including the type of diabetes, age, metabolic control, and systemic therapy
(anti-hypertensives, dyslipidemia agents) were all ruled out[10]. The results showed there was
no significant difference in circulatory parameters of CCA, extracranial ICA, and OA between
eyes with and without ASNV in the same patient, but the Vmax of SCA was significantly lower
in the eyes with ASNV than in the eyes without ASNV. The decreased blood flow velocity in
SCA can be caused by the stenosis of CCA or any part of ICA before siphon. Screening of SCA
by using TCD provides us the information about blood flow changes caused not only by steno-
sis CCA or extracranial ICA but also by stenosis of intracranial ICA before or at siphon. This
finding shows the importance of circulatory parameters screening of SCA by using TCD and
remind us to be precautious about the disturbance of the circulatory changes in SCA which
may be related to the development of ASNV.

Winfried Goebe compared the blood velocity measurements of OA, PCA, and CRA in the
right and the left eye of the same patient in PDR group by using ophthalmic CDI and found
that there is a highly significant correlation between the two eyes[6]. In our study, we didn’t
find difference in Vmax of OA in the right and the left eye of the same PDR patient either. OA
provides the retinal artery flow. We also thought that ophthalmic artery Vmax should show
the statistically significant difference between the ASNV (+) group and ASNV (-) group. How-
ever, the result did not show that. We thought it was because the sample was small. In addition,
we found the Vmax of SCA was lower in the eyes with more severe PDR than the other eye in
the same PDR patient. This difference in the circulatory parameters of SCA gave us a better ex-
planation to the difference of PDR severity in the same patient which is commonly seen in clin-
ical practice. We presume that the decreased blood flow velocity in carotid siphon causes more
severe retinal and choroidal ischemia/hypoxia.

Carotid revascularization surgery, such as carotid endarterectomy (CEA) and carotid artery
stenting (CAS), may also restore the cerebral perfusion pressure and improve the intracranial
vascular hemodynamics including ocular circulation[18–22]. Therefore, carotid artery revascu-
larization surgery reduces the risk of stroke in symptomatic and asymptomatic patients[23,
24]. Despite this well-established benefit, there have been few reports concerning the effect of
carotid revascularization surgery on ocular circulation. In this study, we found the significant
improvements of the average SCA and OA peak systolic flow velocities and the correction of
stenosis of ICA and ART were sustained throughout the six months of follow-up. For the pa-
tients with chronic ocular ischemic syndrome due to disturbed ocular circulation, it is vital to
correct the ocular circulation to prevent and improve ocular ischemia[25]. In this series, ASNV
of all the 9 patients regressed totally and BCVA improved significantly. Moreover, carotid ar-
tery revascularization reduces the risk of stroke in symptomatic and asymptomatic patients
[24]. Improvements in surgical and endovascular techniques have reduced the incidence of is-
chemic stroke following CEA and CAS, respectively. ASNV develops especially in patients with

Fig 1. ASNV disappeared with Vmax in right SCA and OA improved after CEA in patient 1. A, INV can be seen at the pupil margin from 9 to 11 o’clock in
the right eye before CEA. B, INV in the right eye disappeared at 10 days after CEA. C, TCD examination showed lower Vmax in right SCA and OA comparing
to the left side before CEA in the right ICA. D, TCD examination showed improved Vmax in right SCA and OA comparing to the left side at 10 days after CEA
in the right ICA.

doi:10.1371/journal.pone.0123627.g001
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poor collateral circulation between the internal and external carotid arterial systems or between
the two ICAs. Those with well-developed collateral circulation may not develop ASNV even
with total occlusion of the ICA. On the contrary, in those with poor collaterals a stenosis of less
than 50% of the ICA may be sufficient for the ASNV to develop[2, 15, 26]. In our study, patient
10 underwent CEA because of the presence of ASNV and 50% stenosis of ICA. He showed re-
gression of ASNV and the improvement of Vmax in SCA after the only treatment of CEA. This
finding on the other hand proved that decreased blood flow velocity in carotid siphon is a high-
ly related to the development of ASNV.

In this study, decreased blood flow velocity in carotid siphon is relatedto the development
of ASNV. However, it remains unknown whether there is a close correlation between a reduc-
tion in blood flow velocity and volumetric flow[6]. The present models of the retinal circulation
used to calculate volumetric flow from diameter and velocity measurements assume a constant
cylindrical vessel geometry and velocity profile. Yet, changes in vessel shape in pathologic con-
ditions such as diabetic retinopathy must be taken into account. Grunwald and coworkers have
presented data from the evaluation of fundus photographs confirming a statistically significant
enlargement of venous and arterial vessel diameters in patients with diabetes compared to nor-
mal controls[27]. Vasodilation, however, leads to decreased blood flow velocity even without
any change in volumetric flow. Therefore, a decreased flow velocity might still reflect un-
changed volumetric flow when marked vasodilation is present.

In summary, our study showed the decreased blood flow velocity in carotid siphon is related
to development of ASNV. Circulatory parameters screening of SCA by using TCD is important
to help us to evaluate the blood flow in SCA, the risk of development of ASNV, and the prog-
nosis of the patient. Interference such as CEA can be performed if necessary to improve the
blood flow in SCA and make ASNV regression. It is important to recognize the underlying ca-
rotid occlusive disease in diabetic patients because of the poor visual prognosis and high mor-
tality. We should manage not only the diabetic retinopathy, but also the carotid atherosclerosis
to preserve good visual function in diabetic patients.

Author Contributions
Conceived and designed the experiments: Y. Cheng JFQ Y. Chen MWZ XXL. Performed the
experiments: Y. Cheng JFQMWZ XXL. Analyzed the data: Y. Cheng JFQ Y. Chen XXL. Con-
tributed reagents/materials/analysis tools: Y. Cheng JFQ. Wrote the paper: Y. Cheng JFQ Y.
Chen XXL. Designed the software used in analysis: Y. Cheng JFQ XXL.

References
1. Klein R, Myers CE, Lee KE, Gangnon R, Klein BE. Changes in retinal vessel diameter and incidence

and progression of diabetic retinopathy. Arch Ophthalmol. 2012; 130(6):749–55. Epub 2012/02/15. doi:
10.1001/archophthalmol.2011.2560 archophthalmol.2011.2560 [pii]. PubMed PMID: 22332203;
PubMed Central PMCID: PMC3357449.

2. Mendrinos E, Machinis TG, Pournaras CJ. Ocular ischemic syndrome. Surv Ophthalmol. 2010; 55
(1):2–34. Epub 2009/10/17. doi: 10.1016/j.survophthal.2009.02.024 S0039-6257(09)00137-4 [pii].
PubMed PMID: 19833366.

3. Hazin R, Daoud YJ, Khan F. Ocular ischemic syndrome: recent trends in medical management. Curr
Opin Ophthalmol. 2009; 20(6):430–3. Epub 2009/08/22. doi: 10.1097/ICU.0b013e3283313d38
PubMed PMID: 19696669.

4. Hayreh SS. Neovascular glaucoma. Prog Retin Eye Res. 2007; 26(5):470–85. Epub 2007/08/11.
S1350-9462(07)00039-0 [pii]doi: 10.1016/j.preteyeres.2007.06.001 PubMed PMID: 17690002;
PubMed Central PMCID: PMC2871536.

5. Mizener JB, Podhajsky P, Hayreh SS. Ocular ischemic syndrome. Ophthalmology. 1997; 104(5):859–
64. Epub 1997/05/01. PubMed PMID: 9160035.

Anterior Segment Neovascularization in Diabetic Retinopathy

PLOS ONE | DOI:10.1371/journal.pone.0123627 June 1, 2015 8 / 10

http://dx.doi.org/10.1001/archophthalmol.2011.2560
http://www.ncbi.nlm.nih.gov/pubmed/22332203
http://dx.doi.org/10.1016/j.survophthal.2009.02.024 S0039-6257(09)00137-4
http://www.ncbi.nlm.nih.gov/pubmed/19833366
http://dx.doi.org/10.1097/ICU.0b013e3283313d38
http://www.ncbi.nlm.nih.gov/pubmed/19696669
http://dx.doi.org/10.1016/j.preteyeres.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17690002
http://www.ncbi.nlm.nih.gov/pubmed/9160035


6. Goebel W, Lieb WE, Ho A, Sergott RC, Farhoumand R, Grehn F. Color Doppler imaging: a new tech-
nique to assess orbital blood flow in patients with diabetic retinopathy. Invest Ophthalmol Vis Sci. 1995;
36(5):864–70. Epub 1995/04/01. PubMed PMID: 7706034.

7. Williamson TH, Harris A. Color Doppler ultrasound imaging of the eye and orbit. Surv Ophthalmol.
1996; 40(4):255–67. Epub 1996/01/01. S0039-6257(96)82001-7 [pii]. PubMed PMID: 8658337.

8. Senn BC, Kaiser HJ, Schotzau A, Flammer J. Reproducibility of color Doppler imaging in orbital ves-
sels. Ger J Ophthalmol. 1996; 5(6):386–91. Epub 1996/11/01. PubMed PMID: 9479523.

9. LiebWE. Color Doppler imaging of the eye and orbit. Radiol Clin North Am. 1998; 36(6):1059–71. Epub
1999/01/13. PubMed PMID: 9884688.

10. Dimitrova G, Kato S. Color Doppler imaging of retinal diseases. Surv Ophthalmol. 2010; 55(3):193–
214. Epub 2010/04/14. doi: 10.1016/j.survophthal.2009.06.010S0039-6257(09)00203-3 [pii]. PubMed
PMID: 20385332.

11. Nagahara M, Tomidokoro A, Sando S, Araie M, Tanaka S. An apparatus for color Doppler imaging in
seated subjects. Am J Ophthalmol. 2002; 133(2):270–2. Epub 2002/01/29. S0002939401013125 [pii].
PubMed PMID: 11812436.

12. Baumgartner RW. Transcranial insonation. Front Neurol Neurosci. 2006; 21:105–16. Epub 2007/02/10.
92393 [pii]doi: 10.1159/000092393 PubMed PMID: 17290130.

13. Picard F, dos Santos P, Catargi B. [Diabetes, obesity and heart complications]. Rev Prat. 2013; 63
(6):759–64. Epub 2013/08/09. PubMed PMID: 23923748.

14. Miyajima Y, Tohyama T, Nanbu Y, Ohe H, Horita H, Sakai Y, et al. [Circulatory function test for the diag-
nosis of diabetic complications]. Rinsho Byori. 2011; 59(11):1043–9. Epub 2012/02/23. PubMed PMID:
22352018.

15. Terelak-Borys B, Skonieczna K, Grabska-Liberek I. Ocular ischemic syndrome—a systematic review.
Med Sci Monit. 2012; 18(8):RA138–44. Epub 2012/08/01. 883260 [pii]. PubMed PMID: 22847215;
PubMed Central PMCID: PMC3560693.

16. Carter JE. Chronic ocular ischemia and carotid vascular disease. Stroke. 1985; 16(4):721–8. Epub
1985/07/01. PubMed PMID: 4024185.

17. Kodama A, Sugioka K, Kuniyoshi K, Okuyama S, Matsumoto C, Shimomura Y. Intravitreal bevacizu-
mab injection and carotid artery stent replacement for neovascular glaucoma in internal carotid artery
occlusion. Clin Ophthalmol. 2010; 4:1177–80. Epub 2010/11/10. doi: 10.2147/OPTH.S13899 PubMed
PMID: 21060668; PubMed Central PMCID: PMC2964954.

18. Ishikawa K, Kimura I, Shinoda K, Eshita T, Kitamura S, Inoue M, et al. In situ confirmation of retinal
blood flow improvement after carotid endarterectomy in a patient with ocular ischemic syndrome. Am J
Ophthalmol. 2002; 134(2):295–7. Epub 2002/07/26. S0002939402015313 [pii]. PubMed PMID:
12140050.

19. Kawaguchi S, Okuno S, Sakaki T, Nishikawa N. Effect of carotid endarterectomy on chronic ocular is-
chemic syndrome due to internal carotid artery stenosis. Neurosurgery. 2001; 48(2):328–32; discussion
2–3. Epub 2001/02/28. PubMed PMID: 11220375.

20. Kawaguchi S, Sakaki T, Iwahashi H, Fujimoto K, Iida J, Mishima H, et al. Effect of carotid artery stenting
on ocular circulation and chronic ocular ischemic syndrome. Cerebrovasc Dis. 2006; 22(5–6):402–8.
Epub 2006/08/05. 94859 [pii]doi: 10.1159/000094859 PubMed PMID: 16888383.

21. Chaturvedi S, Bruno A, Feasby T, Holloway R, Benavente O, Cohen SN, et al. Carotid endarterectomy
—an evidence-based review: report of the Therapeutics and Technology Assessment Subcommittee
of the American Academy of Neurology. Neurology. 2005; 65(6):794–801. Epub 2005/09/28. 65/6/794
[pii]doi: 10.1212/01.wnl.0000176036.07558.82 PubMed PMID: 16186516.

22. Biller J, FeinbergWM, Castaldo JE, Whittemore AD, Harbaugh RE, Dempsey RJ, et al. Guidelines for
carotid endarterectomy: a statement for healthcare professionals from a Special Writing Group of the
Stroke Council, American Heart Association. Circulation. 1998; 97(5):501–9. Epub 1998/03/07.
PubMed PMID: 9490248.

23. North American Symptomatic Carotid Endarterectomy Trial Collaborators. Beneficial effect of carotid
endarterectomy in symptomatic patients with high-grade carotid stenosis. N Engl J Med. 1991; 325
(7):445–53. Epub 1991/08/15. doi: 10.1056/NEJM199108153250701 PubMed PMID: 1852179.

24. VandammeH, Limet R. Analysis of pooled data from the randomized controlled trials of endarterectomy
for symptomatic carotid stenosis. Rev Med Liege. 2005; 60(9):737–40. Epub 2005/11/04. PubMed
PMID: 16265968.

25. Hu HH, Wang S, Chern CM, Yeh HH, ShengWY, Lo YK. Clinical significance of the ophthalmic artery
in carotid artery disease. Acta Neurol Scand. 1995; 92(3):242–6. Epub 1995/09/01. PubMed PMID:
7484079.

Anterior Segment Neovascularization in Diabetic Retinopathy

PLOS ONE | DOI:10.1371/journal.pone.0123627 June 1, 2015 9 / 10

http://www.ncbi.nlm.nih.gov/pubmed/7706034
http://www.ncbi.nlm.nih.gov/pubmed/8658337
http://www.ncbi.nlm.nih.gov/pubmed/9479523
http://www.ncbi.nlm.nih.gov/pubmed/9884688
http://dx.doi.org/10.1016/j.survophthal.2009.06.010S0039-6257(09)00203-3
http://www.ncbi.nlm.nih.gov/pubmed/20385332
http://www.ncbi.nlm.nih.gov/pubmed/11812436
http://dx.doi.org/10.1159/000092393
http://www.ncbi.nlm.nih.gov/pubmed/17290130
http://www.ncbi.nlm.nih.gov/pubmed/23923748
http://www.ncbi.nlm.nih.gov/pubmed/22352018
http://www.ncbi.nlm.nih.gov/pubmed/22847215
http://www.ncbi.nlm.nih.gov/pubmed/4024185
http://dx.doi.org/10.2147/OPTH.S13899
http://www.ncbi.nlm.nih.gov/pubmed/21060668
http://www.ncbi.nlm.nih.gov/pubmed/12140050
http://www.ncbi.nlm.nih.gov/pubmed/11220375
http://dx.doi.org/10.1159/000094859
http://www.ncbi.nlm.nih.gov/pubmed/16888383
http://dx.doi.org/10.1212/01.wnl.0000176036.07558.82
http://www.ncbi.nlm.nih.gov/pubmed/16186516
http://www.ncbi.nlm.nih.gov/pubmed/9490248
http://dx.doi.org/10.1056/NEJM199108153250701
http://www.ncbi.nlm.nih.gov/pubmed/1852179
http://www.ncbi.nlm.nih.gov/pubmed/16265968
http://www.ncbi.nlm.nih.gov/pubmed/7484079


26. Chen CS, Miller NR. Ocular ischemic syndrome: review of clinical presentations, etiology, investigation,
and management. Compr Ophthalmol Update. 2007; 8(1):17–28. Epub 2007/03/31. PubMed PMID:
17394756.

27. Nagaoka T, Sato E, Takahashi A, Yokota H, Sogawa K, Yoshida A. Impaired retinal circulation in pa-
tients with type 2 diabetes mellitus: retinal laser Doppler velocimetry study. Invest Ophthalmol Vis Sci.
2010; 51(12):6729–34. Epub 2010/07/16. doi: 10.1167/iovs.10-5364iovs.10-5364 [pii]. PubMed PMID:
20631236.

Anterior Segment Neovascularization in Diabetic Retinopathy

PLOS ONE | DOI:10.1371/journal.pone.0123627 June 1, 2015 10 / 10

http://www.ncbi.nlm.nih.gov/pubmed/17394756
http://dx.doi.org/10.1167/iovs.10-5364iovs.10-5364
http://www.ncbi.nlm.nih.gov/pubmed/20631236

