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ABSTRACT
Aim: To describe the demographic characteristics, ocular 
comorbidities, and clinical outcomes of patients with neovas-
cular glaucoma (NVG) and to determine the number of patients 
who returned for a follow-up eye examination.

Materials and methods: We examined the clinical data of 
patients with NVG, who attended a glaucoma clinic between 
July 2010 and November 2014. We collected information on 
the demographic characteristics of the patients to include the 
level of education, ocular comorbidities, NVG stage, visual 
acuity, glaucoma medications, intraocular pressure (IOP), and 
the number of patients who had a follow-up ocular examination 
at month 1, 3, 6, and 12.

Results: Data from 350 patients (473 eyes) with NVG were 
collected. We found 91% of the cohort had proliferative diabetic 
retinopathy (PDR). We found blindness in both or one eye in 
14% and 31% of the cohort respectively. Low vision was found 
in both or one eye in 14% and 32% of the eyes respectively. 
By 6 months follow-up, only 32% of the patients were seen at 
our clinic and by 12 months follow-up, this number decreased 
to 15%. Around 60% of the patients were on no IOP lowering 
drugs at the first visit. We found 53% of the cohort had an 
incomplete elementary school education.

Conclusion: The results suggest that advanced NVG is a sig-
nificant ocular problem for patients referred to our clinic with just 
over half of the patients presenting as blind. We also found that 
several socioeconomic factors that had an important role in the 
development of PDR and NVG, specifically, educational status.

Clinical significance: We described the characteristics of a 
large cohort of patients with very advanced NVG, reflecting the 
fact that the strict control of the underlying disease must be the 
main goal of the Mexican national health system.
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INTRODUCTION

Neovascular glaucoma (NVG) is defined as severe glau-
coma associated with the presence of new iris vascular-
ization (NVI) or angle (NVA) vessels.1 Patients with NVG 
typically present with a very high intraocular pressure 
(IOP) and hyphema.2 Once NVG develops and IOP 
becomes elevated, treatment becomes challenging and the 
outcome is often irreversible visual loss.3-7 Investigators 
from the United States of America and China have studied 
patients with advanced NVG and described central 
retinal vein obstruction (CRVO), proliferative diabetic 
retinopathy (PDR) and ocular ischemic syndrome as 
major comorbidities that place a patient at risk for adverse 
NVG-related ocular complications.8-9 However, apart from 
these studies, few investigators have reported the clinical 
characteristics of patients with NVG and their outcomes. 
Moreover, there has been no comprehensive review of 
patients with NVG from Latin America where a large 
proportion of the patients with diabetes have diabetic 
retinopathy (DR).10

The purpose of this study is to: (1) Describe the 
demographic characteristics, ocular comorbidities and 
clinical outcomes of patients with NVG and (2) determine 
the number of patients who returned for a follow-up 
eye examination. To address these aims, we conducted 
a retrospective cohort study of patients with advanced 
NVG who received care at a tertiary eye care center in 
Mexico City.

MATERIALS AND METHODS

This retrospective chart review was approved by the 
ethics committee of the Asociación para Evitar la Ceguera 
en México (APEC), a referral center for complex eye dis-
eases located in Mexico City. We examined the clinical 
data of all patients who attended the glaucoma clinic at 
APEC between July 2010 and November 2014. We col-
lected information on the demographic characteristics of 
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the patients to include: Age, gender, and level of education 
(categorized as incomplete elementary school education, 
elementary school, high school, and college/degree). 
We documented if the patient had CRVO, PDR, ocular 
ischemic syndrome, uveitis or other ocular comorbidities. 
The NVG stage was recorded and defined as:
Stage I: NVI/NVA with normal IOP,
Stage II: NVI/NVA, open angle and IOP above normal 
limits, and
Stage III: Angle-closed glaucoma with high IOP (described 
in detail elsewhere).11

Visual acuity was categorized as normal vision 
(20/60--20/15; Snellen), low vision (20/400 – 20/80), and 
blind (<20/400).12 The number of glaucoma medications 
and IOP measurements at baseline were also recorded. 
In addition, we recorded the number of patients from 
the cohort who had a follow-up ocular examination at 
month 1, 3, 6, and 12.

Statistical Analysis:

The statistical analysis was performed using SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC). We gener-
ated descriptive statistics using univariate analysis.

RESULTS

Data from 350 patients and 473 eyes with NVG were 
collected. The overall characteristics of the cohort (n = 
350) at the first visit and of the eyes (n = 473) are shown 
in Tables 1A and 1B respectively. As shown in Table 1A, 
we found that a higher percent of the patients were male 
and 53% of the cohort had an incomplete elementary 
school education. The mean age was 61 years. The most 
frequent ocular comorbidity associated with NVG was 
PDR followed by CRVO and uveitis. We found no patients 

with ocular ischemic syndrome.13 By 6 months follow-up 
visit, only 32% of the patients were seen at our clinic and 
by 12 months follow up, this number decreased to 15%. 
We show in Table 1B the clinical characteristics of the 473 
eyes included in this study. It is noteworthy that 49% of 
473 eyes had NVG stage 3 and 55% were blind at baseline. 
We found that 60% of 473 eyes were under no treatment 
for glaucoma at the time of the baseline visit.

Table 2 demonstrates the clinical characteristics of 
the patients with NVG in both eyes (n = 123). As demon-
strated, we found evidence of blindness in both eyes or 
one eye in 14% and 31% of the cohort respectively. Low 
vision was found in both or one eye in 14% and 32% of 
the eyes respectively. Only 7% of the eyes with bilateral 
NVG had normal vision.

DISCUSSION

We studied a large contemporary cohort of patients with 
NVG attending a tertiary eye care center in Mexico City. 
The most noteworthy finding of the study is that half of 
the eyes had stage 3 NVG and 55% of the eyes were blind 
at the baseline visit. Only 40% of the eyes were treated for 
their raised IOP at the baseline visit. These findings may 
reflect lack of education in this cohort as only 20% of the 
subjects included had completed more than elementary 
school education.

Proliferative diabetic retinopathy was the most 
common ocular disease found in this cohort with an inci-
dence of 90.8%. This incidence is very high compared with 
the incidence of PDR described in other populations.14-15 
Several studies from North America have described 
the prevalence of DR varying from 24.8% in Caucasian 

Table 1A. Characteristics of cohort at baseline  
(n = 350 patients)

Mean age (years) ± SD 60.9 ± 12.6 years
n %

Gender Male 220 62.86
Female 131 37.43

Education Incomplete elementary 
school

185 52.86

Elementary school 95 27.14
High school 45 12.86
College/Degree 25 7.14

Ocular diseases (cause 
of NVG)

PDR 318 90.8
CRVO 25 7.14
Uveitis 5 1.42
Ocular surgery 2 0.57

No. patients (follow-up) Month 1 294 84.00
Month 3 210 60.00
Month 6 111 31.71
Month 12 53 15.14

Table 1B. Clinical characteristics of the eyes (n = 473)

Neovascular glaucoma 
stage

1 58 12.26
2 183 38.69
3 232 49.05

Mean IOP ± SD 36.93 ± 16.28 mm Hg
Glaucoma medications 0 284 60.04

1 8 1.69
2 7 1.48
≥3 174 36.79

Visual acuity Normal 76 16.07
Low 135 28.54
Blindness 262 55.39

Table 2. Clinical characteristics of the patients with neovascular 
glaucoma in both eyes (n = 123)

Blind in both eyes 17 14%
Blind in one eye 39 31%
Low vision in both eyes 17 14%
Low vision in one eye 39 32%
Bilateral normal vision 9 7%
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patients with type II diabetes mellitus (DM) to 41.0% in 
patients with type I DM, with a prevalence of nonprolif-
erative retinopathy of 12.8% and proliferative retinopa-
thy of 4.0%.16,17 Investigators from the United Kingdom 
studied a large cohort (n = 307,538) of diabetic patients 
and found 12.6–20.6% of eyes with no DR; 59.6–67.3% 
had nonproliferative DR; and 18.3–20.9% with active or 
regressed proliferative DR.18 In a similar population to our 
study, investigators with the Latinos Eye Study described 
46.9% of 1263 patients with DM had DR, and that severe 
nonproliferative DR and proliferative DR were present in 
4.4 and 6.1% of diabetics respectively. In addition, these 
investigators found a progression from nonproliferative 
DR to PDR and from nonproliferative PDR to PDR in 5.3 
and 1.9% of participants respecitively.19 We propose that 
the high number of patients with PDR seen in our study 
may be the result of a referral bias as our eye clinic is a 
regional referral center for patients with complex eye 
diseases. Moreover, these results could also reflect the 
high incidence of type II DM in Latin America.20

Latin America is one of the regions with a highest 
increase in the incidence of type II DM and indeed type 
II DM has been described as a leading cause of death in 
Mexico.21 Previous studies in Mexico have reported a 
prevalence of DR ranging from 38.9% to 51%,22,23 with 
worsening of retinopathy in 20.6% of the patients with 
DR.24 Reports from Instituto Nacional de Estadistica 
y Geografia have suggested that the main factor that 
contributes to a high prevalence of DM and its ocular 
complications in Mexico is the low level of education 
with an average of 9 years of education completed per 
person.25 This was also a finding in our study where 80% 
of the patients had less than elementary school education. 
These findings also correlate with data from Proyecto Ver 
whereby income less than $20,000/year USD, a surrogate 
measure of educational status was associated with PDR.26

Mexico has been considered a country with a low 
proportion of resources allocated to health (6.2%) and 
health expenditure when compared with other coun-
tries of the Organization for Cooperation and Economic 
Development (OCDE).27,28 Diabetes mellitus represents 
the main economic burden within the health sector insti-
tutions with an annual expenditure for treating DR is 
reported to be 30,000 USD per patient.29 Many recommen-
dations to improve this severe national health problem 
were proposed by “Foro de Alto Nivel Sobre Estrategias 
de Prevención y Tratamiento de la Diabetes en México” 
The discussions held at the event and the opinion of 
experts in the field have identified several recommenda-
tions that the Mexican state must provide to counteract 
this condition (described in detail elsewhere).30

As NVG is a highly challenging and unpredictable 
disease, a high index of suspicion of its development is 

mandatory. Early treatment of the underlying disease can 
reduce the development of NVG complications, such as 
high IOP, which is almost invariably the main factor in 
irreversible and massive visual loss.31

Notwithstanding the important findings of this study, 
there were some limitations. The main limitations were 
that we conducted a retrospective chart review and had 
a high rate of dropout , thereby, limiting the collection of 
follow-up data on this high risk cohort.

CONCLUSION

The results of our study suggest that advanced NVG is 
a significant ocular problem for patients referred to our 
clinic with just over half of the patients presenting as 
blind. We suggest that PDR has a significant role in the 
development of NVG. We also found several socioeco-
nomic factors that had an important role in PDR and 
NVG, specifically educational status. Indeed, a lower 
income or level of education can lead to underutilization 
of appropriate preventive care, and less use of health or 
eye care services. The ability to properly diagnose and 
treat NVG can be limited in resource poor developing 
countries, such as Mexico. Although medical treatments 
can help lower IOP, the main goal of NVG treatment is 
early diagnosis and treatment of the underlying disease 
prior to the development of elevated IOP.

CLINICAL SIGNIFICANCE

We described the characteristics of a large cohort of 
patients with very advanced neovascular glaucoma, 
reflecting the fact that the strict control of the underly-
ing disease must be the main goal of the national health 
system.

REFERENCES

	 1.	 Weiss DI, Shaffer RN, Nehrenberg TR. Neovascular glaucoma 
complicating carotid-cavernous fistula. Arch Ophthalmol 
1963 Mar;69:304-307.

	 2.	 Hayreh SS. Neovascular glaucoma. Prog Retin Eye Res 2007 
Sep;26(5):470-485.

	 3.	 Moraczewski AL, Lee RK, Palmberg PF,Rosenfeld PJ, 
Feuer WJ. Outcomes of treatment of neovascular glaucoma 
with intravitreal bevacizumab. Br J Ophthalmol 2009 
May;93(5):589-593.

	 4.	 Iliev ME, Domig D, Wolf-Schnurrbursch U, Wolf S,  
Sarra GM. Intravitreal bevacizumab (Avastin) in the treat-
ment of neovascular glaucoma. Am J Ophthalmol 2006 
Dec;142(6):1054-1056.

	 5.	 Kahook MY, Schuman JS, Noecker RJ. Intravitreal bevaci-
zumab in a patient with neovascular glaucoma. Ophthalmic 
Surg Lasers Imaging 2006 Mar-Apr;37(2):144-146.

	 6.	 Ciftci S, Sakalar YB, Unlu K, Keklikci U, Caca I, Dogan E. 
Intravitreal bevacizumab combined with panretinal pho-
tocoagulation in the treatment of open angle neovascular 
glaucoma. Eur J Ophthal 2009 Nov-Dec;19(6):1028-1033.



Neovascular Glaucoma: A Retrospective Review from a Tertiary Eye Care Center in Mexico

Journal of Current Glaucoma Practice, May-August 2017;11(2):48-51 51

JOCGP

	 7.	 Ehlers JP, Spirn MJ, Lam A, Sivalingam A, Samuel MA, 
Tasman W. Combination intravitreal bevacizumab/ 
panretinal photocoagulation versus panretinal photocoagu-
lation alone in the treatment of neovascular glaucoma. Retina 
2008 May;28(5):696-702.

	 8.	 Brown GC, Magargal LE, Schachat A, Shah H. Neovascular 
glaucoma. Etiologic considerations. Ophthalmology 1984 
Apr;91(4):315-320.

	 9.	 Liao N, Li C, Jiang H, Fang A, Zhou S, Wang Q. Neovascular 
glaucoma: a retrospective review from a tertiary center in 
China. BMC Ophthalmol 2016 Jan 27;16:14.

	 10.	 Harris MI, Klein R, Cowie CC, Rowland M, Byrd-Holt DD. Is 
the risk of diabetic retinopathy greater in non-Hispanic blacks 
and Mexican Americans than in non-Hispanic whites with 
type 2 diabetes? A U.S. population study. Diabetes Care1998 
Aug;21(8):1230-1235.

	 11.	 SooHoo JR, Seibold LK, Pantcheva MB, Kahook MY. 
Aflibercept for the treatment of neovascular glaucoma. Clin 
Exp Ophthalmol 2015 Dec;43(9):803-807.

	 12.	 Visual standards aspects and ranges of vision loss with 
emphasis on population surveys. [Internet] Report prepared 
for the International Council of Ophthalmology at the 29th 
International Congress of Ophthalmology Sydney, Australia, 
April 2002. [cited 2016, Aug 22] p. 7. Available from: http://
www.icoph.org/downloads/visualstandardsreport.pdf

	 13.	 Sabanayagam C, Yip W, Ting DS, Tan G, Wong TY. Ten 
emerging trends in the epidemiology of diabetic retinopathy. 
Ophthalmic Epidemiol 2016 Aug;23(4):209-222.

	 14.	 Gross R. Neovascular glaucoma and ocular ischemic syn-
drome. J Glaucoma 2000 Oct;9(5):409-412.

	 15.	 Kristinsson JK. Diabetic retinopathy. Screening and preven-
tion of blindness. A doctoral thesis. Acta Ophthalmol Scand 
(Suppl) 1997;(223):1-76.

	 16.	 Klein BE, Myers CE, Howard KP, Klein R. Serum lipids and 
proliferative diabetic retinopathy and macular edema in 
persons with long-term type 1 diabetes mellitus: the wis-
consin epidemiologic study of diabetic retinopathy. JAMA 
Ophthalmol 2015 May;133(5):503-510.

	 17.	 Sáles CS, Lee RY, Agadzi AK, Hee MR, Singh K, Lin SC. 
Prevalence of diabetes mellitus and diabetic retinopathy in 
Filipino vs Caucasian Americans: a retrospective cross sec-
tional epidemiologic study of two convenience samples.Ethn 
Dis 2012 Autumn;22(4):459-465.

	 18.	 Keenan TD, Johnston RL, Donachie PH, Sparrow JM,  
Stratton IM, Scanlon P. United Kingdom national ophthal
mology database study: diabetic retinopathy; report 1: 
prevalence of centre-involving diabetic macular oedema and 
other grades of maculopathy and retinopathy in hospital eye 
services. Eye (Lond) 2013 Dec;27(12):1397-404.

	 19.	 Varma R, Choudhury F, Klein R, Chung J, Torres M, Azen SP;  
Los Angeles Latino Eye Study Group. Four-year incidence 

and progression of diabetic retinopathy and macular edema: 
the Los Angeles Latino Eye Study. Am J Ophthalmol 2010 
May;149(5):752-761.

	 20.	 Mortalidad. De que mueren los mexicanos? [Internet] [cited 
2016, Aug 24]. Available from: http://www.inegi.org.mx.

	 21.	 Cepeda-Nieto AC, Esquivel-Contreras MT, Duran-Iñiguez F,  
Salinas-Santander MA, Gallardo-Blanco HL, Esparza-
González SC, Zugasti-Cruz A, Morlett-Chávez JA, Córdova-
Alvelais LT. High prevalence of diabetic retinopathy and 
lack of association with integrin α2 gene polymorphisms in 
patients with type 2 diabetes from Northeastern Mexico. Exp 
Ther Med 2015 Aug;10(2):435-444.

	 22.	 Fort MP, Castro M, Peña L, López Hernández SH, Arreola 
Camacho G, Ramírez-Zea M, Martínez H. Opportunities for 
involving men and families in chronic disease management: 
a qualitative study from Chiapas, Mexico. BMC Public Health 
2015 Oct 5;15:1019.

	 23.	 Villanueva-Sosa LG, Cordero-Franco HF, Salinas-Martínez AM.  
Prevalence of prediabetes based on fasting plasma glucose 
and glycosylated hemoglobin in an at-risk Mexican popula-
tion. Metab Syndr Relat Disord 2015 Oct;13(8):352-355.

	 24.	 González Villalpando ME, González Villalpando C, 
Arredondo Pérez B, Stern MP. Diabetic retinopathy in Mexico. 
Prevalence and clinical characteristics. Arch Med Res 1994 
Autumn;25(3):355-360.

	 25.	 Escolaridad [Internet] [cited 2016, Sep 3]. Available from: 
http://www.inegi.org.mx/est/contenidos/proyectos/
encuestas/hogares/especiales/ei2015/default.aspx.

	 26.	 West SK, Klein R, Rodriguez J, Muñoz B, Broman AT,  
Sanchez R, Snyder R; Proyecto VER. Diabetes and diabetic 
retinopathy in a Mexican-American population: Proyecto 
VER. Diabetes Care 2001 Jul;24(7):1204-1209.
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