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José A. Gutiérrez-Padilla • Clare E. Gilbert

Published online: 2 December 2014

� Springer Science+Business Media New York 2014

Abstract To describe the characteristics of infants with

bilateral Stage 4b or 5 ROP (i.e. with subtotal or total

retinal detachment) who presented to eye departments in

two major cities in Mexico, to identify reasons why they

may have become blind in order to recommend how pro-

grams could be improved. A large case-series of infants

with Stage 4b or 5 ROP in both eyes confirmed by ultra-

sound who attended the ROP Clinic, Hospital Civil de

Guadalajara from September 2010 to November 2012, and

the Department of Ophthalmology, Hospital Infantil de

Mexico Federico Gomez from December 2011 to Decem-

ber 2012 were identified from the diagnostic databases of

each hospital. Mothers of infants in Guadalajara had a

telephone interview. 89/94 eligible infants were included in

the study, 48 in Guadalajara and 41 in Mexico City. Cases

came from 22 of the 32 states in Mexico. Half of the infants

attending Guadalajara 24/48 (50 %) had been cared for in

NICUs without ROP screening programs and were not

examined. Among the 24 infants cared for in NICUs with

ROP programs, 7/24 (29.1 %) mothers reported that their

infant had not been examined while in the NICU, and a

further 9/24 (37.5 %) were either not referred for screening

after discharge or they did not attend. Two infants had

failed laser treatment. Strategies and resources to prevent

end stage ROP have not been firmly established in Mexico.

There is an urgent need to expand the coverage and quality

of ROP programs, to ensure that existing screening

guidelines are better adhered to, and to improve commu-

nication with parents.

Keywords ROP screening � Retinopathy of prematurity �
Blindness � Childhood blindness � ROP risk factors

Introduction

Retinopathy of prematurity (ROP) is an important cause of

potentially avoidable blindness in children, particularly in
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Latin America, Eastern Europe and the emerging econo-

mies of Asia [1]. Recent estimates suggest that 20,000

(15,500–27,200) survivors of preterm birth become blind

from ROP each year with the largest number being in Asia

[2]. Rates of ROP blindness per million live births are 2.5

times greater in Latin America than in high income

countries, suggesting that much can be done to prevent

visual impairment from ROP through interventions to

reduce preterm birth [3], by improving neonatal care [4, 5]

and by increasing the coverage and quality of programs for

detecting and treating infants with severe acute ROP [6, 7].

In Mexico ROP is the commonest cause of avoidable

blindness in children, having great economic and social

impact [8], as it compromises the individuaĺs development

and participation in productive life.

Progression to Stage 4b (subtotal retinal detachment) or

Stage 5 ROP (total retinal detachment) can occur if infants

are not screened or treated, or if peripheral laser treatment

fails to control progression. To avoid these cases, high

coverage with high quality ROP programs in units caring

for preterm infants at risk is required. This entails the

following steps in each unit: identifying all infants who

need to be examined, using locally agreed, evidence based

criteria, and timely examination of infants by an experi-

enced ophthalmologist while they are still in the unit and

after discharge, if required. Infants with severe ROP need

urgent treatment with laser photocoagulation, or cryother-

apy if laser is not available, with follow up and retreatment,

if necessary. Evidence of the extent to which each of these

steps is being implemented is often not monitored or

reported, but there is some evidence that not all eligible

infants have a first eye examination [9], and a relatively

high proportion of infants fail to complete all examinations

after discharge [7, 10]. Data from the clinical trials of

treatment of severe ROP demonstrate that although treat-

ment significantly improves structural and function out-

comes, visual impairment cannot always be prevented [11,

12].

The Mexican national ROP guidelines recommend that

infants with birth weight (BW) B1,750 gs or gestational

age (GA) B34 weeks be examined [13] taking account of

the risk in bigger, more mature infants in middle income

settings [14]. Sicker, more mature infants should also be

examined, at the discretion of the attending physician. A

law has recently been passed in Mexico which makes eye

examination of preterm infants mandatory [15].

A recent study undertaken in 32 neonatal units in five states

in Mexico showed that a third of units had no program for

detecting or treating ROP, and less than 20 % had programs

which followed international norms. (Zepeda-Romero LC,

Gilbert CE. Prevention of blindness from retinopathy of pre-

maturity in Mexico. Quality of the neonatal care and charac-

teristics of the ROP programs. London School ofHygiene and

Tropical Medicine. Unpublished data, available at www.

lshtm.ac.uk/library/MSc_CEH2010-11/100865.pdf). Almost

half of the units had suboptimal programs i.e., infants were

referred to eye clinics for examination or treatment, or were

treated with anti-VEGF agents which are not yet of proven

safety or long term efficacy [16, 17].

Mexico has a very complex medical insurance system.

Approximately a third of the population is insured by the

Mexican Institute of Social Security which is available to

those in formal employment. A relatively small proportion

is insured by schemes for civil servants, the Navy, the

Army and people working in the oil industry. Only 0.4 %

has private health insurance. Almost 40 % of the popula-

tion are covered by the Popular Health Insurance which

covers health care in government hospitals [18]. The latter

includes the care of newborn babies but the scheme is not

automatic as parents have to register their child. Neonatal

care and treatment for severe ROP were included in this

insurance scheme in 2007, resulting in a marked

improvement in the survival of preterm infants [19]. Data

from the 2012 census showed that 21.4 % of the population

did not have access to any insurance [18].

The purpose of this study was to describe the charac-

teristics of infants with bilateral Stage 4b or 5 disease who

presented to two government eye departments in two major

cities in Mexico, Guadalajara and Mexico City, to identify

reasons why they may have become blind and to identify

contributing factors in order to recommend how programs

could be improved. Both hospitals are tertiary level referral

hospitals for paediatric ophthalmology.

Materials and Methods

Infants with Stage 4b or 5 ROP in both eyes confirmed by

ultrasound who attended the ROP Clinic of the Hospital

Civil de Guadalajara from September 2010 to November

2012, or the Department of Ophthalmology Hospital Inf-

antil de Mexico Federico Gomez in Mexico City from

December 2011 to December 2012 were identified from the

diagnostic databases of each hospital. The following

information was extracted from the databases in both

hospitals, which included details extracted from neonatal

care discharge summaries: referral method and diagnosis at

referral; the hospital the infant was born in and the level of

services available; the neonatal intensive care unit (NICU)

the infant attended prior to discharge, and length of stay in

the NICU. The time interval between the mother first

presenting to medical services because she had noticed a

problem and age at the first consultation in the eye

department were noted. The following data were collected

in relation to the child: GA, BW, gender and singleton or

multiple birth.
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Contact information was not available for infants

attending the clinic in Mexico City and the following

additional information was collected by telephone inter-

view with mothers of infants attending the Guadalajara

ROP clinic and by reviewing hospital medical records:

mother’s age, marital status, education and employment;

number of pregnancies and whether the pregnancy with the

study child was planned, whether the infant had an eye

examination or was treated for ROP, what the mother was

told about ROP and whether she was asked to bring her

child back for examination after discharge from the NICU.

Additional information for infants attending the Guadalaj-

ara clinic was also obtained from the neonatologist in

charge of the NICU where the child had received care. The

neonatologist was asked about the policies and practices in

relation to ROP in their unit.

All data were recorded on a standard form, and entered

into a database created in Microsoft Office Excel 2010.

Data were analysed using SPSS version 21 for windows.

Ethical Considerations

The study abided by the principles of the Declaration of

Helsinki. The protocol was approved by the hospitals’

Ethics Committees who did not require full ethical

approval. Verbal consent to participate was obtained prior

to interviews.

Results

A total of 94 infants with Stage 4b or 5 ROP in both eyes

were identified: 53 attended the Guadalajara clinic and 41

were recruited in Mexico City. Five infants attending the

Guadalajara clinic were excluded as they had incomplete

histories and their families could not be contacted for

interview. Data from the databases were therefore available

for 89 infants, 48 of whom had additional information from

interviews with mothers.

All Study Infants

The majority of the 89 infants were born in government

maternity units, the remainder being born in private units

(7.9 %). 19 % were twins. In the Mexico City sample,

49 % of infants lived outside the Federal District where

Mexico City is located, and in the Guadalajara sample

87.5 % lived outside Jalisco state where Guadalajara is

located. Infants came from 22 of the 32 states in Mexico

(Fig. 1). There were more male infants in both hospitals,

70.8 % in Guadalajara and 65.9 % Mexico City. The

median BW of the 89 infants was 1,232 ± 325 g and the

median GA was 29.5 ± 2.5 weeks (Table 1). The majority

of infants had BWs B1,500 g (85.3 %) or GAs B32 weeks

(87.6 %). Only one infant born at 36 weeks with a BW of

2,000 g fell outside Mexican screening criteria. This infant

had pulmonary hypertension, was treated with high fre-

quency ventilation and was discharged on day 20. How-

ever, eight (8.9 %) weighed [1,750 g at birth and four

(4.5 %) had a GA of more than 34 weeks.

Infants Attending the Eye Department in Guadalajara

Additional information about the mothers was only avail-

able from the 48 infants who attended the clinic in Guad-

alajara where mothers were interviewed (Table 2). The

median age of mothers was 24 ± 7 years (15–39 years),

31 % were adolescents, 54 % were not married, 67 % had

primary or middle school education and 90 % were

unemployed. 19 % of mothers admitted that the pregnancy

was not planned or desired.

Forty percent of infants in Guadalajara were discharged

from a NICU unit classified by Mexico’s Health Depart-

ment as tertiary level (Table 3) and the median stay in the

NICU was 51 ± 25 days (9–120 days), with 17 % being

discharged before 28 days of life. Most infants (45.8 %)

were referred to the Guadalajara ROP clinic by a paedia-

trician but 27 % were self-referred by the parents who had

noticed a problem i.e. their child did not smile in response

to a smile. A total of 35 infants had been referred by cli-

nicians. Twelve of the 13 referring ophthalmologists had

diagnosed Stage 4 (subtotal detachment, extent not defined)

or Stage 5 ROP. Diagnoses were less accurate by the 22

referring paediatricians: three diagnosed Stage 4 (as above)

or Stage 5 ROP and two had a diagnosis of retinal

detachment. Other diagnoses/reasons for referral were for

ROP screening (two infants), Stage 1 ROP (two infants),

congenital glaucoma (four infants) and microphthalmos

(two infants). In a further four cases ROP was suspected

and two were referred without a diagnosis. Overall, Stage 4

(as above) or 5 ROP were correctly diagnosed in 13/35

(37 %) of the infants referred by clinicians.

Half the infants in Guadalajara (24, 50 %) had received

care in NICUs without ROP programs and were not

examined (Fig. 2). The majority of the infants admitted to

secondary level facilities (14/15) were not examined as

these NICUs did not have a program. Among the 24 infants

cared for in NICUs with ROP programs, 7/24 (29.1 %)

mothers reported that their infant had not been examined

while an inpatient, and a further 9 (37.5 %) were either not

referred for screening after discharge or they did not attend

follow up appointments. Seven infants had been treated for

ROP: two (8.3 %) had undergone laser photocoagulation

and failure of treatment had been documented; two (8.3 %)

had late laser photocoagulation because treatment was not

available in the city where they lived and they had been
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referred to different cities before treatment could be pro-

vided. Three infants (12.5 %) had been inappropriately

treated with topical beta blockers or steroids (Table 4).

During the NICU stay, less than a quarter (23 %) of

mothers said they received any information about the risk

of blindness due to ROP.

Discussion

In this study 94 infants with end stage ROP presented to

two eye units in tertiary referral hospitals in two cities in

Mexico over a total recruitment period of 40 months i.e. an

average of more than two infants per month. Many had

Fig. 1 State of residence of

children with advanced stages

of ROP who presented to eye

departments in Mexico City and

Guadalajara

Table 1 Socio-demographic characteristics of preterm infants with advanced stages of retinopathy of prematurity (all study infants)

Gender Guadalajara Mexico City Total

N % N % N %

Male 34 70.8 % 27 65.9 % 61 68.5 %

Birth weight, grams

Median ± SD 1,213 ± 293 1,250 ± 303 1 232 ± 325

Range 700–2,000 750–2,300 700–2,300

Gestational age, weeks

Median ± SD 29 ± 2 30 ± 2 29.5 ± 2.5

Range 25–36 26–35 25–35

Twin pregnancy 13 27.1 % 4 9.8 % 17 19.1 %

Health provider at birth

Government 47 97.9 % 35 85.4 % 82 92.1 %

Private 1 2.1 % 6 9.8 % 7 7.9 %

State of residency

Same state as eye department 6 12.5 % 21 51 % 27 30 %

Other state 42 87.5 % 20 49 % 62 70 %

Total 48 100 % 41 100 % 89 100 %
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been born and cared for in other States in Mexico, partic-

ularly infants attending the Guadalajara ROP clinic where

almost 90 % had been born outside Jalisco State. Some of

these mothers had travelled by bus for more than 24 h. The

low number presenting from Jalisco State probably reflects

the fact the Guadalajara city, where the majority of level 3

neonatal units are located, has a very good ROP program.

In both hospitals boys outnumbered girls, which may

reflect gender differences in rates of preterm birth as well

as in the incidence and severity of ROP, but differences in

health seeking behaviour may also be a factor [20].

The BW and GA of the 91 infants with adequate data for

inclusion in this study are similar to those with end-stage

ROP in studies from other middle income countries, where

larger, more mature infants are affected than in industri-

alized countries i.e., in Russia [21] and India [22]. How-

ever, our cases were more mature than a large case series

from the USA [23].

Focussing on the 48 infants recruited in Guadalajara,

despite regulations making examination of preterm infants

mandatory in Mexico, 50 % of infants had been cared for

in NICUs without ROP programs, over half of whom had

been cared for in secondary level NICUs. These findings

are supported by the earlier study undertaken in 32 NICUs

across Mexico (Zepeda-Romero LC, Gilbert CE. Preven-

tion of blindness from retinopathy of prematurity in Mex-

ico. Quality of the neonatal care and characteristics of the

ROP programs. London School of Hygiene & Tropical

Medicine. Unpublished data, available at www.lshtm.ac.

uk/library/MSc_CEH2010-11/100865.pdf). More needs to

be done to improve the coverage of programs in Mexico,

including secondary level units. Barriers to the expansion

of programs include the concentration of ophthalmologists

in large cities and screening for and treating ROP is time

consuming, entailing opportunity costs. An additional

factor is that residency programs in Mexico do not include

training in ROP which means junior ophthalmologists do

not develop skills or interest in ROP. For ophthalmologists

willing to screen and treat, accessing financial support for

equipment and salaries through insurance schemes is also

challenging. Although treatment of ROP is included in the

federal Ministry of Health’s budget designed to reduce

catastrophic health expenditure, reimbursement can be

slow and disbursement within the hospital is discretionary.

As a consequence programs are often run on a voluntary

basis, with lack of continuity, or neonatologists hire oph-

thalmologists to run programs to reduce the risk of medico-

legal action.

Almost a third of the infants in Guadalajara (17/48;

35.4 %) were cared for in NICUs with ROP programs but

they were either not examined despite being eligible, or

mothers did not bring their child back for examination after

discharge, or the infant fell outside the Mexican screening

criteria. In this study eight infants with BWs [1,750 g

were not examined despite having GAs within the

screening criteria. The finding that eligible infants slip

through the net has been reported in other studies [9, 24].

Table 2 Characteristics of mothers of preterm infants with advanced

ROP attending Guadalajara ROP clinic (n = 48)

Characteristic

Mothers age

Median ± SD 24 ± 7 years

Range 15–39

Marital status N %

Married 22 46 %

Single 26 54 %

Schooling

Elementary and middle school 32 67 %

High school 13 27 %

College 3 6 %

Employment

Employed 5 10 %

Desired pregnancy

Undesired pregnancy 9 19 %

Desired pregnancy 39 81 %

Number of children media (range) 2 (1–7)

Total 48 100 %

Table 3 Characteristics of birth and referring hospital of the patients

with advanced ROP stages attending the Guadalajara ROP clinic

(n = 48)

Variable N %

Type of hospital

Tertiary 19 39.6 %

Secondary 29 60.4 %

Number of days in NICU (median ± SD)

Median ± SD 51 ± 25 days

Range 9–120 days

Interval from discharge to consultation

Median ± SD 3 ± 2 months

Range 0–11 months

Age in months at first visit (median ± SD)

Median ± SD 5 ± 2 months

Range 1–11 months

Who referred the infant

Self referral 13 27 %

Paediatrician 22 45.8 %

Ophthalmologist 13 27 %

Diagnoses by referring physician (n = 35)

Stage 4 or 5 ROP 13 37 %

Other diagnoses 22 63 %
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To reduce this risk, clear protocols are required for staff

who identify infants requiring examination, delineating

who is responsible for documenting and communicating

information to the examining ophthalmologist and to

mothers/other carers.

In this study a high proportion of mothers were

unmarried, poorly educated and had higher levels of

unemployment than the national average for Mexico (5 %)

[25]. Similar characteristics were found among 277

mothers of infants who were screened in the NICU in

Hospital Civil de Guadalajara: mean age 24.7 ± 7.2 years;

64 % were not married; 81.4 % had attended primary

school but had not completed middle school and 93 %

were unemployed (Garnica-Garcia E, Zepeda-Romero LC.

Factores de riesgo para retinopatia quirurgica del prema-

turo en el OPD Hospital Civil de Guadalajara 2005–2009.

Fig. 2 Flow chart of infants

recruited in the ROP clinic in

Guadalajara

Table 4 Reasons why infants attending the ROP clinic in Guadalajara who developed advanced stages of ROP

Tertiary NICU Secondary NICUs Total

N % N % N %

Cared for in a NICU without an ROP program 10 20.8 14 29.2 24 50.0

Cared for in a NICU with a program

Examination for ROP

Not examined while in the NICU 7 14.6 0 0.0 7 14.6

Not referred/not examined after discharge 9 18.8 0 0.0 9 18.8

Not examined as outside Mexican screening criteria 0 0.0 1 2.1 1 2.1

Treatment of ROP

Failure of laser treatment 2 4.2 0 0.0 2 4.2

Laser treatment given too late 2 4.2 0 0.0 2 4.2

Inappropriate treatment 3 6.3 0 0.0 3 6.3

Total 33 69 15 31 48 100
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123



Unpublished data). These characteristics reflect the popu-

lation attending this government hospital. Communication

strategies need to take this vulnerable group of mothers

into account. Discharge summary forms should include

whether an eye examination is required after discharge, and

this information needs to be communicated verbally and in

writing to mothers/carers. Another approach is to ensure

that infants are examined prior to discharge from the NICU

even is this means the first examination is before 28 days

of life, allowing infants with mature retinal vasculature to

be discharged.

Only one infant with a difficult clinical course and early

discharge receiving care in a secondary level NICU was

not examined as it fell outside the BW/GA Mexican

screening criteria. However, the guidelines recommend

that more mature infants are examined at the discretion of

the paediatrician if they have had an unstable clinical

course. Although no conclusions can be drawn from this

one case, screening criteria may need to be revised for

secondary level facilities where levels of care are likely to

be lower than in tertiary level NICUs, putting more mature

infants at risk. However, having different criteria for dif-

ferent levels of care may cause confusion. Paediatricians

and neonatologists need to be made more aware of these

additional ‘‘sickness’’ criteria.

Four infants had been treated with laser but had poor

outcomes. In two infants this was because treatment had

been given too late as the infants were transferred to hos-

pitals in different cities before treatment could be provided.

To avoid these delays, a register is required of hospitals

which can treat ROP until this care becomes more widely

available. As a means of addressing the shortfall of oph-

thalmologists skilled in laser treatment for ROP in India,

some States Ministries of Health support treatment by

private practitioners, which is endorsed by the National

Program for the Control of Blindness. This approach has

the potential to increase the number of infants who can be

treated.

Three infants had been given inappropriate treatment by

ophthalmologists, and levels of awareness of ROP was low

amongst referring paediatricians. More needs to be done to

improve awareness of ROP amongst paediatricians in

Mexico, through publications, presentations and engaging

professional societies. To improve knowledge and skills

amongst ophthalmologists, ROP should be included in all

ophthalmology residency programs.

Despite being a major cause of avoidable blindness in

children, control of ROP is not yet a priority in Mexico

[15]. The circumstances of the cases reported in this paper

reflect a fragmented health system and disorganized insti-

tutions and programs. A way forward would be to support

the development of more regional ROP centres of excel-

lence across Mexico, to provide local leadership for

program development and to ensure quality control.

Advocacy is required so that ophthalmologists receive

salary support for screening and treating ROP within

government services rather than depending on unreliable

reimbursement. Indeed, there are powerful economic

arguments for preventing blindness from ROP. In Peru, for

example, the societal life time cost of blindness avoided

has been estimated at almost $200,000 per child. Other

studies have demonstrated that screening and treatment of

ROP is highly cost effective [26–29], and in Brazil it has

been estimated that including ROP programs in Ministry of

Health services for neonatal care would only increases the

cost of care of preterm infants by 10 % [30].

The ideal approach is for ROP programs to become

embedded within national health systems but this can be

challenging in countries where there is an absolute lack of

ophthalmologists, or an inadequate number skilled in laser

treatment. An alternative approach which has led to

expansion of programs in India entails screening by trained

technicians who transport a portable wide-field digital

imaging system (RetCam, Clarity) to the neonatal unit. The

technicians are trained to take and interpret the images, and

to make management decisions, or they upload images for

remote reading by ROP experts. Ophthalmologists are only

request to visit the NICU to examine infants when high risk

ROP is detected. In this program in Karnataka State 80

neonatal unis are visited every week by four teams (KID-

ROP, http://www.kidrop.org). The program has a compe-

tency based training program for technicians, who require

30–90 training days to reach the minimum and maximum

levels of competency [31]. Retinal imaging with or without

telemedicine is becoming widespread, and a recent study in

the United States of America confirms that trained non-

clinical personnel can detected ROP requiring referral by

remote reading of digital images with high degrees of

validity [32]. High levels of skill and competency are

possible [33, 34]. However, a current limitation to

screening using digital cameras is the lack of a high

quality, wide field system which is affordable as the only

available camera (RetCam) is very expensive [35].

Limitations of this study are the possibility of recall bias

by mothers who were interviewed, but the period of recall

was not long as the median interval between discharge and

consultation was 3 months. It is possible that some infants

receiving care in units with ROP programs were examined

but the mother did not know either because she was not

told, or she did not understand what was being communi-

cated or its importance. All facility based studies are prone

to selection bias as not all infants developing end stage

ROP will present to government facilities as some may

present to private ophthalmologists. However, the charac-

teristics of the mothers in this study were very similar to

those of an earlier study, reflecting the population of
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mothers whose infants receive care in the government

system in Mexico.
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