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Abstract
Objective To examine current level three Neonatal Intensive Care Unit (NICU) practices related to ROP screening and
treatment.
Study design A cross-sectional survey was sent to 29 level three NICU’s across Canada to survey current screening
inclusion criteria, treatment options, supportive care and post-screening events for ROP.
Result 22/29 (76%) level three NICU’s responded. Ten different ROP screening inclusion criteria were found to be in use
with signiﬁcant variation in gestational age and birth weight criteria. Many other national variations also exist regarding the
supportive and procedural protocols surrounding ROP screening as well as mode of treatment for ROP.
Conclusion Despite national guidelines, signiﬁcant variation in ROP screening inclusion criteria practices exist among
neonatal units in Canada. Therefore, there is an urgent need for better evidence-based screening guidelines as well as a need
to standardize supportive measures surrounding ROP screening and treatment.

Introduction
Retinopathy of prematurity (ROP) is a multifactorial vasoproliferative disorder that increases in incidence with
decreasing gestational age (GA) [1]. Advances in the ﬁeld
of neonatal care over the last several decades have led to
improved outcomes for preterm infants as well as a rapidly
decreasing minimum limit of viability. Recognizing the
burden and impact of this disease, there has been an
increased impetus towards early prevention, detection,
screening and treatment of ROP. The Royal College of
Paediatrics and Child Health along with the Royal College
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of Ophthalmologists in association with the British Association of Perinatal Medicine developed a guideline for
screening that recommended all infants <32 weeks GA at
birth or less than 1501 gm birth weight should be screened
for ROP [2]. The Canadian Pediatric Society (CPS) and
Canadian Ophthalmological Society (COS) in 2010
recommended screening all preterm infants whose birth GA
was ≤30 + 6 weeks or whose birth weight was ≤1250 g [1].
The American Academy of Pediatrics (AAP) and American
Academy of Ophthalmology (AAO) recommends screening
of all infants with GA at birth <30 weeks or birth weight
≤1500 g as well as infants with a birth weight between 1500
and 2000 g who have had an unstable clinical course [3].
Recognizing the challenges that guideline adherence presents, we conducted a survey to characterize not only ROP
screening criteria but also other relevant current practice
patterns in use.

Methods
This project used a cross-sectional survey to obtain data
from centers across Canada. Following ethics exemption
from the local research ethics board, the survey was distributed across all level three Neonatal Intensive Care Unit
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Table 1 National variations in
ROP screening inclusion criteria

Inclusion criteria
NICU Birth weight
(g)

Timing of 1st exam

Guideline
adherence

GA at birth
(weeks)

Birth GA < 28
(weeks)

Birth GA ≥ 28 weeks

CPS AAP/
AAO

1

≤1250

<31

31

4 weeks of age

Yes

No

2

≤1250

<31

31

4 weeks of age

Yes

No

3

≤1250

<31

31

4 weeks of age

Yes

No

4

≤1250

<31

31

4 weeks of age

Yes

No

5

≤1250

<31

31

4 weeks of age

Yes

No

6

≤1250

<31

31

4 weeks of age

Yes

No

7

≤1500

<30 weeks

4 weeks after birth 4 weeks of age

No

Yes

8

<1500

<30 weeks

4 weeks after birth 4 weeks of age

No

Yes

9

≤1500

<31

31

4 weeks of age

No

No

10

<1500

<31

31

4 weeks of age

No

No

11

<1500

<31

5 weeks after birth 4 weeks of age

No

No

12

<1500

<33

31

5 weeks of age

No

No

13

<1250

<32 + 6 weeks

31 weeks

4 weeks of age

No

No

14

<1500

<33 weeks

31 weeks

4 weeks of age

No

No

15

<1250

<30

31 weeks

4 weeks of age

No

No

16

<1501

<31

31

4 weeks of age

No

No

17

<1250

<31

31 weeks ( < 26 +
6)

4 weeks of age (>
27 weeks)

No

No

18

<1250

–

6 weeks after birth 6 weeks of age

No

No

19

<1500

<31

31

4 weeks of age

No

No

20

–

<32

31

4 weeks of age

No

No

21

<1500

<32a

4–6

4–6 weeks of age

No

No

22

<1250

–

31

4weeks of age

No

No

a

Both criteria need to be met

(NICU)’s in Canada from September 1 to December 30,
2015. For the purposes of this study, level three NICU’s
were deﬁned as care centers with the ability to provide the
highest level of medical care for infants of all viable GA,
including those born less than 32 weeks GA and less than
1500 g. The tool was designed to elicit information
regarding screening practices for detection of ROP in tertiary NICU’s. The survey also explored the screening process in terms of the person responsible for initiating the
screening processes, choice of mydriatics as well as organizing follow up. The practice and use of supportive measures during ROP screening and treatment options provided
were also captured.

Inclusion criteria
All 29 level three NICUs in Canada were approached for
inclusion in the study via emails acquired through the
Canadian Neonatal Network, which maintains a standardized NICU database, with members from 30 hospitals
across Canada [4]. An invitation letter and survey link was

sent electronically to the clinical director at each NICU.
Implied consent by virtue of voluntary participation was
assumed. The survey was kept open for a period of 8 weeks
with weekly reminders sent by email. Results from the
survey were entered into a database and analyzed with
Microsoft Excel software. Descriptive statistics were
assessed to describe adherence to CPS/COS and AAP/AAO
screening ROP guidelines. Categorical variables were
reported as counts and percentages.

Outcomes
The primary outcome was deﬁned as adherence to the
current CPS/COS or AAP/AAO guidelines. Speciﬁcally,
guideline adherence was assessed for the following criteria:
inclusion of an infant for ROP screening, age at ﬁrst ROP
exam, circumstances where infants outside the recommended screening criteria were deemed eligible for
screening, and appropriate follow-up processes.
Secondary outcomes were deﬁned as supportive administrative practices in use during ROP screening
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Table 2 Symptoms and signs
noted post ROP examination
(n = 22)

383
Frequency of symptoms/signs following eye examination (%)

Symptom/sign

0%

1–10%

11–20%

>20%

No response

Data unavailable

Feeding intolerance

6 (27)

6 (27)

2 (9)

1 (5)

5 (23)

2 (9)

Abdominal distension

6 (27)

6 (27)

0 (0)

0 (0)

8 (37)

2 (9)

Apnea/bradycardia/desaturation

0 (0)

4 (18)

3 (14)

10 (45)

3 (14)

2 (9)

Red eye

3 (14)

7 (31)

0 (0)

4 (18)

5 (23)

3 (14)

examinations. This included type and dose of mydriatics
used, and measures to reduce photophobia and discomfort
after ROP-related therapeutic interventions. We also assessed availability of dedicated personnel to coordinate the
exam, use of predetermined order sheets (paper or electronic) for medication and equipment required, measures in
place to ensure appropriate follow up, ROP treatment
options (anti-vascular endothelial growth factor [antiVEGF] and/or laser), and treatment location. Furthermore,
we assessed how many participating centers used RetCam
(Clarity Medical Systems INC.) as an alternative to
ophthalmoscopy.

Results
Of the 29 tertiary nurseries surveyed, 22 (76%) centers
completed the questionnaire. Table 1 shows ROP screening
inclusion criteria currently used by each center. In order to
be considered compliant with current guidelines, centers
had to adhere to both weight and GA screening cutoffs
provided by CPS or AAP. Ten different screening criteria
were found to be in use across Canada, with only six centers
following the CPS guidelines and two centers following the
AAP guidelines. Reasons for screening babies outside any
given unit’s inclusion criteria included unstable clinical
course or high oxygen demand as decided by the attending
neonatologist.

Use of RetCam for eye examinations
Both the AAP/AAO and CPS/COS acknowledge the use of
RetCam for screening purposes as an adjunct to indirect
ophthalmoscopy, recognizing that skilled personnel and
equipment may be a limitation. It was interesting to note
that RetCam was used in 36% (8/22) of centers.

pre-speciﬁed medication order form, whether paper or
electronic, facilitates standardization of practice, reduction
of error and effective screening. In this survey, ﬁve centers
(23%) did not use any pre-speciﬁed, standardized medication order forms [5].
There were also variations regarding topical drug regimens used for pupil dilation prior to screening. The most
commonly used dilating regimens were: Cyclopentolate
0.5% + Phenylephrine 2.5% in 15 (68%) centers and
Cyclopentolate 0.2% + Phenylephrine 1% in four (18%)
centers. Most centers report the use of supportive healthcare
practices aimed at reducing discomfort during the eye
examination. These included dimming overhead lights in
six (27%) centers, altered respiratory support in ﬁve (22%)
centers and feeding changes in two (9%) centers.

Morbidity due to eye examination
Table 2 highlights the reported perceived morbidity caused
by ROP examinations in neonates. Apnea, bradycardia and
desaturation events were the most common complications
of the screening process, reported to occur by 17 (77%)
NICUs at least some of the time, and more than 20% of the
time following ROP examinations by nearly half of the
NICUs (ten centers, 45%).
The majority of centers surveyed use both anti-VEGF
and laser as treatment options for ROP, with 12/17
responding centers using anti-VEGF and laser therapy as
the treatment of choice. Three centers (14%) reported only
using laser treatment, one center (4.5%) reported only antiVEGF, one center (4.5%) reported “other” without speciﬁcation as to which treatment was used, and ﬁve centers
provided no response. The most common location for
administration of anti-VEGF was at the infant’s bedside,
reported at 50% (11/22) centers. Conversely, the most
common location for laser therapy administration was the
operating room, indicated in 50% (11/22) of centers.

Variations in supportive NICU practices during ROP
screening

Discussion
As per both the AAP and the CPS recommendations, follow
up of infants screened for ROP should be conducted by
the treating ophthalmologist. Clear timelines based on
the examination ﬁndings have been deﬁned [1, 3]. A

This is the ﬁrst national study to evaluate neonatal intensive
care practices for not only ROP screening inclusion criteria
but also ROP screening and treatment from a practice,
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process and organizational perspective. Given the response
rate of 76%, we believe these results are an accurate
representation of current existing practices in Canadian
tertiary NICU’s.
Despite published recommendations from the AAP/AAO
and the CPS/COS, the results of our study show variation in
screening inclusion criteria practices. Possible rationale for
variations include the fear of missing babies with severe
ROP [6]. Variations in practice may also be a reﬂection of
differences in regional perinatal care. Bain et al. [7]
reviewed factors associated with failure to screen newborns
for ROP and found that infants with higher birth weights
and higher GAs were missed most frequently. The resources
available and costs involved may be a limiting factor for
smaller, more rural centers [8]. Unstable clinical status of
the babies at the recommended screening times may also
contribute to inconsistent screening.
In recent years, telemedicine has emerged as the means
to ensure screening for ROP in centers where technical
expertise and resources are limited. Results from longitudinal prospective cohort studies have reported excellent
sensitivity and speciﬁcity for this screening modality [9,
10]. Vinekar et al. [11], through their KIDROP model
developed a speciﬁc tool to facilitate disease classiﬁcation
by trained technicians. In a further study that included 1257
infants with birth weights <1251 g in 13 North American
centers, Quinn et al. reported strong support for the validity
of digital retinal images taken by trained non-physician
imagers [12]. Despite the evidence that exists in its favor,
there is limited use of RetCam for ROP screening in
Canadian NICU’s. Increased use of RetCam may reduce the
number of dangerous and expensive transfers of premature
babies between hospitals due to limited availability of
ophthalmological expertise. In addition, images captured
can be used for benchmarking and quality improvement
initiatives, which may facilitate increased adherence to
guidelines and objectivity among ophthalmologists.
Current existing guidelines do not make recommendations surrounding the initiation of supportive administrative
and healthcare practices for ROP screening. Survey results
report apnea/bradycardia and desaturation events followed
by red eye as the most common adverse clinical signs and
symptoms following ROP examinations. These results are
consistent with previous studies that have investigated
potential adverse physiological effects of ROP screening on
premature infants [13, 14]. Possible explanations for these
outcomes could be that these events are a physiological
response to the pain associated with the procedure. The
results of our study report the use of Cyclopentolate 0.5%
and Phenylephrine 2.5% as the most commonly used
mydriatic combination for the screening process. This is
consistent with reported literature on the safety and efﬁcacy
of this combination for screening [15].

Recognizing that the ROP screening procedure is associated with potential adverse consequences, some centers have
adopted speciﬁc supportive practices; the most common being
dimming of the overhead lights. These examinations are
stressful on the patient, and cause strain to infants who may
already suffer from signiﬁcant morbidity. Current guidelines
do not provide recommendations on the minimization of
potential adverse consequences of screening, even though they
are fairly common, as evidenced by the results in Table 2.
When examining reported data from the 2014 Canadian
Neonatal Network Annual Report [16], 1614 infants were
born between 31 and 32 weeks GA, of whom 226 underwent conﬁrmed ROP screening. Of the infants screened,
76% (n = 172) were found not to have ROP, and no infants
were found to have ROP stages 3–5. When examining
birthweight data from the same report, 922 infants with a
birth weight of 1250–1499 g were delivered in 2014, with
380 undergoing completed ROP screening exams. Of these,
71% (n = 269) did not have ROP, only one infant was
diagnosed with stage three ROP, and none were diagnosed
with stage 4 or 5 ROP. This means that in 2014, as many as
441 infants were unnecessarily screened for ROP, as they
fell outside current CPS screening criteria. When multiplied
over the course of years, this “small” deviation in guideline
adherence can potentially lead to thousands of infants who
may be undergoing unnecessary ROP screening.
While we are unable to determine how many infants fell
under one category of screening but not the other (e.g.,
<1250 g but 33 weeks GA) we can still see that the majority
of infants undergoing screening outside of guideline criteria
do not develop signiﬁcant ROP, and are put at higher risk of
bradycardia or desaturation. Current evidence for these
supportive practices is anecdotal, and therefore further
studies need to be conducted to develop evidence based best
practice models surrounding ROP examination.
The Cryotherapy for Retinopathy of Prematurity Study
(CRYO-ROP) study [17] established cryotherapy as a
successful treatment modality for the treatment of ROP.
Furthermore, over the last several decades laser
photocoagulation has replaced cryotherapy as the gold
standard for ROP treatment. Possible but rare adverse
effects of laser photocoagulation include cataracts, unintended laser burns and retinal detachment [18–21].
The role of VEGF in the pathogenesis of ROP has been
well established [22]. The recent study by and bevacizumab
for stage 3+ retinopathy of prematurity (BEAT-ROP)
Cooperative Group was the ﬁrst randomized controlled
study that looked at the efﬁcacy of Bevacizumab as a
treatment modality for ROP in comparison to laser [23].
Recurrence rates of Zone I and posterior Zone II ROP were
decreased with use of Bevacizumab when compared to
traditional laser therapy, though the results were not statistically signiﬁcant. In a literature review spanning the last
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7 years, Klufas and Chan reported a trend towards robust
scientiﬁc evidence guiding the use of intravitreal anti-VEGF
for the treatment of ROP. However, given reported adverse
events and limited follow up, the current use of anti-VEGF
for the treatment of ROP is still deemed as “off label” [24].
Results from a recent Canadian study reporting neurodevelopmental outcomes in infants <29 weeks who were
treated with anti-VEGF versus laser photocoagulation
report higher odds of neurodevelopmental disabilities in
infants who received anti-VEGF [25].
The primary limitation of this study is the lack of 100%
response rate. This can be problematic due to potential
intrinsic management differences between the level three
NICU’s that responded and those that did not. While we did
not survey level two nurseries in the country, the greatest
amount of ROP screening and treatment occurs in the level
three NICUs and so we feel this survey is representative of
current practice patterns.
The results of this study capture the variation in
screening practices that exist despite established guidelines.
In addition, there is variation in process measures surrounding ROP screening where current evidence is anecdotal. There is an urgent need for standardization given the
morbidity burden associated with the disease and screening
process. Further studies are required to elucidate areas of
concern outlined in this paper.
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