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Aim: To compare the visual acuity (VA), spherical equivalent refractive error, motility, and anatomical
outcomes in children with treated regressed threshold stage 3 retinopathy of prematurity (ROP) and those
with spontaneously regressed subthreshold stage 3 ROP.
Method: 6 month and 3 year data collected from infants examined between 1989 and 1999 with
regressed stage 3 ROP, with or without treatment were retrospectively reviewed.
Results: 85 infants were included in this study. 40 eyes received cryotherapy, 81 eyes laser
photocoagulation, and 34 eyes had spontaneously regressed subthreshold stage 3 ROP. Grating acuity
score >2 cycles/degree (c/d) at 6 months was predictive of optotype acuity >6/9 in 69% of eyes and a
score ,2 c/d at 6 months was predictive of acuity ,6/9 in 88% of eyes. Eyes with subthreshold stage 3
ROP were twice as likely to have VA of 6/9 or better at 36 months than the treated eyes. The mean
spherical equivalent refractive error at 36 months was 26.5 dioptres (D) (221.5D to +1.38D) in
cryotherapy treated eyes, 22.4D (213D to +4D) in the laser group, and 20.22D (29D to +2.25D) in the
subthreshold group. Eyes within the treated groups were more myopic than the eyes within the
spontaneously regressed group (p = 0.005). At 36 months, 42 out of the 85 infants (that is, 49%) had
strabismus (44% in the cryotherapy group, 26% in the laser group, and 25% in the subthreshold group).
There was a statistically significant association between the presence of strabismus and anisometropia
(p = 0.016) and strabismus and intraventricular haemorrhage (IVH) (p = 0.005). There was a statistically
significant difference in the incidence of strabismus between mild and moderate and severe grade IVH
(p = 0.01). Eight out of 40 eyes in the cryotherapy group and six out of the 81 eyes in the laser group
developed macular ectopia. None of the eyes in the spontaneously regressed group had macular
dragging.
Conclusions: In this study, the grating acuity at 6 months was a good predictor of the 3 year optotype
acuity in all groups. Eyes with spontaneously regressed subthreshold stage 3 ROP were associated with
better vision at 3 years of age and a lesser degree of myopia compared to the treated groups. Strabismus
developed predominantly in the treated groups and was frequently associated with neurological damage
and/or anisometropia. The spontaneously regressed subthreshold stage 3 group had a better anatomical
outcome compared to the groups in which the retinopathy regressed following treatment.

T
he Cryotherapy for Retinopathy of Prematurity Co-
operative Group demonstrated a beneficial effect of
treating threshold stage 3 ROP.1 During the past several

years, studies have demonstrated that laser photocoagulation
for threshold ROP was more likely to result in a better
anatomical and visual outcome and less myopia compared to
cryotherapy.2–5

Recent studies6–9 including ETROP (Early Treatment for
ROP Cooperative Group) study showed improved outcome
following treatment for subthreshold ROP. However, long
term follow up results are not currently available for the
ETROP study and few studies have reviewed the structural
and functional outcome in eyes with spontaneously regressed
subthreshold stage 3 ROP. Our report examines the change in
vision and refractive error at 6 months post-term and
36 months post-term in 85 children and compares the vision,
refractive and orthoptic outcome between the two different
regressed ROP groups with and without treatment (threshold
stage 3 ROP and subthreshold stage 3 ROP).

PATIENTS AND METHODS
In the period between 1989 and 1999, 1820 preterm babies,
with birth weights less than 1500 g and or less than or equal

to 31 weeks gestational age were screened for ROP based
on Royal College of Ophthalmologists and the British
Association of Perinatal Medicine guidelines (1995) at the
Merseyside Regional Neonatal Intensive Care Unit (a tertiary
referral unit for ROP treatment) by a single clinician (DC).
The first examination was between 6 and 7 weeks postnatal
age. Subsequent examinations continued until vascularisa-
tion was complete or the retinopathy showed no further signs
of progression.
Treatment was undertaken when threshold was

reached. The threshold for treatment was defined as 5
contiguous or 8 or more cumulative clock hours of stage 3
in zone I or zone II, in the presence of ‘‘plus’’ disease.
Subthreshold was defined as stage 3, but not meeting the
above definition.
The data were collected retrospectively from a database

where the data were recorded prospectively. The following
clinical parameters were recorded at each examination.

Abbreviations: c/d, cycles/degree; IVH, intraventricular haemorrhage;
PVL, periventricular leucomalacia; ROP, retinopathy of prematurity; VA,
visual acuity
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Vision
Visual acuity (VA) was recorded using Teller grating acuity
cards at 6 months post-term and Kay pictures at 36 months
post-term. Refractive error was corrected for if myopia
exceeded 24D.6 VA was scored as ,2 cycles/degree (c/d) or
>2 c/d at the 6 month examination and ,6/9 or >6/9 at the
36 month examination. A VA of >2c/d at 6 months and 6/9
or better at 3 years was considered a favourable outcome.10

Refraction
An experienced optometrist determined the refractive errors
after cycloplegic retinoscopy using 1% cyclopentolate hydro-
chloride at each examination and the spherical equivalent
(SE) was calculated. Eyes with 5.00 D or more of myopia
were considered to have high myopia.11

Orthoptic assessment
Cover test, prism cover test, and ocular movements were
assessed by a senior orthoptist at every visit. Presence or
absence of strabismus and nystagmus was documented.

Cranial ultrasound
The occurrence of intraventricular haemorrhage (IVH) and
periventricular leucomalacia (PVL) was documented on
cranial ultrasound. IVH was graded as 0=normal;
I= subependymal haemorrhage; II= IVH only; III=
intraventricular haemorrhage and dilatation; IV= intra-
parenchymal lesion. PVL was graded as 0=normal; I=
persistent periventricular flare; II= small cysts; III= large,
widespread cysts. Ocular outcomes of infants with no or
mild to moderate (grades I–II) haemorrhages were compared
with those of infants with severe grade (III and IV) IVH.
A single ophthalmologist, DC, examined all cases and

recorded the stage and location of ROP according to the
International Classification of Retinopathy of Prema-
turity.12 13 Patients with stage 3 threshold ROP were treated
with cryotherapy between 1989 and 1992. Cryotherapy was
applied over the non-vascularised retina. After 1992 patients
with stage 3 threshold disease were treated with argon or
diode laser. Laser was applied to the avascular retina anterior
to the ridge in a scatter fashion.

Statistics
Statistical analysis of the data was performed using SPSS for
Windows Version 11.0. For the purpose of this study the two
eyes of the same patient have been used as independent
variables. Pearson correlation coefficient (r) was calculated to
quantify the relation between grating acuity score at
6 months and optotype acuity at 36 months. For calculation
of predictive value, negative tests were considered to be those
resulting in acuity ,6/9 at 36 months and positive tests were
those with acuity >6/9 at 36 months. Predictive value was
calculated by dividing the number of eyes with VA >2 c/d at
6 months and VA >6/9 at 36 months by the number of eyes
with >2 c/d at 6 months only. Binary logistic regression was
used to compare the frequency of high myopia in the treated

and untreated groups. p Values of (0.05 were taken to be
significant.

RESULTS
In all, 139 babies born between 1989 and 1999 had stage 3
ROP. Six children died and 15 had a poor outcome despite
treatment and progressed to stage 5. These eyes were
excluded, as the aim of this study was to report the two
regressed groups with and without treatment. Thirty three
infants (three cryotherapy group, four laser group, and 26 in
the subthreshold group) were either lost to follow up or had
incomplete records and were excluded. Follow up data on
treated infants were greater as there was greater compliance
in clinic attendance. Thus, 3 year follow up data were
available for 85 infants. Five infants had stage 3 threshold
ROP in one eye and stage 3 subthreshold ROP in their fellow
eye and were included in their respective group. Table 1
contains a summary of the demographic data.

Cryotherapy group
Forty eyes with stage 3 threshold ROP and treated with
cryotherapy were included in the study. This included both
eyes of 17 infants (34 eyes). Six patients had asym-
metric disease and the treated threshold eyes (six eyes)
were included. The fellow eye had stage 2 ROP in one,
subthreshold stage 3 ROP in three and in three patients
progressed to stage 5 despite treatment.

Laser group
Eighty one eyes with stage 3 threshold ROP were treated with
either diode or argon laser; 38 infants (76 eyes) had bilateral
stage 3 ROP and five infants had asymmetric ROP; the eye
with treated threshold disease was included. The fellow eye
had stable subthreshold stage 3 ROP in three and stage 2 ROP
in two .

Subthreshold stage 3 ROP group
A total of 34 eyes had spontaneously regressed subthreshold
stage 3 ROP. It was bilateral in 10 infants (20 eyes) and
unilateral in 14 infants (14 eyes). This included the five
infants who had treated threshold disease in their fellow eye.

Visual acuity (fig 1A, B)
Grating visual acuity data at 6 months and Snellen acuity
data at 36 months were available for 155 eyes (81 laser; 40
cryotherapy; 34 subthreshold). A VA >2 c/d at 6 months was
expected to predict a VA of >6/9 at 36 months and was
considered to be a favourable outcome. Table 2 presents the
Pearson correlation coefficients between 6 month and
36 month VA estimates. Correlation coefficients relating
grating acuity scores and Kay picture test acuity were
significant for all groups.
In the babies who underwent cryotherapy 12/40 eyes (30%)

achieved a grating acuity score of 2 c/d or better at 6 months.
At 36 months, 9/40 (22.5%) had VA equal to or better than
6/9 Snellen equivalent. After laser treatment 47 (58%) of the
81 eyes had a grating acuity score 2 c/d or better at 6 months;

Table 1 Subject demographic characteristics

Stage 3 threshold ROP

Subthreshold stage 3 ROPLaser Cryo

Infants 43 23 24
Eyes 81 40 34
Mean (SD) birth weight (g) 862 (204) 790 (200) 929 (294)
Mean (SD) gestational age (weeks) 26 (1.8) 25 (1.3) 26 (2.5)
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33/81 (40.07%) achieved 6/9 or better at 3 years. Babies with
spontaneously regressed subthreshold stage 3 ROP had better
VA than the treated group; 22 out of 34 eyes (64.7%) achieved
.2 c/d at 6 months and 23/34 (67.6%) eyes were 6/9 or better
at 36 months. As shown in table 2, the positive and negative
predictive values were variable. Overall, in 84% eyes the
grating acuity scores at 6 months had a predictive value for
the optotype acuity at 36 months. Predictive values for
negative tests were higher for the treated groups and
predictive value for positive test was higher for the untreated
subthreshold group. Eyes with subthreshold stage 3 ROP
were 2.2 times more likely to have 6/9 or better than the
treated eyes. There was a significant difference in the odds
of achieving a VA of 6/9 at 36 months when infants
with regressed threshold stage 3 ROP following treat-
ment were compared to infants who had spontaneously
regressed subthreshold stage 3 ROP (OR 3.9 (95% CI: 1.75 to
8.84)).

Refractive error
There was a statistically significant difference in the
refractive error between laser treatment and cryotherapy at
6 months (p=0.023) and 36 months (p=0.005) (table 3).
Patients who had subthreshold stage 3 not requiring
treatment were significantly less myopic than the treated
groups (that is, laser and cryotherapy) with a mean spherical
equivalent refractive error of +0.71 at 6 months (p=0.007)
and 20.22 at 36 months (p=0.019) (fig 2).
Eighteen eyes out of 155 eyes (11.9%) had high myopia at

6 months compared to 47/155 eyes (28.7%) at 36 months.
The difference in the refractive error at 6 months and
36 months was statistically significant (p,0.005). At
36 months the proportion of eyes with high myopia
(>25D) was 52.5% (21/40) in the cryotherapy treated eyes,
29.6% (24/81) in the laser treated eyes and (2/34=5.8%) in
the eyes with spontaneously regressed subthreshold stage 3
ROP. When comparing the treated eyes (laser and cryother-
apy) with the subthreshold eyes there was a significantly
higher incidence of high myopia (.25D) in the treated
group (p=0.003).

Strabismus
Twenty five out of the 85 infants had strabismus at 6 months
and 42/85 patients had strabismus at 36 months. Twenty
three infants had convergent squint and two had divergent
squint at 6 months.
There was a statistically significant association between

strabismus and anisometropia at 36 months (.3D)
(p=0.016).
Cranial ultrasound results were available for 71 children;

18 (25.35%) had no IVH, 30 (42.25%) had mild to moderate
IVH (I or II), and 23 (32.39%) had grades III–IV intra-
ventricular haemorrhage.
Seventy six per cent (19/25) of infants with strabismus at

6 months had had IVH at birth. IVH was grade III–IV in 10 of
the 25 infants (40%). This included all patients with
subthreshold stage 3 ROP and squint. At 36 months, 19
(82.6%) of 23 infants with grade III–IV IVH at birth had
strabismus compared with 19 (39.5%) of 48 with mild or
moderate IVH. This higher incidence of strabismus in high
grade IVH was statistically significant (p=0.01).

Anatomical outcome
Fourteen eyes had a dragged macula on funduscopy: six
(7.4%) eyes in the laser group and three (20%) eyes in the
cryotherapy group. None of the eyes with subthreshold stage
3 ROP had macular scarring or ectopia. The incidence of
macular ectopia was 2.7 times higher in the group treated
with cryotherapy compared to eyes treated with laser.

DISCUSSION
Myopia,14–16 visual impairment,4 strabismus,17 and IVH18 are
recognised complications in premature low birthweight
infants. In the multicentre, Cryo-ROP Study, cryotherapy
was shown to benefit patients with threshold ROP.1 12 In
recent years, laser photocoagulation has become increasingly
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Figure 1 Distribution of visual acuity for eyes with treated threshold
stage 3 ROP (laser 81 eyes; cryotherapy 40 eyes), and eyes with
subthreshold stage 3 ROP (34 eyes). (A) At 6 months grating acuity
scores >2 cycles/degree were taken to be favourable. (B) At 36 months
optotype acuity of >6/9 were categorised as favourable.

Table 2 Pearson correlation coefficients between 6 month grating acuity scores and
36 month Kay picture test VA estimates

No r p Value PPV NPV

All eyes 155 0.6 ,0.005 0.69 0.88
Cryo Rx 81 0.5 ,0.005 0.64 0.91
Laser Rx 40 0.6 ,0.005 0.67 0.96
Subthreshold group 34 0.6 ,0.005 0.82 0.58

PPV, positive predictive value of VA >2 c/d for predicting a VA >6/9 at 36 months. NPV, negative predictive
value for VA ,2 c/d for predicting a VA ,6/9.
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popular for threshold ROP because of its ease of delivery, less
refractive error and better functional outcome as compared to
cryotherapy.4 5 19–21

Our study compares the visual outcome, the prevalence of
myopia and strabismus at two ages, 6 months and 3 years, in
children with regressed stage 3 ROP subthreshold versus
threshold disease.

Vision
22.5% in the cryotherapy group, 40% in the laser group, and
68% in the subthreshold group achieved a favourable visual
outcome at 36 months. In our study we defined a favourable
visual outcome at 3 years as best corrected VA >6/9
(equivalent to 20/30). Other studies have not been as strict
with their definitions of favourable outcome. Connolly et al2 20

considered a good visual outcome as VA>20/50 (equivalent
to 6/15) and found this in 50% eyes after laser photocoagula-
tion. However, they do not specify the age of the infant at the
final visual assessment which could also account for the
increased proportion of infants who could pass the test.
Cottrell et al22 had VA of >6/12 in 45.5% in the cryotherapy
group and 56.7% in the laser group. There were fewer infants
and eyes in both groups in their study and once again they do

not specify the age of the infant at the final visual
assessment. Our results following cryotherapy correlate more
closely with the Cryo-ROP Study Group.1 We speculate that
the better VA in the laser group could be because of advances
in neonatal practice, less severe disease, timely referral of
threshold disease from outside units, and methods of
treatment.
Longitudinal data reported by Birch and Spencer,23 Zubcov

et al,24 and Dobson et al25 suggest that early grating acuity tests
may be predictive of long term functional outcome. In our
study, long term reliability of grating acuity scores was tested
by calculating correlation between VA >2 c/d at 6 months
with VA at >6/9 at 36 months. Our findings suggest that
grating acuity scores may be valid predictors of optotype VA
later in childhood. The predictive value for the positive test
was high in the subthreshold group (0.82). The predictive
value of a negative test was high especially for the treated
infants, 0.91 in the cryotherapy treated eyes and 0.96 in the
laser treated eyes. Overall, the grating acuity scores ,2 c/d at
6 months had a predictive value for the optotype acuity ,6/9
at 36 months (0.88). The variability in the predictive values
between the treated groups and the untreated group could be
because of the relatively low number of eyes that had VA
.6/9 in the former and VA ,6/9 in the later. Thus, few eyes
were included in the calculation of their respective predictive
values. Nevertheless, despite this variability, the predictive
values of positive test and negative tests approximate 60%,
indicating that grating acuity scores are moderately predictive
of 36 month optotype acuity.
The visual outcome depends not only on the regression of

the retinopathy with normal posterior retinal anatomy but
also on the neurological status of the infants. The latter has
been observed by Luna et al26 who reported a delay in VA
development in patients with grade III or IV IVH. O’Keefe
et al highlighted27 the association of all grades of IVH with
optic atrophy and hydrocephalus.

Myopia
In all groups there was a myopic shift by 36 months. The
prevalence of high myopia increased from 11% at 6 months
to 28.7% at 36 months. This is consistent with previously
published reports describing a trend of increasing myopia in
both laser treated and cryotherapy treated eyes.11 28 29 Schaffer
et al30 found the degree and frequency of myopia to be similar
in premature infants with low grade retinopathy of pre-
maturity (ROP) and no retinopathy. In our study, only one
eye in the spontaneously regressed subthreshold group
developed high myopia. In our previous report,3 we noted
that there was a statistically significant difference in the
mean spherical refractive error between laser and cryotherapy
at 3 months and 12 months. We found this trend continued
when the two groups were compared at 36 months. Connolly
et al have compared cryotherapy with laser treatment at
5 year2 and 10 year21 follow ups and found similar results.
The aim of this study was also to compare the refraction in

patients with stage 3 ROP treated with laser or cryotherapy
against those with subthreshold regressed disease at
6 months and 3 years post-term. We found that patients
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Figure 2 (A) Median refractive error and ranges at 6 months.
(B) Median refractive error and ranges at 36 months.

Table 3 Spherical equivalent (SE) refractive error at 6 months and 36 months

6 months 36 months

Cryo
(n = 40)

Laser
(n = 81)

Subthreshold
(n = 33)

Cryo
(n = 40)

Laser
(n = 81)

Subthreshold
(n = 33)

Refraction
(mean SE (D))

23.25
(213 to +3.8)

20.91
(210.75 to +4)

+0.71
(26 to +4)

26.5
(221.5 to 1.4)

22.43
(213 to +4)

20.22
(29 to +2.25)

Stage 3 ROP 157
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who had regressed subthreshold stage 3 not requiring
treatment were significantly less myopic than the treated
group at both ages.
Previous studies have indicated that axial length does not

explain all the myopia found in ROP.31 32 Kent et al33 and
Connolly et al21 found that the crystalline lens power was
greater in the cryotherapy treated eyes than laser treated eyes
and in both groups the lens power was greater than normal.
The tissue destruction associated with cryotherapy compared
to laser,34 may also play a part in the higher incidence of
myopia in this group. Quinn et al35 reported that there was
almost an equal prevalence of myopia in the treated and
control eyes in the Cryo-ROP study. In our study the
relatively low incidence of myopia in the subthreshold group
suggests that threshold stage 3 ROP irrespective of the
method of treatment, may exert other influences on ocular
growth such as anterior segment arrest which contributes to
the development of high myopia

Strabismus
ROP, refractive error, low birth weight, anisometropia, and
cerebral palsy have all been independently associated with
the presence of strabismus.36 In this study, at 36 months the
overall prevalence of strabismus was 50% in patients with
stage 3 ROP (subthreshold and threshold). Our results were
similar to Ng et al5 and White and Repka37 who had an
incidence of 62% and 58% in their respective studies. We also
found a statistically significant association between strabis-
mus and anisometropia (p=0.016). In addition, we corre-
lated the presence of strabismus with the presence of
neurological signs of injury; 76% were associated with IVH
or cerebral palsy or nystagmus. All patients with subthreshold
stage 3 ROP and squint had some degree of IVH. Eighty
three per cent of infants with severe IVH had strabismus
compared with 39.5% with no or mild to moderate IVH.
This higher incidence of strabismus in severe IVH was
statistically significant (p=0.01). This was unlike the
results of O’Keefe et al,27 who found no statistically
significant difference in the incidence of strabismus between
low and high grade IVH. Various other studies have
demonstrated a strong correlation between the severity of
the haemorrhages and the subsequent development of
strabismus.36 38–40 Our study suggests that in patients with
lower grades of retinopathy not approaching threshold,
neurological injury may play a greater part in the develop-
ment of strabismus.

Anatomical outcome
In this study, 7.4% of the laser treated eyes and 20% of the
cryotherapy treated eyes had macular ectopia. This is
consistent with previously published reports.7 22 37 The
cryotherapy treated eyes were 2.7 times more likely to
develop macular ectopia as opposed to the laser treated eyes.
None of the patients with prethreshold stage 3 ROP
developed macular dragging.
Some recent studies have suggested prophylactic treatment

for subthreshold ROP.6 8 9 41 42 This could result in treating
some eyes that would have otherwise undergone sponta-
neous regression. The ETROP study has demonstrated a
better functional and structural outcome at 9 months of age.
Our study is not directly comparable with ETROP, although
there may be some overlap within the groups. We await with
interest their long term visual results.
In summary, our study confirms that laser treatment for

threshold ROP has a better structural and functional outcome
compared to cryotherapy. Furthermore eyes with sponta-
neously regressed subthreshold stage 3 ROP have a good
functional and structural outcome. This study also found that
grating acuity scores within the normal range at 6 months

could indicate a normal acuity at 3 years of age and
highlights the association between all grades of IVH
(especially severe IVH) and strabismus in infants with ROP.
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