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Abstract
Background—Infants who require treat-
ment for threshold retinopathy of prema-
turity are at increased risk of developing
refractive errors. Following the introduc-
tion of laser treatment for threshold
disease, the clinical impression was that
the degree of myopia was reduced com-
pared with cryotherapy.
Methods—A longitudinal study was car-
ried out of refractive error at 3 and 12
months in 19 patients undergoing cryo-
therapy and 15 patients undergoing laser
treatment.
Results—At 3 months the median spheri-
cal equivalent refractive error in the right
eye was −3.25 dioptres after cryotherapy
and +0.25 dioptres after laser therapy
(similar results left eye). The median
spherical equivalent refractive error in
the right eye at 12 months was -5.25 diop-
tres following cryotherapy and -0.50
dioptres after laser (similar results left
eye). There was a statistically significant
diVerence in median spherical refractive
error between the therapies at 3 months
and 12 months (p<0.05 Wilcoxon rank
sum) in both eyes.
Conclusion—Laser therapy is associated
with lower degrees of myopia during the
first year of life, which is clinically signifi-
cant in terms of visual performance and
development.
(Br J Ophthalmol 1997;81:12–15)

Refractive errors, including myopia, are well
recognised following premature birth.1–6 It was
our clinical impression that infants undergoing
cryotherapy for threshold retinopathy of pre-
maturity (ROP) were at increased risk of
developing this complication.
The degree of myopia appeared less than

that recorded after cryotherapy following the
advent of laser as the first line treatment at this
unit in 1992.
Algawi et al 7 described 40 eyes of infants in

a cross sectional study and showed that eyes
treated with diode laser photocoagulation
developed significantly less myopia than those
treated with cryotherapy.
We undertook a longitudinal study to inves-

tigate the change in the refractive errors in 62
eyes of infants who attained threshold disease
and underwent either cryotherapy or laser
treatment.

Methods
Infants were identified who had undergone
treatment for threshold ROP at the regional
neonatal intensive care unit in Merseyside
since commencement of the ROP screening
service and who had survived more than 1
year.
Twelve cryotherapy treated and eight laser

treated infants were nursed in Liverpool and
seven cryotherapy and seven laser treated
infants were referred for treatment alone. This
latter group included two infants from outside
the Merseyside boundary.
One observer (DC) classified the disease

severity in all cases using the international
classification of acute disease.8 Infants who had
gone on to develop stage 4 or 5 disease by 3
months were excluded from the study. Two
infants with zone I disease treated with
cryotherapy developed stage 5 in one eye. The
successfully treated eyes were included in the
study.
Up to 1992 those who developed threshold

disease were treated using cryotherapy applied
over the non-vascularised retina. Infants re-
quiring treatment after 1992 received either
indirect argon or diode laser to the non-
vascularised retina. The average postconcep-
tional age at treatment for both cryotherapy
and laser was 38 weeks, the ranges for
cryotherapy were 34–43 weeks and for laser
treatment 34–41 weeks. The treatments were
carried out between 1989 and 1993 by one
ophthalmologist (DC).
Since the commencement of ROP screening

at this centre data on refractive outcome of
infants with acute disease have been collected
in a standardised fashion at 3 months and 1
year corrected age using the same protocol.
One optometrist was principally involved in the
refraction of all but the 3 month data on six
infants. Cycloplegic streak retinoscopy was
performed at both visits. Cycloplegia was
obtained using cyclopentolate 0.5% at the 3
month visit, to reduce the risk of side eVects in
the smaller children,9 and cyclopentolate 1% at
the 1 year visit. Refraction was performed
using handheld lenses in front of awake infants.
The sphere, positive cylinder, and axis were
recorded and the equivalent sphere was calcu-
lated from the formula; spherical equivalent
(SE) = (± sphere) + 0.5 ( cylinder).10
In a previous study on this cohort more

infants had posterior disease in the cryotherapy
group. To avoid bias due to disease severity, a
subgroup of infants with anterior disease
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(anterior or mid zone II) was analysed
separately. Our previously described definition
of anterior (anterior or mid zone II) or
posterior (posterior zone II or zone I) disease
was used.11

The diVerence in refractive outcome of the
two treatments was assessed using medians
and the Wilcoxon rank sum test for non-paired
data on the spherical equivalents, as the data
were not normally distributed. The prevalence
and magnitude of astigmatism and ani-
sometropia were also examined in the two
groups. Anisometropia was analysed separately
in a subgroup of four infants treated in one eye
only (two cryotherapy and two laser). As the
ROP status of fellow eyes is not completely
independent,12 right and left eyes were ana-
lysed separately to avoid individual bias.

Results
Thirty four infants were enrolled into the
study—30 had bilateral treatment, four had
asymmetric disease and were treated in one eye
(two right and two left). Nineteen infants
underwent cryotherapy and 15 laser treatment.
The birth weight and gestational age of the two
groups were similar (Table 1). Twenty two eyes
in the cryotherapy group and 22 eyes in the
laser group had anterior disease, the mean age
at treatment was 38.8 weeks post-menstrual

age (PMA) for cryotherapy and 38.7 weeks
PMA for laser. Both anterior disease groups
had similar clock hours of stage 3.
There were more cases of posterior disease

in the cryotherapy group than the laser group,
12 and six eyes respectively.
At 3 months corrected age and at 1 year the

cryotherapy group had a statistically significant
higher degree of myopia in both eyes (p < 0.05
at 3 and 12 months, Table 2). There was a wide
range of refractive errors for both groups
(Fig 1).
Statistical comparison of myopia in those

with anterior disease versus mode of treatment
was significant at 12 months for both eyes (p <
0.05) with more myopia in the cryotherapy
group. The median myopic progression was
3.00 D right and 3.75 D left (SE) for the cryo-
therapy group and 1.75 D right and 1.25 D left
(SE) for laser (Table 3). Statistical comparison
of the refractive outcome between posterior
disease and mode of treatment was not
possible because of small numbers but there
was a trend of more myopia in those treated
with cryotherapy. Comparison of the refractive
outcome between anterior and posterior dis-
ease was similarity not possible; however, the
trend was towards higher myopia in those with
posterior disease.
Anisometropia was not significantly different

in magnitude between the two groups. The
mean level of anisometropia at 3 months and 1
year for both groups was around 1.5 dioptres
SE, the maximum being 8.75 dioptres in an
infant with significant macular dragging.
Of the four infants undergoing treatment in

one eye only, there was a mean level of
anisometropia of 1.78 D at 3 months and 3.90
D at 12 months.
Astigmatism of > 1.00 D is shown in Table

4. The magnitude of astigmatism was higher in
the infants treated with cryotherapy at both
ages with both groups showing a reduction at
12 months. The axis of astigmatism in all
groups at both ages was most frequently at 90
degrees. This was not statistically significant
for either group.

Discussion
This study has demonstrated that cryotherapy
for threshold ROP is associated with a greater
degree of myopia than laser therapy in the first
year of life. The myopia increased at a greater
rate in the cryotherapy treated infants over the
9 month study period. Previous reports on
refractive data of full term and premature
infants have shown a wide range of refractive
error in early life.13 The majority of the refrac-
tive errors in this study at 3 months in both
treatment groups would fall within this ‘nor-
mal’ range. However, the normal process of
emmetropisation commonly fails to occur in
threshold treated infants, especially those
treated with cryotherapy. The subsequent pro-
gression of refractive error in these children
will lead to increasing visual handicap. Al-
though the median refractive error for the laser
treated group was small at 12 months (−0.375
DS) there was a large range of errors in both
groups.

Table 1 Treatment, birth weight, and gestation of study
infants

Cryotherapy Laser

Number
Right 18 13
Left 16 15

Median birth weight (g) 780 800
Median gestation (weeks) 26 25

Table 2 Median refractive outcome in dioptres (D) for both eyes at 3 and 12 months
following cryotherapy or laser

Cryotherapy Laser

Three months (range) Right −3.25 (−13.50 to +2.50) +0.25 (p=0.01) (−11.00 to +5.00)
Left −2.00 (−8.00 to +3.25) +0.75 (p=0.01) (−4.00 to +4.88)

Twelve months (range) Right −5.25 (−23.75 to +0.75) −0.50 (p=0.05) (−13.00 to +3.00)
Left −6.00 (−15.25 to +0.88) −0.375 (p=0.03) (−12.75 to +2.625)

Figure 1 Median refractive outcome and ranges (D) for both eyes at 3 and 12 months
following cryotherapy or laser.
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There was no diVerence in the level of
anisometropia between cryotherapy and laser
groups, but the magnitude in some patients
may be of clinical significance. The maximum
value was 8.75 D in one of the laser treated
infants. The more myopic eye had macula
dragging. Anisometropia would not be unex-
pected in cases with asymmetric disease; four
infants with asymmetric ROP had treatment in
one eye only, the fellow eye developed stage 2
disease. We found clinically significant levels of
anisometropia of 3.8 D at 1 year. However, it is
not possible to say whether the anisometropia
is due to a treatment eVect or unequal disease
severity. Previously published data on four
infants treated in one eye only did not show
anisometropia and inferred that treatment did
not aVect refractive outcome.14

Over 30% of eyes in this study had astigma-
tism of >1.00 D. There was a trend to higher
levels of astigmatism in the cryotherapy treated
infants but this did not reach statistical signifi-
cance, even when right and left eyes were ana-
lysed together. The incidence of astigmatism in
full term infants has been reported as 19%.15 In
premature infants, however, the incidence of
astigmatism > 1.00 D occurs in more than
70%.16 Laws et al found an increasing magni-
tude of astigmatism with increasing stage of
ROP, though no infant reached stage 3 thresh-
old disease. The mechanism of astigmatic
development is probably multifactorial, though
treatment modality may have a compounding
influence.

IS THE MYOPIA DUE TO THE DISEASE OR THE

TREATMENT?
Previous studies have clearly demonstrated
that myopia is associated with prematurity and
low birth weight in infants who do not receive
treatment for retinopathy.1 5 6 16–19 Quinn re-
ported a higher incidence of myopia in infants
with posterior pole residua of regressed ROP
and this may explain the magnitude of myopic
anisometropia in the infant with macular ecto-
pia.20 The CryoROP study demonstrated more
myopia in the treated versus untreated group.

However, in the latter study the higher
incidence of unfavourable results (that is, reti-
nal detachments) in the untreated group may
have biased the results as those eyes were not
available for refraction.21 22

It is not possible to say if the myopia
observed in the laser group was more than
expected for this degree of retinopathy as it
would now be unethical to obtain a matched
group without treatment. However, we have
shown a statistically significant diVerence
between the two modalities of treatment in
those eyes with anterior disease in whom the
disease severity and location was the same
(Table 3). The success of treatment was also
comparable, two failures in the cryotherapy
treated group and one in the laser group.
Cryotherapy has been suggested as a contrib-
uting factor in the development of myopia by
other workers and our results support this
argument.14 23

Disease location, whether anterior or poste-
rior, appeared to have some influence on the
incidence of myopia. The more posterior the
disease the more severe the myopia and the
trend was for more myopia in those treated
with cryotherapy. There were more eyes with
posterior disease in the cryotherapy treated
group which may have influenced these results.
Unfortunately the numbers were too small to
analyse the posterior treated groups separately.
It has also been suggested that the timing of

treatment may influence the degree of myopia
with more advanced fibrovascular proliferation
present if treatment is late.24 In our study the
two groups with anterior disease were treated
at the same mean post-menstrual age, 38
weeks, so this was not a factor influencing the
results. Algawi et al also found more myopia in
cryotherapy treated eyes than laser though the
timing of treatment and locality of the disease
was not discussed.7

The observed diVerence in refractive out-
come between the two groups may be attribut-
able to the eVect of cryotherapy applied to the
developing sclera at an actively growing site.25

Laser treatment administered through the

Table 3 Median refractive outcome and myopic progression in dioptres (D) for eyes with anterior disease at 3 and 12
months following cryotherapy or laser

Cryotherapy Laser

Three months (range) Right −4.00 (−11.00 to +2.50) +0.25 (p=0.08) (−11.00 to +5.00)
Left −2.00 (−8.00 to +2.5) +0.50 (p=0.08) (−3.00 to +4.88)

Twelve months (range) Right −5.25 (−14 to +0.875) −0.50 (p=0.04) (−13.00 to +2.75)
Left −5.25 (−13.00 to +0.88) −0.25 (p=0.01) (−12.75 to +2.625)

Progression of myopia (range) Right −3.00 (0.25 to −8.875) −1.75 (1.00 to −7.125)
Left −3.75 (0.125 to −6.75) −1.25 (2.00 to −7.875)

Table 4 Prevalence of astigmatism with means and axes for cylindrical error >1.00 at 3 and 12 months following
cryotherapy or laser

Cryotherapy (n=34) Laser (n=28)

3/12 12/12 3/12 12/12

Astigmatism (D)
>1 13 (38%) 12 (35%) 9 (32%) 14 (50%)
Mean (D) (range) 2.37 (1.25 to 5.00) 2.04 (1.25 to 4.50) 2.167 (1.23 to 3.5) 1.60 (1.25 to 3.00)
Axis
90 8 7 5 6
180 3 4 3 5

Oblique 2 1 1 3
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pupil is less destructive than cryotherapy
though there may be some thermal eVect on
the inner sclera if high energy burns are
used.26–28

In summary, this study confirms an earlier
report of more myopia in cryotherapy treated
infants. Importantly we have corrected for dis-
ease severity and location. Furthermore, we
have shown that the rate of progression of
myopia is greater in those infants treated with
cryotherapy. The influence of treatment should
be considered when choosing the treatment
modality in the management of threshold
disease.
The aetiology of myopia in ROP is still

unknown. Further research into this interest-
ing subject will be necessary before the cause is
fully understood.
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