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Aim: To determine whether there has been a consistent
change across countries and healthcare systems in the
frequency of strabismus surgery in children over the past
decade.
Methods: Retrospective analysis of data on all strabismus
surgery performed in NHS hospitals in England and Wales,
on children aged 0–16 years between 1989 and 2000, and
between 1994 and 2000 in Ontario (Canada) hospitals.
These were compared with published data for Scotland,
1989–2000.
Results: Between 1989 and 1999–2000 the number of
strabismus procedures performed on children, 0–16 years,
in England decreased by 41.2% from 15 083 to 8869.
Combined medial rectus recession with lateral rectus
resection decreased from 5538 to 3013 (45.6%) in the same
period. Bimedial recessions increased from 489 to 762,
oblique tenotomies from 43 to 121, and the use of adjustable
sutures from 29 to 44, in 2000. In Ontario, operations for
squint decreased from 2280 to 1685 (26.1%) among
0–16 year olds between 1994 and 2000.
Conclusion: The clinical impression of decrease in the
frequency of paediatric strabismus surgery is confirmed. In
the authors’ opinion this cannot be fully explained by a
decrease in births or by the method of healthcare funding.
Two factors that might have contributed are better con-
servative strabismus management and increased subspecia-
lisation that has improved the quality of surgery and the need
for re-operation. This finding has a significant impact upon
surgical services and also on the training of ophthalmolo-
gists.

T
he number of children receiving surgical correction of
their strabismus appears to be declining. A reduction of
42% in surgical episodes in the under 14 age group was

reported in one region of England1 and a 58% decrease in
episodes of paediatric squint surgery in Scotland as a whole
and a 59% decrease in the area of Tayside, respectively.2 We
set out to determine whether these regional changes were
part of a national, secular change and whether they occurred
across healthcare systems which are funded differently, as in
Canada.

PATIENTS AND METHODS
Data on all strabismus surgery performed on children aged
0–16 years between 1989 and 2000 were obtained from
hospital episode statistics, Department of Health, England.
The data were compiled from returns sent by all (over 300)
National Health Service trusts in England and Wales, or their
precursor health authorities. The number of operations
performed with private funding in independent hospitals
and NHS paybeds was derived from an analysis of data
collected for a national study of the apportionment of clinical
services between the public and private healthcare sectors in

England and Wales, for the years 1992–3 and 1997–8.3 A child
vision screening programme exists in only six of the
Canadian provinces, so to rule out uncertainties in data
collection only data from the most populous Canadian
province of Ontario were included for comparison in this
study. Data were available from 1994 to 2000. The number of
operations performed on extraocular muscles (Canadian
Classification of Diagnostic, Therapeutic and Surgical
Procedures (CCP) classification range 230–239) on
children aged 0–16 as day cases or inpatients in Ontario
hospitals was supplied by the Canadian Institute of Health
Information, a not for profit agency, to which provincial
health departments have returned hospital discharge data.
National birth statistics for England and Wales from 1982 to
1999 were obtained from published reports of the Office of
Population Censuses and Surveys.4 Birth statistics for Ontario
were provided by the government of Ontario.
Hospital episode statistics on surgical activities involving

the eye muscles are classified according to the Office of
Population Censuses and Surveys, Classification of Surgical
Operations and Procedures Fourth Revision, 1990, into six
three digit categories, each with fourth digit subdivisions
according to the precise details of the procedure performed.
Six categories include all the surgical procedures performed
on eye muscles and represent the total number of strabismus
operations undertaken in England and Wales—namely, C31,
combined operations on eye muscles; C32, recession of eye
muscle; C33, resection of eye muscle; C34, partial division of
tendon of eye muscle; C35, other adjustment to eye muscle;
and C37, other operations on eye muscle. We could not
discount double counting across categories and in many
instances we were unable to infer the type of strabismus from
the surgical code. Our analysis was therefore limited to the
total number of strabismus procedures performed in the past
decade on children 0–16 years. Subcategories providing
robust data that reflected significant changes in surgical
trends over the past decade were also analysed—for instance,
C31.1 (medial rectus recession with lateral rectus resection)
and C31.2 (bilateral medial rectus recession), that are specific
for the correction of convergent strabismus. Categories
reflecting the use of inferior oblique tenotomies (C34.6),
adjustable sutures (C35.3), and botulinum toxin (C37.8)
were also analysed.

RESULTS
England and Wales
The total number of live births in England and Wales
decreased by 9.6% from 1989 to 2000 (fig 1, table 1). Over this
period the number of strabismus operations performed in
NHS hospitals decreased by 41.2% from 15 083 to 8869. In
the independent sector there was a decrease of 63.4% from
938 in 1992–3 to 343 in 1997–8.3

Individual strabismus procedures
This decrease was not uniform for individual procedures.
Thus, even though the proportion of each type of strabismus
surgery performed varied the decrease in each group was
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evident: combined operations on eye muscles (C31) fell by
32.7%, recession of eye muscle (C32) by 46.0%, resection of
eye muscle (C33) by 43.9%, partial division of tendon of eye
muscle (C34) by 48.6%, other adjustments to eye muscle
(C35) by 65.0%, and other operations on eye muscle (C37) by
57.7%.
Medial rectus muscle recession and lateral rectus muscle

resection (C31.1) decreased from 5538 procedures in 1989–90
to 3013 in 1999–2000, a decrease of 45.6% (fig 1). There was a
trend towards bimedial recessions (C31.2) from 489 in 1989–
90 to 762 in 1999–2000, a rise of 55.8%. Other procedures
have reduced in frequency, such as botulinum toxin 59.8%
(C37.8 from 331 to 133), while others have increased,
including the primary use of adjustable sutures (C35.3) by
51.7% from 29 to 44 and inferior oblique tenotomies (C34.6)
by 181.4% from 43 to 121.

Canada
The total number of live births, and the number of surgical
procedures for strabismus performed on children aged

0–16 years in Ontario are shown in table 2. There was a
26.1% decrease in the number of strabismus procedures
between the years 1994 and 2000.

DISCUSSION
There has been a major and continued decrease in the
number of strabismus operations performed on children in
England and Wales. In our opinion a switch from state to
private sectors is unlikely. Although we were only able to
present data from 2 years (1992–3 and 1997–8), the decrease
in the state sector to be taken up by private practice would
require an extraordinary and implausible seesaw in practice.
Neither in England and Wales nor in Ontario could the
decrease in strabismus surgery be accounted for by a chance
reduction in live births. In addition, as shown in table 1 the
change has been gradual, not abrupt, such as would happen
if there were an artefactual explanation, like a change in
coding practice. Thus, while acknowledging the imperfec-
tions of the data collected, in our opinion there is no
reasonable doubt that this represents a real decrease in
strabismus surgery on children both in England and Wales
and in Canada.
The prevalence of strabismus ranges from about 3% to 5%5–7

Its aetiology is complex, being influenced by hereditary7 8 and
environmental factors. The latter include maternal smoking
during pregnancy,9 maternal age at parity, low birth
weight10 11 and its complications (retinopathy of prematurity,
refractive error or neurodevelopment delay), and the non-
specific association of neurodevelopmental problems and
multiple disabilities. Childhood infections such as measles or
subclinical encephalitis have also been implicated.12

This reduction of 41% in strabismus operations cannot be
fully accounted for by the 9.6% decrease in birth numbers; a
change in the incidence of strabismus, a shift to private
practice, or a major change in surgical signature. Although it
is possible that increasing subspecialisation has improved the
quality of surgery and the need for re-operation, our data
could not show it. Similarly, the 26.1% reduction in
strabismus surgery in Ontario cannot be fully accounted for
by the 15.7% decrease in birth rate. The consistency of
strabismus surgical rates across the different healthcare
systems of England and Wales, Scotland, and Canada,
suggests a concordance in surgical decision making, assum-
ing similar incidence rates of strabismus (table 3).
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Figure 1 Total number of live birth and strabismus operations 1989–
2000.

Table 1 Number of live births from 1982–3 to 1999–2000 and strabismus procedures (total number and by category (C31 to
C37)) from 1989 to 2000, England and Wales

Year C31 C32 C33 C34 C35 C37
Total number of strabismus
operations Number of live births

1982–3 625 931
1983–4 629 134
1984–5 636 818
1985–6 656 417
1986–7 661 018
1987–8 681 511
1988–9 693 577
1989–90 6809 4285 2189 352 660 788 15 083 687 725
1990–1 7080 3894 2155 306 639 816 14 890 706 140
1991–2 7786 3939 2291 309 631 767 15 723 699 217
1992–3 7497 4400 2690 371 463 470 15 891 689 656
1993–4 7244 4150 2453 387 396 405 15 035 673 467
1994–5 6717 3815 2346 373 339 509 14 099 664 726
1995–6 6236 3638 2090 330 222 436 12 952 648 138
1996–7 5417 3202 1789 310 223 378 11 319 649 485
1997–8 5217 2751 1544 300 198 299 10 309 643 095
1998–9 5170 2654 1385 228 213 303 9953 635 901
1999–2000 4582 2313 1229 181 231 333 8869 621 872

See text for explanation of codes.
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Preschool vision screening was introduced in the 1960s. By
1988, 99% of national health authorities had a screening
programme in place.13 14 Ferguson et al15 and Carney et al1

suggested the decline in strabismus surgery was a result of
improved health and preschool screening. MacEwan and
Chakrabarti2 disagreed by arguing that if screening had
contributed to this decrease its effect would have been noted
earlier as preschool screening was established a decade before
the noted decrease in the number of surgical episodes.
MacEwan and Chakrabarti noted that the decrease was

greatest for procedures to correct esotropia,2 and also noted a
recent trend towards full hypermetropic spectacle correction.
We are unable to infer from our national data the reason for
change in surgical procedures; however, advances in con-
servative management (treatment of the associated refractive
error) offer a plausible explanation for at least some of the
decrease.
This has important implications for service and training.

There are about 670 consultants and 750 ophthalmic trainees
in England and Wales, and there is a need, already informally
recognised, for strabismus surgery on children to be under-
taken only by those ophthalmologists specifically trained in
paediatric ophthalmology. The number of strabismus proce-
dures required for training in the United Kingdom has
recently been reduced, but even so programmes need to be
designed so that trainees achieve sufficient surgical volume
to gain the necessary expertise.
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Clinical Evidence—Call for contributors

Clinical Evidence is a regularly updated evidence-based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are healthcare professionals or epidemiologists with experience in
evidence-based medicine and the ability to write in a concise and structured way.

Areas for which we are currently seeking authors:

N Child health: nocturnal enuresis

N Eye disorders: bacterial conjunctivitis

N Male health: prostate cancer (metastatic)

N Women’s health: pre-menstrual syndrome; pyelonephritis in non-pregnant women

However, we are always looking for others, so do not let this list discourage you.

Being a contributor involves:

N Selecting from a validated, screened search (performed by in-house Information
Specialists) epidemiologically sound studies for inclusion.

N Documenting your decisions about which studies to include on an inclusion and exclusion
form, which we keep on file.

N Writing the text to a highly structured template (about 1500–3000 words), using evidence
from the final studies chosen, within 8–10 weeks of receiving the literature search.

N Working with Clinical Evidence editors to ensure that the final text meets epidemiological
and style standards.

N Updating the text every six months using any new, sound evidence that becomes available.
The Clinical Evidence in-house team will conduct the searches for contributors; your task is
simply to filter out high quality studies and incorporate them in the existing text.

N To expand the topic to include a new question about once every 12–18 months.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to Klara Brunnhuber (kbrunnhuber@
bmjgroup.com).

Call for peer reviewers

Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are healthcare professionals or epidemiologists with experience in evidence-based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and healthcare professionals, possibly with
limited statistical knowledge). Topics are usually 1500–3000 words in length and we would
ask you to review between 2–5 topics per year. The peer review process takes place
throughout the year, and our turnaround time for each review is ideally 10–14 days.

If you are interested in becoming a peer reviewer for Clinical Evidence, please
complete the peer review questionnaire at www.clinicalevidence.com or contact Klara
Brunnhuber (kbrunnhuber@bmjgroup.com).
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