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Abstract
Background—RAMSES is a 7 year follow
up study, aiming at the evaluation of the
eVectiveness and the eYciency of screen-
ing for amblyopia. In this first report,
concerning the first 2 years of life, the
compliance with the prevention pro-
gramme and the positive predictive value
(PPV) of the screening tests used, are pre-
sented.
Methods—All results of the standardised
screening test for strabismus, applied by
child healthcare physicians, within a birth
cohort of 4072 Rotterdam children at the
age of 9, 14, and 24 months, were regis-
tered. Children with a positive test result
were referred to their general prac-
titioner, who was asked to arrange a
definitive referral to an ophthalmological
centre. The results of the examinations at
these centres were registered in standard-
ised forms and served as reference for
establishing the PPV.
Results—The screening was (at least one
time) attended by 3958 children (97%). 160
of these children (4%) were referred, of
whom 101 (64%) visited an ophthalmo-
logical centre, so that a conclusive diag-
nostic evaluation was possible. For
amblyopia, the predictive value of a
positive test result followed by an eVective
referral was 0.42.
Conclusion—Referral procedures after a
positive test result in the Dutch child
healthcare screening programme for am-
blyopia need to be improved. The Dutch
screening test used to detect amblyopia
exhibits a relatively favourable PPV.
(Br J Ophthalmol 2001;85:1332–1335)

Within the framework of the Dutch child
healthcare system, young children are, as in
many countries, periodically subjected to a
routine examination of the eyes. In case of an
abnormal finding, children are referred to the
general practitioner and subsequently to an
ophthalmological centre for further diagnostic
and possibly therapeutic procedures. Whether
this is an eVective prevention programme for
visual handicaps due to amblyopia, is not well
substantiated, as Snowdon and Stewart-Brown
concluded from a extended literature review.1

They also suggested that a conclusive
judgment in this matter can only be reached by
performing a randomised controlled screening
trial (RCT). If, however, a screening pro-
gramme is already performed on a large scale

in a population, it is very diYcult to organise
an RCT for the evaluation of such a pro-
gramme. Definite faith in the benefits of
screening among many professionals and the
public will, although based on merely circum-
stantial evidence, lead to strong resistance, if
the screening is withheld from those who nor-
mally would have had the opportunity to
participate. This was underlined by several
reactions on the Snowdon and Stewart-Brown
report2–4 When an RCT for assessing favour-
able eVects of an already existing screening
programme is not feasible, one has to rely on
less decisive, observational studies. On this
basis, the Rotterdam AMblyopia Screening
EVectiveness Study (RAMSES) was started in
1996. The purpose of RAMSES is to evaluate
the eVectiveness and the eYciency of the
amblyopia screening activities in Rotterdam
child health care, as they are actually per-
formed. The Rotterdam screening programme
consists of:
+ the so called VOV screening test for strabis-

mus at the age of 9, 14, and 24 months at
the child health centre (VOV is a Dutch
acronym for “Vroegtijdige Onderkenning
Visusstoornisen” which means “early detec-
tion of visual disorders”)

+ a visual acuity test, assessed by a picture chart
or if feasible a Snellen chart at the age of 36
and 45 months at the child health centre

+ a visual acuity test assessed by a Snellen
chart at the age of 66 months at the school
health centre.
All Rotterdam children, born between Sep-

tember 1996 and May 1997 (n= 4637) have
been included in the RAMSES study and are
investigated during a follow up period of 7
years. Data on the following issues are
gathered:
+ how many children participate in the

screening
+ what are the test results at the diVerent ages
+ to what extent will positive test results lead

to referrals to general practitioners, ophthal-
mologists, and orthoptists

+ which diagnostic procedures are applied
+ what are the results of these procedures
+ which treatment procedures will be used
+ how long will treatment last
+ what is the treatment compliance
+ what are the results of the treatment?

Finally, at the age of 7 years the prevalence
and the severity of (still existing) amblyopia in
the total cohort will be evaluated by an
independent orthoptist and an ophthalmolo-
gist. These results will be compared with
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historical data on unscreened populations.
Moreover, we will investigate what relations
exist between diVerences in screening, referral,
and therapy history, and the prevalence and
severity of amblyopia at the age of 7 years.

In this paper the first results of this project
are reported—that is, the compliance with the
prevention programme and the predictive
value of positive screening test results (positive
predictive value (PPV)) during the first 2 years
of life (so only concerning the VOV tests; at the
ages of 9, 14, and 24 months).

Methods
In Rotterdam, all children are registered in the
municipal register soon after birth. This infor-
mation is transferred to the Rotterdam Home-
care Foundation, which is organising the
national child healthcare programme in this
city. Subsequently all children are periodically
invited to visit one of the 30 metropolitan child
health centres. These visits are aimed at
various screening and health education pur-
poses and the children are examined by physi-
cians, who completed a special training in child
health surveillance. The VOV tests are incor-
porated in these medical examinations. For this
screening the child is seated on the lap of its

parent, facing the investigating physician. This
doctor is seated on a small chair, so that the
child’s eyes can be observed on an equal level.
The doctor executes all the tests listed in Table
1, by using a little fixed light. Only if the child
passes all tests is the screening result consid-
ered to be negative (a normal finding). In case
of a positive test (an abnormal finding) the
screening is repeated within 1 month by the
same doctor. All screening test results are reg-
istered in a computer file available to the
RAMSES team. In case of a second positive
test result the child is referred to the general
practitioner, who is asked to arrange a
definitive referral to one of the Rotterdam hos-
pitals with an ophthalmological centre. In
these centres conclusive diagnoses are estab-
lished by an ophthalmologist on the basis of a
complete ophthalmological and orthoptic
examination, including if feasible a visual acu-
ity test assessed by a picture chart or a Snellen
chart and retinoscopy. These results are
registered in standardised forms, which are
send to the RAMSES team and serve as refer-
ence for establishing the PPV.

Results
Of the 4637 Rotterdam children, born between
September 1996 and May 1997, 565 moved
from the city within 21⁄2 years. This report
deals with the 4072 remaining children.

The coverage of the screening tests during
the first 2 years of life is summarised in Table
2. The attendance at the regular visits to the
child health centre, during which the VOV
screening is performed, turns out to be high.
Ninety seven per cent of all children visited the
centre at least once at the age of 9, 12, or 24
months. One hundred and sixty children
exposed to screening (4.0%) were referred as a
result of an abnormal finding (Table 3). As
presented in Table 4, 101 of these children
(63%) visited an ophthalmological centre, so
that a conclusive diagnostic evaluation was
possible. Fifty three did not visit the ophthal-
mologist at all; six failed control visits, so that a
conclusive diagnostic evaluation was not possi-
ble. The results of the diagnostic evaluation at
the ophthalmological centre and the entailing
predictive values of a positive screening test
followed by an eVective referral are presented
in Table 5. Sixty four out of the 101 children
with a positive screening test followed by an
eVective referral did have some kind of
ophthalmological disorder. Of these children,
however, 22 did not have any symptoms of

Table 1 VOV (“Vroegtijdige Onderkenning Visusstoornisen” meaning “early detection of visual disorders”)

VOV

First
examination date:

Second
examination date:

R L R L

Corneal light reflex symmetric: yes (+)/no (−)
Cover-uncover test fixation movement: yes (+)/no (−)

recover movement: yes (+)/no (−)
Ocular pursuit movements monocular: smooth (+)/not smooth (−)

binocular: smooth (+)/not smooth (−)
Cornea clear (+)/not clear (−)
Pupil black (+)/not black (−)

round (+)/not round (−)
Pupil reaction immediate (+)/not immediate (−)

Table 2 Coverage of the screening tests within the study
population (n=4072)

Screening test
Children
screened Coverage

At 9 month 3619 89%
At 14 months 3678 90%
At 24 months 3244 80%
At least once at one of these ages 3958 97%

Table 3 Numbers of abnormal findings

Screening test
No of children
screened

Referred as result of
an abnormal finding
(for the first time) %

At 9 month 3619 52 1.9
At 14 months 3678 54 1.5
At 24 months 3244 54 1.7
At least once at one

of these ages 3958 160 4.0

Table 4 Proportion of referred participants that visited the
ophthalmological centre

Screening test

No of referred as
result of an
abnormal finding

Visited the ophthalmological
centre; a conclusive
diagnosis was possible %

At 9 month 52 41 79
At 14 months 54 36 67
At 24 months 54 24 43
Total 160 101 63
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amblyopia, but of other disorders such as mild
forms of ptosis, haemangioma, and ocular
infections. The other 42 children did have clear
indications for amblyopia, such as strabismus
in 33 cases and refraction disorders in 20 cases.
So the predictive value of a positive screening
test (PPV), followed by a eVective referral for
any ophthalmological disorder is 0.63 and for
amblyopia 0.42.

Discussion
COMPLIANCE WITH PREVENTION ACTIVITIES

The numbers of the target population reached
by the various activities of a prevention
programme is indicative of the possible eVec-
tiveness of such a programme. Although the
coverage of the screening examination itself is
relatively high, the following referral procedure
appears to be less good. One third of all
children with a positive screening test result are
not conclusively evaluated at an ophthalmo-
logical centre and may fail to profit from early
treatment for amblyopia. Whether this is
attributable to parents failing to visit the
general practitioner and the ophthalmological
centre or to an unnecessary expectant attitude
of general practitioners themselves is not clear.
Since it was our aim to evaluate the amblyopia
prevention programme, as it is actually per-
formed, the RAMSES team did not investigate
the referral procedures, so as to avoid observa-
tion bias.

Considering the extent of non-compliance
with the referral procedures and its possible
impact on the eVectiveness of the programme
as a whole, improvement of this part of the
prevention programme appears to be recom-
mendable. Probably, screening for amblyopia
in the Netherlands suVers from too many
intermediate steps between referral and appli-
cation of the gold standard, which, of course, is
a frequent problem with screening in general.

PREDICTIVE VALUE OF A POSITIVE SCREENING

TEST (POSITIVE PREDICTIVE VALUE: PPV)
The PPV provides an indication for a specific
eYciency aspect of the screening programme
rather than for its eVectiveness: This test prop-
erty (or rather the diVerence between the PPV

and 1) is determined for the number of screen-
ing participants for whom the screening is not
profitable but merely inconvenient and unnec-
essarily alarming—the participants with false
positive test results (false positives).

To appreciate the PPV established in this
study a comparison with similar data from
studies on other child healthcare screening
programmes is helpful. In Table 6 the results of
our study are compared with data on PPV and
false positives published in studies on the
following screening programmes: screening for
phenylketonuria (PKU) and congenital hypo-
thyroidism (CHT) by neonatal blood examina-
tion,5 6 screening for perceptive hearing impair-
ments with the Ewing distraction test,7

screening for congenital heart malformations
by physical examination,8 screening for idio-
pathic adolescent scoliosis by the standard for-
ward bending test,9 and screening for develop-
mental dysplasia of the hip by detection of
limitations of hip abduction and diVerences in
the length of the legs.10 The data are presented
in order of increasing incidence of the relevant
disorder. If test properties, especially the PPV,
were fixed, the number of false positives would
increase according to rise in incidence. How-
ever, the VOV screening test exhibits a quite
favourable PPV, compared with most other
child healthcare screening tests, resulting, in
spite of a relatively high incidence, in a
relatively limited number of false positives. Of
course, screening for very rare disorders, such
as PKU and CHT, causes very few false
positives, even if the PPV is relatively low, as is
the case in CHT screening. Also screening for
congenital heart malformations causes, in spite
of a low PPV, fewer false positives than screen-
ing for amblyopia, because of a relatively low
incidence. Screening for other infrequent
disorders, such as perceptive hearing impair-
ments and idiopathic adolescent scoliosis,
however, causes substantially more false posi-
tives than the VOV test, because of very poor
PPVs. Screening for developmental dysplasia
of the hip, which has a incidence similar to
amblyopia, causes an eightfold increase in false
positives compared with the VOV test, because
of a less favourable PPV.

Conclusion
The referral procedures after a positive test
result in Dutch child healthcare screening for
amblyopia must be improved. The VOV
screening test for amblyopia exhibits a more
favourable PPV than several other child
healthcare screening tests. To establish further

Table 5 Results of the evaluation at the ophthalmological centre predictive value of a
positive screening test followed by an eVective referral (PPV)

Screening test
No evaluated by
ophthalmologist

Visual disorder
not amblyopia

(Probably)
amblyopia

PPV all visual
disorders

PPV
amblyopia

At 9 months 41 7 15 0.54 0.37
At 14 months 36 9 12 0.58 0.34
At 24 months 24 6 15 0.88 0.62
Total 101 22 42 0.63 0.42

Table 6 Literature data on positive cumulative incidence, number of false positive test results, predictive value (PPV) and
test sensitivity in child healthcare screening programmes for several disorders, per 1000 children

Incidence 0/00 False positives PPV Sensitivity

Phenylketonuria Verkerk 19955 0.06 0.12 0.50 0.99
Congenital hypothyreodia Verkerk 19966 0.29 1.7 0.17 0.98
Perceptive hearing impairments van Leerdam 19987 2 70 0.024 0.86
Congenital heart malformations Juttmann 19988 4 15 0.13 0.57
Idiopathic adolescent scoliosis Yawn 19999 4 42 0.05 0.54
Developmental dysplasia of the hip Boere-Boenekamp 199810 37 173 0.15 0.83
Amblyopia present paper 20–40* 23 0.42† not yet known

*Based on incidence estimations from the international literature.1

†PPV calculated only for amblyopia and not for other ophthalmic disorders.
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insight in the eVectiveness and eYciency of
the Dutch child healthcare screening pro-
gramme for amblyopia, subsequent results of
the RAMSES study are awaited.
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