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Abstract
Purpose: Laser in situ keratomileusis (LASIK) means a
patient investment of 2426 € per eye, which usually
cannot be funded by European health care insurers. In
the context of recent resource allocation discussions,
however, the cost effectiveness of LASIK could be-
come an important indication of allocation decisions.
Therefore an evidence based estimation of its incre-
mental cost effectiveness was intended.
Methods: Three independent meta analyses were im-
plemented to estimate the refractive gain [dpt] due to
conventional LASIK procedures as well as the pre-
dictability of the latter [%] (fraction of eyes achieving a
postoperative refraction with maximum deviation of 
± 0.5 dpt from the target refraction). Study reports of
1995 – 2004 (English or German language) were
screened for appropriate key words. Meta effects in re-
fractive gain and predictability were estimated by
means and standard deviations of reported effect mea-
sures. Cost data were estimated by German DRG rates
and individual clinical pathway calculations; cost effec-
tiveness was then computed in terms of the incremen-
tal cost effectiveness ratio (ICER) for both clinical
benefit endpoints. A sensitivity analysis comprised
cost variations of ± 10 % and utility variations along-
side the meta effects’ 95% confidence intervals.
Results: Total direct costs from the patients’ perspec-
tive were estimated at 2426 € per eye, associated with a
refractive meta benefit of 5.93 dpt (95% meta confi-
dence interval 5.32 – 6.54 dpt) and a meta predictabili-
ty of 67% (43% – 91%). In terms of incremental costs,
the unilateral LASIK implied a patient investion of
409 € (sensitivity range 351 – 473 €) per gained refrac-
tive unit or 36 € (27 – 56 €) per gained percentage
point in predictability. When LASIK associated com-
plication patterns were considered, the total direct
costs amounted up to 3075 €, resulting in incremental

costs of 519 € / dpt (sensitivity range 445 – 600 € /
dpt) or 46 € / % (34 – 72 € / %). Most frequently re-
ported LASIK complications were “central islands /
over- / undercorrection / regression” (meta incidence
estimate 24%) and “haze” (15%), which were identi-
fied by means of an independent meta analysis.
Conclusion: Bearing incremental costs of 519 € per
gained refractive unit in mind, the conventional
LASIK procedures showed an encouraging cost effec-
tiveness range; the latter estimate may serve as a ratio-
nale for future allocation discussions in ophthalmolo-
gy.

Key words: Laser in situ keratomileusis (LASIK), cost
effectiveness, incremental costs

1. INTRODUCTION

Within the last years laser in situ keratomileusis
(LASIK) has become a common surgical method for
correcting moderate myopia. The principle concept of
LASIK procedures consists in lowering an eye’s
corneal refraction by surgical reduction of the corneal
thickness. A microceratome is used to cut off a small
flap of the cornea, which enables to laser off a small
segment of corneal tissue by means of an excimer
laser. The flap is then re-direceted onto the remaining
corneal surface [30]. This strategy is already estab-
lished for the correction of moderate myopia (down to
-8 dpt) and gradual hyperopia (up to +2 dpt). The ac-
ceptance of this laser-based procedure becomes evi-
dent by consideration of the increasing demand for
LASIK [7-9; 33]. Despite its acceptance in correcting
myopia, however, the complication pattern of LASIK
procedures is an important point of discussion, since
the principle violation of corneal tissue as well as the
fact of inevitably tearing the Brownian membrane
apart cannot be ensured to be free of long-time com-
plications; note, that the latter can hardly be identified
at the time being, for recent LASIK procedures being
yet in use for less than 10 years. 

Nevertheless, the risk benefit ratio of LASIK is dis-
cussed in an encouraging matter: A large number of
trials and publications already dealt with the refractive
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outcome of LASIK on the one hand and its short-time
complication profile on the other hand. Furthermore.
the discussions on LASIK increasingly involve an ad-
ditional dimension, which is related to the fact, that
most European health care insurers refuse to reim-
burse this intervention disregarding putative socio-
economic benefits and social circumstances of patients
attending the intervention. The corresponding under-
lying health economic aspects of LASIK, however, are
hardly covered in literature. Since myopia can be con-
servatively corrected by seeing aids and the LASIK
surgery therefore cannot be considered as a “neces-
sary” intervention, its cost effectiveness is of great im-
portance for both patients and ophthalmologists [6,
24]. Only few studies consider the cost effectiveness
of LASIK, but demonstrate a remarkably positive per-
formance and encouraging results [5; 22] from the pa-
tient’s perspective. According to these findings, the pa-
tient investment for LASIK procedures is compli-
mented with an overly positive clinical outcome. These
early studies, however, only involve rather few patients
and restrict to a quite short follow-up period of the
latter [5; 22]. Cost effectiveness considerations there-
fore hardly consider the entire complication profile of
LASIK and might thereby have ended up in overly lib-
eral cost effectiveness estimates: Note that LASIK as-
sociated complications often afford surgical or at least
conservative re-treatment, which means both addition-
al costs for patients and health care insurers as well as
sometimes a remarkable reduction in subjective and, in
particular, ophthalmological well-being. The consider-
ation of LASIK complication profiles will therefore
correct the existing cost effectiveness estimates for the
clinical and economical effects of re-treatment require-
ments, i.e. the cost effectiveness will become more re-
alistic, but maybe also more pessimistic. Allocation
discussions in ophthalmology, however, crucially call
for such realistic estimates. Further investigations on
the costs and benefits of LASIK are therefore neces-
sary. To become able to also consider the maximum
available information on complication patterns, an evi-
dence based analysis of the LASIK cost effectiveness
seems appropriate.

In summary this evidence based investigation was
made in order to evaluate the incremental cost effec-
tiveness of LASIK in moderate myopia, which means
estimation of the costs per benefit unit as gained by the
LASIK intervention from the health care service’s per-
spective. The latter perspective was chosen to derive a
cost effectiveness estimate as a rationale for recent al-
location decisions in ophthalmology, i.e. to enable
health care insurers to simulate expectable costs and
related patient benefits of a LASIK funding scenario.

Three independent meta analyses were implement-
ed for this purpose to enroll the literature published
between 1995 and 2004. The first and second meta
analyses were to estimate the clinical benefit due to the
LASIK interventions, the third one was to evaluate the
corresponding expectable complication profile. Costs
for the primary intervention and for the correction of
complications were then related to the clinical benefit,
where cost estimates were thoroughly based on rates
of German official health care insurers (complication
re-treatment).

2. MATERIAL AND METHODS

2.1 STUDY DESIGN, CLINICAL AND ECONOMICAL
ENDPOINTS

This investigation intended to relate the direct costs of
the conventional LASIK procedure to its clinical bene-
fit in terms of a cost effectiveness ratio [23]. The clini-
cal benefit was to be estimated by means of a meta
analysis, i.e. an evidence-based cost effectiveness eval-
uation was intended.

The primary clinical endpoints of this study were
the refractive gain [dpt] due to conventional LASIK
procedures as well as the LASIK predictability [%],
which means the relative frequency of eyes, which at-
tained a post operative refraction with deviation of
less than ± 0.5 dpt from the target refraction. The
economical endpoint were the total direct costs caused
by the LASIK treatment, corrected for putative addi-
tional costs for re-treatment of complications. The tar-
get parameter of the cost effectiveness evaluation is
then the ratio of the primary economical and clinical
endpoints (ICER, Incremental Cost Effectiveness Ra-
tio), where the LASIK treatment is contrasted to the
alternative of its omission. In the present scenario the
latter can be estimated as follows [23]:

ICER = (LASIK costs – costs of no treatment) / 
(LASIK benefit – benefit of no treatment)

= LASIK costs / LASIK benefit,

which means that the incremental costs of LASIK
(when contrasted to the alternative “treatment” of its
omission) coincide with its marginal costs. Note that
this alternative “treatment” might, for example, consist
in the supplementation of patients with seeing aids,
which are usually not or hardly funded by European
health care insurers and statuory health care services.
Furthermore the supplementation with seeing aids
does not change the patient’s refraction, i.e. both the
refractive gain becomes 0 dpt and the alternative treat-
ment’s predictability is 0% (as none of the patients
profit from any refractive correction). The alternative
“treatment” of supplementation with seeing aids there-
fore imposes costs of 0 € for a clinical benefit of 0 dpt
or 0 % predictability, respectively. Summarizing the
above formula for incremental cost estimation reduces
to the direct LASIK cost / benefit ratio.

2.2 IMPLEMENTATION, INCLUSION CRITERIA AND
STATISTICAL EVALUATION OF META ANALYSES

Three independent meta analyses concerning the re-
fractive gain, the postoperative complication patterns
and the predictability of LASIK were implemented by
means of the German and English speaking literature
published between 1995 and 2004. Via pre-specified
keywords (such as “LASIK refraction”, “complica-
tions”, “predictability”, “visual gain” and their respec-
tive combinations) relevant journal articles were iden-
tified by means of the internet database MedLine.

In general studies were included into the respective
meta analysis, when the number of treated eyes was
designed by an appropriate statistical sample size cal-
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culation (i.e. the study showed a sufficient statistical
power), and when the study patients’ preoperative re-
fraction and astigmatism did not exceed -14.0 dpt and
± 4.0 dpt respectively, such as recommended by the
FDA [36]. Furthermore, only publications were in-
cluded, which covered a follow-up period of at least 6
months. In disaccordance to standard meta analysis
recommendations, the inclusion of non-randomised
trials was allowed (which was necessary for the com-
plication endpoint).

Since the aim of the meta analysis on the refractive
gain was to determine the mean change in refraction
attained by LASIK, this meta analysis additionally de-
manded the availability of estimates on the mean pre-
and postoperative refraction or the mean intraindivid-
ual change of the latter. Accordingly, the meta analyses
on LASIK complications and predictability required
the reporting of a complication incidence or a pre-
dictability estimate. Furthermore studies were only in-
cluded, if effective sample sizes (on which the report-
ed refractive gain, complication incidence and pre-
dictibility estimates were based) could be identified
precisely; the latter enabled the computation of study-
specific confidence intervals, if not already provided
by the authors.

The study reports’ estimates on mean refractive
gains were then averaged to derive a “meta estimate”
for the LASIK’s refractive benefit; accordingly, the
study reports’ estimates for predictability and compli-
cations incidences were averaged to derive a “meta
predictability” and “meta incidences” for the identified
LASIK complications. Appropriate empirical 95%
confidence intervals were estimated for each study re-
port (if not already provided by the authors); the em-
pirical 95% confidence intervals for the meta mean es-
timates were derived accordingly. Funnel plots were
used to simultaneously display the studies’ reported ef-
fect estimates and the resulting meta effect.

2.3 COST DATA

The direct cost evaluation was based on the treatment
cost profiles reported from the Mainz University Eye
Hospital for both the primary LASIK treatment as
well as for complication associated re-treatments. Di-
rect costs of 2426.46 € per eye were then imputed for
the primary LASIK procedure. For both clinically and
economically relevant complications (i.e. complica-
tions, which afford clinical treatment and thereby
cause treatment costs) as identifed by the meta analysis
on LASIK complications, standard clinical pathways
for re-treatment as established in the Mainz University
Eye Hospital were assumed. Treatment costs were
simulated alongside these pathways according to worst
cost scenarios (i.e. the most cost-intensive method for
re-treatment was considered, which could be reim-
bursed by statutory health care insurers). The resulting
costs for individual re-treatment were than used to
correct the total costs for the primary treatment: If the
meta analysis on complications identified a LASIK
complication with incidence, for example, 0.5% and
costs for the re-treatment due to this complication
were simulated as 100 €, the total cost correction due
to this complication amounted to 0.5% x 100 € = 0.50

€ (i.e. a complication’s re-treatment costs were aver-
aged over the expectable frequency of this complica-
tion such as indicated by its meta incidence). 

2.4 SENSITIVITY ANALYSIS

To evaluate the impact of the above input parameters
on the ICER estimate, a sensitivity analysis comprised
a deterministic cost variation of ± 10 % and a stochas-
tic benefit variation alongside the respective meta ef-
fect’s 95% confidence intervals. Furthermore, a sensi-
tivity analysis for the meta effect of the meta analysis
on the LASIK predictability was performed, which
varied the predictability cutpoint ±0.5 (strong pre-
dictability) to ±1.0 (weak predictability). The latter
means a maximum deviation of ±1.0 instead of ±0.5
between intended and achieved refraction after
LASIK, and thereby will result in a more optimistic
cost / benefit relation due to the weaker benefit re-
quirement.

3. RESULTS

A total of 18 study reports complied with the inclu-
sion criteria for the meta analysis on the refractive
benefit of LASIK [4; 10-12; 14; 16; 20; 25-27; 29; 33-
35; 37; 38; 42; 43]. Since two of these studies reported
the stratified results for several treatment groups, a to-
tal number of 21 trial arms could be evaluated. The
meta analysis on the LASIK predictability could in-
clude 15 study reports [4; 10-12; 14; 16; 20; 25-27; 34;
35; 38; 42; 43] and evaluate 16 trial arms, the meta
analysis on LASIK complications comprised a total of
30 trial reports [1-4; 10-14; 16; 20; 21; 25-27; 29-35;
37-44]. 

CLINICAL BENEFIT

The meta analysis on refractive gains due to LASIK
showed a mean preoperative refraction of -6.31 dpt
(95%-confidence-intervall -6.52 dpt to -6.1 dpt) and 
a mean postoperative value of -0.38 dpt (-0.46 dpt 
to -0.3 dpt), suggesting a mean meta refractive gain 
of 5.93 dpt (5.32 to 6.54 dpt) as demonstrated in Fig-
ure 1.

Figure 2 shows the results emerged from the meta
analysis concerning the “strong” predictability: If a
maximum deviation of ±0.5 is demanded between in-
tended and achieved refraction, only a predictability
estimate of 67% is obtained with a 95% confidence in-
terval ranging from 43 – 91% (note the remarkable
heterogeneity among the underlying trials). In terms of
a sensitivity analysis for the predictability cutpoint,
Figure 3 presents the results for a “weak” predictabili-
ty requirement (maximum deviation of ±1.0); the cor-
responding meta predictability was estimated at 85%
with a somewhat less heterogeneous distribution
among the study reports.

COMPLICATIONS

Table 1 shows the LASIK-associated complications
with the corresponding meta incidences, which result-
ed from the meta analysis on complications. Further-
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Fig. 1. Study effects on refractive gain [dpt] included into the meta analysis on LASIK refractive benefit. Verticals display the
corresponding meta gain with 95%-confidence interval, horizontal extensions indicate reported or re-calculated 95%-confidence
intervals of single trials.

Fig. 2. Study effects on predictability
[%] included into the meta analysis on
“strong LASIK predictability” (relative
frequency of eyes with attained refrac-
tions of less than ± 0.5 dpt deviation
form the target refraction). Horizon-
tals display the corresponding meta
gain with 95%-confidence intervals,
vertical extensions indicate reported or
re-calculated 95%-confidence intervals
of single trials.
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Table 1. LASIK associated complications identified by the meta analysis with estimated mean meta incidence rates and simulat-
ed costs for complication treatment (simulation based on clinical pathways).

complication meta incidence simulated costs expectable
for treatment additional costs

central islands,
overcorrection, 24% 1870.46 € 448.91 €

undercorrection, regression

haze 14.5% 50.09 € 7.26 €

buttonhole, free flap,
thin / thick / irregular flap, 11.1% 568.62 € 63.12 €incomplete / irregular cut,

decentration

foreign body in the interface 9% 2439.00 € 54.88 €

dry eyes 7.1% 121.50 € 8.63 €

inflammation 6.5% 14.44 € 0.94 €

striae 2.5% 2112.30 € 52.81 €

erosio corneae 1.3% 36.14 € 0.47 €

keratectasia 0.1% 8600.15 € 8.60 €

retinal detachment 0.1% 2682.79 € 2.68 €

Fig. 3. Study effects on pre-
dictability [%] included into the
meta analysis on “weak LASIK
predictability” (relative frequency
of eyes with attained refractions
of less than ± 1.0 dpt deviation
form the target refraction). Hori-
zontals display the corresponding
meta gain with 95%-confidence
intervals, vertical extensions indi-
cate reported or re-calculated
95%-confidence intervals of sin-
gle trials.



more, it presents the cost simulation results for these
complications, when corrections are performed ac-
cording to the standard clinical pathways implemented
at the University Eye Hospital of Mainz. Since most of
the cost-intensive complications are rather rare, they
will hardly change the overall cost sum. Table 1 there-
fore also demonstrates the expectable total cost in-
crease due to each complication after accounting for
its incidence.

Whereas the total direct costs for the primary
LASIK intervention were estimated – according to the
reported rate at the University Eye Hospital of Mainz
– at 2426.46 € per eye, the cost correction due to
LASIK associated complications as indicated in Table
1 revealed expectable total costs of  3074.76 €. The
latter means an expectable increase in direct costs of
27% or 648.30 € due to clinically and economically rel-
evant complications. 

COST EFFECTIVENESS

The expectable cost investion of 3074.76 € is comple-
mented with a refractive gain of 5.93 dpt and a strong
predictability of 67%. The LASIK procedure therefore
implied expectable costs of 518.51 € per gained refrac-
tive benefit unit (sensitivity range 444.90 € / dpt –
599.69 € / dpt). The corresponding expectable costs
for the strong LASIK predictability requirement
amounted to 45.89 € per percentage point (sensitivity
range 33.79 € / % – 71.51 € / %).

4. DISCUSSION

The primary aim of this investigation was to estimate
the cost effectiveness of laser in situ keratomileusis
(LASIK) under accountance for its re-treatment cost
requirements as caused by complications. The mean
refractive benefit of LASIK, its complication profile
and predictability were estimated by means of three in-
dependent meta analyses on literature published be-
tween 1995 to 2004. As a main result this investigation
revealed complication-corrected costs of 518.51 € per
gained refractive unit (dpt), where a mean refractive
benefit of -5.93 dpt is achieved by the total cost inves-
tion of 3074,76 €. The latter contains an economically
relevant cost fraction of 648.30 € due to LASIK-asso-
ciated postoperative complications, despite the fact,
that severe adverse events after the primary surgery
were rather rare as indicated in Table 1.

The results on predictability suggested 85% of eyes
within a maximum deviation of ±1.0 dpt from the in-
tended correction and 67% of eyes within ±0.5 dpt;
these findings are confirmed by comparison with inde-
pendent international studies [17-19; 28]. Both results
can be regarded as an indication of both an encourag-
ing clinical and economical LASIK performance. Note
that the above cost effectiveness estimate of 519 € per
gained refractive benefit unit can be regarded quite
similarily optimistic as the “native” estimate of 334 –
415 € per dpt [22], which was not corrected for
LASIK complications. From a health economic point
of view, these estimates are quite comparable [23, 24]
and would imply the same allocation decision, when
taken into account by statutory health service insurers.

Therefore the above estimates on the conventional
LASIK’s cost effectiveness may serve as a rationale for
such recent discussions in Western Europe.

PRECISION OF REFERENCE EVALUATION

A manual search for articles was performed according
to the recommendations of the Cochrane Collabora-
tion in order to quantify the precision and thereby the
validity of the MedLine-based meta analyses in the
LASIK setting. For this purpose two specialist jour-
nals, the Journal of Cataract and Refractive Surgery
(edition 2003) and the Journal of Refractive Surgery
(edition 2002 / 2003) were searched for relevant arti-
cles, which would serve the purpose of at least one of
the above meta analysis. Each article in these journal
volumes was carefully examined in its full-text version
according to the searching and inclusion criteria. It
turned out that all the relevant articles identified by
manual search had already been included by means of
the electronical search based on MedLine; i.e. this vali-
dation study suggested an accuracy of 100% concern-
ing the detection of relevant articles for each of the
three meta analyses.

VALIDITY OF INPUT DATA

In order to estimate cost and benefit input data for the
cost effectiveness evaluation it proved to be necessary
to apply approximations and model assumptions. In
either cases, however, these factors were used as care-
fully and rarely as ever possible; nevertheless, it is im-
portant to consider their potential biasing impact on
the above results. One major problem of the meta
analyses was the rather heterogeneous documentation
and the sometimes even – from a methodological
point of view – wrong analysis and presentation of the
study reports’ effect estimates. The heterogeneity of
input data became apparent in the meta analysis con-
cerning refraction, for example in the partially differ-
ent number of patients or in the drastically varying
range of underlying follow-up periods. In addition to
this, we found a wide variety of applied lasers and mi-
croceratomes, which are definitely associated with the
clinical outcome and the incidence of complications
after LASIK [15]. 

Patient sample sizes varied as well among studies, so
that a sample size re-calculation was performed for
each included study in order to ensure, that its results
are due to a sufficient statistical power. To enforce
comparability of the included studies’ effect measures,
95% confidence intervals were estimated for each end-
point. However, due to sometimes lacking documenta-
tion quality in study reports, computation of these in-
tervals often afforded statistical approximations [23].
This became overly difficult, as soon as the trial publi-
cation did not provide sufficient information (for ex-
ample, on the preoperative refraction or on its stan-
dard deviation). This lacking documentation quality of
study reports may to some extent explain the rather
limited number of publications included in the meta
analyses described here (even though the inclusion 
criteria allowed the consideration of non-randomized
trials).

EUROPEAN JOURNAL OF MEDICAL RESEARCHSeptember 12, 2005 407



Simplifications were made concerning classification
of complications: for example, specific complications
such as “small fiber in the interface”, “interface de-
bris” or “interface epithelial cells” were reported in
terms of one combined incidence estimate for the
complication “foreign body in the interface”. Similari-
ly it was rarely possible to weight complications ac-
cording to their severity level because of lacking infor-
mation in the underlying study report; milde and se-
vere stages of the same complication type were aggre-
gated in one overall incidence estimate disregarding
the stage-dependence of clinical and economical con-
sequences of the actual complication’s stage.

Note that also the cost data might be biased due to
an intrinsic model assumption of the above analyses
and estimations procedures: Most cost data and the
underlying clinical pathways were derived from the
standards and experiences of the refractive surgery unit
at the Mainz University Eye Hospital. However, the
latter may crucially differ from the corresponding cost
and treatment data of other ophthalmological depart-
ments in Germany and will vary even more over Eu-
rope. The same holds for the “worst complication case”
and thereby “most expensive re-treatment strategy”
scenario as applied to derive an upper bound for the
expectable complication-associated cost profile. There-
fore a cost sensitivity analysis introduced a cost varia-
tion of ± 10% of the cost factors derived from the de-
partment in Mainz. The lower range of the resulting
cost effectiveness variation (444 € per gained dpt) mere-
ly coincides with the estimate derived in [22] based on
individual patient data. Therefore the cost effectiveness
estimates obtained in this meta analysis (i.e. evidence)
based investigation can be considered rather robust
against model assumptions in the cost input data.

In summary, the presented estimates on clinical out-
come, complications and cost effectiveness were de-
rived by taking several approximations and thereby
maybe biases into account. On the other hand, the ob-
tained estimates were found robust in sensitivity analy-
ses and can be considered evidence based by covering
the maximum available reference information at the
time of the investigation.

5. CONCLUSION

In order to account for the expectable complication
pattern and the resulting costs for re-treatment, an evi-
dence (meta analysis) based estimation of the cost ef-
fectiveness of the conventional laser in situ ker-
atomileusis (LASIK) was implemented. Bearing total
direct costs of 519 € per gained refractive unit in mind,
the LASIK shows an encouraging investment from
both the patient’s and the health insurer’s perspective;
the latter estimate may serve as a rationale for future
allocation discussions in ophthalmology. The results of
this investigation indicate that the LASIK is a highly
cost-effective procedure in the correction of myopia.
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