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Economic evaluations are tools for assessing emerging technologies and a complement for decision-making in healthcare systems.
However, this topic may not be familiar for doctors and academics, who may be confused when interpreting the results of studies
using these tools. Cataract is a disease which has received special attention in healthcare systems due to its high incidence, the
great impact that it could have on patients’ quality of life, and the fact that it can be definitively solved in almost all cases through
cataract surgery. Historically, economic evaluations in cataract surgery have been conducted for many purposes by simply
assessing whether the surgery is cost-effective for specific questions related to the implantation of multifocal intraocular lenses,
surgical techniques, optimizing assessments, preventing diseases or complications, etc. Moreover, although there are systematic
reviews about cataract surgery and narrative reviews introducing the concept of economic evaluations, as far as we know, no
previous study has been conducted that synthesizes and integrates evidence coming from both fields. Thus, the purpose of this
narrative review is to introduce doctors and academics to economic evaluation tools, to describe how these have been historically
applied to cataract surgery, and to provide special considerations for the correct interpretation of economic studies.
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INTRODUCTION

Economic evaluations of health care arise from the fact that
health service resources are scarce. Patients require treatment
and doctors can sometimes select between different treatments
for the same disease. However, they often have to make choices
that maximize health gains using the smallest possible resource
consumption [1]. Faced with this problem, it can be considered
that reducing costs is the only simple solution. However, decision
making in healthcare goes beyond accounting or attempting to
reduce costs [1]. Economic evaluation is the tool that economists
and healthcare providers use as a source of information
considered to make the best decisions.

Although the idea of shedding light on the use of resources and
to provide information that enables the improvement of decision-
making dates back to the 17th-century [2], the knowledge of many
doctors in this area remains vague. Several techniques for
economic evaluation have been described, and sometimes these
are incorrectly labeled. This fact seems coherent, because the same
terms can be used in different evaluations. For instance, as detailed
below, cost-effectiveness and cost-utility are two different cost-
evaluation techniques, but in both cases, a procedure is or is not
cost-effective, independent of the technique used.

Economic studies have provided interesting and useful
information on cataract surgery. For instance, it is known that
patients are more comfortable paying for potential enhance-
ments in cataract surgery, especially when positive feedback is
provided by their family [3]. However, this position to pay for
surgery may be below the actual cost of screening, transport,
accommodation, and surgery in settings where people are used
to free services or in low-income countries [4, 5]. This example

provides a clear picture of the complexity of economic analyses,
in which conclusions can radically change depending on the
timeframe, perspectives, locations, etc.

Substantial evidence exists regarding the cost-effectiveness of
cataract surgery. Cataract surgery increased its cost-effectiveness
by 41.8% in 2018 compared to 2012 and by 73.7% in comparison
to 2000 [6-8]. The cost-effectiveness of surgery with intraocular
lens (IOL) implantation has been demonstrated not only for high-
income [9, 10], but also for low-income countries [11, 12]. Despite
these benefits, cataract surgery is still not accessible in some low-
income areas with very low willingness-to-pay from patients [5].
Fortunately, these populations and ophthalmologic residents can
benefit together, since it has also been demonstrated that
resident-performed surgeries are cost-effective [13].

Although there is a general consensus on the cost-effectiveness
of cataract surgery [6-8], there are some specific topics, such as
the economic evaluation types or which procedures related to
cataract surgery are cost-effective, that could be confusing or
require further studies. Cataract is a topic that has been widely
reviewed [14-16], but there is a lack of studies synthesizing the
findings provided by economic evaluations in this field. The aim
of this narrative review is to introduce doctors and academics to
economic evaluation tools, to describe how these have been
historically applied to cataract surgery, and to provide special
considerations for the correct interpretation of economic studies.
For achieving these purposes, these findings will be described
according to the evaluation type and perspective in such a way
that the reader without experience in economic evaluations can
understand the advances in the area over the years and the future
research opportunities.

'Quision, Department of Ophthalmology of VITHAS Almeria Hospital, 04120 Almeria, Spain. 2Department of Optics, Pharmacology and Anatomy, University of Alicante, Alicante,
Spain. 3Department of Ophthalmology (IMQO-Oftalmar), Vithas Medimar International Hospital, Alicante, Spain. “Department of Economics and Business, Faculty of Economics
and Business Studies, University of Almeria, Ctra. Sacramento s/n, La Cafiada de San Urbano, 04120 Almeria, Spain. “email: joseginel@qvision.es

Received: 17 April 2023 Revised: 7 December 2023 Accepted: 26 January 2024

Published online: 12 February 2024

SPRINGER NATURE


www.nature.com/eye
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-024-02965-x&domain=pdf
http://orcid.org/0000-0002-1546-4807
https://doi.org/10.1038/s41433-024-02965-x
mailto:joseginel@qvision.es

METHODS

A non-systematic literature search was performed in June 2021
using the following bibliographical databases: The National
Library of Medicine (PubMed), EMBASE and Web of Science
(WOS). The key words used in the strategy search were (“cost-
effectiveness” OR “cost-utility”) AND “cataracts”. A snowball
approach was also used to find relevant references. The inclusion
criteria encompassed full and partial economic evaluations of
original articles conducting a cost-utility analysis or cost-
effectiveness analysis related to cataract surgery. No restrictions
were applied in terms of study design, with the only exclusion
from the narrative review of non-English written papers.

ECONOMIC EVALUATION TECHNIQUES

Embarking on a full economic evaluation should consider some
important points: (1) deciding the intervention of interest, (2)
selecting the control intervention/s, (3) defining the viewpoint or
perspective, (4) selecting the economic evaluation type, (5)
compiling the benefits and costs, (6) selecting the analysis model,
and (7) proceeding with the analysis [17]. At this point, it is important
to note that some studies on health economics only include the costs
or efficacy of only a single intervention, and therefore are partial
economic evaluations [18, 19]. Although these partial evaluations can
provide valuable information, they cannot guide decision making
[18]. For full economic evaluations, both efficacy and costs should be
evaluated, as it is indicated in Fig. 1 [20].

The first two steps, to decide the control and intervention/s of
interest, are fundamental in any economic evaluation. The main
question at this stage is how many interventions are planned to be
analyzed considering a minimum of two. Then, the definition of
viewpoint or perspective holds great importance for conducting
and interpreting economic evaluations. Interpretation could
completely differ depending on the perspective defined. For
instance, switching from delayed cataract surgery to immediate
sequential could yield benefits from the perspectives of payers,
patients and society [21, 22], by minimizing the costs. Conversely, it
could result in a loss of benefits from the physician’s perspective
[23].

The perspective will be also one of the factors that influence
the decision on the next step, which is the selection of the
economic evaluation technique among the following: (1) cost-
effectiveness, (2) cost-minimization, (3) cost-utility, (4) cost-
benefit, and (5) cost-consequence. Some key points are critical
to differentiate them. First, two parameters should be considered
in the evaluation, the costs associated with the treatment and the
outcome, which is the measure of the efficacy endpoint obtained
from a clinical trial (i.e. visual acuity, patient-reported outcomes,
etc.). Both parameters summarize the first evaluation type “cost-
effectiveness” [24]. If there is no difference in effectiveness
between interventions, only costs could be considered in a
“cost-minimization” study type [25, 26].

An important limitation of cost-effectiveness studies is that
decisions can only be made from a narrow perspective. This is due
to differences in the measurement units between diseases or
procedures, not allowing the comparison between studies from
different medical specialties. Another important limitation is that
only health care benefits are considered as efficacy end-points.

“Cost-utility” evaluations are a particular extension of cost-
effectiveness, but with the main difference in the selected
outcome variable. Whereas cost-effectiveness can use outcome
variables directly related with the specialty, such as the spectacle
dependence in the selection of a monofocal or a multifocal
intraocular lens in cataract surgery [27], cost utility evaluations
require of an outcome variable common between different
specialties. An example of this may be the use of patient-reported
outcomes such as the quality of life as efficacy end-point, while
considering a timeline period that could be extended up to death
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[28]. This particular consideration of quality of life adjusted to
years of life is known as “QALYs”, and it is accepted as the
standard variable for cost-utility analysis. The advantages are the
use of a common variable that allows the comparison between
interventions, being applicable to decision making from a broad
perspective. Unfortunately, patient-reported outcomes are more
subjective and less precise than other variables such as visual
acuity. Therefore, it might not be able to detect small benefits
between interventions.

Broadening the viewpoint to a societal perspective and including
other benefits beyond the health care benefits such as productivity
increase, well-being, comfort, etc., requires from other economic
evaluation type known as “cost-benefit” [29]. The benefits in this
type of evaluations are standardized in monetary terms, allowing
the comparison in a broad perspective. Conversely, standardization
in monetary terms is not easy. Finally, “cost-consequence” analysis
shares some characteristics with cost-benefit but with the
difference that the benefits included in the analysis are managed
separately. This allows the exploration of results only for those
benefits of interest, rather than treating them as a whole [30]. Cost-
consequence are especially useful at the early stage of the product
and with complex products with several benefits, when it is not
clear which cost and benefits are the most relevant.

In summary, it is crucial for doctors and academics to recognize
that full economic evaluations always compare at least two
interventions, the collection of cost and efficacy variables and
depending on the perspective, different economic evaluation
techniques could be selected. Specifically, these techniques can
be selected from cost-efficacy / cost minimization based on a
narrow perspective affecting decisions of single patients, group or
departments, to cost-utility, cost-benefit and cost-consequences
based on a broad perspective that involve different departments,
hospitals, society, etc. Figure 1 is shown to help the reader to
easily identify the type of analyses in any study involving
economic evaluations.

UNDERSTANDING VARIABLES FOR ECONOMIC EVALUATIONS
In the previous section, one of the differences described between
cost-effectiveness and cost-utility techniques was the measure-
ment variable of effectiveness. Whereas for cost-effectiveness,
psychophysical variables such as visual acuity can be used,
variables that allow the comparison between different specialties
or diseases are required for cost-utility (i.e. for the comparison
between eye diseases and systemic diseases). Ophthalmologists
are very familiar with the use of objective and subjective metrics
to characterize the eye’s state, such as optical aberrations and
visual acuity, respectively. Even, albeit to a lesser extent, they are
familiar with using patient-reported outcomes to measure
psychometric domains such as visual function (visual function
questionnaire, VF-14). However, they probably find in the “utility”
measure a concept required to be described, even though it has
been in use for decades [31].

Utility is a cardinal measure of the strength of one’s preference
standardized outcome to a range between 0 (poorest health
condition) and 1 (perfect health condition) [31, 32]. In other words,
utility is the perceived value that individuals receive from the
consumption of healthcare goods/services [18]. In Health, the
Quality of Life (HRQoL) has been considered as the standard utility
variable for making comparison between different actions. Thus,
the consumption of healthcare goods/services affect to patient’s
HRQoL. In addition, it is relevant to note that a healthcare action
can affect to HRQoL during a short/long period of time up to death.
Therefore, the HRQoL (also named utilities) could be related to the
quantity of life (measured in years), resulting to a bidimensional
variable named Quality-Adjusted Life-Years (QALYs) [31]. Figure 2
shows an example of 2.3 QALYs increase due to a longer life
expectancy of one year, with an increase in utility of 0.3 points.
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Fig. 1 Decision diagram for identifying the technique used in the economic evaluation. Build on basis to the UK Health Security Agency

Cost utility analysis definitions [20].

For ophthalmologists, HRQoL can be assessed using question-
naires that evaluate the difficulties due to vision in conducting daily
tasks. For example, the results of the VF-14 tool can be considered as
a HRQoL measurement. The problem of using this questionnaire as a
HRQoL tool is that it does not allow the comparison between other
health specialties, therefore it can be regarded as an ophthalmic
index. Consequently, cost-utility analyses cannot be conducted with
these ophthalmic indices and should be described as cost-
effectiveness tools. Furthermore, to adjust HRQoL to life-years, it is
necessary to know how many life-years patients would be willing to
sacrifice for an improvement in HRQoL up to death. To address this
issue, the time trade-off (TTO) is estimated by means of doing a
previous study before conducting the economic evaluation.

SPRINGER NATURE

In the field of vision science, TTO has been estimated for
improvements of visual acuity (visual trade-offs). This answer the
question “how many years of life patients are willing to invest to
improve the visual acuity up to the maximum health state (20/
20)?" This variable has been used as the “utility” for cost-utility
studies [7], and it is calculated as 1 - TTO/(Expect to live). For
example, for those patients with 20/40 expecting to live a mean
of 20 years, they would invest 2 of each 10 years of life if they can
achieve 20/20. The computed utility score for this situation is
therefore 1-4/20 = 0.8 [33]. The calculation of utility values from
visual acuity has been modeled for prediction [34], but the utility
value depending on visual acuity has been reported considerably
different between studies for different populations and
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Fig. 2 Quality-Adjusted Life-Years (QALYs) calculation for cost-utility
analysis considering Health Related Quality of Life (HRQol)
questionnaires.

impairment of visual acuity at several distances [33, 35-37]. The
utility score would change depending on the baseline state of
visual acuity, and therefore a poorer baseline visual acuity will be
associated to a lower utility value since patients would invest
more years to achieve 20/20 [33, 38, 39].

The TTO method has been historically criticized due to
inconsistencies and arbitrariness [40, 41]. This utility score appears
to be a forced method to allow the comparison between different
specialties, instead of a solid scientifically-based method of
measurement. Indeed, other authors have agreed that visual
trade-offs limit the comparisons with other medical specialties
and limit the use of the standard willingness-to-pay thresholds
[42]. Considering the limitations of using other generalized
methods of measuring HRQoL, such as EuroQol-5D, the 15-D
[43], and the Health Utilities Index Mark 3 (HUI3) [44], which may
lack of sensitivity with vision in high-income countries [11, 38],
resulting in less utility gains after surgery [35], surgeons should
understand that many methods and questionnaires have been
used in terms of HRQoL meaning (utility). This could result in
important difficulties to interpret economic evaluations. There-
fore, these economic evaluations are a complement for taking
decisions and not a way for taking decisions due to their potential
bias in comparison to other research fields using uniform
standardized and less subjective metrics.

ECONOMIC EVALUATIONS APPLIED TO CATARACT SURGERY
Surgical techniques

Femtosecond laser cataract surgery (FLACS) has been one of the
topics with more studies in comparison to phacoemulsification
technique (PCS) [45-48]. Cost-effectiveness have been conducted
in the perspectives of the French [45] and Australian [49] national
health-care systems. Also, cost-utility has been evaluated from the
United Kingdom [47] national healthcare system perspective. All
these studies agreed that FLACS is less cost-effective than PCS for
cataract removal in healthy patients[45-47]. However, economic
evaluations are still required in those groups with a history of
trauma, zonulopathy, narrow angles, mature or intumescent
cataracts, or Fuchs dystrophy, for which minimizing endothelial
cell loss is critical [46]. In addition, the potential benefit of
increased refractive accuracy of femtosecond astigmatic
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keratotomy over manual limbal relaxing incisions should be also
evaluated [46].

On the other hand, Jongsareejit et al. [50] and Khan et al. [51]
evaluated cost-effectiveness of phacoemulsification versus small
incision cataract surgery (MSICS) from societal perspective in
Indonesia and India, respectively. Using ophthalmic indices, they
concluded that MSICS was more cost-effective than phacoemul-
sification. These results contrast with those reported by Rochmah
et al. [52] using Disability-Adjusted Life Years (DALYs) as
effectiveness variable and by Wulandari et al. [53] using the VF-
25 tool. On the other hand, Manaf et al. [54] reported a cost of 65
higher per unit of the VF-14 tool for phacoemulsification surgery
in Indonesia. These differences could not be only caused by
variables, but also by the context and the time of history in which
the evaluation was conducted [55-57].

The managing of late in-the-bag intraocular lens dislocation
has been also assessed without providing a clear conclusion
between repositioning and exchange [58]. Although reposition-
ing was more cost-effective, authors claimed that it was not
superior enough to provide recommendations.

Protocols

Immediate sequential has been demonstrated to be more cost-
effective than delayed cataract surgery [21, 22, 59, 60] On the
other hand, cost-utility for the second eye was suggested to be
cost-effective only in the long term unless care costs were
included [61]. In the short term, the procedure was not cost-
effective for patients with mild preoperative visual dysfunction.
These results are in contrast with the cost-utility reported by
Busbee et al. [62], who found in a cost-utility analysis that the
second-eye cataract surgery was an extremely cost-effective
procedure when compared with other interventions across
medical specialties. These discrepancies between Sach et al. [61]
and Busbee et al. [62] could be explained by the fact of using a
general questionnaire and the vision utilities. Thus, Busbee et al.
[62] conclusions should be interpreted with caution from a cost-
utility analysis, even though questionnaires may be valid from a
cost-effectiveness technique, since general questionnaires are
more appropriate for drawing general conclusions across
specialties. Cataract surgery has been also to be cost-effective
for fall prevention [63, 64], even though this efficacy end-point
was not improved for the second eye surgery [65].

Beyond surgery protocols, Meltzer et al. [66] reported that the
use of telephone calls or transportation subsidies to increase
follow-up in low- and middle-income countries of China may not
be cost-effective. Jastrzebski et al. [67] proposed a protocol for
increasing the cost-effectiveness of the procedure optimizing the
patient number of visits from a questionnaire that evaluated the
surgery risk. In this line, surgery was even cost-effective in a
subpopulation of patients with a lower predicted probability of
reporting improved visual functioning after surgery, but a
strategy of watchful waiting may be equally effective and
considerably less expensive [68]. Cost-effectiveness of tools for
grading cataract have been also evaluated [69]. Finally, Hopkins
et al. [70] reported that the cost required for reducing waiting
times was compensated by means of increasing treatment
volumes, resulting in a cost-effective action.

Intraocular lenses

Jain et al. [71] conducted a partial evaluation, only including
effectiveness, for small incision cataract surgery with PMMA
lenses versus phacoemulsification with foldable lenses. For this
purpose, the generic EQ5D-5L questionnaire was used for QALYs
and a vision-related questionnaire (IND-VFQ-33). A higher
increase of QALYs was reported for foldable lenses. The cost-
effectiveness of IOL material has been also evaluated, resulting
the hydrophobic acrylic the most cost-effective in 4 European
countries [72]. This was mainly due to the lower percentage of
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required Nd-YAG capsulotomies, but with the limitation of not
considering the glistening of this material [73].

Toric intraocular lens implantation for patients with corneal
astigmatism higher than 1.25 D in comparison to monofocal I0Ls
was evaluated by Simons et al. [74]. The authors concluded that
from a societal perspective, toric IOLs was not cost-effective, but it is
important to highlight that by definition this was a cost-utility study
using generic questionnaires for QALYs, which are only sensitive to
visual improvements if patients were close to blindness [11].

The use of multifocal IOLs has been also evaluated from the
early multifocal 10Ls no longer marketed, with a general
agreement about its cost-effectiveness [75]. Hu et al. [76] and
Bala et al. [77] concluded that multifocal and EDOF IOLs were
cost-effective for patients desiring spectacle independence. In any
case, it is important to remark some errors in the modeling
utilities used. For instance, a decrease in utility of —0.065 for
wearing glasses and —0.18 for glare and haloes was stated, which
is based on the value of —0.18 for wearing spectacles in a
population with cancer [78], which is not transferable to healthy
populations, and without knowing from which reference the
authors obtained the value of utility decrease for glare and
haloes. Lin et al. [79] also reported, using the NEI VFQ-25 for
HRQoL, that multifocal IOLs can be highly cost effective for
patients who prefer to be spectacle free.

Other authors have also evaluated the cost-effectiveness, but
only using the spectacle free variable instead of estimating
utilities. De Vries et al. [80] reported that the use of multifocal IOLs
reduced 6.4 times the need of buying spectacles, decreasing the
lifetime costs compared to monofocal IOL implantation. The
willingness-to-pay for a multifocal IOL was set at $5 per day in the
80% of patients according to Maxwell et al. [27], demonstrating
that the net benefit of the MF-IOL exceeded its acquisition cost,
and the net benefit of the monofocal IOL. This finding was
consistent with that from Lafuma et al. [81] who added that any
IOL can provide a spectacle independence prevalence rate >80%,
and would always yield their average cost savings.

Diseases and cataract planning

Simons et al. [82] investigated the cost-effectiveness of prophy-
lactic treatments against cystoid macular oedema after cataract
surgery in patients without diabetes, using the generic health-
related quality of life (HRQL) questionnaire for calculating QALYs,
and secondary efficacy variables as specific HRQoL questionnaires
and visual acuity. After comparing three alternatives, bromfenac,
dexamethasone and a combination of both, more cost was
associated to the combination, but being more cost-effective due
to its higher efficacy.

Detection of diseases could be improved with the incorpora-
tion of new technologies as the ocular coherence tomography
(OCT). Leung et al. [42] reported in a cost-efficacy analysis
including visual trade-offs that the patient and society saved
money from deferring a multifocal IOL, and the potential savings
of a combined rather than delayed procedure if the patient
wanted vitreoretinal surgery.

CONCLUSIONS

In this review, doctors and academics without previous knowl-
edge in economic evaluations were introduced in these analyses
using examples coming from one of the most studied and familiar
topics, cataract surgery. This work aims to establish a general
guide that the researcher can use when conducting studies in a
context of economic research in the health field. In summary,
decision making should involve evaluating both cost and
effectiveness, and the viewpoint or perspective (for whom this is
cost-effective?) should be considered in the interpretation of the
study. Interpretation of economic evaluations is not easy
considering the incorrect terms usually used, i.e. several cost-
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effectiveness studies consulted for this review were really cost-
utility evaluations. The difference between these evaluation
techniques is mainly managed by the perspective chosen and a
graphical conceptual framework was provided in order to easily
identify the economic evaluation technique to choose.

On the other hand, the different metrics used to refer to QALYs
could challenge the interpretation for the non-expert. For
instance, one of the objectives of cost-utility evaluations is to
allow the comparison between different diseases or medical
specialties, in such a way, information coming from these
evaluations could be used for taking decisions from a broad
perspective (i.e. societal) however to allow this, general
questionnaires should be used such as the EQ-5D or the HUI3.
The drawback of these questionnaires is that they are less
sensitive to detect visual changes, sometimes required close
values to blindness to achieve sensitivity. For this reason, other
specific metrics derived from visual acuity such as the visual
trade-off or questionnaires for reporting visual outcomes have
been used.

It is important to note, that moving from these general
questionnaires to the specific questionnaires to define QALYs must
be interpreted with caution, and it is more than questionable to talk
about cost-utility and broad perspectives, when specific methods of
measurement are used. These methods could provide evidence
about the cost-effectiveness of a method since these are more
sensitive to visual changes but conversely, although the cost-utility
could be poorer using general tools of measurement. Considering
this, it is reasonable to include both methods in economic
evaluations to enable the interpretation from different perspectives.
It is essential to consider that, although effectiveness might be
maintained on time, prices from technologies decrease and many
old cost-efficacy studies should be interpreted with caution at these
days, since cost-efficacy could increase with time as it has been
reported for cataract surgery in the last 20 years.

SUMMARY

What is known about this topic

® Economic evaluation is the tool that economists and
healthcare providers use as a source of information con-
sidered to make the best decisions.

® There is a general consensus on the cost-effectiveness of
cataract surgery but the conclusions in economic analyses
can radically change depending on the timeframe, perspec-
tives, locations, etc.

What this study adds

® Many published economic evaluations wrongly describe the
evaluation technique since the perspective chosen does not
match the latter.

® Particular attention should be paid to the variables selected
for effectiveness since ophthalmic indices limit comparisons
with other medical specialties and generic questionnaires
might not be sensitive to visual benefits.
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