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What was known before:

- Cataract surgery with intraocular lens (IOL) implantation is one of the most commonly
performed surgeries worldwide, and it places significant clinical and economic burden on the
healthcare services.

- Currently in the UK National Health Service, cataract service providers are mainly
remunerated by two models; payment by results and block contract.

- Hydrophobic IOLs are associated with less risk of posterior capsular opacification and
reduced need for YAG capsulotomy.

What this study adds:

- This is the first UK study evaluating the potential influence of remuneration model and cost
of IOL on the choice of IOL.

- Cataract service providers remunerated by block contract, commissioned to deliver whole
pathways of care, were more likely to select hydrophobic IOLs over hydrophilic IOLs.

- Hydrophobic IOLs, although more expensive in the short term, can be expected to be
economically favourable when whole-pathway costs are considered hence are attractive to

providers on block contract.

ABSTRACT

Background/Objectives: Cataract surgery with intraocular lens (IOL) implantation is one of
the most commonly performed surgeries worldwide. Within the UK, publicly funded cataract
surgery is remunerated by two models: (1) “block contract” (BC), which commissions
organisations to deliver whole service pathways without considering specific activity items; or
(2) “payment by results” (PbR), which pays a tariff price for each procedure. This study aimed

to examine the association between remuneration model and the cost and types of IOL used.



Subjects/Methods: Cataract operations recorded on the Royal College of Ophthalmologists’
National Ophthalmology Database were included, with additional data collected for
remuneration model from NHS England and cost of IOL from the NHS Spend Comparison

Service.

Results: We included 907 052 cataract operations from 87 centres. The majority of operations
were performed in PbR centres (456 198, 50.3%), followed by BC centres (240 641, 26.5%)
and mixed models centres (210 213, 23.2%). The mean price of hydrophobic (n=7) and
hydrophilic I0Ls (n=5) were £45.72 and £42.86, respectively. Hydrophobic IOLs were
predominantly used (650 633, 71.7%) and were significantly more commonly used in centres
remunerated by BC (96.5% vs. 3.5%) than those by PbR (65.7% vs. 34.3%) when compared

to hydrophilic IOLs (p <0.001).

Conclusions: This study demonstrated that the IOL choice may be perversely incentivised
by the I0L cost and remuneration model. Although hydrophobic IOLs are more expensive at
the point of surgery, their potential longer-term cost-effectiveness due to reduced requirement

for YAG capsulotomy should be considered.



INTRODUCTION

Cataract is the leading cause of blindness and visual impairment, with 94 million people
affected globally, a number growing rapidly due to ageing poulations.” With the possible
exception of obstetric procedures, cataract surgery with intraocular lens (IOL) implantation is
the most commonly performed operation worldwide. It is estimated that more than 20 million
cases are performed annually, including approximately 500 000 cases in the United Kingdom

(UK) alone.?*

Cataract surgery has been consistently shown to be an effective and cost-effective operation
for improving vision and vision related quality of life.> However, the sheer volume of cataract
surgeries performed each year places significant financial burden on healthcare services.
Apart from the required operating facility, workforce and technical expertise, the cost of
cataract surgery is associated with the phacoemulsification machine, surgical instruments and

consumables, including IOLs.®

The value of the IOL business is currently estimated at £4.3 billion ($5.2 billion) per year
globally and is projected to rise to £6.8 billion ($8.2 billion) per year in 5 years.” This is largely
driven by the rising demand for cataract surgery as a result of increased longevity of the
population, improvement in surgical techniques, and refinement in the quality and technology
of I0Ls.*8"3 To meet the wide-ranging demand of the growing population, various types of
IOLs have been designed, with some focusing on correcting ametropia (e.g., monofocal and
toric 10Ls) and some correcting both ametropia and presbyopia (e.g., multifocal, extended
depth of focus, and accommodating IOLs). Based on the types of material, IOLs are broadly
made of either hydrophilic acrylic, hydrophobic acrylic, polymethylmethacrylate (PMMA),

silicone or collamers.'®

The cost of IOLs can vary considerably. The premium IOLs (e.g., presbyopia-correcting IOLs)

are significantly more expensive in the UK and are typically used in the private sector only as



they are considered refractive surgeries, which are not justified for routine use in publicly
funded services. From the material standpoint, hydrophilic and hydrophobic acrylic IOLs are
the two main types of IOLs used in cataract surgery, each of which is associated with some
inherent strengths and weaknesses. For instance, hydrophobic IOL’s are usually slightly more
expensive than hydrophilic IOL’s but are associated with a lower risk of posterior capsular

opacification (PCO).™1°

Within the context of the UK National Health Service (NHS), remuneration models are largely
divided into payment by results (PbR) or block contract (BC). PbR refers to a remuneration
model where the payment is made to the service provider based on the level of activity
whereas BC refers to a remuneration model where a regular fixed payment (agreed in
advance) is made to the service provider for a broadly defined service without fully taking into

account the precise level of activity.®

In view of the significant number of cataract operations performed annually and their potential
financial impact on healthcare systems, we hypothesised that the choice of IOL may be
affected by three factors: (1) the immediate cost of IOL to providers; (2) the overall cost
implications of the I0L for the whole NHS cataract pathway; and (3) the payment model.
Service providers remunerated by the PbR model may be influenced more by the immediate
cost of purchasing IOL compared to those on the BC model. Providers working with a BC
arrangement may be more influenced by rates of PCO associated with different IOLs, and the
potential cost and workload implications of needing to perform greater numbers of YAG
capsulotomies. In this study, we aimed to evaluate the potential influence of remuneration

models and IOL pricing on the choice of IOL used for cataract surgery in the UK.

SUBJECTS AND METHODS
This was a retrospective study of cataract surgery data submitted to the Royal College of

Ophthalmologists’ National Ophthalmology Database (RCOphth NOD) for operations



performed between April 2015 and March 2020 (a 5-year period based on five UK financial /
NHS years). As previously described, the RCOphth NOD is a national database that receives
anonymised data from around 70% of ophthalmic institutes providing publicly funded cataract
surgery in England, Wales and Guernsey, including both NHS Trusts and independent sector

treatment centres (ISTCs).™

Clinical data were collected from participating RCOphth NOD centres for eligible cataract
operations that included implantation of a monofocal single piece hydrophilic or hydrophobic
IOL. Only operations where the IOL was known and had been used in at least 200 eligible
operations were included. For each NHS year, data from centres were excluded if they had
data for <50 eligible operations. Only centres with sufficient data for at least three (=60%) of
the five NHS years were included. Data from participating RCOphth NOD centres that were
not located in England were not included as the remuneration and IOL sales data only

concerned cataract surgery centres in England.

The clinical data supplied to the RCOphth NOD was recorded on the Medisoft EMR system

(Medisoft Ophthalmology, Medisoft Limited, Leeds, UK, www.medisoft.co.uk), the Open Eyes

EMR system (www.openeyes.org.uk) or bespoke in-house databases compliant with the

RCOphth minimum national cataract dataset.

Remuneration model

Data for the remuneration structure was supplied by NHS England & NHS Improvement for
English NHS Trusts remuneration structure for the 2015-2019 NHS years. Each centre might
have more than one Clinical Commissioning Group (CCG) commissioning the same service
(including cataract surgery), with different remuneration models, within the same centre. As it
was not possible to determine the exact proportion of operations each CCG commissioned or
which CCG was the main CCG for any individual centre, we had taken the following approach

to determine the remuneration model for each centre. In each NHS year, a centre’s payment


http://www.medisoft.co.uk/
http://www.openeyes.org.uk/

structure was allocated as BC if they had any Clinical Commissioning Group (CCG)
commissioning surgery via BC funding. If all CCGs commissioned surgery via PbR then the
centre’s payment structure was PbR. In addition, all ISTC sites were allocated to PbR in each

NHS year they had data for.

Types and cost of IOL

IOL purchasing data, which included the IOL cost, was supplied for the time period of May
2021 to April 2022 from NHS England Spend Comparison Service. The data for purchasing of
IOL was used for monofocal single piece |IOL with hydrophilic or hydrophobic material. Any
individual lens purchased for >£100 was removed due to the outlying nature of these
purchases. For each centre, purchasing information was removed for individual IOL if the
centre had purchased <50 of that particular type of IOL during the study period. From the
curated purchasing data (based on the above eligibility criteria), the minimum, mean and

maximum price for a hydrophilic and a hydrophobic lens were estimated.

Statistical methods

Statistical analyses were conducted using STATA 17 (StataCorp. 2021. College Station, TX:
StataCorp LLC). Statistical comparisons were conducted using Pearson’s Chi square test with
a significance threshold of 5%. PCO rates at 1-, 3- and 5-years post-cataract surgery for
hydrophilic and hydrophobic I0Ls were used from the RCOphth NOD PCO paper'* whereas

information on the IOL models were retrieved from The RCOphth NOD PCO report.?

Ethical approval was not required as this study was considered a service evaluation clinical
audit. The study was conducted in accordance with the tenets of Declaration of Helsinki and

the UK Data Protection Act 2018.

RESULTS

Overall description



The clinical data sample comprised 907 052 cataract operations performed by 2 768 surgeons
from 87 centres, where 63 (72.4%) centres were traditional NHS Trusts and 24 (27.6%)
centres are ISTC sites. The 63 traditional NHS Trusts performed 719 288 (79.3%) operations
and the 24 ISTC sites performed 187 764 (20.7%) operations. The median number of
operations per centre was 8 475 (IQR: 5 629 — 12 753; Range: 602 — 92 966). Sixty-four
(73.6%) centres had data for the 2015 NHS year, 79 (90.8%) for the 2016 NHS year, 87
(100%) for the 2017 NHS year, 87 (100%) for the 2018 NHS year, and 83 (95.4%) for the 2019
NHS year. Over the five years, 62 (71.3%) had data for all five NHS years, 15 (17.2%) for four

NHS years, and 10 (11.5%) centres for three NHS years.

Remuneration model

During the 5-year study period, 49 (56.3%) centres were funded via PbR in all years, 15
(17.2%) via BC in all years, and 23 (26.4%) changed from PbR to BC or vice versa. For the
23 centres that changed remuneration method during the study period, two were BC in 2015
and 21 were PbR, while in 2019, 17 were BC and six were PbR. Fourteen centres started
under one method and remained under the other method after switching, while nine centres
switched between remuneration methods across the five NHS years. The PbR centres
performed 456 198 (50.3%) operations, the BC centres performed 240 641 (26.5%)
operations, and both remuneration methods centres performed 210 213 (23.2%) operations.
The median number of operations per centre was 7 894 (IQR: 5 703 — 11 550; Range: 602 —
30 172) for the 49 PbR centres, 10 910 (IQR: 6 864 — 14 155; Range: 1 455 — 92 966) for the
15 BC centres, and 8 475 (IQR: 4 924 — 13 219; Range: 779 — 21 000) for the 23 centres

under both remuneration methods.

Details of the IOL
Twelve different IOL models were included in this study, where 7 (58.3%) were hydrophobic
and 5 (41.7%) were hydrophilic. The mean price of hydrophobic and hydrophilic IOL’s were

£45.72 (range, £29.32 - £60.00) and £42.86 (range, £39.20 - £45.00), respectively.



Hydrophobic and hydrophilic IOLs were used in 650 633 (71.7%) operations and 256 419
(28.3%) operations, respectively. Hydrophobic IOLs were used in 78 (89.7%) centres, where
48 (55.2%) centres used a hydrophobic IOL in 295% of operations. Hydrophilic IOLs were
used in 64 (73.6%) centres, where 21 (24.1%) centres used a hydrophilic IOL in 295%
operations. In the traditional NHS Trusts, a hydrophobic lens was used in 554 092 (77.0%)
operations and a hydrophilic lens in 165 196 (23.0%) operations. In the ISTC sites a
hydrophobic lens was used in 96 541 (51.4%) operations and a hydrophilic lens in 91 223
(48.6%) operations. The three most commonly used I0Ls accounted for 560 741 (61.8%)

cases whereas two least commonly used IOLs accounted for <10 000 operations.

Association between remuneration method and choice of IOL

The proportions of operations where a hydrophobic IOL was used were 65.7%, 96.5% and
56.4% in PbR, BC and both remuneration method centres respectively compared to
hydrophilic IOLs which were used in 34.3%, 3.5% and 43.6% (p < 0.001). A hydrophobic lens
was used in >95% of operations in 28 (57.1%) PbR centres, 12 (80.0%) BC centres and 8
(34.8%) both remuneration method centres. A hydrophilic lens was used in >95% operations
in 14 (28.6%) PbR centres, none of the BC centres and 7 (30.4%) both remunerations method

centres.

Across the five NHS years, the range in the percentage of operations performed in centres
funded via BC that used a hydrophobic IOL was 76.5% to 89.0% compared to 11.0% to 23.5%
that used a hydrophilic IOL. For centres funded via PbR, the percentage of operations that
used a hydrophobic IOL was 68.9% in the 2015 NHS year and decreased in each NHS year
to 57.2% in the 2019 NHS year, with the corollary that the percentage of operations that used
hydrophilic IOLs was 31.1% in the 2015 NHS year and increased in each NHS year to 42.8%

in the 2019 NHS year (Table 1).
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The two most frequently used IOLs were both hydrophobic lenses that were used in 76.1% of
BC operations compared to 39.1% of PbR centres and 23.6% of both remuneration methods
centres operations. Both of these hydrophobic IOLs had lower PCO rates than the most
frequently used hydrophilic IOL (16.6% and 26.5% vs. 56.3% at 5 years’ postoperative) as
reported in the recent RCOphth NOD study.' This hydrophilic IOL was the third most
commonly used IOL in this study and was used in 0.8% of BC operations compared to 22.4
and 21.6% of PbR and both remuneration method centres, respectively. Each of the five
hydrophilic IOLs were used in <3.0% of BC operations, and for each of these they were used
in a higher proportion of PbR centres operations than BC centres operations. There was a
significant difference in the use of IOL between the three remuneration methods (p < 0.001;

Table 2).

When the most frequently used hydrophobic IOL was used, 56.2% of operations were
performed in centres funded via PbR, 33.6% via BC, and 10.2% via both remuneration
methods. When the second most frequently used hydrophobic IOL was used, 25.3% of
operations were performed in centres funded via PbR, 60.0% via BC, and 14.7% via both
remuneration methods. In contrast, when the most frequently used hydrophilic lens was used,
68.4% of operations were performed in centres funded via PbR, 1.2% via BC, and 30.4% via

both remuneration methods, (Figure 1).

DISCUSSION

To the best of our knowledge, this is the first UK study evaluating the influence of remuneration
model on the choice of IOLs. Based on the data of >900 000 cataract operations, we
demonstrated that cataract service providers in the UK who were on the BC model were
significantly more likely to use hydrophobic IOLs than those on the PbR model, which favoured
the use of hydrophilic IOLs. The preferential selection of certain IOL material by the service
providers are likely driven by several factors, including the cost of IOL, the properties of IOL

(which can influence the risk of certain postoperative complications), the short- and long-term
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impact on patients and healthcare services (for instance, need for YAG capsulotomy and risk

of IOL opacification), and surgeons’ / centre’s preference.

Currently PbR and BC are the two main remuneration models in the UK, each of which has its
advantages and disadvantages. The BC model offers the advantages of timely and predictable
payment and potentially lower costs for the commissioners (particularly for high-volume
activities) but is disadvantaged by the lack of transparency and incentives for improving clinical
care (as a regular fixed amount of payment is already made in advance).'® On the other hand,
the PbR model incentivises the providers to manage and treat more patients as the
remuneration is proportionately linked to the level of activity.'” It also provides greater
transparency for activity transaction, which in turn facilitates analyses of the number and/or
changing trends in the service activity, planning of hospital resources and workforce, and
evaluation of the impact on health economies. Nonetheless, as the providers are remunerated
by the level of activity, they may be less incentivised to manage complex or highly specialised
cases (which will require considerably more resources which are disproportionately higher
than the value of remuneration) or to adopt a more holistic approach to reduce the need for
subsequent treatment or interventions after the initial treatment (as the providers will be

remunerated for each treatment episode).

This study identified PbR as the main remuneration model (56%) adopted by the cataract
service providers in 2015-2019 as opposed to BC model (17%). Centres remunerated by the
PbR model were shown to be more likely to opt for a hydrophilic IOL instead of a hydrophobic
IOL. The cost of IOLs can vary considerably by the IOL material, design and optical
properties,'® but on average, the hydrophobic IOLs are more expensive than hydrophilic IOLs,
though the cost of the same IOL may be different for different centres and is influenced by the
volume of surgery and the local discussion and agreement held between the centre and the
IOL manufacturer / distributor. Based on the mean cost, the hydrophobic IOLs were shown to

be =£3 (or =7%) more expensive than the hydrophilic IOLs. In high-volume activities such as

12



cataract operations, a small difference in the price per case can translate to a significant figure.
Therefore, this could explain why providers remunerated by the PbR model were more likely

to choose hydrophilic IOLs over hydrophobic IOLs for cost-saving purposes.

However, hydrophobic I0Ls, initially more expensive for the service providers, may have a
positive impact on the healthcare services and health economics in the longer term. A recent
RCOphth NOD study'* demonstrated that the risk of PCO is significantly lower in cases with
hydrophobic I0Ls than those with hydrophilic IOLs, consistent with the results of a recent
meta-analysis by Zhao et al,’® who reported a 62% significantly lesser risk of PCO with
hydrophobic 10Ls than with hydrophilic IOLs after cataract surgery. The RCOphth NOD data
on the UK’s three most commonly used IOLs showed that the two hydrophobic IOLs had a 2-
3 times lower risk of developing PCO than the hydrophilic IOL (16.6 and 26.5% vs. 56.3%) at
5 years postoperative and therefore less need for YAG capsulotomy. Other lens design
factors, including posterior optic square-edged design, have also been shown to reduce the
risk of PCO postoperatively.'®?? Reassuringly, all 12 commonly used IOLs in the UK that were
included in our study (see Table 2) adopt a posterior optic square-edged design, reflecting the
continuous advancement in the IOL design and persistent effort in reducing postoperative
complication following cataract surgery. Hydrophilic IOLs have also been reported to be
associated with an increased risk of IOL opacification, which is more commonly observed after
vitrectomy and endothelial keratoplasty with intraocular air or gas injection.?*2% Interestingly,
we observed that ISTCs (which were all remunerated by the PbR model) had an almost equal
preference for hydrophobic and hydrophilic IOLs, suggesting that the selection of IOL material
is influenced by more than a single factor (i.e., more than cost or remuneration model alone).
Recently, the UK Ophthalmology Alliance (UKOA) has published a comprehensive guideline
for guiding IOL selection within the NHS departments, taking into account the cost, safety,

outcomes, and usability of IOLs.2®
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This study represents the first study in the UK evaluating the potential perverse incentives of
cost and remuneration model on the choice of IOL. Although not all English centres were
included in this study, we captured data from many major cataract service providers in England
(see “acknowledgement” section) and the findings are likely representative of the practice
pattern in England. One of the limitations relates to the fact that we could not determine the
exact proportion of operations each CCG commissioned or which CCG was the main CCG for
any individual centre to decide on the remuneration models. BC model was assumed when it
was employed by one of the CCGs for that individual centre as BC model is usually
commissioned for treatment episodes with high levels of activity and is normally adopted by

the main CCG of a particular centre.

In summary, we demonstrated that service providers remunerated by BC were more likely to
select hydrophobic IOLs over hydrophilic IOLs. Although hydrophobic IOLs appear to be more
expensive than hydrophobic IOLs at the point of surgical intervention, the potential favourable
longer-term cost-effectiveness (primarily driven by reduced need for YAG capsulotomy
postoperatively) and economic impact need to be taken into consideration. A future study
modelling the longer-term health economics of the choice and cost of IOLs and the need for

YAG capsulotomy would be beneficial.
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TABLE and FIGURE LEGENDS
Figure 1. A graph illustrating the percentage of operations where the I0L was used for each
remuneration method (N = 907 052 cataract operations performed by 2 768 surgeons from 87

centres).

Table 1. The number of centres and operations for each NHS year according to the

remuneration method with the percentage of operations that used hydrophobic and hydrophilic

IOLs.

Table 2. The proportion of operations under each remuneration method that used each I0L

with individual IOL posterior capsular opacification (PCO) rates.
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