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Abstract
The aim of this review was to discuss frequently encountered themes such as cataract surgery in presence of age-related
macular degeneration (AMD), dementia, Immediate Sequential Bilateral Cataract Surgery (ISBCS), discussing non-standard
intraocular lens (IOL) options during consultation in the National Health Services (NHS) and the choice of the biometric
formulae based on axial length. Individual groups of authors worked independently on each topic. We found that cataract
surgery does improve visual acuity in AMD patients but the need for cataract surgery should be individualised. In patients
with dementia, cataract surgery should be considered ‘sooner rather than later’ as progression may prevent individuals
presenting for surgery. This should be planned after discussion of patients’ best interests with any carers; multifocal IOLs are
not proven to be the best option in these patients. ISBCS gives comparable outcomes to delayed sequential surgeries with a
low risk of bilateral endophthalmitis and it can be cost-saving and efficient. Patients are entitled to know all suitable IOL
options that can improve their quality of life. Deliberately withholding this information or pressuring patients to choose a
non-standard IOL is inappropriate. However, one should be mindful of the not spending inappropriate amounts of time
discussing these in the NHS setting which may affect care of other NHS patients. Evidence suggests Hoffer Q, Haigis, Hill-
RBF and Kane formulae for shorter eyes; Barrett Universal II (BU II), Holladay II, Haigis and Kane formulae for longer eyes
and BU II, Hill-RBF and Kane formulae for medium axial length eyes.

Introduction

Cataract surgery is the commonest surgery performed in the
National Health Services (NHS) in the United Kingdom.
The protocols for preassessment and the criteria for listing
the patients vary from region to region and from one Care
Commissioning Group (CCG) to other. It is also predicted
that the workload of cataract surgery is going to increase
over the coming decade. As the demand increases the need
to streamline and standardise the delivery of cataract sur-
gery also increases.

A typical cataract surgery patient pathway consists of a
detailed preoperative assessment with a nurse and a doctor
for consenting followed by intraocular lens (IOL) power
selection on the day of the surgery from the available bio-
metry before they are seen for a postoperative follow up in
the NHS clinics and/or by the community optometrists for
glasses. There are some recurring and frequently encoun-
tered situations during a typical cataract patient pathway in
the United Kingdom which can have more than one valid
opinion on management and are subject to the surgeon’s
experience/perception with these situations. Some of these
issues encountered during the preoperative assessment and
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consenting process include co-existing macular degenera-
tion, dementia, immediate sequential bilateral cataract sur-
geries (ISBCS) and discussion on the non-standard IOL
options during NHS consultations. Prior to surgery sur-
geons may have differing opinions on the choice of IOL
power calculation formulas based on the axial length. Lit-
erature in the field of biometric formulae is evolving rapidly
with the advent of newer generation formulae.

In this review individual groups of authors discuss some
of these frequently encountered themes such as cataract
surgery in the presence of age-related macular degeneration,
dementia, eligibility of ISBCS, discussing non-standard
IOL options during NHS consultation and updates on the
newer biometric formulae based on axial length.

Cataract surgery in patients with age-related
macular degeneration

Advanced age-related macular degeneration (AMD) and
cataract are common causes of visual impairment affecting
the elderly across the world [1]. The chronology of these
conditions has been a matter of controversy. Whilst macular
pathology due to AMD may be first visualised only after
cataract surgery, these conditions usually co-exist in
various severity levels. Phototoxicity and dysfunction of
inflammatory cascade have been implicated in the aetio-
pathogenesis of both disorders, but questions remain with
regards to how cataract surgery and AMD are interlinked
[2–6]. Although cataract surgery is effective in improving
visual acuity and quality of life in most patients, ocular
morbidities such as AMD are predictors of poor visual
outcomes [7].

Various studies have evaluated the effects of cataract
surgery on early AMD, advanced AMD and neovascular
AMD. A recent Cochrane review could not draw reliable
conclusions on whether cataract surgery was beneficial or
harmful in patients with dry AMD after 1 year. The review
concluded that cataract surgery provides short term
(6 months) improvement in visual acuity (VA) in eyes with
AMD compared with no surgery and it is unclear whether
timing of surgery has any effect on long-term outcomes [8].
The Age-related Eye Disease Study (AREDS) report
27 showed significant visual gains after cataract surgery
across all AMD severity groups [5]. The mean gain of VA
in AREDS cohort was 6 letters in the mild AMD group, 4
letters in the moderate AMD and 2 letters in the advanced
AMD group. A more recent AREDS2 study found results
similar to report 27 and concluded improved visual out-
comes in eyes with AMD after cataract surgery [9]. Another
review highlighting the effect of cataract surgery on AMD
progression concluded that cataract removal results in
improved visual acuity, no significant AMD progression
and better quality of life [10].

There is conflicting evidence regarding the timing of
surgery and VA outcomes in eyes with neovascular AMD
(nAMD). In the AREDS study, VA gains were less in the
nAMD eyes compared to early AMD groups. In a retro-
spective analysis of ANCHOR (Anti-VEGF antibody for
treatment of predominantly Classic choroidal Neovascular-
ization in AMD) and MARINA (Minimally Classic/occult
Trial of the Anti-VEGF antibody Ranibizumab in the
treatment of Neovascular AMD) trials noted a 2 line
improvement from pre-operative VA at 3 months following
surgery [3]. Kessel et al. and Lee et al. reported a mean
improvement of 7 letters and 15 letters respectively in
nAMD eyes, 6 months after surgery [6, 11]. However, 7%
of patients in the Lee study lost almost 3 lines following
surgery. The Fight Retinal Blindness! (FRB!) Project also
reported loss of VA in eyes that were operated within
6 months of initiating intravitreal therapy, however a mean
gain of 2 lines were recorded 12 months after surgery in the
same cohort [12]. In addition, increased risks of post-
operative complications such as posterior capsule rupture
and endophthalmitis have been noted in eyes with nAMD
on intravitreal therapy undergoing cataract surgery [13, 14].

Reactivation of existing neovascular membrane second-
ary to iatrogenic inflammation has also been reported [15].
The longer the eye with neovascular complex is quiescent
before cataract surgery, the less likely it is to activate [6].
The Fight Retinal Blindness Project reported that the pro-
portion of visits at which the CNV lesion was graded as
active was similar before and after the cataract operation in
the nAMD group. However, relatively greater CNV activity
was observed in eyes with nAMD that underwent cataract
surgery than not and the authors related this finding to
probable pro-inflammatory cytokine release following cat-
aract surgery [12]. There seems to be an advantage of
having a pre-operative exudation free period prior to cat-
aract surgery or anti VEGF injections may be given at the
time of cataract surgery to improve VA outcomes [6, 16].
The course of nAMD and frequency of intravitreal injec-
tions required are not influenced by undergoing cataract
operation [11, 12].

Limited data is available on the result of cataract
operation in eyes with disciform scars secondary to nAMD.
Yorgun et al. studied the effect of cataract surgery on 23
eyes with disciform scars and compared them with 36
control eyes. The duration of stable period of disease and
mean number of anti-VEGF injections received prior to
stable period were similar in both groups [17]. A definite
improvement in visual acuity was observed following cat-
aract removal in eyes with disciform scars but this
improvement was not sustained in the long-term.

To conclude, cataract surgery improves visual acuity
across all grades of AMD severity at least in the short-term.
There is minimal evidence to support worsening of AMD
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following cataract removal. It is preferable to delay cataract
surgery by 6 months or more from the date of initiation of
anti-VEGF and when the neovascular complex has been
quiescent. However, the timing of surgery needs to be
individualized for each patient after considering the macula
status and assessing the patient’s needs.

Cataract surgery in patients with dementia

People living with dementia cite loss of personal autonomy
as one of their major fears of the disease process and loss of
vision is a significant part of this process [18]. Poor vision is
also a significant contributor to falls with subsequent
associated morbidity and mortality in this cohort of patients
[19]. Visual morbidity in people living with dementia can
be attributed to diseases of the eye, the dementia itself or
concurrent other pathologies such as stroke. Dementia is
usually categorised by the underlying pathology of which
Alzheimer’s disease, vascular dementia or a combination of
both account for 80% with rarer causes such as Lewy Body
disease, dementia associated with Parkinson’s, traumatic
brain injury and posterior cortical atrophy accounting for
the remainder [20].

There are 3 main areas of note in the provision of cataract
surgery in people living with dementia:

● Why are people living with dementia having less
cataract surgery than their peers?

● Should they be offered general anaesthesia with
immediate sequential bilateral cataract surgery (ISBCS)?

● Would they benefit from multifocal implants?

People living with dementia have reduced levels of cataract
surgery

In the UK we perform ~400,000 cataract surgery procedures
annually and the majority of these are performed in the >65
age group [21]. Dementia is present in 7.1% of the >65 age
group rising to 25% in the >85 age group [22].

The PrOVIDe study sponsored by NIHR demonstrated
that 32.5% of people living with dementia had binocular
visual acuity worse than 6/12 [23]. Over 50% of the cor-
rectable visual morbidity in this study was due to refractive
error and wearing the correct spectacles would improve the
vision to better than 6/12. Of the remainder, 48% of people
whose vision could not be improved by new glasses had
unoperated cataracts. As the population ages the number of
people living with dementia who also have cataracts is only
going to increase and become a more important part of our
surgical workload. The question then arises as to why
people with dementia have such a large amount of uncor-
rected visual morbidity? It is proposed that this is due to

multiple issues such as failure of the individual to report
their symptoms, failure of carers to signpost their disability,
failure of eye care professionals to identify the visual
morbidity or to attribute this to the dementia rather than the
visual pathway [23].

People with dementia attending a cataract service present
some unique dilemmas which will require modification of
our pathways. Their ability to convey their symptoms may
well not correlate well with their level of morbidity and
their abilities to do so may fluctuate from day to day due to
the presence of dementia. This requires flexibility from the
entire team of eye care practitioners managing the con-
sultation from providing extended consultations, quiet
spaces in the waiting areas and clinical acumen in the
decision as to whether to offer cataract surgery.

Should people living with Dementia have general
anaesthesia and/or ISBCS?

There have been anecdotal reports that patients have worse
dementia after general anaesthesia, and this has sometimes
led to people with dementia being denied cataract surgery if
they are unable to tolerate local anaesthesia. Post-operative
cognitive dysfunction (POCD) has been reported to occur in
up to 25% of surgical procedures [24]. However, these
studies have been in cardiac surgery. The causes of POCD
in cardiac surgery are multifactorial and the use of cardio-
pulmonary bypass has often been cited as the major con-
tributor to the problem. However, evidence is accumulating
that off-pump cardiac surgery produces a similar effect on
neuropsychological performance to that with the use of
cardiopulmonary bypass [25].

POCD has recently been analysed in non-cardiac surgery
[26]. This study demonstrated in cataract surgery the inci-
dence is similar between general and local anaesthesia and
not as high as in invasive cardiac surgery. Any occurrences
of POCD in cataract surgery are usually attributable to age
>85 years rather than dementia. For this reason, we should
now not refuse general anaesthesia for people living with
dementia requiring cataract surgery due to the risks of
POCD and the possibility of POCD explained in the con-
sent process with the patient, their carers and the anaesthetic
team looking after them. However, there are risks of general
anaesthesia in this demographic of patients and if there is
bilateral cataract, ISBCS reduces these risks by eliminating
the need for a second anaesthetic. Recently National Insti-
tute of Clinical Excellence (NICE) and the Royal College of
Ophthalmologists have recommended that “ISBCS” should
be considered for people who are at low risk of operative
and postoperative complications [27, 28]. However, it is
important that the potential benefits and harms of ISBCS are
fully discussed with patients and their carers pre-
operatively. It therefore seems good practice in the
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author’s (PGU) opinion that when general anaesthesia is
required for cataract surgery in people living with dementia
that ISBCS should be considered and discussed with the
patient and their carers. This also indicated the advantage of
early cataract surgery in people living with dementia as it
can be undertaken with LA which removes the risks of GA
in more advanced disease.

Should we offer multifocal implants to people living with
dementia?

Problems with wearing glasses is one of the major reasons
for visual morbidity for people living with dementia [23].
This is due to multiple factors including: incorrect spectacle
prescription, confusing distance and reading glasses or
inability to cooperate with spectacle wearing. Cataract
surgery presents an ideal opportunity to correct this by
eliminating refractive error. The majority of clinicians aim
for emmetropia following surgery with reading spectacles
for near tasks. In people with severe dementia i.e., house-
bound, it is the author’s (PGU) current practice to offer mild
myopia (−1D) as near tasks without spectacles such as
feeding are predominant and due to the lack of walking, the
risk of falls is lower.

Multifocal implants could be utilised to eliminate entirely
the need for spectacles. At present there are no published
studies we are aware of to determine the risks and benefits
in this cohort of patients. There are some publications which
could aid in the decision process as to whether to offer
multifocal implants. Multifocality relies on neuroadaption
to provide clear simultaneous distance and near vision.
Functional MRI studies have demonstrated the plasticity
required in higher cortical visual areas during the neuroa-
daption phase after multifocal implantation [29]. People
with dementia demonstrate loss of function in these areas of
the visual pathway and surrounding areas notably the
increased prevalence of eye movement disorders such as
phorias [30]. Also, multifocal implants are relatively con-
traindicated in patients with retinal pathology such as dia-
betic retinopathy and age-related macular degeneration and
there is evidence that the dementia process involves the
neural structures in the retina and affects retinal and visual
performance [31]. It seem that for these reasons that in the
author’s opinion (PGU) the benefits of using a multifocal
IOL in people with dementia are unknown and the possible
side effects outweigh these potential benefits during the
lifetime of the person concerned and may not be used until
definitive studies show their safety.

Immediate sequential bilateral cataract surgery

Immediate sequential bilateral cataract surgery (ISBCS) has
become more common with surveys in 2018/2019

indicating 67% of ophthalmic surgeons across Europe [32]
and 86% in the US [33] practice ISBCS. However, incor-
porating ISBCS is subject to debate [34–36], particularly
with regards to occurrence of bilateral sight-threatening
complications. This mini-review highlights benefits and
potential disadvantages of ISBCS.

Clinical outcomes

Three randomized controlled trials (RCT) have compared
ISBCS and delayed sequential bilateral cataract surgery
(DSBCS) [37–39]. The largest [39] comprising 1614 eyes,
found no differences in visual acuity or complications
between the two groups at 30 days or self-perceived visual
function at 1 year. Similar findings were reported in an RCT
of 504 patients [38], with patient satisfaction, complication
rates and refractive outcomes being similar at 1 month and
in a smaller RCT in 96 patients [37] with similar visual
function in both groups at 4 months. As expected, a meta-
analysis of these RCTs [40] found no differences in visual
or refractive outcomes between ISBCS and DSBCS, with
poor quality of evidence. Similar equality of outcomes was
demonstrated in a second meta-analysis [41], which found
both approaches improved patients’ quality of life (QOL)
and visual acuity. With regards to non-randomized studies,
an investigation in 220 patients [42] found visual acuities,
stereopsis and contrast sensitivity to be comparable,
although at 4 months self-perceived visual function
remained higher with ISBCS. Similarly, a non-randomized
prospective study of 84 patients reported no differences in
clinical outcomes [43], as did a retrospective comparative
study of 3561 ISBCS and 13 711 DSBCS cases [44]. It
seems likely therefore that although further high quality
RCTs are indicated, clinical outcomes are similar for ISBCS
and DSBCS.

Quality of life

It is known that in DSBCS, cataract surgery on the second
eye has a positive impact on QOL [37, 45–49], with one
RCT of 208 patients who had expedited second eye cataract
surgery compared to routine waiting times, reporting better
QOL scores in the expedited group [49]. Indeed, in one
RCT comparing ISBCS versus DSBCS [37], it was docu-
mented, that DSBCS patients while waiting for their second
eye cataract surgery had significantly poorer contrast sen-
sitivity, greater difficulties with performing daily activities
and lower QOL scores compared to ISBCS patients. Inter-
estingly, in a prospective observational questionnaire study
of DSBCS, 45% of patients reported their second eye
operation, which took place within 6 months of the first, to
be more painful or of longer duration, compared to 13.5%
reporting this to be the case in their first eye [45]. It appears
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that delay in second eye CS can impact patient satisfaction,
offering some advantages to ISBCS, although further stu-
dies are required to elucidate this.

Refractive outcomes

Survey studies of US and European ophthalmologists found
that the risk of implanting the incorrect IOL resulting in
bilateral refractive surprise is one reason why some oph-
thalmologists do not perform ISBCS [32, 33]. Modern
biometry hardware and IOL power calculation formulae
enable a high degree of accuracy with regards to targeting
post-operative refractive outcomes, with a Royal College of
Ophthalmologist (RCOphth) audit of 8943 eyes finding that
post-operative refraction was within 1 dioptre (D) and 0.5D
of the target refraction in 89% and 62% of cases, respec-
tively [46]. The use of the first eye refraction to guide
selection of IOL in the second eye is controversial. Jabbour
et al. [50] and Landers and Goggins [51] in studies sug-
gested that each eye of an individual patient should be
considered independently. Conversely, a large patient
cohort study (n= 2129) found that applying a 50% cor-
rection factor to second eyes of patients improved refractive
outcomes [52], which was similar to findings reported by
Covert et al. [53]. With regards to comparative studies, the
refractive outcomes of patients undergoing ISBCS appear to
be comparable to patients undergoing DSBCS. In the RCT
by Sarikkola et al. [38], refraction was within ±1.00D of the
target spherical equivalent (SE) in 91.0% in the ISBCS
group and 90.3% in the DSBCS group, while in a recent
retrospective review of 1235 patients undergoing ISBCS,
92.05% of eyes were within ±0.5D of the target post-
operative refraction [54]. It seems that with accurate bio-
metric assessment and appropriate patient selection a high
degree of refractive targeting in ISBCS can be achieved,
although further comparative studies are indicated.

Endophthalmitis

Post-operative CS endophthalmitis is a devastating sight-
threatening complication. The widespread use of intra-
cameral antibiotics in CS has reduced this risk, with a
reported rate of 0.029% in a cohort of 464,996 cases [55–
57]. To date, there have been five reported cases of bilateral
endophthalmitis following ISBCS [55, 58–61]. A review of
the first four cases [55, 58–60] by Arshinoff [62] found each
case to breach aseptic protocol, whereas limited information
was available in the most recent case [61]. In the three
RCTs comparing ISBCS and DSBCS [37–39] there were no
reported cases of either unilateral or bilateral endophthal-
mitis in either group and none of toxic anterior segment
syndrome. Similarly, in a cohort of 95,606 ISBCS cases,
Arshinoff and Bastianelli [63] reported no cases of bilateral

endophthalmitis and neither did Ganesh et al. [54] in a
cohort of 1235 patients. Interestingly, in a recent study of
2687 cases (5374 eyes) undergoing DSBSC, where the
second eye CS was performed within 5 days of the first eye
surgery, there were five cases of unilateral endophthalmitis
[63], with in each case the affected eyes being the first and
occurring after CS of the second eye. It appears that with the
use of intra-operative intracameral antibiotics and adherence
to rigid aseptic protocol bilateral endophthalmitis following
ISBCS in very rare, although vigilance and thorough ana-
lysis of further reported cases is essential.

Cost-effectiveness

Published evidence indicates that ISBCS is more cost
effective than DSBCS in terms of medical facility costs and
for patients themselves. In a non-randomized cohort study,
ISBCS patients were found to have significantly less dis-
tance and travel times, fewer hospital visits and less time for
visual recovery compared to the DSBCS [43]. A cost-
analysis study by Lundstrom et al. [64] found DSBCS to be
14% more expensive than ISBCS, while a further cost-
effectiveness analysis study found that compared to
DSBCS, the cost-effectiveness of ISBCS was calculated to
be $1431 per QALY gained [65]. O’Brien et al. [66] and
Leiva et al. [67] found lower average hospital costs in
patients undergoing ISBCS compared to DSBCS. However,
lower physician imbursement rates for ISBCS, which
include an automatic discounting by medical insurance
companies of second eye surgery in ISBCS, can negatively
impact the income of ophthalmologists in the private sector,
with a cost analysis study in the US estimating a net loss of
$19,900 to $91,700 (base case) when transitioning to
ISBCS from DSCBS [68]. This negative financial impact of
ISBCS in the private sector (and in some public health care
settings) is likely to be acting as a deterrent for its utilization
negating any potential cost-efficiency advantages to both
patients and medical facilities and needs further investiga-
tion with adequate second eye remuneration.

Surgical productivity

With increasing population growth, population age, patient
expectations and rates of chronic disease associated with
cataracts, the demand for cataract surgery is escalating [69].
To meet this need, the efficient use of the operating room
(OR) is essential. A recent Time and Motion study (TMS)
of cataract surgery in the NHS indicated that adjusting
workload and staff numbers and tasks could potentially
double surgical productivity [70]. A follow-up study by the
same authors re-modelled their TMS data as hypothetical
ISBCS cases [71] and postulated that by reducing patient
preparation and transfer time in the OR with ISBCS, an

2486 S. Chandra et al.



average 16% reduction in the time taken for 2 cataract
surgery was possible, allowing for increased case numbers
to be undertaken per operating list. Clinical real-world
studies based on such models are indicated but the routine
introduction of ISBCS into the public health sector has
potential to improve the productivity of cataract surgery.

Case selection

The current RCOphth national guidelines advises that
ISBCS can be considered in suitable cases, with appropriate
counselling of patients [72]. Pre-defined protocols to select
ISBCS cases are essential, with suggested ideal patient
groups including vulnerable adults, patients reliant on
hospital transport, and working patients who require faster
visual rehabilitation [35, 36, 73]. Selecting technically
straightforward and not high risk cases is advised in order to
reduce both intra- and post-operative risks and ensure good
clinical outcomes [36, 73]. Senior grade surgeons are gen-
erally better placed to perform more efficient ISBCS sur-
gery and reduce the risk of complications [73]. In fact in a
recent study by Aaronson et al. [74] paper, the authors
clearly show that even with improvements in surgical
teaching complication rates are consistently lower with
senior surgeons. This is, of course, not to say that with
proper supervision and training that complication rates in
trainee surgeons cannot be minimized but this is not the
subject of the current review.

Based on current evidence, ISBCS is a viable alternative to
DSBCS. The clinical and refractive outcomes appear to be
comparable, with a very low risk of post-operative bilateral
endophthalmitis. The associated hospital and patient-related
costs are lower in ISBCS, and it may offer efficiencies in
surgical productivity. The meticulous selection and prepara-
tion of appropriate cases for ISBCS is essential in minimizing
risks and ensuring positive clinical outcomes.

The ethical dilemma of discussing non-standards
intraocular lenses within the National Health Service
setting

In the vast majority of cases with visually significant cat-
aract, a standard monofocal IOL will suffice for them and
give them the visual rehabilitation they desire. As part of
our standard clinical practice, we need to manage their
expectations and give patients a realistic understanding of
their likely visual outcome. Part of that outcome is the
necessity to wear spectacles postoperatively and the visual
quality they will achieve with and without correction. To
obtain true informed consent, the patient needs to under-
stand the nature of their likely post-operative vision so they
can weigh the risks against the potential benefits. As
emphasis on patient choice within the NHS grows it is

recognised that patients are entitled to choose freely
between NHS and private treatment. There has been much
debate concerning the ethical and legal implications of
blurring the boundaries between NHS and private care.

The benefits of removing a visually significant cataract
and replacing it with a monofocal IOL are clear, but there
are other non-standard IOLs available which can correct
astigmatism and give some degree of spectacle indepen-
dence. In the post Montgomery [75] era we have refocussed
on patient autonomy and the need for patients to be given
all available information to make informed choices for their
care. The paternalistic approach of deciding what is best for
our patients and making assumptions regarding what is and
is not important for them has been rightly consigned to
history. We can no longer decide unilaterally that a patient
will or will not desire some degree of spectacle indepen-
dence or removal of their astigmatism so they can have clear
unaided vision for distance.

There are only a limited number of NHS trust in the UK
who are allowed to offer the choice of toric monofocal IOLs
for the patients who meet the local Trust’s eligibility cri-
teria. Until non-standard IOLs such as toric and multifocal
IOLs are routinely available across the NHS we are faced
with an ethical dilemma regarding whether we should
broach the subject of these IOLs with patients when we are
aware that they may be only available on a private basis. It
is our responsibility to ensure that we inform the patient
fully about the choices of IOLs based on their visual
demand, but we must not act like a salesperson and try to
persuade the patient to have a private procedure in order to
utilise IOLs that may not be available on the NHS. These
scenarios can be fraught with a significant conflict of
interests and as physicians we should guard against this in
the patient’s best interests. There have been numerous
complaints regarding this issue but so far none have yet
reached the courts.

General recommendations can be outlined below:

1. We must establish ourselves that the potential IOL we
seek to discuss with a patient is indeed in their best
interest. There is evidence to support the use of toric
IOLs to reduce post-operative astigmatism [76–78]
however this only refers to the benefit in being less
spectacle dependant for a specific distance (usually far
vision). Whether this is desirable for the patient
should be elucidated from questioning about visual
needs. The argument for multifocal IOLs is less clear
[79] as there can be significant detriment which is not
the case with a successful toric IOL. Multifocals can
cause reduction in contrast sensitivity, light energy
loss and dysphotopsia which can be extremely
troubling for some patients and this may influence
the surgeon’s perception on the suitability of
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multifocal IOLs for their patients.
2. Deliberately withholding information about a procedure

(and in this case an IOL) which may improve a specific
patient’s quality of life is unethical, however, vision is
an emotive issue and patients may garner, intentionally
or unintentionally, the perception that if they pay out
money for a “premium” IOL they will achieve premium
vision which is not always the case. We must ensure
that patients are not pressured in any way into pursuing
private care and are clear that paying for a procedure
with premium IOL does not necessarily mean a “better”
IOL. Using terms such as “premium” IOLs can be
misleading and should be avoided when talking to
patients. Guidance from the British Medical Association
[80] is clear: “If treatment is only available privately,
patients should be told that upfront. Patients are
generally aware of the availability of private treatment
and so the option is always open to them to enquire, but
where there is a new treatment available that is not
provided on the NHS, patients cannot be expected to
know about it. Therefore, it is appropriate to provide
balanced and factual information about the treatment,
although this needs careful handling to ensure the
patient or the family do not feel pressure to choose the
private option.”

3. It would be inappropriate to spend significant time
within the NHS setting discussing private options as
that would compromise the care of other NHS patients
however if a patient asks a direct question regarding
private options, they should be furnished with the
appropriate facts so they can consider the options before
them. Exactly how this is done should be carefully
managed to avoid allegations of trying to coerce
patients into private care or wasting NHS time
promoting private practice. In many cases the patients
themselves may initiate the conversation regarding
private care and if that is the case it should be clearly
documented. NHS Employers have published a code of
conduct for private practice [81] which states:

“2.9 In the course of their NHS duties and
responsibilities consultants should not initiate discus-
sions about providing private services for NHS patients,
nor should they ask other NHS staff to initiate such
discussions on their behalf.

2.10 Where an NHS patient seeks information about
the availability of, or waiting times for, NHS and/or
private services, consultants should ensure that any
information provided by them, is accurate and up-to-
date and conforms with any local guidelines.”

4. If a clinician believes that the patient would benefit
from an alternative treatment not available on the NHS
it is reasonable to inform the patient of this option and
encourage them to explore it further if they wish

through private means. In practise, as a part of
partnership approach, this means trying to determine
the patients’ needs using clinical acumen but without
making judgements or assumptions. For example, if a
patient has a keratometric astigmatism of 1D then it
may be possible to address this quite easily with
appropriate incision position or a limbal relaxing
incision. If a similar patient has 3D of keratometric
astigmatism, then the likelihood is that they will be left
with visually significant residual astigmatism and
therefore a brief discussion regarding the benefits of
toric IOLs is ethically appropriate.

5. The ethical position regarding multifocal IOLs is less
clear cut. On the face of it achieving spectacle
independence for all distances is desirable for most
patients however current technology does not deliver
this without some compromises. The NICE guidance
[28] states that we should not offer multifocal
intraocular lenses for people having cataract surgery
but does not elaborate on the reasoning for this
conclusion. It is up to the surgeon to use their clinical
judgement based on individual patients wishes and
circumstances when considering whether to raise such
issues with patients.

6. It is inappropriate to deny patient’s choice and surgeons
should not make decisions based on perceived will-
ingness or affordability to decide whether to mention
other treatment options. Decisions about what informa-
tion to provide to a patient must be guided by the needs
and preferences of the individual. If a treatment is
considered to be clinically appropriate, then whether or
not the treatment is funded by the NHS should not be
the deciding factor in whether the treatment is
recommended to the patient. The GMCs Guidance on
consent [82] states that you should discuss “…any
treatments that you believe have greater potential
benefit for the patient than those you or your
organisation can offer”. Furthermore, it clearly states
that you should not make assumptions about the
information, “a-a patient might want or need, b-the
clinical or other factors a patient might consider
significant, or c-a patient’s level of knowledge or
understanding of what is proposed.”

7. We must provide patients with enough information to
make an informed choice. If there is a genuine belief
that a patient would benefit from a different intervention
such as a toric or multifocal IOL then that should be
mentioned to them so they can make an informed
choice as to whether to explore the option further or
discount it. Extreme care must be taken not to pressurise
a patient into non-NHS care. Similarly, spending NHS
time and resources on discussions on private care are
inappropriate. Documentation should be clear as to
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what was discussed and the fact that the patient was
given appropriate information but asked to investigate
their options further outside the NHS clinic if they are
interested.

Despite all our precautions we will inevitably be faced
with patients who complain because they were not offered a
specific lens option whereas others who do proceed with a
non-NHS lens with a less than ideal outcome will complain
that they were pressured into their private care. This is often
because busy surgeons may not consciously be aware of
how their well-intentioned guidance on options outside the
NHS may be perceived by certain patients, and on the other
hand they may forget to explain these options especially
when there may be very little time to discuss all options in
many busy clinical settings. Only through strict adherence
to guidance, appropriate documentation, and engaging with
the patient can we protect ourselves and our patients.

Choice of intraocular lens calculation formulas for
short, long and medium axial length

Intraocular lens calculation methods have evolved sig-
nificantly with development of the newer generation of
formulae. According to the guideline of The Royal College
of Ophthalmologists published in 2010, postoperative
refraction outcomes within ±1.00D of the target refraction in
85% of cases is achievable [72]. With improved accuracy of
IOL power calculation formulae this benchmark is likely to
change since more recent studies have published promising
outcomes with up to 77.9% of eyes within ±0.50D and
96.6% of eyes within ±1.00D of refractive prediction [83].

The 1st and 2nd generation formulae are no longer
recommended, and their inferiority is already established for
short and long eyes [72, 84, 85]. Third generation formulae,
such as Holladay 1, Hoffer Q, and SRK-T attempt to predict
the estimated lens position (ELP) using axial length (AL),
corneal curvature (K), and A constant as variables. The
inability to accurately predict pseudophakic anterior cham-
ber depth (ACD) and hence post-operative ELP remains a
major obstacle to accurate calculation in some of these
formulae [86]. It has been shown that errors in the predic-
tion of post-operative ACD might account for up to 20 to
42% of the total refractive prediction error of an IOL cal-
culation formula [87, 88]. A recent study demonstrated that
ACD changes following phacoemulsification were not
consistent in different axial lengths. Pseudophakic ACD
enhancement is more remarkable in the eyes with short AL
and shallow AC compared to the eyes with long AL and
deep AC [89]. Therefore, accurate prediction of pseudo-
phakic ACD is essential for an accurate IOL power calcu-
lation. The 4th and 5th generation formulae take into
account ACD and more biometric parameters to predict the

IOL power with greater accuracy [90]. Haigis, Holladay 2,
Barrett Universal II, Hill-RBF, Olsen and Kane formulae
are examples of the 4th and 5th generation formulae.

As the latest guidelines published by the RCOphth was a
decade ago, it is vital to have an update on the accuracy of
newer formulae based on the axial length of the eye. The
updates on the accuracy of the IOL calculation formulae in
predicting IOL power in eyes with different axial lengths
are discussed below.

Short eyes

In the literature short eyes are referred to the eyes with AL
less than 22 mm [90–96]. To highlight the importance of
accurate post-operative refractive prediction it should be
mentioned that patients of this group tend to have lens
extraction earlier in life for the risk of angle closure glau-
coma or refractive purposes. In fact, clear lens extraction
with IOL insertion is becoming the refractive procedure of
choice in patients with high hyperopia [97] as phakic IOL
and laser refractive surgery are relatively contraindicated in
this group due to endothelial cell loss in the first and high
risk of regression [98, 99] and pseudokeratectasia [97] in
the latter. Nevertheless, the short eyes pose the highest
challenge in terms of refractive outcome. In actual fact, the
prediction error increases with increasing hyperopia [96].
As higher IOL powers are needed for emmetropia in eyes
with shorter axial length, any inaccuracy in the ELP has an
exaggerated effect [96]. Moreover, the IOLs with optical
power above +30D are less likely to be available in
+0.50D increments compared to the IOLs below +30D of
power [94]. And finally, their post-operative ACD tends to
be significantly different from the pre-operative ACD as
mentioned above [89], signifying the importance of accu-
rate ACD measurement in this group.

The commonly used SRK-T formula predicts post-
operative ACD as a function of corneal curvature and axial
length, together with the IOL A-constant [97]. However,
Hoffer Q formula relies on personalized ACD, AL, and K
for the estimation of post-operative ELP [95]. Hence,
Hoffer Q has been proved more accurate than the SRK-T
formula in short eyes according to some studies [100–102].
Haigis formula, on the other hand, calculates the ELP using
measurements of ACD and AL. Thus, the accuracy of the
Hoffer Q and Haigis formulae in eyes with short AL may
differ according to the ACD, even in presence of same Ks
and AL [95]. Some studies found no statistically significant
difference between these formulae [92, 96, 101]. However,
other studies found Haigis having significantly smaller
mean absolute error (MAE) compared to Hoffer Q, Holla-
day 1 and SRK-T in short eyes [93, 97]. Using this formula,
72% and 93% of eyes achieved refractive outcome within
±0.50D and ±1.00D of target refraction respectively [93].

Recurring themes during cataract assessment and surgery 2489
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Eom et al. [95] in 2013 assessed the accuracy of Haigis and
Hoffer Q in 75 patients with short eyes. They did not find a
significant difference between these formulae in eyes with
ACD >2.40 mm. However, Haigis proved more accurate in
eyes with ACD <2.40 mm. This emphasises the important
role of ACD in IOL power calculation.

With evolution of the 4th and 5th generation formulae
more comparative studies were conducted to assess the
accuracy of these formulae in short eyes.

Barrett Universal II (BU II) includes lens thickness (LT)
and white-to-white (WTW) measurements in addition to
AL, Ks and ACD to calculate the IOL power. In comparison
with SRK-T, SRK II and Olsen it showed more accurate
refractive prediction in 53 short eyes [84]. It also showed
the least number of refractive surprise (refractive outcome
beyond ±1.00D) when compared with Holladay II, SRK-T,
Hoffer Q, and Hill-RBF in a study with small sample size of
21 [103]. However, Gokce et al. found no significant dif-
ference between Hoffer Q, Holladay I and II, Olsen, Haigis,
and Barrett Universal II formulae among 67 short eyes and
Connell and Kane found no superiority between Kane,
Olsen, Hill-RBF, Holladay I and II, SRK-T, Hoffer Q,
Haigis and Barrett Universal II formulae among 46 eyes
with short AL [83, 104].

Kane formula was introduced in 2018. In addition to AL,
Ks and ACD it uses patient’s gender, central corneal
thickness (CCT) and LT to calculate the IOL power. Darcey
et al. reported superiority of this formula in accurate pre-
diction of IOL power in 766 hyperopic eyes compared to
Hill RBF, BU II, Haigis, SRK-T, Holladay 2, Hoffer Q and
Olsen [105]. More recently another study on 182 eyes with
extreme hyperopia and IOL power ≥+30D reported that
Kane formula had statistically significant lower MAE
compared to Hill-RBF, Holladay I and II, Haigis, BU II,
SRK/T Hoffer Q and Olsen formulae [106].

In summary, various studies have demonstrated suit-
ability of Haigis and Hoffer Q formulae in IOL calculation
in short eyes. Newer formulae like Hill-RBF, Holladay 2,
and BU II have demonstrated as accurate in other studies
and Kane formula has reported better outcome compared to
all previous formulae (Table 1). Further cohort studies from
various centres would be required to establish the accuracy
of these new formulae in short eyes.

Long eyes

High myopia is associated with increased incidence of
cataract [107], possibly due to the proinflammatory internal
microenvironment in the high myopic eye [108]. Addi-
tionally, similar to hyperopic eyes, clear lens exchange or
cataract surgery could be performed as refractive procedure
in these eyes. Nonetheless, these eyes are also prone to
refractive error, in particular undesired hyperopia [109],Ta
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following phacoemulsification. Axial myopia has been
defined as AL > 24.5 mm [83, 103, 110, 111], >25mm
[112], >25.5mm [113] and AL > 26mm [83, 105, 108, 114].
Similar to hyperopia the error rate of refraction prediction
increases in extreme AL [108, 111].

The main sources of errors include:

Axial length measurement: due to commonly present
staphyloma partial coherence interferometry (PCI) bio-
metry provides a more accurate measurement of AL
compared to ultrasound method [102, 115].
Prediction of effective lens position (due to broken down
correlation between the anatomical parameters like AL, K
readings and post-operative ACD changes) [85, 110].
The formula employed to calculate the IOL power:
Haigis identified the use of plus-power IOL constants for
both positive-dioptre IOLs and negative-dioptre IOLs as
a source of hyperopic refractive error [116]. At present,
optimized IOL constants are calculated separately for the
positive-dioptre and negative-dioptre ranges within the
framework of ULIB (User Group for Laser Interference
Biometry) and studies have suggested that using the
ULIB constants yields mean numerical errors that are
lower than those with the optical constants [109]. With
ULIB-optimised constants, the Haigis formula has
produced accurate results [94].

The BU‐II formula has shown great results in long eyes
[113, 117]. The Hill-RBF method uses adaptive learning
from a large dataset to predict refractive outcomes [83].
This formula employs pattern recognition and data inter-
polation to derive the IOL power. Olsen formula, on the
other hand, uses exact ray tracing technique and thick‐lens
considerations for IOL power calculation and a C constant
that indicates the final position of IOL [84]. The Holladay 2
formula has also been updated to include a new axial length
adjustment [83]. In addition to AL, Ks, and ACD, this
formula uses other parameters, such as WTW and LT, in an
attempt to better predict the final ELP.

Various studies have compared the accuracy of the 3rd
and 4th generation formula in long eyes and a few recent
studies have included the 5th generation formulae in their
reports.

Abulafia et al. in 2015 did not find any significant dif-
ference in MAE between SRK-T, Hoffer Q, Haigis, BU II,
Holladay 2 and Olsen in less myopic eyes (IOL power
≥6D). However, BU II, Haigis and Holladay I did better in
more myopic eyes with IOL power < 6D [109]. The inac-
curacy of Hoffer Q and SRK-T formulae in IOL power
calculation in eyes with AL > 26 mm was reported in sev-
eral studies [83, 108, 111, 114]. Wan et al. achieved good
outcomes with BU II and Hill RBF formulae [114]. The
percentage of eyes within ±0.25D, ± 0.50D and ±1.00D of

the target refraction using Hill-RBF formula was 59.84%,
86.61% and 96.85% respectively in this study [114]. Con-
nell and Kane also found accurate results with BU II, Hill-
RBF, Haigis, Holladay 2, Olsen and Kane with no sig-
nificant differences in their MAE in long eyes [83]. Holla-
day 2, Hill RBF and BU II were reported equally accurate in
eyes with AL > 25 mm [112] and Roberts et al. reported
similar outcome with Hill RBF, BU II, Holladay 2, SRKT
and Hoffer Q in eyes longer than 24.5 mm but less
refractive surprise with BU II [103]. BU II has been
demonstrated to be significantly more accurate formula in
eyes with AL ≥ 26 mm, AL > 25 mm and AL > 24.5 mm
compared to Holladay, Haigis, SRK-T, Hoffer Q, Olsen,
Hill-RBF [105, 106, 111, 113, 117], and in comparison,
with Olsen, SRK-T and SRK II in eyes with AL > 24.5 mm
[84]. The percentage of the eyes within ±0.5D and ±1.00D
using BU II formula was respectively 79.56% and 97.24%
in Zhang et al. [108] report and 71.07% and 97.97% in
Kuthirummal et al. [84]. article, both studies from Asia.
Another study in 2017 reported superiority of BU II in
medium long eyes (24.5≥AL > 26). They found no statisti-
cally significant difference in MAE between BU II, Hill
RBF and SRK-T in long eyes [118]. Darcey et al published
a report with a large sample size, of which 637 eyes had
long AL (≥26 mm). They found Kane formula the most
accurate, followed by Barrett U II. In their report Holladay I
and Hoffer Q formulae were detected as the least accurate
formulae in long eyes [105].

In summary, the 4th and 5th generation formulae appear
more accurate than the older generation formulae in myopic
eyes. BU II has proved superior to Hoffer Q, SRK-T, Holladay
1,2, Haigis and Olsen in IOL calculation in eyes with high
myopia in some studies [83, 105, 108, 111, 113, 114, 117] and
comparable with Hill-RBF, Haigis, Kane, Holladay 2, and
Olsen in some other studies [83, 111, 112] and inferior to Kane
formula in one study [105]. While BU II has proved to have the
lowest reported MAE in various studies, it seems that one can
also depend on Hill-RBF, Holladay 2 and Haigis (with opti-
mised constant) in myopic eyes (Table 1). More studies are
required to establish the accuracy of newer formulae like Kane
in long eyes.

Medium eyes

Medium eyes are defined as eyes with axial length ranging
from 22 to 24.5 mm in some studies and from 22 to 26 mm
in other studies, with additional definition of “medium
long” for eyes with AL between 24.5 and 26 mm. Medium
eyes comprise the largest scale studies among published
papers, making more powerful studies with more reliable
outcomes.

Narvaez et al. found Equal accuracy between 3rd gen-
eration formulae i.e., Hoffer Q, Holladay and SRK-T in
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eyes with AL of 22-24.5 mm and 24.5 to 26 mm among 600
patients in 2006 [119]. BU II was found to have sig-
nificantly lower MAE and highest percentage of eyes within
0.25D, 0.50D and 1.00D in comparison with Holladay 1, 2,
SRK-T and Haigis, in medium and medium long eyes [117]
and in comparison with SRK-T and SRK II in eyes with AL
between 22-24.5mm [84]. It also appeared to have the
lowest percentage of refractive surprise (outside ± 1.00 D)
across the entire AL groups including 289 medium eyes
[103]. Moreover, Kane et al. found BU II the most accurate
formula in medium long eyes (AL between 24.5 and 26
mm) followed by Hill RBF [118]. This formula appeared
comparable to Olsen [84] and Hill RBF and Holladay [112]
in 762 eyes with AL of 22-25 mm. BU II and Hill RBF
respectively achieved 42.8 and 43% within 0.25D and
76.4% and 77.6% within 0.50D. The accuracy of Kane
formula has been measured against existing formulae in two
large scale studies. It was found to be the most accurate
formula with the lowest MAE (P < 0.01) compared to SRK-
T, Hoffer Q, Hill RBF, Holladay 1,2, Olsen, and BU II
among over 700 patients in Australia [83] and 9000 patients
in a UK based study [105].

In summary, the newer formulae have demonstrated
increased precision in recent studies. Based on published
data BU II, Kane and Hill RBF formulae may safely be used
to achieve predictable refractive outcome in eyes with
medium axial length undergoing cataract surgery (Table 1).

Table 2 describes the summary of recommended for-
mulae for various axial lengths.

Conclusions

In summary, the current evidence on the controversies and
dilemmas for cataract surgery in the United Kingdom
includes:

1. The cataract surgery improves visual acuity across
all grades of AMD severity; however, it should be
delayed until a reasonable quiescent period following
stopping of anti-VEGF therapy. There is no strong
evidence to support worsening of AMD following
cataract surgery.

2. Flexibility in assessment of patients with dementia
presenting to a cataract service is recommended as their
ability to present or express their symptoms may
fluctuate or may be not present. The decision for the
surgery should be taken in conjunction with next of kin
and carers after establishing best interest for these
patients on an individual basis. When general anaes-
thesia is required for cataract surgery in people living
with dementia, ISBCS could be considered and
discussed with the patient and their carers. Multifocality
relies on neuroadaption to provide clear simultaneous
distance and near vision which is governed by higher
cortical visual areas. People with dementia demonstrate
loss of function in these areas of the visual pathway
and there is evidence that the dementia process involves
the neural structures in the retina and affects retinal
and visual performance and therefore multifocal IOLs
may not be the best choice for these patients with
dementia.

3. Based on current evidence, ISBCS is a viable
alternative to DSBCS as the benefits of ISBCS
(including comparable clinical and refractive outcomes,
reduced hospital costs, improved surgical efficiency and
single patient visit for surgery, preassessment and
follow-up) outweigh the low risk of post-operative
bilateral endophthalmitis. However, meticulous selec-
tion and preparation of appropriate cases is essential.

4. When discussing non-standard IOLs in the NHS setting
it is important to ascertain that the potential IOL we
seek to discuss with a patient is indeed in their best
interest, avoid deliberate withholding of information
about an IOL which may improve a specific patient’s
quality of life and be mindful of the inappropriate time
spent in the NHS settings discussing private options
which could compromise the care of other NHS
patients. It is important for the surgeon not to
inappropriately deny patient’s choice and decisions
should be taken in partnership with the patients after
providing enough information to the patient to make an
informed choice.

5. Based on the existing literature, for shorter eyes (AL <
22mm) Hoffer Q, Haigis, Hill-RBF and Kane formulae
are recommended whereas for long eyes (AL > 26mm)
BU II, Holladay 2, Haigis (with optimised constant) and
Kane formulae produce better outcomes. For medium
eyes with AL of >22mm but <26mm, BU II, Hill-
RBF and Kane formulae are recommended.

Table 2 Recommendations for IOL formulae in different axial length
groups based on the literature.

Axial length IOL formulae recommended in the literature

<22 mm Hoffer Q

Haigis

Hill-RBF

Kane

>22 mm but <26 mm BU II

Hill- RBF

Kane

>26 mm BU II

Holladay II

Haigis (with optimised constant)

Kane
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