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Evidence Tables

Appendix E: Evidence tables

Patient information
o What information do people with cataracts and their carers find useful, and what format (for example written or verbal) do they prefer it to be
provided in?

o What information on cataract surgery do people and their carers find useful when deciding whether surgery is appropriate for them, and before,
during and after any operation(s) they elect to undergo? What format (for example written or verbal) do they prefer it to be provided in?

Study type Qualitative study — Focus group interviews

Aim/ objective of the study To identify factors that are related to fear among patients who need to undergo cataract surgery
Source of funding Not reported

Sample size Total (n): 27 people in 4 focus groups of 5-8 people each.

Inclusion/ exclusion criteria ~ Patients who had routine phacoemulsification and intraocular lens implantation in the period from March to May 2000 at the
University Hospital Maastricht or the Rotterdam Eye Hospital:

¢ Suffering from senile cataract
e Aged 50+
e No ocular co-morbidity
e Able to speak and read Dutch
Comparison N/A
Outcomes Patient information needs:

e Patients reporting being reassured and relieved when the ophthalmologist or nurse told them that worsening of vision is
common among patients with a cataract and a cataract surgery is a reliable and successful procedure.

o Patients suggested that fears could be reduced by providing more comprehensive information about the procedure, and
what to expect from cataract surgery, although the amount and type of information that patients wanted to be exposed to
varied among focus group participants.

e A live-surgery report on video was also evaluated positively by most patients from Rotterdam Eye hospital.
Risk of bias CASP qualitative quality checklist:
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1. Was there a clear statement of the aims of the research? Yes

2. |s a quality methodology appropriate? Yes

3. Was the research design appropriate to address the aims of the research? Yes

4. Was the recruitment strategy appropriate to the aims of the research? Yes

5. Was the data collected in a way that addressed the research issue? Yes

6. Has the relationship between the researcher and participants been adequately considered? Unsure
7. Has ethical issues been taken into consideration? Unsure

8. Was the data analysis sufficiently rigorous? Yes

9. Is there a clear statement of findings? Yes

10. Is the research valuable? Yes

Overall risk of bias: Low

Study type

Aim/ objective of the study
Source of funding

Sample size

Inclusion/ exclusion criteria

Comparison
Outcomes

Questionnaire study

To investigate what patients want to know before undergoing cataract surgery

Not reported

Total (n): 190

e Patients booked to undergo elective routine cataract surgery in the Ophthalmology Department of Christchurch Public
Hospital, New Zealand.

¢ No formal information on cataract surgery had been given to the patients prior to administering the questionnaire.

N/A

Patient information needs:

e The most important information wanted was the chances of the patient’s vision improving after surgery, followed by when
the vision would improve, the risk of losing vision, the consequences of not having the operation and the types of serious
complications.

e Awarded the least importance was the technical detail of the cataract operation.
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Results

Proportion of people listing the above as very important information to be given before the operation:

Factors

When my vision will improve

80.8% (74.3%, 86.1%

The overall risk of losing vision from the operation

78.2% (71.5%, 83.9%

What happens if | don’t have the cataract operation

73.1% (66.1%, 79.2%

The types of serious complications

70.3% (63.0%, 76.7%

Who will be performing the surgery

61.5% (54.1%, 68.4%

All the complications both serious and minor

61.4% (53.9%, 68.4%

Details of the anaesthetic

55.9% (48.5%, 63.1%

What a cataract is

55.4% (47.9%, 62.6%

The general nature of the cataract operation

50.8% (43.4%, 58.2%

What the cause of cataracts are

48.6% (41.3%, 56.0%

What other treatment options there are besides surgery

45.1% (38.1%, 52.3%

The technical details of the cataract operation

~—~ |~ |~ |~ [~ |~ |~ |~ [~ [~ |~ |~

33.7% (27.0%, 41.1%

Proportion of people answering yes to the following question:

Factors

Proportion listing as very important (5 on a 1-5 Likert scale)

Should you be warned of a serious complication if it
has a risk of happening of 1 in 50

93.5% (88.1%, 96.7%)

Should you be warned of a serious complication if it
has a risk of happening of 1 in 100

84.1% (75.6%, 90.0%)

Should you be warned of a serious complication if it
has a risk of happening of 1 in 1,000

62.4% (52.1%, 71.7%)

Should you be warned of a serious complication if it
has a risk of happening of 1 in 10,000

50.0% (40.0%, 60.0%)

Do you think that your signed consent is a legal
requirement for surgery?

91.5% (86.2%, 95.0%)
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How would you like information about your cataract | 99.3% (95.7%, 100.0%)
operation given? Verbal

How would you like information about your cataract | 85.7% (77.2%, 91.5%)
operation given? Written

How would you like information about your cataract | 22.9% (12.5%, 37.7%)
operation given? Video
How would you like information about your cataract | 8.9% (2.9%, 22.1%)
operation given? Internet
Risk of bias NICE quality checklist:

e |s the source population or source area well described? Yes

¢ Is the eligible population or area representative of the source population or area? No

¢ Do the selected participants or areas represent the eligible population or area? Unsure

e Allocation to intervention (or comparison). How was selection bias minimised? Unsure

e Were interventions (and comparisons) well described and appropriate? No

e Was the allocation concealed? N/A

¢ Were participants or investigators blind to exposure and comparison? N/A

e Was the exposure to the intervention and comparison adequate? N/A

e Was contamination acceptably low? N/A

o Were other interventions similar in both groups? N/A

e Were all participants accounted for at study conclusion? Yes

¢ Did the setting reflect usual UK practice? Unsure

¢ Did the intervention or control comparison reflect usual UK practice? Unsure

¢ Were outcome measures reliable? Unsure

e Were all outcome measurements complete? Unsure

e Were all important outcomes assessed? Unsure

e Were outcomes relevant? Unsure

e Were there similar follow-up times in exposure and comparison groups? N/A

e Was follow-up time meaningful? N/A

e Were exposure and comparison groups similar at baseline? If not, were these adjusted? N/A

e Was intention to treat (ITT) analysis conducted? N/A
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e Was the study sufficiently powered to detect an intervention effect (if one exists)? N/A

o Were the estimates of effect size given or calculable? N/A

e Were the analytical methods appropriate? Unsure

e Was the precision of intervention effects given or calculable? Were they meaningful? Unsure
¢ Are the study results internally valid (i.e. unbiased)? Unsure

¢ Are the findings generalisable to the source population (i.e. externally valid)? Unsure

Overall risk of bias: High

Study type Survey study

Aim/ objective of the study To investigate patients’ desires for information, in addition to already having received standard information at the time of
listing for surgery, pertaining to cataract surgery in general and to its specific complications, prior to surgery.

Source of funding Not reported

Sample size Total (n): 100

Inclusion/ exclusion criteria  Consecutive patients from dedicated cataract surgery pre-assessment clinics of 2 hospitals in South West Wales, UK.
Comparison N/A

Outcomes Patient information needs:

e 32.0% (23.2%, 42.2%) did not wish to know “anything at all” about risks and indeed would prefer to leave decision-making
to their ophthalmologist

e 22.0% (14.6%, 31.6%) were interested only in knowing their overall chance of visual improvement
¢ 46.0% (36.1%, 56.2%) welcomed a discussion of possible complications

o Of the 25 patients who proceeded to watch the audio visual presentation detailing each specific complication, 18 wished to
be informed of posterior capsular tearing, 17 of endophthalmitis, 16 each of dropped lens, retinal detachment and corneal
clouding, and 15 of bleeding, sympathetic ophthalmia and posterior capsular opacification.

Risk of bias NICE quality checklist:
e |Is the source population or source area well described? Yes
e Is the eligible population or area representative of the source population or area? No
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e Do the selected participants or areas represent the eligible population or area? Unsure
e Allocation to intervention (or comparison). How was selection bias minimised? N/A

e Were interventions (and comparisons) well described and appropriate? Yes

e Was the allocation concealed? N/A

e Were participants or investigators blind to exposure and comparison? N/A

e Was the exposure to the intervention and comparison adequate? N/A

e Was contamination acceptably low? N/A

e Were other interventions similar in both groups? N/A

e Were all participants accounted for at study conclusion? Yes

¢ Did the setting reflect usual UK practice? Yes

¢ Did the intervention or control comparison reflect usual UK practice? Yes

¢ Were outcome measures reliable? Unsure

e Were all outcome measurements complete? Yes

e Were all important outcomes assessed? Unsure

e Were outcomes relevant? Yes

o Were there similar follow-up times in exposure and comparison groups? N/A

¢ Was follow-up time meaningful? N/A

e Were exposure and comparison groups similar at baseline? If not, were these adjusted? N/A
e Was intention to treat (ITT) analysis conducted? N/A

o Was the study sufficiently powered to detect an intervention effect (if one exists)? N/A
o Were the estimates of effect size given or calculable? N/A

e Were the analytical methods appropriate? Unsure

e Was the precision of intervention effects given or calculable? Were they meaningful? N/A
¢ Are the study results internally valid (i.e. unbiased)? Unsure

¢ Are the findings generalisable to the source population (i.e. externally valid)? Yes

Overall risk of bias: High
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1E.2 Indicators for referral

11 o What are the indicators for referral for cataract surgery?
12 ¢ What are the optimal clinical thresholds in terms of severity and impairment for referral for cataract surgery?

1B.2.1 Indicators for referral for cataract surgery

Study details  Country/ies where the study was carried out: Canada

Study type: Prospective cohort
Aim of the study: To determine why patients with minimal complaints are on cataract waiting lists

Study dates: January to May 2002

Sources of funding: Not reported
Participants Sample size
149 people

Inclusion criteria
On the Manitoba Cataract Waiting List Program (MCWLP)
Reported no complaints using the VF-14 questionnaire preoperatively (score of 100)

Exclusion criteria
Not reported

Methods Grouping based on patient responses to initial 3 questions of :-
Are there any other problems with your vision that you are experiencing that | haven’t asked about?
Please tell me the reason, as you understand it, why you have been scheduled to have cataract surgery?
What activities do you think will be easier for you after surgery?

Intervention
Cataract surgery followed by follow up telephone questionnaire asking them to:-
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Rate their satisfaction with their vision in the eye that had undergone surgery (not at all, minimally, moderately, very or extremely satisfied)
If they found that the vision had been more impaired that they had thought before surgery (yes/no).

If they felt that their vision had improved after cataract surgery (not at all, minimally, moderately, markedly) and

If they would be willing to repeat this type of surgery again, if needed (yes/no)?

Study outcomes:
Self-assessment after cataract surgery

Group comparisons: Chi-squared tests

Distribution of responses from patients on a waiting list for cataract surgery who scored 100 (no complaints) on VF-14

First eye Second eye

patients patients
Group No. % No. % Total
Symptomatic*® 46 31 62 42 108
Doctor’s advice*® 14 9 14 9 28
Asymptomatic*® 4 3 9 6 13
Total 64 43 85 57 149

First eye indicates patients waiting for first cataract surgery, second eye, second cataract surgery

*Symptomatic group (based on specific complaints mentioned in response to Q1 or 2 or descriptions of specific expected improvements in
Q3), Doctor’s advice group (who did not mention any symptoms but indicated they were having surgery because their doctor suggested it)
and asymptomatic group (who did not describe any reason for the surgery).

Results Self-assessment after cataract surgery of patients scoring 100 on VF-14
Follow-up question Yes | No | No response
Vision before surgery worse than 74 28 |3
thought
Willingness to repeat surgery 99 6 0
8
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Outcomes

Comments

14

At the time of the follow up interview, 105 patients had completed their surgery, 76 from the symptomatic group, 21 from doctor’'s
suggestion group and 8 from the asymptomatic group.

Many patients did have subjective complaints despite responding ‘no’ to all questions in the VF-14 questionnaire

Higher proportion of patients with a VF-14 score of 100 were having second eye surgery

High percentage of patients reported they felt vision was worse than thought after surgery and expressed a willingness to repeat surgery in
the future if needed.

Staff reported difficulties in getting a clear answer when conducting the follow-up telephone interview due to patient confusion, difficulties
with English as a second language or poor communication skills. Possible reporting bias by patients.

Study details

Participants

Methods

Country/ies where the study was carried out: Korea
Study type: Retrospective cohort

Aim of the study: To create appropriateness criteria using the RAND/UCLA method to assess appropriate ratings in cataract surgery.
Study dates: March — June 1997

Sources of funding: Not reported

Sample size
222 people

Inclusion criteria
Patients scheduled to undergo cataract surgery in March - June 1997

Exclusion criteria

Patients who had undergone cataract surgery

Who had a combined procedure involving glaucoma, corneal, or vitreo-retinal surgery
Deaf or confused patients

The Rand Corporation’s Health Sciences Program used literature analysis and assessment by expert panels to evaluate the
appropriateness or inappropriateness of performing procedures in a wide variety of specified clinical situations. An expert panel, after
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performing an extensive review of the literature, rated 2,905 clinical scenarios. The final list of clinical situations or ‘indications’ was divided

into the four appropriateness ratings defined as: ‘crucial/necessity’, ‘appropriate’, ‘uncertain’, and ‘inappropriate’.

Interventions
Cataract operation

Measurements

Preoperative and postoperative variables

Statistical tests : ANOVA, Duncan’s test

Results Comparisons of Preoperative Characteristics by Appropriateness ratings

Variables Crucial (68) Appropriate (103) Uncertain (34) Inappropriate (17) F/P value (x2
/ANOVA test)

Age (yrs) mean + 65.45 + 13.26* 62.67 £ 11.77* 58.50 + 12.38 56.71 £ 16.33 0.016

SD

Gender 0.841

Male 30 (44.12) 52 (50.49) 15 (44.12) 8 (47.06)

Female 38 (55.88) 51 (49.51) 19 (55.88) 9 (52.94)

Operated eye VA 2.30 £ 0.40* 2.06 £ 0.49* 1.68 £ 0.32 1.74 £ 0.40 <.001

Mean + SD

VF-14 59.94 + 19.97* 69.51 + 22.36* 80.59 + 21.35 85.32 + 27.39 <.001

Mean + SD

Symptom score 7.19 £ 531" 4.92 + 4.62 3.88 + 4.21 4.41 £ 4.51 0.003

Mean = SD

Satisfaction with 26.96 + 26.55 26.67 £ 23.69 30.21 £ 17.68 19.61 + 20.61 0.526

vision. Mean £ SD

SD, Standard Deviation; VA, LogMAR visual acuity; VF-14, visual function-14

*Duncan'’s test: significant with uncertain and inappropriate ratings.

'Duncan’s test: significant with appropriate, uncertain, and inappropriate.
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Changes of Outcome between Preoperative and Postoperative period of 12 months (Mean + SD)

Variables Difference of preoperative and postoperative period of 12 months F value
Crucial Appropriate Uncertain Inappropriate (ANOVA test)

Operated eye VA 0.75 + 0.39* 0.57 + 0.51* 0.13 +0.46 0.23+£0.19 < 0.001

VF-14 35.22 + 22.86* 27.09 + 22.38* 11.01 £ 17.07 12.79 + 26.83 < 0.001

Symptom score 6.31 + 5.29* 4.37 + 4.98 3.00 + 5.38 2.82+5.85 0.006

Satisfaction with -0.41+15.29 0.58 + 15.72 -5.62 £ 15.35 -2.14 £ 18.86 0.308

vision

SD, standard deviation; VA, LogMAR visual acuity; VF-14, visual function-14.
*Duncan’s test: significant with uncertain and inappropriate.
Outcomes The outcome changes of vision acuity (p < 0.001), VF-14 (p <0.001), and symptom score (p = 0.006) were statistically significant between
the four appropriateness ratings.
Vision Acuity, VF-14 and symptom score showed the greatest improvement in the crucial group.

Study details  Country/ies where the study was carried out: UK
Study type: Retrospective cohort
Aim of the study: To examine the distribution in the population of indications for cataract extraction
Study dates: May 1996 — August 1997
Sources of funding: The project was funded by the Department of Health and the South and West NHS Research and Development
Directorate.
The Department of Social Medicine is the lead centre for the MRC Health Services Research Collaboration

Participants Sample size
2,647 people (age- and sex-stratified random sample)

Inclusion criteria
Aged 55 or over
Only patients registered in the first 19 general practices

11
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Exclusion criteria
Not reported

Methods Examination to create composite criteria for cataract surgery of those attending clinic
The refracted visual acuity was measured with the ETDRS (logMAR) chart. In the 9 right eyes and 10 left eyes where refraction could not
be accomplished (usually for clinical reasons) the habitual acuity, with spectacles if worn, was substituted. Cataract was measured
according to the decimalised version of the Oxford Clinical Cataract Classification and Grading System. Vision-related quality of life
impairment was measured with the VCM1 questionnaire.
Intervention
Cataract surgery
Results Composite criteria for cataract surgery requirements
Ocular criteria (affected eye)
Composite Visual criteria Ocular co-morbidity absent | Ocular co-morbidity present
criterion
A Self-reported poor vision in the affected eye | PSC> 1/3 of the central PSC> 2/3 of the central lens
and acuity 6/6 or worse in the affected eye | lens area, or ASC> 1/3 of | area, or ASC> 2/3 of the
and VCM1 score >1.0 the central lens area, or central lens area, or CSP>
CSP> 1/3 of the central 2/3 of the central lens area,
lens area, or NC > 2.0 or or NC >2.50rNO >4.0
NO > 3.0
B Self-reported poor vision in the affected eye | PSC> 1/3 of the central PSC> 2/3 of the central lens
and acuity 6/9 or worse in the affected eye | lens area, or ASC> 1/3 of | area, or ASC> 2/3 of the
and VCM1 score >1.5 the central lens area, or central lens area, or CSP>
CSP> 1/3 of the central 2/3 of the central lens area,
lens area, or NC > 2.0 or or NC>2.50r NO >4.0
NO > 3.0
C Self-reported poor vision in the affected eye | PSC> 1/2 of the central PSC> 3/4 of the central lens
and acuity 6/9 or worse in the affected eye | lens area, or ASC> 1/2 of | area, or ASC> 3/4 of the
and VCM1 score >2.0 the central lens area, or central lens area, or CSP>
CSP> 1/2 of the central 3/4 of the central lens area,
or NC>3.0or NO >4.5
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lens area, or NC > 2.5 or
NO > 3.5

PSC, posterior sub capsular opacity; NC, nuclear colour, brunescence; NO, nuclear light, scatter, opalescence; CSP, cortical spokes;
ASC, anterior sub capsular opacity. Ocular co-morbidity was defined as present in the affected eye if one or more of the following conditions
were present in the affected eye: history of retinal detachment or retinal tear, strabismus or lazy eye, central corneal opacity, previous
intraocular surgery, advanced age-related macular degeneration, other retinal pathology involving the fovea, optic neuropathy.

Criterion A being the least stringent and criterion C the most stringent for surgery

Prevalence estimates for requirements for cataract extraction according to various criteria

Outcomes

16

Criterion for cataract
surgery

No. of eyes per 1000 requiring CE

Right eye (n=949a)

Left eye (n=961a)

No. of people requiring
CE per 1000 aged 55+
(95% ClIb)

Estimatedc Total no. of
CE operations per
1000 persons aged
55+ (95% CIb)

A 14.8 15.6 27 (17,39) 29 (20,41)
B 10.5 8.3 16 (9,26) 17 (10,27)
c 5.3 2.1 (2,13) 7 (3,14)

The prevalence estimates relate to the 55+ age group

CE, cataract extraction

aExcludes 56 right and 48 left eyes in which CE was already performed.

b95% ClI calculated without correcting for clustering.

¢Assuming 50% of people with bilateral cataract (all of whom were aged over 75 years) have second eye surgery.

Prevalence estimates show a greater number of cataract extractions for patients with the least stringent criterion for surgery (Group A)

Study details

Country/ies where the study was carried out: Spain
Study type: Prospective cohort

Aim of the study: To validate and apply a modified RAND/UCLA prioritisation criteria tool to a cohort of patients on a cataract surgery
waiting list.

13
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Study dates: Not reported
Sources of funding: Fondo de Investigacion Sanitaria (grants nos. PI03/0550, P103/0724, P103/0828, P104/1577); the thematic networks
(Red IRYSS) of the Instituto de Salud Carlos Il (G03/202), Madrid, Spain and the Department of Health of the Basque Country
(2003/11045)

Participants Sample size
4336 patients

Inclusion criteria
Aged 18 — 90 prescribed cataract removal surgery

Exclusion criteria

Patients suffering from corneal dystrophy, receiving additional ocular intervention, malignant pathology, psychiatric conditions. Non Spanish
speaking or those who did not understand Spanish or could not respond to the questionnaire due to visual or other types of impairment.

Methods Data collection
Clinical data was collected in the visit prior to cataract surgery and 6 weeks afterwards.

The VF-14 questionnaire was mailed to patients at the time of the pre-intervention visit and 3 months after surgery. Up to 3 reminder letters
were sent at scheduled points of time to patients not returning the questionnaires.

The RAND/UCLA criteria was applied retrospectively to rate them as High, Intermediate or Low

Results Comparison of means of visual acuity and VF-14 score pre-intervention, post-intervention, and among the priority categories.

Pre intervention Post intervention Change

Higha | Intermediat | Lowc | P Higha | Intermediat | Lowc | P value | Higha | Intermediat | Lowc P

(1408) | eb (329) | value (1408) | eb (329) (1408) | eb (329) value

(1265) (1265) (1265)

Visua | 0.21 0.31 0.51 <0.000 | 0.76 0.81 0.88 <0.000 | 0.56 0.50 0.34 <0.000
I (0.13) | (0.14) (0.11) | 1 (0.23) | (0.21) (0.17) | 1 (0.24) | (0.24) (0.20) |1
acuity
VF- 55.48 | 67.28 67.96 | <0.000 | 85.76 | 88.12 88.32 | 0.0002 | 29.96 | 20.77 20.89 <0.000
14 (22.09 | (20.51) (17.85 | 1 (17.04 | (15.01) (14.23 (24.84) | (22.66) (20.59) | 1

) ) ) )

14
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Outcomes

17
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Data given as Means (Standard Deviation)

Superindexes are referred to the differences encountered among prioritisation classes by means of Schaffe’s test for multiple comparisons:
‘a’ = high priority interventions, ‘b’ = intermediate priority interventions and ‘c’ = low priority interventions.

Pre-intervention VA and VF-14 cores were significantly lower among those judged as high priority groups compared to those judged as low
priority.

Post-intervention VA and VF-14 scores were significantly higher among those judged as high priority groups compared to those judged as
low priority

Differences were statistically significant across the 3 priority groups for VA

For VF-14 scores there was a significant difference between high priority and the other two priority classes.

Study details

Participants

Methods

Country/ies where the study was carried out: UK
Study type: Prospective cohort

Aim of the study: To assess the information included in optometrist referrals for cataract surgery with reference to the ‘Action on Cataracts’
recommendations

Study dates: October 4th to December 6th 2004

Sources of funding: Not reported

Sample size

412 referrals

Inclusion criteria

Referrals seen in the cataract clinic within the study dates
Exclusion criteria

GP referrals with no optometrist information

Data collection

Collected and analysed the information included in 3 different types of optometrist referrals (Direct, General Ophthalmic Services (GOS),
Letter and GP) for cataracts over 8 weeks. The referrals outcomes were assessed in terms of listing rate along with reasons for not listing,
for each type of referral.

15
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Intervention
Cataract surgery
Results Type of referral form used
Total number | Percentage (%)

Direct referral | 143 35
GOS 18 162 39
Letter 46 11
GP 61 15

Information included in referrals

Direct [n (%)] GOS 18 [n (%)] Letter [n (%)]
Full information 143 (100) 16 (10) 8 (17)
Cataract and effect on lifestyle only 17 (11) 1(2)
Cataract and willingness for surgery only 13 (8) 2 (4)
Cataract only 116 (72) 35 (76)
Listing rates with information included

Direct [n (%)] GOS 18 [n (%)] Letter [n (%)]
Full information 119/143 (83) 13/16 (81) 7/8 (88)
Cataract and effect on 13/17 (77) 1/1 (100)
lifestyle
Cataract and willingness 9/13 (69) 1/2 (50)
for surgery
Cataract only 82/116 (70) 27/35 (77)

Outcomes 10% (n=16) of the GOS 18 referrals and 17% (n=8) of the letter referrals contained the recommended information

The referrals with ‘full information’ resulted in the highest listing rate (83%)
Of the patients not listed for surgery (n=77) the most common reason was ‘no effect on lifestyle’ 42% (n=32), 9% (n=7) declined surgery

18
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Study details  Country/ies where the study was carried out: Sweden

Study type: Prospective cohort
Aim of the study: To construct a new clinical tool for establishing levels of indications for cataract surgery, and to validate this tool.

Study dates: Not reported

Sources of funding: Grants from the Swedish Association of Local Authorities and Regions and the Swedish National Board of Health and
Welfare.

Participants Sample size
307 people

Inclusion criteria
Not reported
Exclusion criteria
Not reported

Methods Patients were ranked according to the NIKE indication tool:-

The Canadian Cataract Priority Criteria Tool served as a model for the NIKE tool, which was modified for Swedish conditions. Items
included in the tool were visual acuity of both eyes, patients’ perceived difficulties in day-to-day life, cataract symptoms, the ability to live
independently, and medical /ophthalmic reasons for surgery. The tool was validated and tested in 343 cataract surgery patients.

Indication scores were then measured before and after cataract surgery.

Items included in the NIKE tool

Item Possible
score

Visual acuity, surgery eye (< 0.1: score 3; 0.1-0.3: score 2; 0-3
0.4-0.6: score 1; >0.6: score 0)

Visual acuity, fellow eye (< 0.1-0.1: score 3; 0.2: score 2; 0-3
0.3-0.5: score 1; >0.5: score 0)

Patient’s perceived difficulty in performing day-to-day activities 0-4

17
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Cataract symptoms (glare, difference between the eyes) 0-4

Ability to live independently (work, driving, home help, caring for 0-4
relatives, etc.)

Medical / ophthalmic reasons for urgent surgery Oor18

Indication groups by ranking score
Indication group 1 2 3 4
Ranking score sum 18-15 14-8 7-5 4-0

Mean and median values of the traditional priority setting in the surgical units and indication groups (IGs) according to the NIKE (n=66). The
various traditional priority settings at the participating eye clinics (two, three or four groups of priority) were converted to a scale of 1-4 for

comparison.
NIKE 1 2 3 4
Traditional priority - 2.3 (2.5) 2.6 (2.8) 2 (2.6)
setting: mean
(median)

Conversion key for traditional priority setting with two or three priority groups to a four-group scale:
Two groups: ‘Priority” =2.6, ‘No priority’ = 3.9; three groups: ‘High priority’ =1, ‘No priority’ =3, ‘Very low priority’ = 3.9.

Results Impact (percentage reduction) of surgery on the total indication score, separated into different indication groups (IGs). Data are given as
both median values and means.
Indication group
1 2 3 4
First-eye surgery | Median 58.8 50 33.3 37.5
Mean 60.3 43.5 25 1.6
Second-eye Median 72.2 55.6 50 16.7
surgery /bilateral | Mean 72.3 52.6 35.3 0
same-day surgery
Outcomes The impact of surgery on the indication score in different IGs shows the relative reduction in indication scores was largest in IG 1 and
smallest in |G 4.
18
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Study details

Participants

Methods

Country/ies where the study was carried out: Spain

Study type: Prospective cohort

Aim of the study: To validate newly developed explicit appropriateness criteria

Study dates: October 2004 — July 2005
Sources of funding: Not reported
Sample size

4335 patients

Inclusion criteria

Not reported

Exclusion criteria

Not reported

Baseline Characteristics

Mean age (SD)

73.36 (8.77)

Mean Previous visual acuity (SD)

0.28 (0.17)

Mean VF-14 score

61.02 (22.47)

Mean SF-36 scores (SD)

Physical functioning 58.24 (27.31)
Role physical 61.45 (42.88)
Bodily pain 61.72 (30.24)
General health 54.06 (20.81)
Social functioning 77.63 (26.06)
Role emotional 79.37 (37.46)
Vitality 56.28 (23.02)
Mental Health 65.91 (21.17)
Physical component 41.11 (10.27)
Mental component 48.21 (11.19)
Data collection
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Clinical data was collected during the visit before the intervention and approximately 6 weeks after surgery. At the time of the pre-
intervention visit, 2 quality of life questionnaires were mailed to patients: Short form 36 (SF-36) and the Visual Function Index (VF-14). 2
reminder letters were mailed at scheduled times to patients who had not responded, telephone calls were made when necessary to collect
the information.

Approximately 3 months after surgery patients were sent another letter including the same questionnaires.

Intervention
Cataract surgery

Results Mean change, percent minimally clinical important difference change by appropriateness categories
Appropriateness category
Necessary Appropriate Uncertain Inappropriate P value**
Simple cataract n=1481 n=823 n=715 n=107
VF-14
Change, mean 29.08 (24.45)* 23.84 (23.24)* 18.18 (21.89)* 10.52 (17.80)* | <0.0001
(SD) 984 (68.38)* 463 (57.95)* 337 (49.20)* 22 (21.36)* <0.0001
%MCID
Visual Acuity
Change, mean 0.56 (0.24)* 0.50 (0.24)* 0.42 (0.23)* 0.32 (0.19)* <0.0001
(SD) 967 (69.07)* 479 (60.48)* 342 (49.57)* 27 (26.47) <0.0001
%MCID

Note: n=911 patients who had cataract operation with retinopathy or another associated ocular pathology feature — not reported here

298 patients were lost by not having the information necessary to classify the appropriateness of the intervention

Visual acuity data presented in decimal fraction units.

%MCID = minimal clinically important difference

*Differences among the 4 categories by the Scheffe test for multiple comparisons as P<0.05 for continuous variables and by the Chi-
squared test considering the Bonferroni correction for multiple comparisons for categorical variables, considering an effect significant at
P<0.0083

**Corresponds to the analysis of variance for the comparison of mean change scores or to Chi-square test for the comparison of
proportions among the appropriateness categories.
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Visual acuity and Health-Related Quality-of-Life Changes measured by VF-14 and SF-36 scores

Simple cataract (n=3321)

Before intervention — Mean (SD) | After intervention — Mean (SD) | P Value*®
VF-14 score 62.27 (22.07) 87.15 (15.91) <0.0001
Visual acuity 0.29 (0.17) 0.79 (0.22) <0.0001
SF-36 score
Physical functioning 59.28 (27.06) 62.66 (26.84) <0.0001
Role physical 62.44 (42.56) 68.24 (41.13) <0.0001
Bodily pain 62.07 (29.93) 66.23 (29.88) <0.0001
General health 54.70 (20.52) 57.32 (21.13) <0.0001
Social functioning 78.52 (25.79) 81.42 (24.54) <0.0001
Role emotional 79.89 (37.18) 81.92 (35.60) 0.0023
Vitality 56.87 (23.01) 60.32 (23.14) <0.0001
Mental Health 66.60 (20.93) 68.95 (21.10) <0.0001
Physical component 41.40 (10.24) 42.87 (9.92) <0.0001
Mental component 48.51 (11.06) 49.38 (10.85) <0.0001

Note: n=1014 patients who had cataract operation with retinopathy or another associated ocular pathology feature — not reported here
Visual acuity data given in decimal fraction units

*P value corresponds to the paired t-test for comparison of pre-intervention and post-intervention main outcome results.

VF-14 data showed greater percentage (68.38%) of necessary procedures had a meaningful benefit, whereas 21.36% of the inappropriate
procedures did.

Visual acuity data showed 69.07% of necessary patients surpassed the MCID, whereas only 26.47% of the inappropriate patients did.
Greater improvement seen in appropriate group than inappropriate.

Regarding MCID, %MCID increases as you move from inappropriate to necessary categories for both visual acuity and VF-14.

There were no significant differences across the appropriate categories in SF-36 scores.

Significant differences were found in the changes in VF-14 and visual acuity among all appropriate categories except between necessary
and appropriate

Outcomes
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Study details  Country/ies where the study was carried out: USA
Study type: Retrospective cohort

Aim of the study: To consider if the formal preoperative assessment of appropriate or inappropriate utilisation of cataract surgery by an
expert panel could predict postoperative improvement or decline in visual acuity

Study dates: 1990
Sources of funding: Not reported

Participants Sample size
768 patients
Inclusion criteria
Patients who had cataract surgery performed in 1990
Exclusion criteria
Patients who underwent additional intraocular procedures
Methods Data collection

Patient reports, such as the ophthalmology examinations for at least 1 year prior and several months after the cataract operation along with
the

Operative records were copied and sent to RAND to be classified for appropriateness. Outcomes measures of visual acuity were compared
to the appropriateness category given.

Characteristics of patients who had postoperative visual acuity data

Characteristic n %

Preoperative appropriateness

classification 309 39

Appropriate and crucial 414 52

Appropriate 56 7

Uncertain 14 2

Inappropriate

Postoperative visual acuity

Better than or equal to 20/40 51 7

20/50 — 20/100 418 54

Worse than 20/100 301 39
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Postoperative visual acuity (2-4 months)

Better than or equal to 20/40 603 78

20/50 — 20/100 109 14

Worse than 20/100 58 8
Intervention

Cataract surgery

Analysis
Associations between appropriateness ratings and outcomes were assessed by 2-tailed Fisher’s exact tests for tables greater than 2 x 2
(also called Freeman-Halton test), using the SAS procedure FREQ.22, 23 P-values less than 0.05 were considered significant.

Results Associations between distribution of appropriateness ratings and postoperatively visual acuity
Improvemen | No Change Decline
t
Measurement of Total n % n % n % P-Value
visual acuity number
2-4 months post-op 768 <0.001
Appropriate or
appropriate and 701 627 89 56 8 18 3
crucial
53 36 68 14 26 3 6
Uncertain
14 5 36 8 57 1 7
Inappropriate
>4 months post-op 558 0.001
513 460 90 42 8 11 2
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Appropriate or
appropriate and 38 29 76 |7 18 2 5
crucial

7 2 29 4 57 1 14
Uncertain
Inappropriate

Note: Visual acuity improvement is defined as an increase of 2 or more lines by Snellen visual acuity. All P-values were determined by
Fisher’s exact test for tables greater than 2 x 2.

Outcomes Better visual acuity outcomes occurred in the patients for whom preoperatively the operation was considered to be appropriate or
appropriate and crucial (P < 0.0001, Fisher’s exact test).

Improvement in visual acuity occurred in 89% of the surgeries rated as appropriate or appropriate and crucial, 68% of the surgeries rated as
uncertain, and 36% of the surgeries rated as inappropriate.

No change occurred in 56 (8%) of the appropriate or appropriate and crucial operations, 14 (26%) of the uncertain surgeries, and 8 (57%) of
the inappropriate surgeries.

Decline in visual acuity at 2 to 4 months occurred in 18 of 701 (3%) operated on for appropriate or appropriate and crucial reasons, 3 of 53
(6%) operated on for indications rated as uncertain, and 1 of 14 (7%) operated on for an indication that was rated as inappropriate.

Comments Applicability to the UK due to differences in healthcare systems
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2B.2.2 Thresholds for referral for cataract surgery

Study details

Participants

Methods

Results

Country/ies where the study was carried out: Spain

Study type: Prospective cohort

Aim of the study: To assess visual acuity, VF-14 and SF-36 as instruments for capturing clinically important changes after cataract surgery
Study dates: October 2004 to July 2005

Sources of funding: Fondo de Investigacion Sanitaria (grants nos. P103/0550, P103/0724, PI03/0471, PI1104/1577); the thematic networks
(Red IRYSS) of the Instituto de Salud Carlos 11l (G03/202), Madrid, Spain and the Department of Health of the Basque Country
(2003/11045), Victoria, Alava, Spain.

Sample size

4356 patients

Inclusion criteria

Not reported

Exclusion criteria

Not reported

Data collection

Visual acuity was determined in patients before surgery and 6 weeks after surgery.

Completion of the VF-14 and SF-36 forms by the patients before surgery and 3 months after surgery.

Intervention

Cataract surgery

Analysis

Paired t-test

Mean changes in Visual Acuity 6 weeks after intervention and in Health-Related Quality of Life 3 months after intervention
Before Intervention After Intervention Change P value

VA by VA at baseline
<0.0001

0.2-04
20.5

<0.1 0.07 (0.04)

0.29 (0.09)
0.55 (0.09)

0.64 (0.30)
0.77 (0.22)
0.85 (0.18)

0.57 (0.30)*
0.48 (0.23)*
0.30 (0.20)*

<0.0001
<0.0001

VF-14 by VA at baseline
<0.1
0.2-0.4

53.27 (24.85)
62.30 (21.28)

82.06 (21.98)
85.57 (16.97)

28.61 (26.90)*
23.14 (23.66)

<0.0001
<0.0001
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Outcomes

24

20.5 67.37 (20.09) 87.85 (15.21) 20.57 (21.83)* <0.0001

*p<0.0001 for the analysis of variance for the comparison of mean change of VF-14 and VA between subgroups defined by the categories
of pre-intervention VA

Mean changes in visual acuity were higher for patients in the lowest visual acuity category at baseline (<0.1) compared to those in the two
higher categories.

Mean changes in VF-14 scores were higher for patients in the lowest visual acuity category at baseline (<0.1) compared to those in the two
higher categories.

Study details

Participants

Methods

Results

Country/ies where the study was carried out: UK Study type: Prospective cohort
Aim of the study: To measure the impact of surgery on a representative sample of patients
Study dates: 2006

Sources of funding: Department of Health Policy Research Programme and Commercial Directorate
Sample size
745 people

Inclusion criteria
Not reported

Exclusion criteria

Patients with cognitive impairment, poor sight, literacy or language comprehension problems.

Data collection

Patients completed a preoperative VF-14 questionnaire and the index section of the EQ-5D. Postoperative questionnaires were sent to
patients 3 months after surgery with non-responders sent a remainder letter and replacement questionnaire 5 weeks after the original
mailing.

Intervention

Cataract surgery

Association between “appropriateness” (determined by preop VF-14 score) and “How would you describe the results of your operation?”
Numbers and percentages.
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Result of operation “Appropriate” preop VF- | “Inappropriate” preop “Appropriate” preop VF- | “Inappropriate” preop
14 ,94.5 VF-14 94 .5+ 14 ,87.8 VF-14 87.8+
Excellent 236 (45.7) 106 (46.1) 152 (41.3) 190 (50.3)
Very good 144 (27.9) 77 (33.5) 112 (30.4) 109 (28.8)
Good 96 (18.6) 34 (14.8) 74 (20.1) 56 (14.8)
Fair 25 (4.8) 8 (3.5) 18 (4.9) 15 (4.0)
Poor 15 (2.9) 5(2.2) 12 (3.3) 8 (2.1)
Overall 516 (100) 230 (100) 368 (100) 378 (100)
Outcomes A high proportion of patients, 30—50%, can achieve little or no improvement according to patients’ reports of the impact on their visual

function using the VF-14 tool.
Most patients were satisfied with the result of their operation: 93.1% viewed the outcome as good to excellent; 93.5% reported that their
problem was better.

Comments The decision to excluded patients due to difficulties in completing the questionnaires probably excluded some of those with the worst visual
function and general health

Study details  Country/ies where the study was carried out: Denmark
Study type: Systematic review
Aim of the study: To determine indications for cataract surgery
Study dates: August 2014
Sources of funding: None reported
Participants Sample size
8 studies
Inclusion criteria
Not reported
Exclusion criteria
Not reported
Methods Data collection

25
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A systematic literature search was performed in the MEDLINE, CINAHL, EMBASE and COCHRANE LIBRARY databases to answer 2
questions: (1) Will the patient with age-related cataract and poor preoperative visual acuity (20/40 or lower) benefit more from cataract
surgery than the patient with fair preoperative visual acuity (better than 20/40)?

(2) Will the patient with fair preoperative visual acuity (220/40) and subjective cataract-related complaints benefit more from cataract
surgery than the patient with poor preoperative visual acuity (<20/40) but few or no subjective cataract-related complaints. For both
questions, benefit was defined as an improvement in objective visual acuity (2 Snellen lines or greater or a doubling of the visual angle or
improvement as defined by the included studies) or subjective visual function assessed by validated questionnaires.

Intervention
Cataract surgery
Analysis
Meta-analysis and GRADE
Results Postoperative visual acuity (logMAR) in patients with fair or poor postoperative visual acuity (VA). Cl, confidence interval; SD, standard
deviation; IV, inverse variance.
Fair pre op VA Poor pre op VA
Study or Mean | SD Total | Mean | SD Total | Weight | Mean difference IV, Random, 95%
subgroup Cl
Douthwaite 2007 | -0.02 | 0.07 | 25 -0.03 | 0.08 | 21 100.0 0.01 (-0.03, 0.05)
Subtotal (95% CI) 25 21 % 0.01 (-0.03, 0.05)
100.0
%

Heterogeneity: Not applicable
Test for overall effect Z =0.45 (P = 0.65)

Number of patients who had an improved visual acuity (VA) after cataract surgery. Cl, confidence interval; M-H, Mantel-Haenszel

Fair pre op VA Poor pre op VA
Study or Events Total Events Total Weight Risk Ratio M-H,
subgroup Random, 95% ClI
Kanthan 2011 26 93 23 28 23.6% 0.34 (0.24, 0.49)
Lundstrom 2013 | 249572 254359 112384 113709 38.8% 0.99 (0.99, 0.99)
Saw 2002 212 221 175 234 37.6% 1.28 (1.19, 1.39)
Total (95% Cl) 254673 113971 100.0% 0.85 (0.64, 1.13)
28

Internal Clinical Guidelines, 2017



Evidence Tables

Total events 249810 112582

Heterogeneity: Tau? = 0.06; Chi? = 72.63, df = 2 (P < 0.00001); I = 97%
Test for overall effect: Z=1.12 (P = 0.26)

Number of patients who reported an improvement in subjective visual function after cataract surgery. Cl, confidence interval; M-H, Mantel—
Haenszel; VA, visual acuity.

Fair pre op VA Poor pre op VA
Study or Events Total Events Total Weight Risk Ratio M-H,
subgroup Random, 95% CI
Garcia-Gutierrez | 3180 3501 632 674 51.8% 0.97 (0.95, 0.99)
2012
Lundstrom 1999 | 1219 1329 538 604 48.2 1.03 (1.00, 1.06)
Total (95% CI) 4830 1278 100.0% 1.00 (0.94, 1.06)
Total events 4399 1170

Heterogeneity: Tau? = 0.00; Chi? = 9.80, df = 1 (P < 0.002); I> = 90%
Test for overall effect: Z=0.08 (P = 0.94)

Subjective visual function measured using the visual function questionnaire (VF-14). CI: confidence interval. IV, inverse variance; SD,
standard deviation; VA, visual acuity.

VF-14 Score Fair pre op VA Poor pre op VA

Study or Mean | SD Total | Mean | SD Total | Weight | Mean difference IV, Random, 95%
subgroup Cl

Rosen 2005 9482 | 5.36 | 18 94.59 |8.81 | 180 57.0% | 0.23 (-2.56, 3.02)

Subtotal (95% CI) 18 180 57.0% | 0.23 (-2.56, 3.02)

Heterogeneity: Not applicable
Test for overall effect Z =0.16 (P = 0.87)
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Change in VF-14 Fair pre op VA Poor pre op VA

score

Study or subgroup Mean | SD Total | Mean | SD Total | Weight | Mean difference IV, Random, 95%
Cl

Davis 2012 4.2 10.3 | 27 11.5 12 24 43.0% | -7.30(-13.48, -1.12)

Subtotal (95% CI) 27 24 43.0% | -7.30(-13.48, -1.12)

Heterogeneity: Not applicable
Test for overall effect Z =2.23 (P = 0.02)

Studies combined

Fair pre op VA: Total | Poor pre op VA: Total | Weight: Total | Mean difference 1V, Random, 95%
Cl

Total (95% CI) | 45 204 100.0% -3.01 (-10.32, 4.30)
Heterogeneity: Tau? = 22.37; Chi2=4.74,df = 1 (P < 0.03); I =79%
Test for overall effect: Z=0.81 (P = 0.42)
Test for subgroup differences: Chi? = 4.74, df = 1 (P < 0.03); I = 78.9%
Outcomes There was no difference in visual acuity after surgery in the patients with poor or fair preoperative visual acuity
No studies reported the gain in visual acuity of the pre-specified outcome of a doubling of the visual acuity

98% of patients with fair preoperative visual acuity had an improvement in visual acuity versus 98.8% of patients with poor preoperative
visual acuity — difference was not statistically significant

No overall difference in the postoperative VF-14 score between patients with fair or poor preoperative visual acuity.

Study details  Country/ies where the study was carried out: Finland
Study type: Prospective cohort
Aim of the study: To develop tools for patient selection to target cataract surgery to patients with the best expected outcomes
Study dates: January to June 2003
Sources of funding: Finnish Office for Health Technology Assessment (FinOHTA)
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Participants Sample size
93
Inclusion criteria

Patients on the waiting list for cataract surgery at the Department of Ophthalmology, Oulu University Hospital, from five municipalities
(Pyhajarvi, Haapajarvi, Nivala, Haapavesi, Karsamaki) in January 2003

Exclusion criteria
None reported

Baseline characteristics of patients

Characteristic n %*

Visual acuity in the operated eye

(LogMAR)** 41 44

<0.3 27 29

0.3-0.51 25 27

20.52

Visual function (median, range) VF-14 Median = 79.5 Range = 27.3-100

*% may not add up to 100 due to rounding
**categories are not mutually exclusive
Methods Data collection
Visual acuity was determined in patients before surgery and 6 weeks after surgery

Completion of the VF-14 forms by the patients during a nurse led interview before surgery and 9 months after surgery by the same nurse
via a telephone interview.

The following requirements were developed to justify cataract surgery:

The visual acuity had to be at least 0.30 logMAR (at most Snellen) in the better eye and at least 0.52 logMAR (at most 0.3 Snellen) in the
worse eye (these are the national criteria). The VF-14 total score had to be less than 80.

To define the criteria for successful cataract operations the following definitions were used:

The difference between pre and post-operative visual acuity of the operated eye had to be at least 0.2 logMAR, which corresponds to
improvement by 2 lines in the logarithmic visual acuity chart. The VF-14 score was arbitrary required to improve at least 14 points, or if
above 86 before surgery, it had to be 100 after surgery.
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Intervention
Cataract surgery

Analysis
Chi squared test and Logistical regression
Results Results on treatment success by criteria for surgery
Visual acuity VF-14
Criteria for surgery | a/n % OR (95% CI)* a/n % OR (95% Cl)
Visual acuity** 28/34 82 3.68 (1.12- 22/37 59 3.02 (1.07-
12.1) 8.51)
VF-14 24/35 69 0.91 (0.32- 34/39 87 1.53 (18.1-
2.62) 1297)
Visual acuity and 19/24 79 2.09 (0.62- - - -
VF-14 7.01)
a = number of patients treated successfully among those who met the criteria for surgery; n = number of patients who met the criteria for
surgery

*Adjusted for age, sex, macular degeneration and other eye disease
**The study eye was selected randomly if the patient was operated bilaterally

Outcomes Postoperative Visual acuity has an odds of surgery success of 3.68 more for patients who met the criteria for surgery than those who did
not.
Comments Possible bias due to patients self-reporting on VF-14 questionnaire

Study details  Country/ies where the study was carried out: Sweden
Study type: Prospective cohort
Study dates: 1st April 1992 to 31st March 1993
Sources of funding: None reported
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Participants Sample size
459 surgical events in 453 patients (6 patients had bilateral surgery)
Inclusion criteria
None reported
Exclusion criteria
None reported
Methods Data collection

Before surgery the patients were categorised into one of three levels of visual impairment according to the distance acuity with best
correction of the better eye. The

following grading system was used:

VA level |: 'Good acuity'. Decimal acuity better than 0.5 (>20/40).

VA level ll: '"Moderate acuity'. Decimal acuity between 0.2 and 0.5 (20/100-20/40).
VA level lll: 'Low acuity'. Decimal acuity less than 0.1 (20/200 or worse).

Two to three months after surgery the patients VA was re-examined

Intervention
Cataract surgery

Analysis

To evaluate changes in VAs the decimal acuity values were converted into a log scale using the method outlined by Holladay and Prager.
The range of VA'’s includes acuities such as counting fingers (CF) and hand movements (HM). The following arbitrary logMAR (minimum

angle of resolution) values have been used by other authors: CF in front of the eye = logMAR 2.2, HM = logMAR 2.3, and light perception

(P) = logMAR
25
Mann-Whitney U test to compare VA before and after surgery
Results Visual acuity before and after surgery in each VA level group
VA-level | (>20/40) VA-level 1l (20/120 — 20/40) VA-level Il (20/200 or less)
Number 211 206 42
Median decimal acuity
(range)
33
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Before surgery

Eye to be operated 0.06 (P - 0.5) (P-0.5) 0.015 (P -0.1)
After surgery
Operated eye 0.8 (0.02 — 1.0)** 0.6 (HM — 1.0)** 0.4 (HM — 1.0)**

Ranges of VA are within parenthesis.
P refers to perception of light and HM to hand movements
*significantly better VA of the eye to be operated in patients of group || compared with groups | and Ill (p<0.00001, respectively)
**significantly improved media decimal acuity of the operated aye after surgery (p<0.00001)

Outcomes Before surgery the median decimal acuity of the eyes to be operated on was significantly better in the moderate acuity group (0.1)
compared with those of the low (0.015; p < 0.00001) and good acuity groups (0.06; p < 0.00001)
After surgery the visual acuity of the operated eye improved significantly in all groups (p < 0.00001)
A post-operative decimal acuity of the operated eye of less than 0.5 (< 20/40) was found in a significantly larger proportion of the patients at
level Ill (52%; 22/42) compared with level 1l (27%; 55/206) and level | (11%; 24/211) (p < 0.0001).

Comments 6 patients had bilateral surgery - no correction for bias was made
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3E.3 Pre-operative assessment and biometry

31 e What is the effectiveness of different techniques for undertaking biometry?

32 o What are the most appropriate formulae to optimise intraocular lens biometry calculation?

33 o What is the effectiveness of strategies used to select intraocular lens constants in order to optimise biometry calculation?

34 o What other factors should be considered such as, who should undertake biometry and when should preoperative biometry be assessed?
35 o What is the effectiveness of risk stratification techniques to reduce surgical complications?

36 ¢ What are the risk factors associated with increased surgical complications in cataract surgery?

3E.3.1 Biometry techniques

13.1.1 Ultrasound (immersion and contact) and optical biometry to measure axial length

Country/ies where the study was carried out: Brazil
Study type: Randomised controlled trial

Aim of the study: To compare the achieved refractive outcomes in people undergoing phacoemulsification cataract surgery following intraocular lens (IOL)
calculation using conventional immersion ultrasonic biometry (US) or partial coherence interferometry (PCl)

Study dates: Not reported
Source of funding: None
Sample size

79 people (120 eyes)

Diagnostic criteria
Not reported

Inclusion criteria
e People undergoing phacoemulsification cataract surgery

Exclusion criteria

e Corneal astigmatism of more than 2.5 dioptres (D)
o Eyes with axial length (AL) <20mm and >25.8mm
e Complications during surgery
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e People with poor visual prognosis e.g. macular scar, amblyopia

Baseline characteristics

Ultrasound biometry (immersion), n=46 (70 eyes) | Optical biometry (PCI), n=33 (50 eyes)
Age (years)* 70.0 £ 9.3 (45-86) 69.8 £ 13.1 (11-85)
Male/ female 16 (35%) / 30 (65%) 15 (45%) / 18 (55%)
Axial length (mm)* 23.22 + 1.06 (20.05-25.78) 23.22 + 1.00 (21.01-25.45)

*Data in means + standard deviations (range)
No significant between group differences were reported for age (p=0.7165) and AL (p=0.9110). No details of analyses provided for sex.

Interventions
Ultrasound biometry: Immersion ultrasound, n=46 (70 eyes)
e Ultrascan, Alcon.

Optical biometry: Partial coherence interferometry, n=33 (50 eyes)
e |OLMaster, Carl Zeiss Meditec.

Measurements and formula

o Keratometry measurements: not reported.

o |0L formula: Holladay 1 was used to calculate the IOL power for all patients.

e |OL constant optimisation: not reported.

o Experience of assessor: assessments were undertaken by an experienced ophthalmologist.

Cataract surgery and IOL implantation: 1 surgeon performed small-incision phacoemulsification with standard phaco-chop technique and in-the-bag
implantation using an AcrySof IQ IOL in all cases.

Randomisation, allocation, blinding
Randomisation/allocation: no details provided — “randomly separated into 2 groups”.
Blinding: no details were provided of the procedures involved in the post-operative assessments.

Details
Sample size calculation: not reported
Pre-operative assessment: desired final refraction was determined for all cases.

Post-operative assessment: the final manifest refraction was assessed at least 4 weeks after the surgery by the same examiner. The preferred target post-
operative refraction was not reported.
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Study outcomes:
e Mean absolute error (difference between the desired refraction pre-operatively and achieved post-operative refraction); spherical equivalent in dioptres
used for all measures

o Number of eyes within various ranges of the difference between final spherical equivalent and pre-operative prediction
Group comparisons: Wilcoxon rank-sum test

Missing data handling/loss to follow up
No details provided.
Mean absolute errors

Ultrasound biometry (immersion)*, Optical biometry (PCI)*, Between group difference p value
n=46 (70 eyes) n=33 (50 eyes)

Pre-operative desired refraction -0.76 £ 0.26 (-1.59 to -0.33) -0.47 £ 0.43 (-2.15t0 0.75) | p<0.0001

Post-operative achieved refraction | -0.50 + 0.50 (-1.75 to 1.00) -0.32 £ 0.54 (-2.00 to 1.00) | p=0.0313

Mean absolute errors 0.26 + 0.48 (-1.05 t0 1.76) 0.15 £ 0.33 (-0.65 to 0.9) p=0.0836

*All data in means + standard deviations (ranges) dioptres

Number (proportion) of eyes within various ranges of difference between final spherical equivalent and pre-operative prediction

Difference between final spherical equivalent and Ultrasound biometry (immersion, 70 eyes) Optical biometry (PCI, 50 eyes)
pre-operative prediction (dioptres, D)

<0.25 32 (45.7%) 34 (68%)

0.25 t0 <0.5 21 (30%) 7 (14%)

0.5t0 <0.75 7 (10%) 6 (12%)

0.75t0<1.0 6 (8.6%) 3 (6%)

>1.0 4 (5.7%) 0

Overall risk of bias: This study has a high risk of bias due to the lack of or limited reporting of all aspects of the methods including randomisation, blinding,
measurement procedures (particularly keratometry), outcome definitions, missing data and statistical analyses. Due to the ambiguous methods and uneven
sized groups, it is unclear whether there was biased allocation. In addition, it is unclear whether keratometry was standardised for both groups. Moreover,
the mean absolute errors were taken as the positive values of the overall differences of the mean post-operative achieved refraction and pre-operative
desired refraction, rather than the means of the absolute individual differences.

Other information: Not relevant
Was the allocation sequence adequately generated? Unclear

Was allocation adequately concealed? Unclear
Was knowledge of the allocated intervention adequately prevented during the study? Unclear
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Were incomplete outcome data adequately addressed? Unclear
Are reports of the study free of suggestion of selective outcome reporting? Unclear
Was the study apparently free of other problems that could put it at a high risk of bias? No

Country/ies where the study was carried out: Croatia
Study type: Randomised controlled trial

Aim of the study: To compare the accuracy of intraocular lens (IOL) power calculations using conventional applanation ultrasound biometry and partial
coherence laser interferometry (PCl) in people undergoing phacoemulsification cataract surgery

Study dates: Not reported
Source of funding: Not reported
Sample size

40 people (1 eye per person)

Diagnostic criteria
Not reported

Inclusion criteria
o People with age-related cataracts and post-operative natural visual acuity >0.7

Exclusion criteria
» Eyes with other ocular pathology or intraoperative complication

Baseline characteristics

e Age range: 60 to 84 years

o Male/female: 17 (42.5%) / 23 (57.5%)

» Pre-operative visual acuity: 0.2 to 0.4
Interventions

Ultrasound biometry: Contact ultrasound, n=20
e Alcon Ultra Scan Biometry.
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Optical biometry: Partial coherence interferometry, n=20
e |OLMaster v5, Carl Zeiss.

Measurements and formula

o Keratometry measurements: keratometry for ultrasound biometry was performed using automated keratometry, Righton Speedy-K type. The IOLMaster
was used for keratometry measurements in the optical biometry group.

o |OL formula: Holladay Il formula was used to calculate the IOL power.
e |OL constant optimisation: not reported.
o Details of assessment/assessor: not reported.

Cataract surgery and IOL implantation: 2 surgeons performed the same clear corneal phacoemulsification surgery technique on all patients. A foldable
IOL was implanted in the capsular bag for all patients.

Randomisation, allocation, blinding
Randomisation/allocation: details not reported. The term “prospective randomized trial” was used only in the abstract to indicate study design.
Blinding: no details were reported.

Details

Sample size calculation: not reported

Post-operative assessment: post-operative refractive error was carried out 6 weeks after surgery.
Study outcomes:

e Post-operative mean absolute refractive error

o Number of eyes within various ranges of (assumed) absolute refractive errors

Group comparisons: t-test

Missing data handling/loss to follow up
Not reported.
Mean absolute refractive errors

Ultrasound biometry (contact), n=20 Optical biometry (PCIl), n=20
Mean absolute refractive error in dioptres™ 0.75 0.5 0.5+0.5
*Data in means * assumed standard deviations

Number (proportion) of eyes within various ranges of (assumed) absolute refractive errors
| Refractive errors (dioptres, D) | Ultrasound biometry (contact, 20 eyes) | Optical biometry (PCI, 20 eyes)
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0-0.25 6 (30%) 14 (70%)
0.25-0.5 4 (20%) 4 (20%)
0.5-1.0 7 (35%) 2 (10%)
>1.0 3 (15%) 0 (0%)

Overall risk of bias: This study has a high risk of bias, due to the lack of reporting of specific methods such as randomisation, blinding, missing data and
limited description of outcome definitions and the potential confounding of unstandardised keratometry between the groups.

Other information: Not relevant

Was the allocation sequence adequately generated? Unclear

Was allocation adequately concealed? Unclear

Was knowledge of the allocated intervention adequately prevented during the study? Unclear
Were incomplete outcome data adequately addressed? Unclear

Are reports of the study free of suggestion of selective outcome reporting? Unclear

Was the study apparently free of other problems that could put it at a high risk of bias? No

Countryl/ies where the study was carried out: Malaysia
Study type: Randomised controlled trial

Aim of the study: To determine the accuracy of intraocular lens (IOL) calculations using immersion ultrasound biometry (US) or optical low-coherence
reflectometry (OLCR) in people undergoing elective phacoemulsification cataract surgery with posterior chamber IOL implantation

Study dates: Not reported

Source of funding: University of Malaya research grant
Sample size

200 people (1 eye per person)

Diagnostic criteria
Lens opacities classification system Il (LOCS Ill): all cataracts were of nuclear sclerosis of 1-2+

Inclusion criteria
e People undergoing elective phacoemulsification cataract surgery
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Exclusion criteria

o Diabetes mellitus

o Corneal astigmatism of more than 1.5 dioptres (D)

Eyes with axial length (AL) <20mm and >25mm

Complicated surgeries

Other ocular pathology including retinal, choroidal, vitreous, corneal or neurologic abnormalities with poor vision potential

Baseline characteristics

e Mean (SD, range) age: 66.9 (7.0, 50 to 80) years

o Male/female: 87 (43.5%) / 113 (56.5%)

o Ethnicity: not specified but reports similar proportions were observed as indicated by Pearson’s Chi square test

Interventions

Ultrasound biometry: Immersion A-scan ultrasound, n=100

¢ Quantel Medical Axis Il Ultrasonic Biometer was used with a Prager shell.

Optical biometry: Optical low-coherence reflectometry, n=100

e Lenstar LS 900 version 4.1.

Measurements and formula

e Examination undertaken in sitting with head reclined gently against headrest.

o Five readings within an acceptable standard deviation were required and the average total length was used.

o Keratometry measurements: readings were standardised using the automated Nidek keratometer and measurements were entered into the different

biometry technique and IOL calculation.

IOL formula: the Hoffer Q IOL power calculation formula was used.

IOL constant optimisation: not reported.

o Experience of assessor: assessments were undertaken by a clinical technician with 4 years of experience in biometry measurement.

Cataract surgery and IOL implantation: 1 surgeon performed uneventful, sutureless phacoemulsification on all eyes through a 2.4mm limbal incision. A
hydrophilic AcrySof IQ aspheric IOL was implanted into the capsular bag.

Randomisation, allocation, blinding
Randomisation/allocation: no details provided — “randomly separated into 2 groups”.
Blinding: no details were provided of the procedures or individuals involved in the post-operative assessments.
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Details

Sample size calculation: 200 people required to achieve 85% power (calculated using G*Power software v3.0.10).

Pre-operative assessment: refraction was undertaken on all patients.

Post-operative assessment: refraction was performed 2 months after surgery. The preferred target post-operative refraction was -0.5D.
Study outcomes:

o Prediction error (difference between target predicted value of refractive error pre-operatively and post-operative spherical equivalent values)
o Absolute prediction error (magnitude of prediction error without considering the positive or negative sign)

o Number of eyes within various ranges of prediction errors and absolute prediction errors

e Means and/or medians for AL, K1, K2, IOL power, target and achieved spherical equivalent measurements

Group comparisons: independent ¢ test for differences in prediction errors

Other analyses: correlational analysis between prediction error and AL using Pearson’s correlation coefficient

Missing data handling/loss to follow up
People were recruited until the required sample size of 200 was achieved. There was no reported missing data or loss to follow up.
Prediction errors and absolute prediction errors

Ultrasound biometry (immersion), n=100 | Optical biometry (OLCR), n=100
Pre-operative target* -0.421 £ 0.182 -0.397 £ 0.207
Post-operative spherical equivalent (SE)* -0.380 £ 0.529 -0.369 £ 0.557
Prediction error (SE — target)* -0.0409 + 0.5247 -0.0279 + 0.5812
Within group difference (p value) 0.438 0.632
Absolute prediction error* 0.4259 +0.3062 0.4415 + 0.3764
Difference in prediction errors between groups* 0.0130 + 0.0789
Between group difference (p value) 0.868

*Data in means * standard deviations (assumed units are in dioptres)

Number of eyes within various ranges of prediction errors

Range of prediction error (dioptres, D) | Ultrasound biometry (immersion, 100 eyes) Optical biometry (OLCR, 100 eyes)
[-2.0, -1.5] 0 1

[-1.5, -1.0] 2 4

[-1.0, -0.5] 15 10

[-0.5, -0.0] 40 40

[0.0, 0.5] 29 28

[0.5, 1.0] 10 14

[1.0, 1.5] 4 1

42

Internal Clinical Guidelines, 2017



Evidence Tables

[1.5, 2.0] 0 2
Number of eyes within various ranges of absolute prediction errors

Range of prediction error (dioptres, D) | Ultrasound biometry (immersion, 100 eyes) Optical biometry (OLCR, 100 eyes)
[0.0, 0.25] 35 34
[0.25, 0.5] 34 37
[0.5, 0.75] 14 12
[0.75, 1.0] 11 9
[1.0, 1.25] 5 2
[1.25, 1.50] 1 3
[1.50, 1.75] 0 2
[1.75, 2.0] 0 1

Correlation between prediction errors and axial lengths

Ultrasound biometry (immersion), n=100
Pearson’s correlation coefficient -0.24 0.14
p value 0.014 0.14

There was a small negative but significant correlation observed between prediction error and axial lengths for the ultrasound group only.

Optical biometry (OLCR), n=100

Overall risk of bias: This study has a moderate risk of bias due to the lack of reporting of specific methods such as randomisation, blinding and missing
data, and specific group details of a comprehensive set of baseline characteristics.

Other information: Not relevant

Was the allocation sequence adequately generated? Unclear

Was allocation adequately concealed? Unclear

Was knowledge of the allocated intervention adequately prevented during the study? Unclear
Were incomplete outcome data adequately addressed? Unclear

Are reports of the study free of suggestion of selective outcome reporting? Unclear

Was the study apparently free of other problems that could put it at a high risk of bias? Yes

Country/ies where the study was carried out: England
Study type: Randomised controlled trial
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Aim of the study: To evaluate the predictability of refractive outcome using partial coherence laser interferometry (PCl) and applanation ultrasound
biometry (US) in people undergoing phacoemulsification cataract surgery

Study dates: Not reported

Source of funding: Not reported

Sample size

100 people (1 eye per person)

Diagnostic criteria
Not reported

Inclusion criteria
* People attending phacoemulsification cataract surgery providing informed consent

Exclusion criteria
o Complicated cataracts related to chronic uveitis, trauma or silicone oil

Baseline characteristics

Ultrasound biometry (contact), n=50 Optical biometry (PCI), n=50
Age (years)* 71 + 8 (40-86) 67 + 6 (38-80)
Axial length (mm)* 23.43 £ 1.2 (20.1-27) 23.47 + 1.1 (20-27.6)
*Data in means + standard deviations (ranges)

Interventions
Ultrasound biometry: Contact A-scan ultrasound, n=50
e Nidek Echoscan-2000.

Optical biometry: Partial coherence interferometry, n=50
e |OLMaster, Carl Zeiss Meditec.

Measurements and formula

e US intraocular distance measurements were checked for reliability using retinal spikes.

PCI intraocular distance measurements were checked for reliability using the signal-to-noise ratio > 2.0.

Keratometry measurements: corneal curvature measurements for US group were performed using Javal Schiotz keratometer.
Intraocular lens (I0L) formula: SRK-T formula was used to calculate the IOL power for all patients.

IOL constant optimisation: not reported, states that the A constant was the same for all eyes.
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o Experience of assessor: pre-operative biometry was performed by an experienced biometrist on all patients.

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification through a 4.1 mm superior corneal tunnel and a folding IOL (Acrysof
MAG60BM, Alcon) was implanted in the capsular bag for all patients.

Randomisation, allocation, blinding
Randomisation/allocation: details not reported.
Blinding: no details were reported.

Details

Sample size calculation: not reported

Pre-operative assessment: the desired post-operative refraction based on pre-existing refractive error was decided prior to surgery.

Post-operative assessment: all patients were followed up on the first post-operative day, 1 week and 2 months later by experienced observers. Post-
operative refraction was carried out at 2 months with an autorefractor and confirmed by subjective refraction. All patients underwent pseudophakic axial
length measurements by IOLMaster at 2 months and were carried out by the same biometrist.

Study outcomes:

e Mean error and mean absolute error (differences between predicted and attained post-operative refraction); post-operative mean spherical equivalent
was calculated for each patient

Group comparisons: not reported for between group analyses

Other analyses: paired t tests were used to compare pre-operative axial length measurements and pseudophakic axial length measurements post-
operatively.

Missing data handling/loss to follow up

4/50 people failed PCI biometry due to dense cataracts (4%) and fixation instability due to macular degeneration (4%) and had to undergo US biometry for
axial length measurements. No details were provided regarding the inclusion of these individuals in the analyses.

Mean absolute errors

Ultrasound biometry (contact), n=unclear Optical biometry (PCI), n=unclear
Mean absolute error in dioptres* 0.6 +0.4 0.52 + 0.35

*Data in means * standard deviations

Between group difference, p=0.24

Eyes that underwent PCl had increased tendency for hyperopic shift (65%) than eyes in ultrasound (50%).

Number (proportion) of eyes achieving post-operative refraction within various ranges of the predicted value
Mean absolute errors (dioptres, D) Ultrasound biometry (contact, 50 eyes)* Optical biometry (PCI, 45 eyes)*
<0.5 30 (60%) 28 (62.2%)
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0.5-1.0 11 (22%) 11 (24.4%)
1.0-1.5 9 (18%) 5(11.1%)
1.5-2.0 0 (0%) 1(2.2%)
*Data estimated from graphs

Overall risk of bias: This study has a moderate to high risk of bias, due to the lack of reporting of specific methods such as randomisation, blinding and
missing data and potential confounding of unstandardised keratometry between the groups.

Other information: Not relevant

Was the allocation sequence adequately generated? Unclear

Was allocation adequately concealed? Unclear

Was knowledge of the allocated intervention adequately prevented during the study? Unclear
Were incomplete outcome data adequately addressed? No

Are reports of the study free of suggestion of selective outcome reporting? Unclear

Was the study apparently free of other problems that could put it at a high risk of bias? No

Countryl/ies where the study was carried out: Australia

Study type: Randomised controlled trial

Aim of the study: To determine whether intraocular lens (IOL) power calculations using partial coherence interferometry (PCI) are more accurate in
improving post-operative outcomes than applanation (contact) ultrasound biometry (US) in people undergoing phacoemulsification cataract surgery
Study dates: April 6 2006 to August 24 2006 (preadmission clinic)

Source of funding: Not reported

Sample size

169 people (1 eye per person)

Diagnostic criteria
Not reported

Cataract type Ultrasound biometry (contact), n=85 Optical biometry (PCI), n=84
Nuclear 35 (41.2%) 43 (51.2%)

Cortical 6 (7.1%) 7 (8.3%)

Posterior subcapsular cataract 2 (2.4%) 1(1.2%)

Mixed 42 (49.4%) 33 (39.3%)
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Mature

0

0

Inclusion criteria

e People attending preadmission phacoemulsification cataract surgery clinic during the specified period, providing informed consent who were randomly

sampled using a lottery system

Exclusion criteria

o Not specified (eligibility criteria kept simple to increase generalisability to target population)

Baseline characteristics

Ultrasound biometry (contact), n=85

Optical biometry (PCI), n=84

Age (years)*

73.55 £ 9.78 [95% CI: 71.47 to 75.63]

73.71 £9.45[95% CI: 71.83 to 75.87]

Female

59%

58%

Best corrected visual acuity*

0.34 + 0.14 [95% CI: 0.31 t0 0.37]

0.33 £ 0.12 [95% CI: 0.31 to 0.36]

Axial length (mm)*

23.22 + 1.08 [95% CI: 22.99 to 23.45]

23.39 + 1.00 [95% CI: 23.17 to 23.60]

Keratometry (dioptres) = (K1 + K2)/2*

44.09 + 2.80 [95% CI: 43.50 to 44.69]

43.53 + 2.69 [95% CI: 42.95 to 44.10]

VF-14 score*

72.95 £ 19.38 [95% CI: 68.83 to 77.07]

71.29 £ 20.48 [95% CI: 66.91 to 75.67]

Age-related macular degeneration

14 (16.5%)

10 (11.9%)

Glaucoma 4 (4.7%) 6 (7.1%)
Diabetic retinopathy 5 (5.9%) 3 (3.6%)
Asteroid hyalosis 1(1.2%) 2 (2.4%)
Pseudoexfoliation 1(1.2%) 2 (2.4%)
Corneal disease 1(1.2%) 1(1.2%)

*Data in means # standard deviations. Standard deviations calculated from reported 95% Cl in parentheses

Interventions

Ultrasound biometry: Contact ultrasound calculated I0OL, n=85

e Microscan Model 100A+, Sonomed.

Optical biometry: Partial coherence interferometry calculated I0OL, n=84

e |OLMaster, Carl Zeiss Meditec.

Measurements and formula

o At preadmission clinic, the axial length (AL) and IOL power calculation for all patients were measured using PCI, followed by US. IOL power was kept

blind with respect to group allocation.

Guidelines, 2017

47




Evidence Tables

e PCI AL measurements were conducted with the IOLMaster AL scan protocol, with readings repeated until 4 scans were consistent within £0.02mm of
ideal waveform and acceptable signal-to-noise ratio > 2.0; average reading was used. The PCI IOL implant power was calculated by the IOLMaster using
the SRK/T formula with the manufacturer-recommended A constant set at 118.9.

e US measurements were repeated until 4 high-quality scans were consistent within £0.10mm. The highest quality scan was used. The SRK-II formula was
used applying the IOLMaster auto-keratometry and US AL measurements and the IOL manufacturer-recommended A constant of 118.7.

e To eliminate confounding introduced by keratometry performed by different techniques, auto-keratometry with the IOLMaster protocol was performed on
all patients before US biometry to avoid corneal contact that may affect the readings (median of 3 measurements within 0.3D in each meridian).

o Experience of assessor: PCl AL measurements were performed by the primary researcher and all US AL measurements were performed by a senior
orthoptist, blind to the PCI results.

Cataract surgery and IOL implantation: 8 consultant and 4 senior ophthalmology registrars performed phacoemulsification through a superior
corneoscleral incision (3.2 mm). An aspheric acrylic posterior chamber IOL (SN60WF, Alcon) was implanted in the capsular bag in 201 people. In 4 people,
posterior capsule rupture prevented placement of the IOL within the capsular bag and each person received a ciliary sulcus fixation IOL (MAGOAC, Alcon).

Randomisation, allocation, blinding
Randomisation/allocation: opaque envelope containing a card that stated PCI or US.

Double blinding: patient and outcome assessors were blind to biometric group allocation. Selection and randomisation of trial participants, data collection
and analysis were all centrally controlled and concealed by the primary researcher.

Details
Sample size calculation: 158 people required to detect a 0.24D difference (power 90%, a=0.05) in the mean absolute error between patients with PCI and
US calculated IOLs. Including attrition and reported failure rate of PCI to obtain AL measurements, sample size was increased to 205.

Data collection: demographic and baseline ocular information for all patients were obtained by the primary researcher from the standard hospital surgical
admission forms and preadmission ophthalmic history and examination notes.

Post-operative assessment: all patients were examined by an ophthalomologist 7 to 12 days after surgery. In the 51" post-operative week, patients returned
for refraction to their community ophthalmologists or optometrists who were blind to trial assignment and group allocation. The community ophthalmologists
and optometrists used their own standard methods for measuring refraction i.e. subjective (59%) or autorefractor (41%). The final refraction for each patient
was forwarded to the primary researcher, converted to its spherical equivalent, and compared with the pre-operative prediction.

Study outcomes:

e Mean absolute error (mean of the absolute difference between the measured and predicted post-operative spherical equivalent)

e Number of eyes achieving post-operative refraction within various ranges of the predicted spherical equivalent

Group comparisons: Student’s t test (two-tailed) for differences in mean absolute errors and x? statistic was used to assess the proportional variation of
patients achieving a mean absolute error within various dioptric ranges

Other analyses: to test the validity of the post-operative refraction, Student'’s ¢ test (two-tailed) was used to compare the post-operative spherical equivalent
refraction in eyes refracted by subjective refraction vs. autorefractor.
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Missing data handling/loss to follow up
205 people were randomly selected to participate from the initial pool of 410 people attending the preadmission clinic. PCl AL measurements were not

obtained from 36/205 people and were not randomised to PCI or US-IOL groups. No loss to follow up was reported.

Mean absolute errors

Ultrasound biometry (contact), n=85

Optical biometry (PCl), n=84

Mean numerical error®

0.12 +0.61 [95% CI: -0.01 to 0.25]

-0.10 +0.63 [95% CI: -0.24 to 0.03]

Mean absolute error®

0.45 £0.42 [95% CI: 0.36 to 0.54]

0.40 £ 0.37 [95% ClI: 0.32 to 0.48]

*Data in means # standard deviations. Standard deviations calculated from reported 95% CI in parentheses (assumed units are in dioptres)

Number (proportion) of eyes achieving post-operative refraction within various ranges of the predicted spherical equivalent

Mean absolute errors (dioptres, D)

Ultrasound biometry (contact, 85 eyes)*

Optical biometry (PCI, 84 eyes)*

<0.5

59 (69.4%)

58 (69%)

<1.0 76 (89.4%) 77 (91.7%)
<1.5 81 (95.3%) 82 (97.6%)
<2.0 85 (100%) 84 (100%)

Numbers calculated from reported percentages in parentheses
Overall risk of bias: This study has a low risk of bias, despite limited information on allocation sequence generation.

Other information: Not relevant

Was the allocation sequence adequately generated? Unclear although centrally controlled
Was allocation adequately concealed? Yes, centrally controlled and use of opaque envelopes
Was knowledge of the allocated intervention adequately prevented during the study? Yes
Were incomplete outcome data adequately addressed? Yes

Are reports of the study free of suggestion of selective outcome reporting? Unclear

Was the study apparently free of other problems that could put it at a high risk of bias? Yes

£33.1.2 Keratometry (manual and automated) and topography to measure corneal curvature

44 Randomised controlled trials

Country/ies where the study was carried out: UK
Study type: Randomised controlled trial
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Aim of the study: To compare the accuracy of intraocular lens (IOL) power calculations using standard keratometry and computerised videokeratography
in people undergoing uncomplicated routine phacoemulsification cataract surgery

Study dates: Not reported

Source of funding: Not reported

Sample size

46 people (1 eye per person)

Diagnostic criteria
Not reported

Inclusion criteria
e People undergoing routine phacoemulsification cataract surgery

Exclusion criteria
e Unable to undergo standard keratometry or computerised videokeratography
o Fundal lesions sufficient to reduce post-operative acuity and reduce the accuracy of refraction

Baseline characteristics

Keratometry, n=23 Corneal topography (ECAS), n=23 Overall, n=46
Mean age (range) in years* 74 73.6 74 (32 to 92)
Male/Female* 5/18 7/16 12/34
*Between group differences, p>0.05

Interventions
Keratometry: Standard keratometry, n=23
o Not reported.

Corneal topography: Computerised videokeratography, n=23
e Eyesys Corneal Analysis System (ECAS).
e 3mm zone keratometric equivalent readings obtained from ECAS.

Measurements and formula

o Biometry measurements: A-scan biometry was carried out.

e |0OL formula: SRK Il formula was used to calculate the IOL power.
¢ |OL constant optimisation: not reported.
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o Details of assessment/assessor: not reported.

Cataract surgery and IOL implantation: 2 surgeons performed uncomplicated phacoemulsification cataract operations through a 5mm sutureless frown
incision and 3-step scleral tunnel, with implantation of the same type of 5mm posterior chamber lens (Pharmacia 809P) in the capsular bag.

Randomisation, allocation, blinding
Randomisation/allocation: details not reported. Stated “patients were randomized” only.
Blinding: stated that patients were refracted 3 months post-operatively “on a masked basis by the first author”.

Details

Sample size calculation: not reported

Post-operative assessment: post-operative refraction carried out 3 months after surgery.
Study outcomes:

o Mean prediction error or deviation from predicted refraction i.e. difference between planned refraction and actual refraction was determined using the
calculated spherical equivalent

o Absolute mean prediction error
o Number of eyes within a deviation from predicted (assumed) absolute refraction of 0.5 dioptres
Group comparisons: t-test (mean errors), Wilcoxon 2-sample test (mean absolute errors)

Missing data handling/loss to follow up

Not reported.
Prediction errors and absolute prediction errors
Keratometry, n=23 Corneal topography (ECAS), n=23
Prediction error® 0.13 + 1.03 -0.19 £ 0.81
Absolute prediction error® 0.80 + 0.65 0.55 + 0.62

*Data in means + standard deviations dioptres
Between group differences: p>0.1 (mean prediction error) and p>0.05 (absolute mean prediction error)

Number (proportion) of eyes within a deviation from predicted (assumed) absolute refraction of 0.5 dioptres

Range of prediction error (dioptres, D) | Keratometry, n=23 Corneal topography (ECAS), n=23
<0.5* 8 (34.8%) 16 (69.6%)
>0.5 15 (65.2%) 7 (30.4%)

*Between group differences: p<0.05

Overall risk of bias: This study has a high risk of bias, due to the lack of reporting of specific methods such as randomisation, blinding, missing data and
measurement procedures for biometry and keratometry.
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Other information: Not relevant

Was the allocation sequence adequately generated? Unclear

Was allocation adequately concealed? Unclear

Was knowledge of the allocated intervention adequately prevented during the study? Unclear
Were incomplete outcome data adequately addressed? Unclear

Are reports of the study free of suggestion of selective outcome reporting? Unclear

Was the study apparently free of other problems that could put it at a high risk of bias? No

45 Observational studies in people undergoing phacoemulsification cataract surgery with a history of corneal refractive surgery

Country/ies where the study was carried out: USA
Study type: Retrospective case series

Aim of the study: To compare different methods of intraocular lens (IOL) power determination using keratometry and topography in eyes with a history of
corneal refractive surgery undergoing phacoemulsification and to compare the results with those of the intraoperative wavefront aberrometer (Orange)
method

Study dates: June 2011 to March 2012

Source of funding: unrestricted grant from the Research to Prevent Blindness
Sample size

33 people (46 eyes)

Diagnostic criteria
Not reported

Inclusion criteria

o People with a history of laser-assisted in situ keratomileusis (LASIK), photorefractive keratectomy (PRK) and radial keratotomy (RK) who had
phacoemulsification cataract surgery with posterior chamber lens implantation

Exclusion criteria
* No post-operative data
e Unreliable post-operative refractions because of macular pathology
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o Keratometry value below 30 dioptres that could not be entered in the intraoperative aberrometer

Baseline characteristics

e Mean age (SD, range): 60 (7.9, 34 to 72) years

o Male/female: 22 (66.7%) / 11 (33.3%)

o Right/left eye: 21 (45.6%) / 25 (54.4%)

o Myopic PRK / myopic LASIK / hyperopic LASIK/ RK: 7 /26 /6 / 10 [3 people had RK and another refractive procedure]
Interventions

Keratometry: IOLMaster, n=33 (46 eyes, assumed)

o |OLMaster (Carl Zeiss Meditec, Dublin CA).

Corneal topography: TMS or Pentacam, n=33 (46 eyes, assumed)
e Topography Modelling System (Tomey Inc, Phoenix Inc) or Pentacam (Oculus Optikgerate GmbH, Germany).
e Average 3mm central keratometry values used in IOL formula.

Measurements and formula
e Biometry measurements (axial length and anterior chamber depth): IOLMaster.

o |OL formula: SRK-T formula was used to calculate the IOL power for keratometry and corneal topography groups. Additionally, the American Society of
Cataract and Refractive Surgery (ASCRS) online calculations (www.iolcalc.org) were used to calculate the IOL power for the keratometry group, taking
the average |OL power value. For myopic treatments, the calculator used information from two formulas (Shammas method and Haigis-L). For hyperopic
treatments, only the Haigis-L formula was used. For RK treatments, the Double K-Holladay 1 formula was used. Information on measurements before
and after refractive surgery was not entered.

o |IOL constant optimisation: not reported.

Cataract surgery and IOL implantation: 8 surgeons performed phacoemulsification cataract surgery with posterior chamber lens implantation. Four lens
models were used: 29 Alcon SN60WF, 11 Advanced Medical Optics ZA9003, 4 Alcon SNBAT and 2 Bausch and Lomb Crystalens AT52A0. No
intraoperative complications were recorded.

Details

Post-operative assessment: Post-operative cataract surgery spherical equivalent refraction and type and power of the implanted IOL were obtained from
clinical records. Desired post-operative spherical equivalent target of emmetropia.

Study outcomes:

o Mean prediction error (difference between predicted and actual power for emmetropia)

o Absolute mean prediction error (absolute difference between predicted and actual power for emmetropia)
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Group comparisons: repeated measures analysis of variance (ANOVA) and post-hoc pairwise least significant difference tests

Prediction errors and absolute prediction errors

Keratometry (ASCRS estimation Keratometry (SRK-T Corneal topography (SRK-T formula),
using variable formulas), n=33 (46 formula), n=33 (46 eyes, n=33 (46 eyes, assumed)
eyes, assumed) assumed)

Prediction error* -0.33 £ 1.65 1.27 £ 1.55 0.84 + 2.14

Absolute prediction error® 1.23+1.13 1.52 + 1.29 1.69 + 1.56

*Data in means # standard deviations dioptres

Overall risk of bias: This small retrospective case series has a high risk of bias, due to the lack of reporting of specific methods such as details of
measurement procedures including experience of assessors, methods of assessing post-operative refraction and how IOL power was selected at surgery.
Biometry measurements were standardised using the IOLMaster.

Other information: Not relevant

Country/ies where the study was carried out: South Korea

Study type: Retrospective case series

Aim of the study: To compare methods of intraocular lens (IOL) power calculation using different values of keratometry and topography in people with a
history of myopic refractive surgery undergoing phacoemulsification

Study dates: 2008 to 2010

Source of funding: not reported

Sample size

47 people (47 eyes)

Diagnostic criteria
Not reported

Inclusion criteria

o People with a history of laser-assisted in situ keratomileusis (LASIK) or photorefractive keratectomy (PRK) for myopia and subsequent
phacoemulsification cataract surgery

o People that were examined with all methods (Orbscan Il, Pentacam and IOLMaster)

Exclusion criteria
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o No manifest refraction after cataract surgery
o Missing biometry data such as axial length or keratometry

Baseline characteristics

Mean age (SD, range): 52.4 (9.5, 41 to 65) years

o Male/female: 22 (46.8%) / 25 (53.2%)

o Mean duration from refractive surgery to cataract surgery (SD, range): 8.67 (5.45, 1 to 16) years
o Mean spherical equivalent before cataract surgery (SD, range): -5.37 (2.58, -9.25 to -1.75) dioptres
e Mean corrected distance visual acuity: 20/100

e Mean axial length (SD): 27.75 (2.19) mm

Interventions, measurement and formula

Keratometry: Partial coherence interferometry (PCl), n=47 (assumed)

o |OLMaster version 5.0.

o Keratometry (K; corneal radii) measurements using IOLMaster.

o Biometry measurements (axial length and anterior chamber depth): immersion ultrasound.

o |OL formula: SRK/T formula using the PCI system’s K value was used to calculate IOL power. In addition, the Haigis-L formula was calculated online
using study access provided by Haigis. The data for the Haigis-L formula were not extracted because confounding from the different formulas used in the
keratometry and topography groups would obscure the findings.

o |OL constant optimisation: not reported.

Corneal topography A: Pentacam Scheimpflug, n=47 (assumed)
e Pentacam version 1.17r24.

o Keratometric measurements for cataract surgery were performed 3 times and a central value on the Scheimpflug system’s true net corneal power (TNP)
map was selected after the centration and alignment of the cornea were confirmed. The exact central value in the TNP map and equivalent K of the
Scheimpflug system were selected as the K value and used in the IOL power calculations. The TNP data were preferentially compared with the
keratometry data.

* Biometry measurements (axial length): partial coherence interferometry.

e |OL formula: SRK/T formula.

o |IOL constant optimisation: not reported.

Corneal topography B: Orbscan I, n=47 (assumed)
e Orbscan Il version 3.12.
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o This study reports the analysis of the achieved refraction and its deviation from the calculated value using the corneal power measured with the Orbscan
Il after previous corneal refractive surgery. Corneal power was assessed using: simulated K, 2.0mm diameter central zone of the total mean power (TMP
2.0mm) map and 4.0mm diameter central zone of total optical power (TOP 4.0) maps centred on the pupil.

o Biometry measurements (axial length): partial coherence interferometry.
e |OL formula: SRK/T formula.
e |OL constant optimisation: not reported.

Cataract surgery and IOL implantation: 1 experienced surgeon performed uneventful standard phacoemulsification cataract surgery with 10OL
implantation (Acrysoft SN60AT, Alcon Laboratories Inc) in the capsular bag in all patients.

Details

Post-operative assessment: The target refraction was plano in 37 eyes and -3.00 dioptres in 10 eyes. The manifest refraction was measured 2 months after
surgery. Data were collected from primary sources in patient charts.

Study outcomes:

o Mean prediction error (difference between post-operative refraction and expected refraction)

o Absolute median prediction error

o Number of eyes achieving absolute prediction errors within various ranges

Group comparisons: one-way analysis of variance (ANOVA) between prediction errors according to each K value and corneal radius and paired t-tests
between estimated refraction and post-operative refraction

Prediction errors and absolute prediction errors

Keratometry Keratometry Corneal topography A Corneal topography A (Orbscan Il and SRK-T
(Haigis-L (SRK-T (Scheimpflug and SRK-T formula), n=47
formula), n=47 | formula), n=47 formula)), n=47
True net Equivalent Simulated K 2.0mm 4.0mm
corneal K diameter diameter
power central zone of | central zone of
the total mean total optical
power power
Prediction 0.03 £ 1.06 1.68 + 1.34 0.34 £ 1.75 1.69 + 1.41 -0.95 + 1.61 0.16 £ 1.90 0.37 £2.18
error* (-1.8 to 1.315) (-0.665 to 4.265) | (-1.735to (-1.075 to (-4.01t0 3.28) | (-5.065 to 4.515) | (-5.1351t0 4.715)
3.905) 5.055)
Median 0.81 £ 0.52 1.73+£1.20 1.13+£0.95 1.81+£1.34 1.25 +1.07 0.94 +1.09 1.23 £1.22
absolute (0.085 to (0.02 to 4.265) (0.26 to 3.815) | (0.07 to (0.005to 4.01) | (0.38 to 4.515) (0.25 to 5.29)
prediction 1.815) 5.055)
error’
*Data in means # standard deviations (range) dioptres
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AData in median absolute error + SD of mean error (range) dioptres

Mean IOL power implanted (SD, range): 17.63 (4.20, 4.0 to 23.5) dioptres

Number (proportion) of eyes achieving absolute prediction errors within various ranges

Keratometry Keratometry Corneal topography A Corneal topography A (Orbscan Il and(SRK-T
(Haigis-L (SRK-T (Scheimpflug and SRK-T formula), n=47
formula), n=47 formula), n=47 formula), n=47
True net Equivalent | Simulated | 2.0mm diameter | 4.0mm diameter
corneal K K central zone of central zone of
power the total mean total optical
power power
Within £0.5 30 (64.5%) 5(11.1%) 15 (31.3%) 10 (22.2%) 6 (13.6%) 17 (36.1%) 9 (19.5%)
dioptres
Within £1.0 38 (80.6%) 16 (33.3%) 24 (51.7%) 18 (37.5%) 17 (36.4%) | 27 (58.3%) 21 (45.2%)
dioptres
Within £1.5 43 (92.3%) 30 (63%) 32 (68.8%) 23 (48.1%) 21 (45.5%) | 33 (69.4%) 27 (58.1%)
dioptres
Within £2.0 47 (100%) 31 (66.7%) 41 (87.5%) 31 (66.7%) 36 (77.3%) | 39 (83.3%) 38 (80.6%)
dioptres

Numbers calculated from reported percentages in parentheses, assumed n=47 in each group

4E.3.2

£33.2.1

Intraocular lens formulas

Other information: Not relevant

Internal Clinical Guidelines, 2017

Virgin eyes without a history of corneal refractive surgery

Country/ies where the study was carried out: England
Study type: Retrospective database study
Aim of the study: To assess how intraocular lens (IOL) formula choice affects refractive outcomes after cataract surgery using IOLMaster biometry
Study dates: November 2005 to September 2009
Source of funding: None reported, but co-author RL Johnston declared as medical director of Medisoft Ltd which supplies the hospital trust included in
this study with the Electronic Patient Record for Ophthalmology that was used to collect the data
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Overall risk of bias: This small retrospective case series has a high risk of bias, due to the use of unstandardized biometry measurements between
keratometry and Pentacam topography groups, unclear IOL constant optimisation, lack of details on how the IOL power was selected at surgery and
methods for assessing post-operative refraction.
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Sample size
8108 eyes

Diagnostic criteria
Not reported

Inclusion criteria

People undergoing uneventful phacoemulsification cataract surgery with in-the-bag IOL placement at 1 hospital trust
o Pre-operative biometry and keratometry undertaken using the IOLMaster

o Post-operative subjective refraction

e Post-operative corrected distance visual acuity (CDVA) of 6/12 or better

Exclusion criteria
o Corneal astigmatism of more than 3.0 dioptres (D)
o Concurrent additional surgical procedures e.g. trabeculectomy, vitrectomy, limbal relaxing incisions

Baseline characteristics (not reported in this paper. Data below extracted from accompanying publication included in review question 7 on |IOL constant
optimisation “Aristodemou P, Cartwright NEK, Sparrow JM, et al. Intraocular lens formula constant optimization and partial coherence interferometry
biometry: refractive outcomes in 8108 eyes after cataract surgery. J Cataract Refract Surg 2011; 37:50-62")

10L model L161A0 Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
Age (years)* 76.15 +9.29 76.30 + 8.90

Axial length (mm)* 23.51+1.26 2341 +1.17

Keratometry (dioptres)* 43.83 £ 1.52 43.87 £1.48

*Data in means #* standard deviations

Interventions and comparators: IOL formulas

e Hoffer Q

o SRK/T

» Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry (axial length, AL) and keratometry: IOLMaster

e Formula: Using the K values, AL and selected IOL model and power, the predicted post-operative refractive outcome for each eye and every formula was
calculated using the appropriate optimised formula constant

o |OL constants: optimised using method similar to that of Jabbour 2006 (J Cataract Refract Surg 32:2091-7). Bausch & Lomb L161AO Sofport Advanced
Optics and Bausch & Lomb Akreos Fit have a manufacturer’s A constant of 118.0.

Cataract surgery and IOL implantation: 66 surgeons performed phacoemulsification cataract surgery with in-the-bag implantation using Bausch & Lomb
L161AO Sofport Advanced Optics (3-piece IOL with an aspheric silicone optic, 2 polymethylmethacrylate haptics) or Bausch & Lomb Akreos Fit (1-piece
hydrophilic IOL).
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Details

Post-operative assessment: subjective post-operative refraction assessed at least 4 weeks after surgery in hospital or via a proforma letter from the

community optometrist at the individual's post-operative clinic visit 6 weeks after surgery.

Study outcomes:

o Prediction error and mean absolute error in deviation from the predicted post-operative refraction (difference between actual post-operative spherical
equivalent of the subjective refraction and the predicted post-operative refractive outcome)

o Proportion of eyes within various ranges of the predicted post-operative refractive outcome

Group comparisons: two-way analysis of variance (ANOVA)

Axial length subgroups: refractive outcomes were compared between eyes grouped in 0.5mm and 1.0mm intervals of AL, depending on the number of eyes
available for analysis

Missing data handling/loss to follow up

No missing data reported.

Mean errors and mean absolute errors

Study did not report measures of dispersion to accompany mean errors and mean absolute errors, and therefore these data have not been extracted.
Commentary of the statistical analysis provided in the results section relevant to the statistically significant findings is extracted below. NB: Data for
Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

10L Axial length subgroup Number of eyes Statistically significant findings
L161A0 Sofport 20.00 and 21.49 134 Hoffer Q performed best with AL<21.49mm
Advanced Optics 22.00 to 22.49mm 663 SRK/T had the lowest mean absolute error
27.00 to 28.99mm 29 SRKI/T performed best
30.00+mm 9 SRKI/T performed best
Number of eyes (proportion) within various ranges of the target refraction
Number of eyes (proportion) within £0.25D of the target refraction*

Axial length L161A0 Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)

group (mm) Number of eyes Hoffer Q SRKIT Number of eyes Hoffer Q SRK/T
20.00-20.99 42 22 8 18 1 1
21.00-21.49 92 36 24 27 9 9
21.50-21.99 323 110 113 106 34 40
22.00-22.49 663 245 265 223 80 87
22.50-22.99 1091 447 458 361 134 141
23.00-23.49 1232 505 542 381 160 145
23.50-23.99 1046 429 439 329 145 135
24.00-24.49 667 273 280 214 90 92
24.50-24.99 364 149 149 123 57 58
25.00-25.49 208 77 73 65 30 28
25.50-25.99 140 49 50 46 18 19
26.00-26.49 99 42 37 26 9 10
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26.50-26.99

72

23 27 9 7 5
27.00-27.99 71 25 36 10 2 6
28.00-28.99 29 7 11 2 Not reported Not reported
29.00-29.99 8 2 3 3 Not reported Not reported
30.00+ 9 0 2 2 Not reported Not reported
Number of eyes (proportion) within £0.50D of the target refraction*
Axial length L161A0O Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
group (mm) Number of eyes Hoffer Q SRKIT Number of eyes Hoffer Q SRK/T
20.00-20.99 42 30 15 18 6 4
21.00-21.49 92 60 54 27 15 15
21.50-21.99 323 203 207 106 64 72
22.00-22.49 663 431 464 223 134 149
22.50-22.99 1091 742 753 361 238 249
23.00-23.49 1232 862 899 381 263 267
23.50-23.99 1046 764 764 329 240 240
24.00-24.49 667 467 474 214 158 156
24.50-24.99 364 240 248 123 96 91
25.00-25.49 208 144 141 65 51 49
25.50-25.99 140 90 92 46 26 30
26.00-26.49 99 65 70 26 19 20
26.50-26.99 72 47 51 9 8 8
27.00-27.99 71 40 53 10 6 9
28.00-28.99 29 15 22 2 Not reported Not reported
29.00-29.99 8 2 5 3 Not reported Not reported
30.00+ 9 1 5 2 Not reported Not reported
Number of eyes (proportion) within #1.00D of the target refraction*
Axial length L161A0 Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
group (mm) Number of eyes Hoffer Q SRK/T Number of eyes Hoffer Q SRK/T
20.00-20.99 42 36 30 18 13 12
21.00-21.49 92 81 78 27 23 22
21.50-21.99 323 291 291 106 95 96
22.00-22.49 663 630 636 223 203 203
22.50-22.99 1091 1015 1015 361 329 336
23.00-23.49 1232 1170 1158 381 354 347
23.50-23.99 1046 983 994 329 309 309
24.00-24.49 667 634 627 214 205 203
24.50-24.99 364 342 346 123 121 118
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25.00-25.49 208 196 196 65 63 59
25.50-25.99 140 134 132 46 40 38
26.00-26.49 99 89 92 26 25 25
26.50-26.99 72 63 67 9 9 9
27.00-27.99 71 62 66 10 9 10
28.00-28.99 29 25 28 2 Not reported Not reported
29.00-29.99 8 7 7 3 Not reported Not reported
30.00+ 9 5 7 2 Not reported Not reported
*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: USA

Study type: Retrospective case series

Aim of the study: To evaluate the relationship between eyes with long axial length and post-operative refractive errors as predicted by various commonly
used intraocular lens (IOL) formulas using the Zeiss |IOLMaster

Study dates: January 2004 to March 2009

Source of funding: None reported

Sample size

53 eyes in 36 people

Diagnostic criteria
Not reported

Inclusion criteria

o People with axial length greater than 27.0mm measured by the IOLMaster with a sound noise ratio of more than 2.1 undergoing uneventful
phacoemulsification cataract surgery with |OL implantation

o Post-operative best corrected visual acuity more than 20/40

Exclusion criteria

o Incomplete pre-operative or post-operative data
o History of amblyopia

e Severe macular damage

Baseline characteristics

IOL models Alcon MA60MA (22 eyes), MA50BM (28 eyes), SA60AT (3 eyes) in 36 people
Age (years)* 69.76 (34 to 84)
Axial length (mm)* 30.3
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Right:left eyes 24:29
Posterior staphyloma” 10 (19%)
Previous retinal detachment® 7 (13%)

*Data in means * standard deviations (ranges) as appropriate
ANumber of eyes (proportion); calculated from reported percentages
Interventions and comparators: IOL formulas
* Haigis
o Hoffer Q
e Holladay 2
e SRK/T
e Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

e Biometry and keratometry: IOLMaster with a sound noise ratio of more than 2.1
e Formula: not reported.

e |OL constant: not reported.

Cataract surgery and IOL implantation: 6 surgeons performed uneventful phacoemulsification cataract surgery with IOL implantation of the Alcon
MAG60MA, MA50BM or SAG0AT.

Details

Post-operative assessment: post-operative refraction assessed at a mean of 44 days after surgery

Study outcomes:

o Mean absolute errors (actual post-operative spherical equivalent minus predicted post-operative spherical equivalent)

» Proportion of eyes within various ranges of the predicted post-operative spherical equivalent

Group comparisons: (repeated) analysis of variance (ANOVA)

Axial length subgroups: refractive outcomes were reported in 3 categories: 27 to <29.07mm, 29.07 to 30.62mm, >30.62mm

Missing data handling/loss to follow up
No missing data reported.
Mean absolute errors

Alcon MA60MA (22 eyes), MA50BM (28 eyes), SA60AT (3 eyes) in 36 people
Mean absolute errors in dioptres*
Axial length group (mm) Number of eyes Haigis Hoffer Q Holladay 2 SRK/T
27 to <29.07 18 0.26 + 0.55 0.58 + 0.66 0.41 + 0.66 0.16 £0.48
29.07-30.62 18 0.36 £ 0.57 0.76 £ 0.82 0.58 £ 0.77 0.42 £ 0.64
>30.62 17 0.95 + 0.56 1.72+£0.73 1.44 + 0.63 1.28 £ 0.69
All eyes 53 0.52 + 0.63 1.02 £ 0.88 0.81 £ 0.81 0.62 +£0.77

*Data in mean * standard deviation
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NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes within various ranges of the predicted post-operative spherical equivalent

Alcon MAG60OMA (22 eyes), MA50BM (28 eyes), SA60AT (3 eyes) in 36 people
Number of eyes within various ranges of the predicted post-operative spherical equivalent*

Within Haigis Hoffer Q Holladay 2 SRK/T
<0.5D 30 18 22 27
<1.0D 39 32 88 35
<2.0D 52 42 50 51
<3.0D 53 53 53 53

*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Countryl/ies where the study was carried out: England

Study type: Retrospective case series

Aim of the study: To observe the refractive outcomes of cataract surgery in small adult eyes and to investigate the accuracy of different intraocular lens
(IOL) power prediction formulas

Study dates: Not reported

Source of funding: None reported

Sample size

28 eyes in 28 people

Diagnostic criteria
Not reported

Inclusion criteria

» People with axial length less than 20.9mm undergoing uneventful phacoemulsification cataract surgery with in-the-bag IOL implantation of Acrysof
SABOAT at 1 institution

Exclusion criteria

e Combined surgical procedures

e Previous intraocular surgery (including corneal refractive surgery)
e |ntraoperative complications

* Any corneal pathology

o |OL power lower than 35 dioptres

o Lack of accurate optical biometric data

o Marked lens opacities
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e Poor fixation requiring ultrasound biometry

o Post-operative corrected distance visual acuity worse than 20/40 (logMAR 0.3)
o Subjective refraction taken less than 4 weeks after surgery

e Incomplete datasets

Baseline characteristics

IOL model Acrysof SAG0AT (28 eyes)

Age (years) 72 £ 10 (71, 55 to 92)

Male:female® 11:17

Axial length (mm)* 19.86 + 0.55 (19.94, 18.41 to 20.64)
Mean corneal power (dioptres)* 43.76 £ 2.07 (43.84, 38.70 to 48.22)
Anterior chamber depth (mm)* 2.56 £ 0.42 (2.51, 1.93 to 3.25)
*Data in means + standard deviations (medians, ranges)

ANumber of eyes

Interventions and comparators: IOL formulas

* Haigis

* Hoffer Q

o Holladay 2

o SRK/T

e Holladay 1

o SRK || NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry (axial length, AL) and keratometry: performed using the IOLMaster (Carl Zeiss, Germany). Only the signal-to-noise ratio values above 2.0 were
accepted as accurate

e Formula: The IOLMaster was used to calculate the required IOL power with the Hoffer Q formula (specifically recommended for short eyes). The
IOLMaster software and the Holladay IOL Consultant software were used to back-calculate the mean numerical errors, median and mean absolute errors
for each of the tested formulas. Biometry data were obtained from IOLMaster; lens thickness measurement was obtained using the A-scan
ultrasonography with the Accutome A-scan Plus (values accepted if at least 3 readings were available with a deviation inferior to 0.10mm)

o |OL constant: The recommended lens constant for optical biometry was used as suggested by the ULIB website.

Cataract surgery and IOL implantation: various surgeons (consultant or fellow grade undertook 27 of the 28 procedures) performed uneventful
sutureless phacoemulsification cataract surgery with either a 3.2mm or 2.75mm clear corneal incision and endocapsular-fixated IOL implantation of Acrysof
SAB0AT. Standard pseudophakic endophthalmitis prophylaxis was employed in all cases.

Details
Post-operative assessment: Post-operative refraction was assessed at least 4 weeks after surgery

Study outcomes:
e Mean prediction errors
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¢ Median and mean absolute errors (absolute values of the difference between the actual and predicted post-operative spherical equivalent)
» Proportion of eyes achieving absolute errors within various ranges of target refraction
Group comparisons: one-way analysis of variance (ANOVA)

Missing data handling/loss to follow up
No missing data reported.
Mean prediction errors

Mean errors in dioptres*
Acrysof SAG0AT (28 eyes)

Holladay 2 SRKIT
0.05+1.13 1.19+1.21

Haigis Hoffer Q
0.28 +1.33 -0.22 +£1.22

Mean + standard deviation
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Median and mean absolute errors

Median and mean absolute errors in dioptres*
Acrysof SAG0AT (28 eyes)

Holladay 2 SRKIT
0.82 + 0.77 (0.80) 1.34 £ 1.04 (1.20)

Haigis Hoffer Q
1.03 £ 0.87 (1.01) 0.95 +0.78 (0.76)
Mean + standard deviation (median)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Proportion of eyes achieving absolute errors within various ranges of target refraction

51

Internal Clinical

Acrysof SAG0AT (28 eyes)
Proportion of eyes within* Haigis Hoffer Q Holladay 2 SRKIT
+0.50D 12 11 12 6
+1.00D 13 17 18 12
+2.00D 24 25 26 22

Number of eyes (proportion)

NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Countryl/ies where the study was carried out: USA

Study type: Retrospective case series

Aim of the study: To evaluate the accuracy of 9 intraocular lens (IOL) formulas using 2 optical biometers
Study dates: 15" March 2010 to 27" December 2012

Source of funding: None reported
Sample size
1079 eyes in 1079 people

Guidelines, 2017
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Diagnostic criteria
Not reported

Inclusion criteria

* People who had small-incision (<3.0mm wide surgical wound) phacoemulsification cataract surgery with in-the-bag IOL implantation of Acrysof SN60OWF
at 1 private practice

o Complete pre-operative data

e Post-operative corrected distance visual acuity (CDVA) of at least 20/25

¢ No additional ocular surgery, no history of contact lens wear, no intraoperative complications, no ocular or systemic disease that might have prevented
obtaining good pre-operative measurements

Exclusion criteria
o Unexpected refractions
e Second eye surgery from the same person

Baseline characteristics

Axial length £22.0mm (41 eyes) | Axial length 226.0mm (54 eyes) Any axial length (1079 eyes)
Axial length (mm)* 21.71; 20.87 to 22.01 26.84; 25.97 to 29.44 23.81; 20.87 to 29.44
*Data in means; range
Interventions and comparators: IOL formulas
* Haigis
e Hoffer Q
e SRK/T

e Ladas Super Formula

¢ Olsen standalone formula (via PhacoOptics software version 1.10.100.2020, IOL Innovations ApS)

e Olsen OLCR formula (via Lenstar biometer, EyeSuite i8.0.0.0 Haag-Streit AG)

¢ Holladay 2 (via Holladay IOL Consultant, version 2014.06.07, Holladay Consulting)

o Barrett Universal Il formula (online)

e T2 formula (online)

» Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry and keratometry: IOLMaster version 3.02 and Lenstar LS 900 version 5.4

¢ |OL constants: Group-optimised constants were derived using computer software developed by the author. The software automatically entered patient
measurements into PhacoOptics, Holladay IOL Consultant and EyeSuite software. Data from 10 eyes were manually entered into these software to verify
the accuracy of the method. Patients’ eyes measurements were entered multiple times into the programs with different lens constants. This trial-and-error
approach was used until the mean prediction error for the entire dataset was as close to zero as possible. The value was considered to be the optimised
lens constant for that particular formula. The Haigis lens constants were obtained using linear regression
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Lens constants
Anterior chamber depth Lens Factor A Constant
Holladay 2 — Holladay2 — Olsen Barrett Universal Il T2
PreSurgRef NoPreSurgRef
PCI (1079 eyes) 5.498 5.554 4.66 1.904 119.02
OLCR (1079 eyes) 5.469 5.52 4.65 1.890 119.00

Cataract surgery and IOL implantation: 7 surgeons performed uneventful phacoemulsification cataract surgery with in-the-bag implantation of Acrysof
SN6OWF.

Details

Post-operative assessment: Subjective manifest refraction between 3 weeks and 3 months conducted by qualified technicians who had passed

standardised in-office accuracy training.

Study outcomes:

o Prediction error and mean absolute error in deviation from the predicted post-operative refraction (difference between actual post-operative SE of the
subjective refraction and the predicted post-operative SE)

» Proportion of eyes within various ranges of the predicted post-operative refractive outcome

Group comparisons: F tests

Axial length subgroups: <22.0mm and 226.0mm

Missing data handling/loss to follow up
No missing data reported.
Mean absolute errors

Mean absolute errors in dioptres*

Axial length £22.0mm (41 eyes) Axial length 226.0mm (54 eyes)
IOL formulas PCI - IOLMaster OLCR - Lenstar PCI - IOLMaster OLCR - Lenstar
Olsen_standalone 0.46+0.57 0.32+0.40 0.29+0.35 0.25+0.33
Haigis 0.41+0.51 0.39+0.46 0.28+0.37 0.26+0.35
T2 0.39+0.49 0.41+0.47 0.32+0.40 0.29+0.39
Barrett Universal Il 0.39+0.48 0.34+0.42 0.30+0.38 0.27+0.36
Holladay 2 — PreSurgRef 0.43+0.47 0.43+0.45 0.41+0.43 0.39+0.40
Holladay 2 — NoPreSurgRef 0.44+0.47 0.44+0.43 0.39+0.41 0.38+0.38
SRKIT 0.40+0.51 0.41+0.49 0.40+0.45 0.39+0.44
Ladas Super Formula 0.40+0.48 0.43+0.47 0.35+0.40 0.34+0.39
Hoffer Q 0.48+0.49 0.50+0.46 0.43+0.45 0.44+0.44
*Data in means * standard deviations
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
NB: Mean prediction errors not data extracted as no measures of dispersion have been reported
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~ Cooke DL, Cooke TL. Comparison of 9 intraocular lens power calculation formulas. J Cataract Refract Surg 2016; 42:1157-6¢4
Number of eyes (proportion) within various ranges of the target refraction
Number of eyes (proportion) within £0.50D of the target refraction*

Axial length 22.0mm (41 eyes) Axial length 226.0mm (54 eyes)
IOL formulas PCI - IOLMaster OLCR - Lenstar PCI - IOLMaster OLCR - Lenstar
Olsen_standalone (61.0%) (75.6%) (83.3%) (85.2%)
Haigis (68.3%) (65.9%) (81.5%) (83.3%)
T2 (73.2%) (70.7%) (81.5%) (83.3%)
Barrett Universal Il (78.0%) (78.0%) (75.9%) (83.3%)
Holladay 2 — PreSurgRef (65.9%) (70.7%) (68.5%) (72.2%)
Holladay 2 — NoPreSurgRef (73.2%) (58.5%) (68.5%) (74.1%)
SRKIT (68.3%) (68.3%) (75.9%) (77.8%)
Ladas Super Formula (80.5%) (75.6%) (75.9%) (72.2%)
Hoffer Q (63.4%) (53.7%) (63.0%) (61.1%)

*Proportions provided in paper
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
Number of eyes (proportion) within #1.0D of the target refraction*

Axial length £22.0mm (41 eyes) Axial length 226.0mm (54 eyes)
I0L formulas PCI - IOLMaster OLCR - Lenstar PCI - IOLMaster OLCR - Lenstar
Olsen_standalone (95.1%) (100%) (98.1%) (100%)
Haigis (95.1%) (100%) (98.1%) (98.1%)
T2 (95.1%) (95.1%) (98.1%) (96.3%)
Barrett Universal Il (92.7%) (95.1%) (98.1%) (100%)
Holladay 2 — PreSurgRef (92.7%) (92.7%) (98.1%) (98.1%)
Holladay 2 — NoPreSurgRef (87.8%) (90.2%) (98.1%) (98.1%)
SRKIT (95.1%) (95.1%) (98.1%) (94.4%)
Ladas Super Formula (92.7%) (92.7%) (96.3%) (96.3%)
Hoffer Q (87.8%) (90.2%) (96.3%) (96.3%)

*Proportions provided in paper
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: England

Study type: Retrospective case series

Aim of the study: To theoretically analyse the accuracy of intraocular lens (IOL) calculation formulas in eyes with an axial length less than 22.00mm using
the Haigis, Hoffer Q, SRK/T and Holladay 1 IOL formulas from the IOLMaster, and to assess the accuracy of standard biometry formulas after minimising
error due to possible IOL constant inaccuracy

Study dates: December 2005 to December 2010
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Source of funding: The RD Crusaders Charitable Trust (via Fight for Sight, London; grant reference 1956). Partial financial support for 2 authors from the
Department of Health through the National Institute for Health Research for the NIHR Biomedical Research Centre at Moorfields Eye Hospital NHS
Foundation Trust and UCL Institute of Ophthalmology

Sample size
163 eyes in 97 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with axial lengths less than 22.00mm undergoing elective uneventful phacoemulsification cataract surgery and implantation of a monofocal |IOL
(Bausch & Lomb Akreos AO, Akreos Adapt, Corneal ACR6D, Oculentis Lentis L302-1)

Exclusion criteria

o Previous refractive surgery

Baseline characteristics

IOL model

Bausch & Lomb
Akreos AO (32 eyes)

Bausch & Lomb
Akreos Adapt (100
eyes)

Corneal ACR6D (19
eyes)

Oculentis Lentis
L302-1 (12 eyes)

Total (163 eyes)

Age (years)*

59 + 8 (46 to 76)

57 + 11 (33 10 82)

51 £ 10 (36 to 64)

54 £ 9 (33 to 66)

57 + 10 (33 10 82)

Axial length (mm)*

21.33 £ 0.38 (20.44 to

21.41 £0.44 (19.95 to

20.23 £0.52 (19.23 to

20.67 + 0.55 (19.89 to

21.20 £ 0.60 (19.23 to

21.95) 21.98) 21.00) 21.54) 21.98)
Average keratometry | 44.06 £ 1.71 (40.87 to | 44.25+ 1.34 (40.62t0 | 43.94 115 (41.72t0 | 43.08 £ 1.24 (41.36to | 44.09 £ 1.42 (40.62 to
(dioptres)* 47.23) 46.78) 46.80) 44.86) 47.23)
Anterior chamber 2.90 £ 0.38 (2.19 to 2.83+0.30 (2.16 to 2.80 £ 0.21 (2.46 to 2.85+0.25 (2.35 to 2.84 £ 0.30 (2.16 to
depth (mm)* 3.59) 3.48) 3.27) 3.26) 3.59)

*Data in means * standard deviations (ranges)

Intervention: IOL constant optimisation
e Lens constant adjustment until the overall mean prediction error was zero was performed using the software on the IOLMaster for each lens type.
Predictive refractive outcomes following IOL constant optimisation were recalculated.

Internal Clinical

Optimised IOL constants
IOL constant Bausch & Lomb Akreos Bausch & Lomb Akreos Corneal ACR6D (19 eyes) Oculentis Lentis L302-1
AO (32 eyes) Adapt (100 eyes) (12 eyes)
Haigis a0 1.061 0.741 1.668 0.667
Hoffer Q pACD 5.37 5.00 5.98 5.04
SRK/T A-constant 119.1 118.5 120.3 118.8

NB: Data for Holladay 1 SF have not been extracted as this formula has been identified as no longer in use by the guideline committee

Comparator: IOLMaster IOL constants

Guidelines, 2017
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¢ |IOL constants for each formula (Haigis a0, a1 and a2; Hoffer Q pACD; Holladay 1 SF) were the standard values derived by the |OLMaster software using
the SRK/T A constant value from the packaging of the appropriate IOL type or nominal value reported on the User Group for Laser Interference Biometry
(ULIB) website.

Standard IOL constants

IOL constant Bausch & Lomb Akreos Bausch & Lomb Akreos Corneal ACR6D (19 eyes) Oculentis Lentis L302-1
AO (32 eyes) Adapt (100 eyes) (12 eyes)

Haigis a0 1.273 1.273 2.523 1.273

Hoffer Q pACD 4.96 4.96 6.21 4.96

SRK/T A-constant 118.0 118.0 120.0 118.0

NB: Data for Holladay 1 SF have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements and formula
o Biometry (axial length, AL and anterior chamber depth, ACD) and keratometry: IOLMaster (Carl Zeiss Meditech Inc)

e Formula: Implanted IOL power based on Haigis, Hoffer Q, SRK/T and Holladay 1 IOL formulas using software in the IOLMaster

Cataract surgery and IOL implantation: 1 surgeon performed cataract surgery through a 2.75mm temporal clear corneal incision using an AMO
WhiteStar Signature or Alcon Legacy phacoemulsification system with in-the-bag IOL implantation of Bausch & Lomb Akreos AO, Akreos Adapt, Corneal
ACRG6D or Oculentis Lentis L302-1

Details

Post-operative assessment: post-operative refractive data assessed at least 2 weeks after surgery using Topcon KR8000 series autorefractor (meantSD,

median, range: 5.3+3.9, 4.0, 2.0 to 17.7 weeks)

Study outcomes:
o Prediction error (difference between post-operative spherical equivalent and predicted spherical equivalent)

o Number of eyes (proportion) within various ranges of target refraction

Group comparisons: paired t test, one way analysis of variance (ANOVA)

Missing data handling/loss to follow up

None reported.

Prediction errors

Standard IOL constants
Mean prediction errors in dioptres*
IOL Bausch & Lomb Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
formulas Akreos AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Haigis 0.47 £0.47 (0.31 to -0.27 £ 0.62 (-0.39 to - 2.36 £ 1.05 (1.89 to 1.45 £ 0.97 (0.91 to 2.00) 0.31+1.13 (0.13 to
0.63) 0.15) 2.84) 0.48)
Hoffer Q -0.77 £ 0.62 (-0.99to - | -0.08 £ 0.60 (-0.19t0 0.04) | 0.75+0.94 (0.32to0 1.17) | -0.15+ 1.05 (-0.75 to 0.45) | -0.12 + 0.80 (-0.25 to
0.56) 0)
SRK/T -1.35+ 0.66 (-1.58 to -0.58 £ 0.68 (-0.72 to - -0.43 £ 1.00 (-0.88 to -1.19 £ 1.05 (-1.78 to - -0.76 £ 0.82 (-0.89 to
1.12) 0.45) 0.02) 0.60) -0.63)

Internal Clinical Guidelines, 2017
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*Data in means + standard deviations (ranges)
Comparative data for optimised IOL constants not provided for mean prediction errors
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Mean absolute errors

Mean absolute errors in dioptres*

Bausch & Lomb Akreos | Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)

Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL (o] IOL IoL IOL IoL oL IOL IOL IOL (o]
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 0.37+0.28 | 055+ 044 +035 | 053+ 0.86+0.58 | 2.36 +1.05 | 0.77 £0.51 | 1.45+0.97 | 0.50 £ 0.41 | 0.82 £ 0.83

(0.28 to 0.36 (0.42 | (0.38 to 0.42 (0.45 | (0.60 to (1.89 to (0.48 to (0.91 to (0.44 to (0.69 to

0.47) to 0.68) 0.51) to 0.61) 1.12) 2.84) 1.06) 2.00) 0.57) 0.94)
HofferQ | 0.50+0.37 | 0.84 046+0.39 | 047+ 0.74+0.58 | 0.89+0.80 | 0.83+0.61 | 0.88 £0.53 | 0.53 £ 0.44 | 0.62 £ 0.52

(0.37 to 0.53 (0.66 | (0.39to 0.39 (0.39 | (0.48to (0.53 to (0.48 to (0.58 to (0.46 to (0.54 to

0.63) to 1.02) 0.54) to 0.54) 1.00) 1.25) 1.17) 1.19) 0.60) 0.70)
SRKIT 0.50+0.37 | 135+ 0.52+042 | 072+ 0.79+0.56 | 0.92+0.56 | 0.85+0.56 | 1.32+£0.87 | 0.57 £ 0.45 | 0.91 £ 0.64

(0.37 to 0.66 (1.12 | (0.43 to 0.53 (0.62 | (0.53to (0.67 to (0.53 to (0.83 to (0.50 to (0.81 to

0.63) to 1.58) 0.60) to 0.83) 1.04) 1.17) 1.16) 1.80) 0.64) 1.01)

*Data in means + standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) within various ranges of target refraction

Number of eyes (proportion) within £0.25D of target refraction

Bausch & Lomb Akreos

Bausch & Lomb Akreos

Corneal ACR6D (19

Oculentis Lentis L302-1

Total (163 eyes)

Internal Clinical Guidelines, 2017

AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL oL IOL oL oL IOL IOL IOL IOL
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 12 8 35 34 3 0 2 1 52 42
Hoffer Q 10 4 39 33 3 2 4 2 55 46
SRKIT 11 2 32 23 2 2 3 2 47 29
Number of eyes (proportion) within £0.50D of target refraction
Bausch & Lomb Akreos | Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL 1oL IOL oL 1oL oL oL IOL IOL IOL IOL
formulas constant constant constant constant constant constant constant constant constant constant
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Haigis 24 17 68 57 4 0 4 3 101 77
18 10 60 62 9 8 4 4 91 85
SRKIT 20 4 54 43 6 5 4 3 85 55
Number of eyes (proportion) within £1.00D of target refraction
Bausch & Lomb Akreos | Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL IoL IOL IoL oL IOL IOL IOL (o]
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 31 29 93 86 12 0 7 4 143 119
Hoffer Q 28 23 92 9 14 12 6 6 142 132
SRKIT 28 8 89 72 14 10 6 4 137 95
*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: India

Study type: Prospective case series

Aim of the study: To compare the predictive ability of 4 intraocular lens (IOL) formulas (SRK/T, Hoffer Q, Holladay | and Haigis) in eyes shorter than
22.0mm and longer than 24.5mm

Study dates: October 2013 to August 2014

Source of funding: None reported

Sample size

80 eyes in 80 people

Diagnostic criteria
Not reported

Inclusion criteria

o People with any type of cataracts and normal anterior and posterior segment, undergoing uneventful phacoemulsification cataract surgery with in-the-bag
monofocal IOL implantation with same A constant (118.7) at 1 outpatient department

e Eyes with axial length of either <22.0mm or >24.5mm

o Post-operative best corrected visual acuity (BCVA) of 6/12 or better at 6 weeks

Exclusion criteria
e Children
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* People with psychiatric iliness, traumatic cataract, several corneal degeneration, corneal opacity, vitreous degeneration and other vitreous pathology,
diabetic retinopathy, developmental and acquired retinal diseases, squint and high corneal astigmatism

Baseline characteristics

Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Male:female 11:29 25:15
Age (years)* 58.98 + 9.29 59.23 + 11.82
Axial length (mm)* 21.39 £ 0.58 24.93 £ 0.80
Mean anterior chamber depth (mm) 2.43 3.56
Keratometry (dioptres)* 46.28 £+ 1.22 43.30+£1.75
*Data in means #* standard deviations

Interventions and comparators: IOL formulas

* Haigis

« Hoffer Q

o SRK/T

o Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

» Biometry (axial length, AL and anterior chamber depth, ACD): immersion ultrasound A-scan machine ECHORULE 2 (BIOMEDIX)

o Keratometry: IOLMaster

e Formula: Using software of ECHORULE 2 with optimisation of A-constant, Haigis, Hoffer Q, Holladay | and SRK/T formulas were used to calculate IOL
power for each axial length subgroup.

e Target in IOL power selection: post-operative refraction nearest to plano erring on the side of myopia. The IOL formula that predicted a lens power with
the post-operative refraction nearest to plano was selected.

o |OL constants: optimised A-constant

Cataract surgery and IOL implantation: One surgeon performed uneventful phacoemulsification cataract surgery with in-the-bag monofocal implantation
using standard technique (an incision and side-port paracentesis, injection of an ophthalmic viscoelastic device [OVD] into the anterior chamber to create a
Continuous Curvilinear Capsulorhexis; hydrodissection using Balanced Salt Solution [BSS]; phacoemulsification, aspiration of cortex and implantation of
foldable posterior chamber IOL using the recommended injector system; OVD was removed, surgical wounds hydrated with BSS; no sutures were applied;
all wounds were checked for leakage). Subconjunctival gentamycin and dexamethasone injections were given at the end of surgery. Ofloxacin (0.3%) and
dexamethasone (0.1%) eye drops were given post-operatively in tapering frequency for 1.5 months.

Details

Post-operative assessment: Actual post-operative spherical equivalent (SE) measured using autorefractometer, retinoscopy and subjective correction at

1.5 months (6 weeks).

Study outcomes:

¢ Prediction error and mean absolute error in deviation from the predicted post-operative refraction (difference between actual post-operative SE of the
subjective refraction and the predicted post-operative SE)
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e Proportion of eyes within various ranges of the predicted post-operative refractive outcome
Group comparisons: Kruskal Wallis test
Axial length subgroups: <22.0mm and >24.5mm

Missing data handling/loss to follow up

Prediction errors

No missing data reported.

Mean prediction errors in dioptres*
IOL formulas Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Haigis 1.32 + 0.80 (-0.67 to 2.46) 0.70 £ 0.81 (-1.17 to 2.28)
Hoffer Q -0.15 + 0.68 (-1.63 to 1.29) -0.01 + 0.84 (-1.98 to 1.55)
SRKIT 0.08 £ 0.71 (-1.51 t0 1.75) 0.10 + 0.66 (-1.01 to 1.88)

*Data in means * standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Mean absolute errors

Mean absolute errors in dioptres*

I0L formulas Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Haigis 1.36 + 0.75 (0.07 to 2.50) 0.83 + 0.67 (0.04 to 2.28)
Hoffer Q 0.59 £ 0.36 (0.02 to 1.63) 0.68 + 0.48 (0.01 to 1.98)
SRK/T 0.54 + 0.46 (0.01 to 1.75) 0.51+£0.42 (0.01 to 1.88)

*Data in means * standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes

proportion) within various ranges of the target refraction

Number of eyes (proportion) withi

n #0.50D of the target refraction*

IOL formulas Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Haigis 7 (17.5%) 17 (42.5%)
Hoffer Q 17 (42.5%) 17 (42.5%)
SRKIT 22(55.0%) 20 (50.0%)

NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) withi

n £1.00D of the target refraction*

IOL formulas Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Haigis 14 (35.0%) 27 (675%)
Hoffer Q 36 (90.0%) 30 (75.0%)
SRKIT 33 (82.5%) 34 (85.0%)

NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

IOL formulas

Number of eyes (proportion) greater than £1.00D of the target refraction*
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Axial length <22.0mm (40 eyes) Axial length >24.5mm (40 eyes)
Haigis 26 (65.0%) 13 (32.5%)
Hoffer Q 4 (10.0%) 10 (25.0%)
SRKIT 7 (17.5%) 6 (15.0%)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: Egypt

Study type: Prospective case series

Aim of the study: To evaluate the accuracy of different formulas used for intraocular lens (IOL) power calculation in people with high axial myopia
undergoing cataract surgery

Study dates: May 2006 to April 2007

Source of funding: Not reported

Sample size

53 eyes in 51 people

Diagnostic criteria
Not reported

Inclusion criteria
o People with axial length greater than 25.0mm scheduled for phacoemulsification cataract surgery with IOL implantation

Exclusion criteria

o Previous ocular surgery

e Combined surgical procedures
o Eventful cataract surgeries

e Corneal surface irregularities

Baseline characteristics

IOL models I-Medical (53 eyes in 51 people)
Age (years)* 55.04 +7.73 (39 to 67)
Male:female® 21:30
Axial length (mm)* 28.20 £ 1.57 (25.5 t0 31.4)
Keratometry (dioptres)* 44.33 + 1.28 (41.50 to 47.29)
Anterior chamber depth (mm)* 3.397 £ 0.37
Senile:pre-senile cataracts® 36:17
Fundus changes:myopic degenerations” 46:19
Posterior staphyloma” 7
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Glasses:contact lens * 31:1

*Data in means + standard deviations (ranges) as appropriate
ANumber of eyes (proportion)
Interventions and comparators: IOL formulas
o Haigis
o SRK/T
o Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

e Biometry (axial length, AL): immersion A-scan ultrasound technique by Hansen scleral shell and B mode with horizontal macular scanning COM—PACT
Il (Quantel Medical)

o Keratometry: performed using computerised coloured video keratometer, prior to taking axial length measurements

e Formula: Implant IOL power calculated using the Haigis, SRK/T and Holladay 1 formulas by the same person

o |OL constant: not reported.

Cataract surgery and IOL implantation: uneventful phacoemulsification cataract surgery through a sutureless 3.2mm incision was performed; the site of
the incision was selected according to the pre-operative corneal astigmatism if present, with IOL in-the-bag implantation of a foldable lens (I-Medical,
Germany).

Details

Post-operative assessment: post-operative refraction assessed at 1 day, 1 week, 2 weeks, 1 month, 2 months and 3 months after surgery using Canon (R-
30) autorefractometer

Study outcomes:

o Mean errors (difference between the formula predicted refractive error and the actual post-operative refractive error)

o Proportion of eyes within 1.0 dioptre of mean absolute error

Group comparisons: not reported

Axial length subgroups: refractive outcomes were reported in 3 categories: 25 to 27mm, >27 to 29mm, >29 to 31.4mm

Missing data handling/loss to follow up
No missing data reported.
Mean errors

I-Medical IOL
Mean errors in dioptres
Axial length group (mm) Number of eyes Haigis SRKIT
25-27 15 0.03 0.04
>27-29 23 0.17 0.15
>29-31.4 15 0.46 0.33
All eyes 53 0.21 0.17
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
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Proportion of eyes within 1.0 dioptre of mean absolute error
I-Medical IOL (53 eyes)
Proportion of eyes within 1.0 dioptre of mean absolute error®
Haigis SRKI/T
44 44
*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Countryl/ies where the study was carried out: South Korea

Study type: Retrospective case series

Aim of the study: To compare the accuracy of the Hoffer Q and Haigis formulas according to the anterior chamber depth (ACD) in cases of short axial
length

Study dates: April 2008 to September 2013

Source of funding: None reported

Sample size

75 eyes in 75 people

Diagnostic criteria
Not reported

Inclusion criteria

» People with axial length less than 22mm undergoing uneventful phacoemulsification cataract surgery with in-the-bag IOL implantation of Acrysof IQ at 2
institutions

o Axial length measurements determined by the IOLMaster and with at least 3 valid measurements with a signal-to-noise ratio (SNR) above 1.5 for a single
measurement and a SNR above 2.0 for the composite signal

Exclusion criteria

o History of traumatic cataracts

e Previous ocular surgery (e.g. penetrating keratoplasty or refractive surgery)

» Previous complicated cataract surgery (e.g. anterior or posterior capsular ruptures)
o Sulcus-fixated lenses

o Post-operative complications (e.g. decentred or tilted IOL)

o Post-operative best corrected visual acuity less than 20/40

Baseline characteristics
| 1OL model | Acrysof 1Q (75 eyes)
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Age (years) 70.1 + 6.8 (52 to 85)
Male:female® 5:70

Axial length (mm)* 21.69 + 0.29 (20.32 to 21.99)
Corneal power (dioptres)* 46.34 + 1.28 (43.67 to 49.46)
Anterior chamber depth (mm)* 2.63 £ 0.39 (1.87 to 3.51)
Right:left? 39:36

*Data in means + standard deviations (ranges)

ANumber of eyes

Interventions and comparators: IOL formulas
* Haigis
e Hoffer Q

Biometry and keratometry measurements

o Biometry (axial length, AL and anterior chamber depth, ACD) and keratometry: performed using the |IOLMaster (version 5.02 or higher, Carl Zeiss,
Germany). At least 3 valid axial length measurements with a signal-to-noise ratio (SNR) above 1.5 for a single measurement and a SNR above 2.0 for
the composite signal were accepted.

e Formula: IOL power calculated using the Hoffer Q and Haigis formulas.

o |OL constant: The pseudophakic ACD (pACD) was 5.64 for the Hoffer Q formula and the a0, a1 and a2 constants were =0.767, 0.220 and 0.219
respectively for the Haigis formula. The data adjusted pACD for the Hoffer Q formula was calculated using the Haigis constant optimisation Excel
spreadsheet for optical biometry which also optimises the lens constant for Hoffer Q formula.

Cataract surgery and IOL implantation: 3 experienced surgeons performed uneventful phacoemulsification cataract surgery under topical anaesthesia
with a 2.2mm or 2.75mm clear temporal corneal incision and a continuous capsulorhexis slight smaller than the IOL optic size using a 26 gauge needle.
Standard phacoemulsification technique was used and IOL implantation of Acrysof SAG0AT into the capsular bag using an injector system

Details

Post-operative assessment: Post-operative refraction was assessed between 3 and 10 weeks after surgery using an autorefractor/keratometer (RK-F1

Canon, Tokyo)

Study outcomes:

» Prediction errors (difference between the post-operative objective refractive spherical equivalent and pre-operative refraction predicted by the IOLMaster
using the Hoffer Q and Haigis formulas)

e Median and mean absolute errors

e Proportion of eyes achieving post-operative predictive refractive error within various ranges of pre-operative predicted refraction

Group comparisons: Wilcoxon signed rank test

Missing data handling/loss to follow up

No missing data reported.

Mean errors

| Mean errors in dioptres*
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Acrysof 1Q (75 eyes)
Haigis Hoffer Q
0.20 (-1.09 to 1.54) -0.23 (-1.65 t0 0.97)

Mean (range)

Median and mean absolute errors

Absolute errors in dioptres*
Acrysof 1Q (75 eyes)
Haigis Hoffer Q
0.46 (0.40) 0.49 (0.40)

Mean (median)

Proportion of eyes achieving post-operative predictive refractive error within various ranges of pre-operative predicted refraction

Acrysof 1Q (75 eyes)
Proportion of eyes within* Haigis Hoffer Q
+0.25D 28 22
+0.50D 50 47
+1.00D 66 66
>12.00D 0 (extracted as per text) 0 (extracted as per text)

Number of eyes (proportion); calculated from reported percentages

Country/ies where the study was carried out: Australia

Study type: Retrospective case series

Aim of the study: To assess the accuracy of 7 intraocular lens (IOL) power formulas (Barrett Universal Il, Haigis, Hoffer Q, Holladay |, Holladay 2, SRK/T,
T2) using IOLMaster biometry and optimised lens constants

Study dates: February 2010 to November 2015

Source of funding: None reported

Sample size

3241 eyes in 3241 people

Diagnostic criteria
Not reported

Inclusion criteria

e People who had uneventful phacoemulsification cataract surgery with in-the-bag IOL implantation of an Acrysof IQ SN60OWF at 1 tertiary centre
o Pre-operative biometry using IOLMaster (version 5.4, Carl Zeiss Meditec AG)

o Randomly selected eye for people undergoing bilateral phacoemulsification cataract surgery
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Exclusion criteria

e Incomplete pre-operative biometry

e Corneal astigmatism greater than 3.0 dioptres

o Complicated cataract surgery, additional procedures during cataract surgery

o Post-operative corrected distance visual acuity (CDVA) worse than 6/12 refraction performed before 14 days post-operatively
o Post-operative complications

¢ Incomplete documentation

* No formal refraction post-operatively

Baseline characteristics

10L Acrysof IQ SN60WF (3241 eyes)
Male:female (%) 45.6:54.4
Right:left eye (%) 51.4:48.6
Axial length (mm)* 23.50 £ 1.06
Keratometry (dioptres)* 43.71 £ 1.51
IOL power (dioptres)* 21.48 £ 2.91
*Data in means #* standard deviations

Interventions and comparators: IOL formulas

* Haigis

o Hoffer Q

e SRK/T

e Holladay 2 (via Holladay IOL Consultant software)

e T2 (online)

o Barrett Universal Il (online)
¢ Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry and keratometry: |IOLMaster

¢ |OL constants: for optimised constants for Hoffer Q, Holladay | and SRK/T, the IOL constant for each formula for each patient was varied in 0.001 steps
until the difference between the predicted spherical equivalent (SE) and actual SE for the patient was zero. The optimised IOL constant was calculated
as the mean of all the individual patients’ IOL constants (excluding outliers further than 2 standard deviations from the sample mean). Haigis formula had
triple optimisation by calculating the anterior chamber depth constant that would have resulted in the actual post-operative refractive result; a double
linear regression analysis was undertaken to find the remaining Haigis constants. The optimised SRK/T constant was used to calculate the T2 formula
result. The Holladay 2 formula was optimised in the IOL Consultant program. The recommended lens constant for the Barrett Universal Il formula was
used as no method currently exists to optimise lens constant using the online calculator.

SRKIT A Hoffer Q personalised anterior Holladay 2 constant Haigis Barrett Universal Il lens constant
constant chamber depth ao | a1 | a2
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118.824

5.462

0.996

0.279 0.129

5.630

118.99

Details

Study outcomes:

Missing data handling/loss to follow up

No missing data reported.

Prediction errors and mean absolute errors
NB: no measures of dispersion were reported for prediction errors and mean absolute errors and therefore have not been data extracted.

Number of eyes (proportion) within various ranges of the target refraction

Cataract surgery and IOL implantation: uneventful phacoemulsification cataract surgery with in-the-bag implantation of an Acrysof IQ SN60OWF lens
(single piece hydrophobic acrylic with an aspheric biconvex optic) in 1 institution.

Post-operative assessment: Subjective refraction after 14 days post-operatively conducted by orthoptic staff or by optometrists in the community.

» Prediction error and mean absolute error in deviation from the predicted post-operative refraction (difference between actual post-operative SE of the

subjective refraction and the predicted post-operative SE)
e Proportion of eyes within various ranges of the predicted post-operative refractive outcome
Group comparisons: Friedman test, Conover test for post hoc analysis
Axial length subgroups: <22.0mm (short), >22.0 to <24.5mm (medium), 224.5 to <26.0mm (medium long) and =26.0mm (long)

Number of eyes (proportion) within £0.25D of the target refraction*

Axial length Axial length >22.0 to | Axial length 224.5 to Axial length Any axial length (3241
IOL formulas <22.0mm (156 eyes) | <24.5mm (2638 eyes) | <26.0mm (372 eyes) | 226.0mm (77 eyes) eyes)?
Haigis (36.5%) (39.0%) (38.4%) (36.0%) (38.8%)
Hoffer Q (28.2%) (39.0%) (34.9%) (33.3%) (37.9%)
SRKIT (32.7%) (38.6%) (38.7%) (38.7%) (38.3%)
Barrett Universal Il | (30.8%) (42.7%) (46.2%) (34.7%) (43.5%)
T2 (33.3%) (390%) (39.5%) (30.7%) (39.9%)
Holladay 2 (31.4%) (379%) (41.4%) (32.0%) (37.9%)

*Proportions provided by paper
AReported total as 3241 in paper, although subgroups add up to 3243
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) within #0.50D of the target refraction*

Axial length Axial length >22.0 to | Axial length 224.5 to Axial length Any axial length (3241
I0L formulas <22.0mm (156 eyes) | <24.5mm (2638 eyes) | <26.0mm (372 eyes) | 226.0mm (77 eyes) eyes)?
Haigis (62.8%) (69.0%) (68.5%) (57.3%) (68.3%)
Hoffer Q (55.8%) (68.1%) (68.8%) (53.3%) (67.2%)
SRKIT (59.6%) (70.8%) (66.7%) (62.7%) (69.6%)
Barrett Universal Il | (62.2%) (71.3%) (76.6%) (62.7%) (72.3%)
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57

Internal Clinical

AReported total as 3241 in paper, although subgroups add up to 3243
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

T2 (60.3%) (69.5%) (71.2%) (64.0%) (70.0%)
Holladay 2 (61.5%) (68.1%) (67.2%) (57.3%) (67.4%)
*Proportions provided by paper

Number of eyes (proportion) within £1.00D of the target refraction*

NB: Data for Holladay

AReported total as 3241 in paper, although subgroups add up to 3243

Axial length Axial length >22.0 to | Axial length 224.5 to Axial length Any axial length (3241

IOL formulas <22.0mm (156 eyes) | <24.5mm (2638 eyes) | <26.0mm (372 eyes) | 226.0mm (77 eyes) eyes)?

Haigis (91.0%) (93.0%) (93.8%) (88.0%) (92.9%)

Hoffer Q (91.0%) (92.9%) (94.1%) (82.7%) (92.7%)

SRKIT (92.3%) (93.9%) (94.4%) (92.0%) (93.8%)

Barrett Universal Il | (92.3%) (94.2%) (97.8%) (92.0%) (94.5%)

T2 (92.9%) (93.5%) (94.9%) (86.7%) (93.9%)

Holladay 2 (91.7%) (94.0%) (93.5%) (88.0%) (93.7%)

*Proportions provided by paper

1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) within £2.00D of the target refraction*

AReported total as 3241 in paper, although subgroups add up to 3243
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Axial length Axial length >22.0 to | Axial length 224.5 to Axial length Any axial length (3241

IOL formulas <22.0mm (156 eyes) | <24.5mm (2638 eyes) | <26.0mm (372 eyes) | 226.0mm (77 eyes) eyes)?

Haigis (100.0%) (99.6%) (99.5%) (98.7%) (99.6%)

Hoffer Q (100.0%) (99.6%) (99.5%) (98.7%) (99.6%)

SRKIT (99.4%) (99.8%) (99.7%) (97.3%) (99.7%)

Barrett Universal Il | (100.0%) (99.9%) (100.0%) (100.0%) (99.9%)

T2 (99.4%) (99.7%) (99.7%) (100.0%) (99.7%)

Holladay 2 (100.0%) (99.7%) (99.7%) (97.3%) (99.7%)

*Proportions provided by paper

Study type: Retrospective case series
Aim of the study: To determine the accuracy of the Holladay 1, Hoffer Q, SRK Il and SRK/T intraocular lens (IOL) power calculation in people with high
myopia in a subset of Indian population undergoing cataract surgery
Study dates: May to October 2009
Source of funding: None reported

Sample size
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43 eyes in 43 people

Diagnostic criteria
Not reported

Inclusion criteria
e People with axial length greater than 24.50mm undergoing phacoemulsification cataract surgery with in-the-bag IOL implantation

Exclusion criteria

o Pre-existing astigmatism >3.0 dioptres

o Corneal scar

o Keratoconus

o Complications affecting refractive status (vitreous loss with IOL implanted in sulcus or anterior chamber, high wound induced astigmatism)

Baseline characteristics

IOL models Hydrophilic acrylic foldable IOL (43 eyes)

Axial length (mm)* (24.75 to 32.35)

Keratometry (dioptres) 81% were within the normal range of 42.0 to 46.0 dioptres
*Data in means * standard deviations (ranges) as appropriate

Interventions and comparators: IOL formulas

o Hoffer Q

o SRK/T

* Holladay 1

o SRK Il NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline
committee

Biometry and keratometry measurements

o Biometry (axial length, AL): A-scan contact ultrasound using Echorule2

o Keratometry: retrieved from records. No further details provided

e Formula: The implanted IOL power was used to calculate the predicted post-operative refractive error with 4 formulas: Hoffer Q, SRK/T, Holladay 1, SRK
Il

o |OL constant: not reported.

Cataract surgery and IOL implantation: phacoemulsification cataract surgery with IOL in-the-bag implantation of a hydrophilic acrylic foldable lens in the
posterior chamber.

Details
Post-operative assessment: spherical equivalent measured by 1 trained optometrist using an autorefractor and subjective retinoscopy 1 to 2 months after

surgery
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Study outcomes:

e Mean errors (difference between the formula predicted refractive error and the actual post-operative refractive error)
¢ Proportion of eyes within 1.0 dioptre of mean absolute error

Group comparisons: repeated measures analysis of variance (ANOVA)

Axial length subgroups: refractive outcomes were reported in 1 category: 24.5 to 26.5mm

Missing data handling/loss to follow up
No missing data reported.
Mean errors

Hydrophilic acrylic foldable IOL (43 eyes)

Mean errors in dioptres*

Axial length group (mm) Number of eyes Hoffer Q SRKI/T
24.5-26.5 20 0.47 £1.29 0.84 +1.31
All eyes (24.75 to 32.35) 43 0.58 + 1.23 0.92+1.19

*Data in means + standard deviations
NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline committee

Proportion of eyes within 1.0 dioptre of mean absolute error

Hydrophilic acrylic foldable IOL

Proportion of eyes within 1.0 dioptre of mean absolute error*

Axial length group (mm) Number of eyes Hoffer Q SRKIT

All eyes (24.75 to 32.35) 43 19 17

*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline committee

Countryl/ies where the study was carried out: Greece

Study type: Retrospective case series

Aim of the study: To compare the predictive capacity of 4 intraocular lens (IOL) power calculation formulas (Haigis, Hoffer Q, SRK/T and Holladay 1) in
eyes shorter than 22mm

Study dates: February to July 2012

Source of funding: None reported

Sample size

69 eyes in 69 people

Diagnostic criteria
Not reported
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Inclusion criteria
People, aged 40 and over with axial length less than 22mm undergoing phacoemulsification cataract surgery with IOL implantation at 1 institution
Post-operative best corrected visual acuity of 20/40 or better

Exclusion criteria

* Pre-operative best corrected visual acuity of 20/200 or worse

e Corneal abnormalities

e Previous intraocular or corneal surgery (including keratorefractive surgery)

o History of ocular injury or uveitis

o Intraoperative complications e.g. posterior capsule rupture, vitreous loss, lost nucleus, zonule dehiscence and wound leak

Baseline characteristics

IOL model Alcon SN60OWF (69 eyes)
Age (years) 73.5+£7.2

Male:female”® 30:39

Axial length (mm)* 21.50 + 0.40 (20.20 to 21.99)
Corneal power (dioptres)* 43.7 £ 1.50 (40.31 t0 47.88)
Anterior chamber depth (mm)* 2.43 (2.28 to 2.97)

*Data in means * standard deviations (ranges), as appropriate

ANumber of eyes; calculated based on reported ratio

Interventions and comparators: IOL formulas

* Haigis

* Hoffer Q

o SRK/T

o Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry (axial length, AL and anterior chamber depth, ACD): performed using the immersion A-scan ultrasonography Ocuscan RxP (Alcon)

o Keratometry: measured using automated keratometer Speedy-K, Righton, Right Mfg Co Ltd

e Formula: Appropriate IOL power was measured for each formula using the software of Ocuscan. Target refraction was plano, erring on the side of
myopia.

e |OL constant: Optimised lens constants were used in the Ocuscan, which included customisation for specific IOLs. No details provided on how IOL
constants were optimised.

Cataract surgery and IOL implantation: 1 surgeon performed uneventful phacoemulsification cataract surgery with standard technique using topical
anaesthesia wand a clear 2.75mm incision and side-port paracentesis. Ophthalmic viscoelastic device was injected into the anterior segment and a
continuous curvilinear capsulorhexis was created. Phacoemulsification was conducted using the Infinity Vision System and an Alcon SN60WF IOL
implanted into the posterior chamber using the recommended injector system.
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Details

Post-operative assessment: Post-operative refraction was assessed 1 month after surgery

Study outcomes:

o Prediction errors (difference between the actual post-operative spherical equivalent and predicted post-operative spherical equivalent) and mean
absolute errors

» Proportion of eyes within specified target refraction

Group comparisons: Mann-Whitney U test

Missing data handling/loss to follow up
No missing data reported.
Mean errors

Mean errors in dioptres*
Alcon SN60WF (69 eyes)
Haigis Hoffer Q SRKIT
-0.02 + 0.06 (-1.23 to 1.08) -0.09 £ 0.10 (-1.73 t0 1.75) 0.41 £ 0.23 (-1.59 t0 2.14)
Mean + standard deviation (range)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Mean absolute errors

Absolute errors in dioptres*
Alcon SN60WF (69 eyes)
Haigis Hoffer Q SRKIT
0.43 £ 0.22 (0.25 to 1.25) 0.72 + 0.51 (0.25 to 2.00) 0.97 + 0.38 (0.25 to 2.25)
Mean + standard deviation (range)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Proportion of eyes within specified target refraction

Alcon SN6OWF (69 eyes)
Proportion of eyes within* Haigis Hoffer Q SRK/T
+0.50D 50 41 13
+1.00D 64 59 47

Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: Turkey
Study type: Retrospective case series
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Aim of the study: To compare the accuracy of various biometric formulas for predicting post-operative refraction determined using applanation A-scan
ultrasound

Study dates: Not reported

Source of funding: None reported

Sample size

485 eyes in 417 people

Diagnostic criteria
Not reported

Inclusion criteria

o People, 18 years and older who had uneventful phacoemulsification cataract surgery with intraocular lens (IOL) implantation at 1 institution
o Post-operative visual acuity of 20/40 or better

Exclusion criteria

e Combined procedures

o Post-operative astigmatism greater than 2.0 dioptres

o Capsule rupture and failure to place the lens in the bag

Baseline characteristics

Any axial length (417 people)
Male:female 247:170
Age (years)* 65.34 + 10.64 (26 to 88)
*Data in means # standard deviations (range) as appropriate
Interventions and comparators: IOL formulas
o Hoffer Q
e SRK/T
¢ Holladay 1
e Binkhorst II

« SRK Il NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these formulas have been identified as no longer in use by the
guideline committee

Biometry and keratometry measurements

e Biometry: ocular ultrasound biometry (Sonomed EZ Scan AB 5500+, Lake Success, NY USA)
o Keratometry: Autorefractometer
e Target in IOL power selection: lowest myopic value in predicted refractive outcomes.

Cataract surgery and IOL implantation: One surgeon performed uneventful cataract surgery using a peristaltic phacoemulsification machine (Sovereign
Compact-WhiteStar; AMO Irvine CA USA) under anaesthesia with 0.5% topical proparacaine solution, 2.4mm clear corneal incision on the steeper corneal
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hydration.

Details

Study outcomes:

Missing data handling/loss to follow up
No missing data reported.
Mean absolute errors

Post-operative assessment: Manifest refraction was measured 4 to 6 weeks post-operatively.

meridian, foldable hydrophobic acrylic IOL in the capsular bag. The incision was self-sealing and mild oedema around the incision site was induced by

e Mean absolute error in deviation from the predicted post-operative refraction (absolute values of the difference between actual post-operative SE of the

subjective refraction and the predicted post-operative SE)
o Proportion of eyes within various ranges of the predicted post-operative refractive outcome
Group comparisons: one-way repeated measures ANOVA
Axial length subgroups: <22.0mm (short), 22.0 to 25.0mm (average) and 225.0mm (long)

Mean absolute errors in dioptres*

Axial length £22.0mm (32

Axial length 22.0 to 25.0mm

Axial length 225.0mm (31 eyes)

Any axial length (485 eyes)

I0L formulas eyes) (422 eyes)
Hoffer Q 0.76 + 0.65 0.55 + 0.44 0.63 £ 0.52 0.57 £ 0.46
SRK/T 0.70 £ 0.64 0.51+042 0.61 +0.50 0.53+0.44

committee

*Data in means + standard deviations
NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline

Number of eyes

proportion) within various ranges of the target refraction

IOL formulas

Number of eyes (proportion) within £0.50D of the target refraction

Axial length £22.0mm (32
eyes)

Axial length 22.0 to 25.0mm
(422 eyes)

Axial length 225.0mm (31 eyes)

Any axial length (485 eyes)

Hoffer Q

15 (46.9%)

221 (52.4%)

15 (48.4%)

251 (51.8%)

SRKIT

14 (43.8%)

245 (58.1%)

15 (48.4%)

274 (56.5%)

committee

NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these fo

rmulas have been identified as no lon

ger in use by the guideline

IOL formulas

Number of eyes (proportion) within #1.00D of the target refraction

Axial length <22.0mm (32
eyes)

Axial length 22.0 to 25.0mm
(422 eyes)

Axial length 225.0mm (31 eyes)

Any axial length (485 eyes)

Hoffer Q

26 (81.3%)

374 (88.6%)

24 (77.4%)

424 (87.4%)

SRKIT

24 (75.0%)

374 (88.6%)

23 (74.2%)

421 (86.8%)

committee

NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline

IOL formulas

Number of eyes (proportion) within 1.50D of the target refraction
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Axial length £22.0mm (32 Axial length 22.0 to 25.0mm Axial length 225.0mm (31 eyes) | Any axial length (485 eyes)
eyes) (422 eyes)
Hoffer Q 30 (93.8%) 406 (96.2%) 28 (90.3%) 464 (95.7%)
SRKIT 30 (93.8%) 409 (96.9%) 30 (96.8%) 469 (96.7%)

NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline
committee

Number of eyes (proportion) within #2.00D of the target refraction
Axial length 22.0 to 25.0mm Axial length 225.0mm (31 eyes)
(422 eyes)

Axial length £22.0mm (32

Any axial length (485 eyes)
eyes)

IOL formulas
Hoffer Q 31 (96.9%) 415 (98.3%) 31 (100.0%) 477 (98.4%)
SRK/T 31 (96.9%) 420 (99.5%) 31 (100.0%) 482 (99.4%)

NB: Data for Holladay 1, Binkhorst Il and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline
committee

Percival SPB, Vyas AV, Setty SS, et al. The influence of implant design on accuracy of post-operative refraction. Eye 2002; 16:309-15
Country/ies where the study was carried out: England

Study type: Retrospective case series

Aim of the study: To assess the degree of accuracy of post-operative refraction that may be achieved with modern techniques and a new lens of modern
design, Centerflex lens (Rayner Intraocular Lenses Ltd style 570H)

Study dates: Not reported

Source of funding: Not reported

Sample size

500 eyes in 500 people

Diagnostic criteria
Not reported

Inclusion criteria
¢ Adults undergoing phacoemulsification cataract surgery with in-the-bag IOL placement

Exclusion criteria

o Children

o Other intraocular lens implant besides the Centerflex

e Surgical complications not permitting bag placement

e Corneal pathology that made keratometry uncertain

o Extreme dementia

o NB: study provided a list of reasons for visual acuity less than 6/9 at 1 month for 57 eyes (36 age-related macular degeneration; 1 retinitis pigmentosa; 1
pre-operatively treated retinal detachment; 8 amblyopia; 1 optic atrophy; 3 central retinal vein occlusion; 1 interstitial keratitis; 5 macular oedema)
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Baseline characteristics
I0L model Centerflex lens (500 eyes)
Age (years)* 76.4 (36 to 96)
Male:female 202:298
*Data in mean (range)

Full citation
Interventions and comparators: IOL formulas
o Retrospectively, IOL formulas were assessed for all axial lengths. The following formulas were examined:
o Hoffer Q
o SRK/T
o Mean of Hoffer Q and SRK/T
Biometry and keratometry measurements
o Biometry (axial length, AL): contact A-scan ultrasound (BVI Axis model, Spectrum Ophthalmics) by 1 of 2 orthoptists specialising in the technique
o Keratometry: automated handheld keratometer (Nidek KM-500)
o Target refraction: between -0.1 and -0.8D, but varied according to individual circumstances
e Formula: IOL implant power was calculated using IOL formulas selected depending on axial length: Hoffer Q for AL<22mm; SRK/T for AL>24.5mm and a
Mean of the Hoffer Q and SRK/T for AL between 22.0 and 24.5mm.
o |OL constant: A constant used for the Centerflex varied between 117.85 and 117.90 as the study progressed. The manufacturer's recommendation was
118.0. After an initial 20 cases not included in this study, the A constant was personalised to 117.90 with the recommended constant being 117.88.
Cataract surgery and IOL implantation: 4 surgeons (1 consultant: 282; 1 senior house officer: 6; 2 associate specialists: 212) performed
phacoemulsification cataract surgery through a 3.0mm clear corneal wound and primary in-the-bag implantation of the Centerflex lens (Rayner Intraocular

Lenses Ltd style 570H). Wounds were placed in the steepest meridian for any keratometric cylinder above 1.0D and were otherwise temporal. Paired limbal
relaxing incisions were made at the start of surgery where appropriate. The curvilinear capsulorhexis varied between 5.0 and 6.0mm in diameter. Some
capsule exhibited an anterior radial team at the end of surgery.

Details

Post-operative assessment: post-operative refraction assessed at 1 week and 1 month after surgery by the study authors using streak retinoscopy when
appropriate and subjective fine tuning with trial lenses

Study outcomes:

o Number of eyes within various ranges of the target refractive outcome

Group comparisons: Fisher’s exact test and chi-square test

Axial length subgroups: refractive outcomes were reported in 4 categories: <22mm, 22.0 to 24.5mm, 24.5 to 26.0mm, >26mm

Missing data handling/loss to follow up
No missing data reported.
Number of eyes within various ranges of the target refractive outcome

Centerflex lens

Number of Within £0.50D Within #1.00D

Axial length eyes Hoffer Q SRKI/T Mean of Hoffer Q and Hoffer Q SRKIT Mean of Hoffer Q and
group (mm) refracted SRKI/T SRK/T
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<22.00 54 35 25 36 48 43 45
22.0-24.5 400 Not reported Not reported 334 Not reported Not reported 392
24.5-26.0 26 20 20 21 26 26 26

>26.0 20 12 16 15 17 19 17

*Number of eyes (proportion); calculated from reported percentages

Countryl/ies where the study was carried out: Germany

Study type: Retrospective case series

Aim of the study: To determine whether error in intraocular lens (IOL) calculation in highly myopic patients can be corrected using optimised constants
and to evaluate the predictability of different IOL power calculation formulas using the new constants

Study dates: 2003 to 2007

Source of funding: None reported

Sample size

50 eyes in 32 people

Diagnostic criteria
Not reported

Inclusion criteria
o People undergoing phacoemulsification cataract surgery with IOL implantation of Acrysof MAGOMA at a single institution
o Willing to participate in the study

Exclusion criteria

Absent partial coherence interferometry biometry data

Pathology that may affect the accuracy of biometry calculations (e.g. retinal detachment surgery, corneal scars)
Severely reduced visual acuity (hand movements or worse)

Unable to participate in refraction because of glaucoma, amblyopia or myopic degeneration

Baseline characteristics
IOL model

Acrysof MAG60OMA (50 eyes in 32 people)
Positive-dioptre IOL (30 eyes) | Negative-dioptre IOL (18 eyes) | Zero-dioptre IOL (2 eyes)

Internal Clinical

Age (years)*

57.14 + 10.27 (35 to 77)

Axial length (mm)* 31.15+£1.69 33.20 £2.25 31.37 and 35.34
K value (mm)* 7.56 £ 0.28 7.71£0.33 7.60 and 8.34
Anterior chamber depth, ACD (mm)* | 3.72 + 0.11 3.59+0.12 Not evaluated

*Data in means # standard deviations (ranges) as appropriate

Intervention: ULIB IOL constant optimisation

Guidelines, 2017
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o Post-operative refractive results were used to calculate individualised IOL constants for positive-dioptre and negative-dioptre ranges within the framework
of the User Group for Laser Interference Biometry (ULIB) project to optimise constants for optical biometry. The need to treat plus and minus IOLs
differently for optimised outcomes is based on lens geometry changes during the transition from plus to minus dioptres, with the lens’ principal planes
switching sides relative to the haptic plane. Because the positions of principal planes and IOL constants are directly linked, different constants are
needed. No specific details on actual IOL constants were provided.

e The estimated post-operative refractive outcome was re-evaluated by inputting the new constants into the IOLMaster calculation algorithm with the pre-
operative anatomic data. In 18 eyes, the ACD was not measured pre-operatively so the target refraction was calculated using the Haigis formula in 32
eyes (18 positive-dioptre IOL, 14 negative-dioptre IOL). For the other formulas, the target refraction was calculated for all eyes.

Comparator: Standard non-ULIB optimised IOL constants
o The constants for AcrySof MA60OBM were used as there are no commonly accepted optimised constants for the AcrySof MAGOMA. The AcrySof
MAG60BM has a similar optical design and same constant for ultrasound biometry but a different available range of dioptres.
AcrySof MA60MA IOL (based on data from AcrySof MA6OBM)
IOL formula constant

Haigis Hoffer Q personalised anterior SRKIT A constant, Holladay 1 surgeon SRK Il A constant,
a0 al a2 chamber depth, pACD AC factor, SF SRKIIAC
1.443 | 0.077 0.163 6.08 119.8 2.33 120.4

o To make allowances for the different geometries of positive and negative dioptre 10Ls, 2 sets of optimised constants were derived for each IOL power
sign. No further details were provided on how these were derived.

IOL formula constant Positive-dioptre IOL Negative-dioptre IOL
Haigis a0 5.74 -4.01

Hoffer Q personalised anterior chamber depth, pACD 16.15 -4.86

SRK/T A constant, AC 126.63 104.43

Holladay 1 surgeon factor, SF 10.46 -6.48

SRK Il A constant, SRKIIAC 119.47 120.09

Biometry and keratometry measurements and formula
o Biometry (axial length, AL) and keratometry: IOLMaster (version 3.01.0294), undertaken by a specialist (lead study author)
e Formula: All pre-operative IOL calculations undertaken with the IOLMaster

Cataract surgery and IOL implantation: experienced surgeons performed standard phacoemulsification through a 3.0mm temporal clear corneal tunnel
incision and a 5.0 to 5.5mm capsulorhexis with in-the-bag IOL implantation of the acrylic AcrySof MAGOMA.

Details

Post-operative assessment: post-operative examination undertaken by the same specialist (lead study author) — no further details provided. However,

elsewhere, states that the mean follow-up was 18.92 + 13.33 months (range 3 to 47 months)

Study outcomes:

o Prediction error i.e. deviation from post-operative refraction from the target refraction (difference between post-operative spherical equivalent and
calculated post-operative refraction)
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o Number of eyes (proportion) achieving target refraction within various ranges
Group comparisons: Paired t test

Missing data handling/loss to follow up

None reported.
Prediction errors

Prediction errors
Acrysof MA6OMA (50 eyes in 32 people)
IOL formulas Positive-dioptre IOL (30 eyes) Negative-dioptre IOL (18 eyes) Zero-dioptre IOL (2 eyes)

ULIB optimised Non-ULIB ULIB optimised Non-ULIB ULIB optimised Non-ULIB

constants* optimised constants* optimised constants* optimised

constants* constants* constants*
Haigis 0+0.21 0.57 £ 0.18 0+0.24 1.14 £ 0.21 0.79 and 1.37 0.79 and 1.37
Hoffer Q 0+0.26 1.25+0.14 0+0.49 2.10+0.19 1.65 and 2.18 1.65 and 2.18
SRKIT 0+0.17 0.59 £ 0.15 0+0.21 1.68 £0.19 1.02 and 1.49 1.02 and 1.49

*Data in means * standard deviations
NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline committee
NB: Data in Zero-dioptre IOL correctly extracted. Different results were reported for the 2 groups for the SRK Il formula only

Number of eyes (proportion) achieving target refraction within various ranges

Acrysof MAG60OMA (50 eyes in 32 people)

Haigis*

Hoffer Q*

SRKIT*

11.00D

32 (84.4%)

50 (100%)

50 (100%)

NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline committee
Unclear whether data refers to optimised/non-optimised IOL constants. No other comparative data provided
*Number of eyes (proportion)

Country/ies where the study was carried out: Thailand
Study type: Prospective case series
Aim of the study: To evaluate the results when using the Holladay 2 formula without the lens thickness value and compare the findings with those

obtained using the Haigis and Hoffer Q formulas

Study dates: June to December 2012
Source of funding: None reported

Sample size
163 eyes in 143 people

Diagnostic criteria
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Not reported

Inclusion criteria
* People undergoing phacoemulsification cataract surgery with |OL placement

Exclusion criteria
e Other ocular diseases
o Previous ocular surgery

Baseline characteristics

I0L model Hoya PY-60AD (163 eyes in 143 people)
Age (years)* 69.76 + 10.08 (44.5 to 89.0)
Axial length (mm)* 23.34 +1.21 (18.77 to 29.26)
Keratometry (dioptres)* 44.37 £ 1.46 (41.14 to 48.75)
Anterior chamber depth (mm)* | 2.97 + 0.45 (2.11 to 4.45)
White-to-white (mm)* 12.17 £ 0.74 (10.60 to 14.40)
Lens thickness (mm)* 4.90 + 0.49 (3.18 t0 5.79)
*Data in means # standard deviations (ranges)

Interventions and comparators: IOL formulas

* Haigis

* Hoffer Q

* Holladay 2 with lens thickness reading
o Holladay 2 without lens thickness reading

Biometry and keratometry measurements

o Biometry (axial length, AL; anterior chamber depth, ACD and horizontal white-to-white corneal diameter, WTW) and keratometry: IOLMaster (version 5.4,
Carl Zeiss Meditec)

o Biometry (lens thickness measurement): A-scan ultrasound (Quantel Axis-Il, Quantel Medical)

» Biometry and keratometry: All assessments were undertaken by an experienced technician

e Formula: IOL implant power was calculated using the IOLMaster (Haigis formula) and HIC.SOAP (Holladay 2 with lens thickness input, Holladay 2
without lens thickness input) and Hoffer Q formula. IOL power was chosen based on surgeon preferences.

o |OL constant: ULIB optimised IOL constant was used.

Cataract surgery and IOL implantation: 1 surgeon performed uneventful phacoemulsification cataract surgery using standard procedures with IOL
implantation of PY-60AD (Hoya).

Details
Post-operative assessment: post-operative manifest refraction assessed at 3 months

Study outcomes:

94
Internal Clinical Guidelines, 2017



Evidence Tables

e Mean and median absolute errors (absolute difference between post-operative spherical equivalent refraction and the predicted post-operative spherical
equivalent refraction)
e Proportion of eyes within various ranges of the predicted post-operative spherical equivalent refraction

Group comparisons: analysis of variance (ANOVA)
Axial length subgroups: refractive outcomes were reported in 3 categories: <22mm (short), 22.0 to 24.5mm (average), >24.5mm (long)

Sub-classification: in the average axial length group, eyes were categorised into K, ACD and WTW range

Missing data handling/loss to follow up
No missing data reported.
Mean and median absolute errors

Hoya PY-60AD
Absolute errors in dioptres*
Haigis Hoffer Q Holladay 2 with lens | Holladay 2 without

Axial length Axial length: mean Number thickness reading lens thickness

group (mm) (range) of eyes reading
<22.00 21.44 (18.77t021.94) | 15 0.44 + 0.40 (0.50) 0.42 + 0.33 (0.34) 0.44 £ 0.31 (0.47) 0.45 + 0.30 (0.46)
22.00-24.50 23.23 124 0.40 £+ 0.33 (0.32) 0.39 + 0.33 (0.31) 0.41 £ 0.31 (0.32) 0.42 + 0.30 (0.31)
>24.50 25.5 (24.54 to0 29.26) 24 0.39 £ 0.32 (0.34) 0.45 + 0.35 (0.35) 0.38 £ 0.34 (0.27) 0.39 + 0.33 (0.29)
All eyes 18.77 to0 29.26 163 0.41 £ 0.33 (0.35) 0.40 + 0.34 (0.32) 0.41 £ 0.31 (0.34) 0.41 +0.31 (0.32)

*Data in mean * standard deviation (median)

Number of eyes within various ranges of the predicted post-operative spherical equivalent refraction

Hoya PY-60AD
Number of eyes within *0.25D*
Axial length Number Haigis Hoffer Q Holladay 2 with lens Holladay 2 without lens
group (mm) of eyes thickness reading thickness reading
<22.00 15 5 6 5 5
22.00-24.50 124 52 50 45 46
>24.50 24 12 10 14 12
Number of eyes within #0.50D*
Axial length Number Haigis Hoffer Q Holladay 2 with lens Holladay 2 without lens
group (mm) of eyes thickness reading thickness reading
<22.00 15 6 9 7 7
22.00-24.50 124 82 84 87 89
>24.50 24 19 14 17 14

Number of eyes within £1.00D*
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Axial length Number Haigis Hoffer Q Holladay 2 with lens Holladay 2 without lens
group (mm) of eyes thickness reading thickness reading
<22.00 15 11 13 13 13
22.00-24.50 124 114 118 118 118
>24.50 24 24 22 20 20
*Number of eyes (proportion); calculated from reported percentages

Country/ies where the study was carried out: Hong Kong
Study type: Retrospective case series

Aim of the study: To compare the accuracy of intraocular lens (IOL) power calculation formulas in Chinese eyes with high axial myopia
Study dates: 2000

Source of funding: None reported
Sample size
40 eyes

Diagnostic criteria
Not reported

Inclusion criteria

o People with axial length at least 25.0mm undergoing uneventful cataract surgery (phacoemulsification or extracapsular cataract extraction) with posterior
chamber IOL implantation at 1 institution NB: Only data on phacoemulsification extracted

Exclusion criteria

e Ocular pathology (marked pre-existing astigmatism >3.0D, corneal scar, keratoconus, obvious posterior staphyloma detected during pre-operative fundal
examination)

o Operative procedures (combined cataract surgery with astigmatic keratectomy)

o Complications significantly affecting refractive status (loss of vitreous with an IOL implanted in the sulcus or anterior chamber, high wound-induced
astigmatism)

o Cases with missing post-operative refraction data

Baseline characteristics for entire sample (40 had phacoemulsification, 48 had extracapsular cataract extraction)

IOL models Foldable (40 eyes): Rigid (48 eyes); Plus power (75 eyes): Minus power (13 eyes)
Age (years)* (29 to 80)

Male:female® 42:46

Axial length (mm)* 28.32 (25.03 to 36.94)

Keratometry (dioptres)* 43.70 (36.44 to 49.12)

*Data in means # standard deviations (ranges) as appropriate
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ANumber of eyes

Interventions and comparators: IOL formulas

o Hoffer Q

o SRKI/T

e Holladay 1

o SRK Il NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline
committee

Biometry and keratometry measurements

o Biometry (axial length, AL): A-scan contact ultrasound (ultrasound velocity 1550m/s) using the Echoscan US 1800

o Keratometry: measurements performed

e Formula: The implanted IOL power was used to calculate the predicted post-operative refractive error by 4 IOL power calculation formulas: Hoffer Q,
SRKI/T, Holladay 1, SRK Il, with the help of the Echoscan US 1800 machine

¢ |OL constant: not reported.

Cataract surgery and IOL implantation: uneventful cataract surgery (phacoemulsification or extracapsular cataract extraction) with posterior chamber
IOL implantation.

Details

Post-operative assessment: spherical equivalent measured by optometrists using an autorefractor about 3 months after surgery
Study outcomes:

* Mean error (difference between the actual and predicted post-operative refractive errors)

Group comparisons: Student t test

Axial length subgroups: refractive outcomes were reported in 2 categories: 25-28mm, >28mm

Missing data handling/loss to follow up
No missing data reported.
Mean errors

Mean errors in dioptres
Hoffer Q SRKIT
All eyes 40 0.62 0.98
NB: Data for Holladay 1 and SRK Il have not been extracted as these formulas have been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: Taiwan

Study type: Retrospective case series

Aim of the study: To investigate the predictability of intraocular lens (IOL) power calculation using the IOLMaster and different IOL power calculation
formulas in eyes with various axial length
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Study dates: February 2007 to January 2009

Source of funding: Far Eastern Memorial Hospital (FEMH-970HHC-008), Taiwan
Sample size

200 right eyes in 200 people

Diagnostic criteria
Not reported

Inclusion criteria

» People undergoing uneventful phacoemulsification cataract surgery with in-the-bag I0OL implantation of 1-piece soft hydrophobic acrylic posterior
chamber lens (Acrysof SAG0AT) at 1 institution

Exclusion criteria
o Ocular pathology
e Operative complications
o Cases with missing data

Baseline characteristics

IOL models Acrysof SA60AT (200 eyes)
Male:female” 109:91

Axial length (mm)* 24.75 +£2.71 (20.16 to 31.16)
Keratometry (dioptres)* 43.48 + 1.66

*Data in means * standard deviations (ranges) as appropriate

ANumber of eyes

Interventions and comparators: IOL formulas

o Haigis

o Hoffer Q

e SRK/T

o Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry (axial length, AL) and keratometry: undertaken by experienced technicians using the IOLMaster (Carl Zeiss, Germany). Only the signal-to-noise
ratio value of more than 2.1 was recorded

e Formula: The implanted IOL power was used to calculate the predicted post-operative spherical equivalent by various formulas: Haigis, Hoffer Q, SRK/T
and Holladay 1. Pre-operative biometry data and the Haigis formula were used to calculate the power of the implanted IOL and predicted post-operative
spherical equivalent.

o |OL constant: Optimisation was conducted according to Nemeth 2012 (Graefes Arch Clin Exp Ophthalmol 250:132-5). The mean numeric error of each
formula was adjusted to zero by modifying the IOL constant using the Excel Query/What IF function.
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Cataract surgery and IOL implantation: 1 surgeon performed uneventful phacoemulsification cataract surgery with in-the-bag IOL implantation of 1-piece
soft hydrophobic acrylic posterior chamber lens (Acrysof SAGOAT).

Details

Post-operative assessment: Post-operative spherical equivalence was recorded at 3 months after surgery using an autorefractor (Topcon AR, Tokyo)
Study outcomes:

e Median absolute error (absolute values of the difference between the actual and predicted post-operative spherical equivalent)

Group comparisons: Wilcoxon signed rank test

Axial length subgroups: refractive outcomes were reported in 3 categories: <22mm, 22-26mm, >26mm

Missing data handling/loss to follow up
No missing data reported.
Median and mean absolute errors

Axial length group Number of eyes Absolute errors in dioptres*
(mm) Haigis Hoffer Q SRK/T
<22 33 0.66 + 0.68 (0.57) 0.67 + 0.59 (0.58) 0.78 + 0.66 (0.69)
22-26 92 0.52 £ 0.46 (0.40) 0.57 £ 0.46 (0.45) 0.56 + 0.46 (0.43)
>26 75 0.44 £ 0.49 (0.39) 0.52 £ 0.41 (0.48) 0.45+0.10 (0.41)
All eyes 200 0.49 + 0.46 (0.39) 0.55 + 0.46 (0.45) 0.53 £ 0.46 (0.43)
*Data in means + standard deviations (medians)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: USA

Study type: Retrospective case series

Aim of the study: To determine the accuracy of refractive prediction of 4 intraocular lens (IOL) calculation formulas (Haigis, Hoffer Q, SRK/T and Holladay
1) in eyes with an axial length greater than 25.0mm and to propose a method of optimising axial lengths to improve prediction accuracy

Study dates: November 2005 to April 2008

Source of funding: In part by an unrestricted grant from Research to Prevent Blindness, New York, USA

Sample size

106 eyes in 78 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with axial lengths greater than 25.0mm undergoing phacoemulsification cataract surgery with IOL implantation of Acrysof SAG0AT, SNG60AT,
SN60T, SN6OWF, MAG6OMA or MAGOAC by the same surgeon in 1 institution
e Biometric measurements using IOLMaster (Carl Zeiss Meditec Inc)
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o No previous ocular surgery
¢ No intraoperative or post-operative complications
o Post-operative corrected distance visual acuity of 20/30 or better

Exclusion criteria
o None reported

Baseline characteristics

Dataset from October 2002 to October 2005 Dataset from November 2005 to April 2008 to validate formulas
used to develop and validate formulas (n=69) (n=78)
IOL models SAB0AT/SN60AT MAG60MA MAG60MA/MAG60AC SAB0AT/SN60AT/SN60T SN60WF
Number of eyes 80 14 23 28 55
Age (years)* 62 + 11 (34 to 88) 65 + 10 (41 to 85)
Axial length (mm)* 26.66 + 0.92 (25.05 to 30.41 £ 1.58 (27.14 to 27.93+£1.00 (26.41 | 26.79+1.14 (25.03to | 26.50 + 0.97 (25.01 to
28.66) 32.98) to 30.78) 29.35) 29.56)
*Data in means * standard deviations (ranges)
NB: Data from second institution located in Germany not extracted as participants had refractive lens exchange. In addition, relevant comparative data
for the cohort from October 2002 to October 2005 were not provided and therefore, this group has not been used.

Intervention1: IOL constant optimisation

o |IOL constants for each formula were retrospectively optimised by obtaining a mean numerical error of zero using the IOLMaster (Hoffer Q, SRK/T and
Holladay 1) or multiple regression analysis (Haigis). This was done to avoid the offset errors due to systematic errors in biometry, surgical technique
and/or formulas.

Comparator1: Standard manufacturer IOL constants
No data provided for this comparison: IOL constant optimisation vs standard manufacturer IOL constants

Intervention2: Axial length optimisation
e For each eye with each |IOL formula, the optimised axial length using the manufacturer’s IOL constant to produce a refractive prediction error of zero was
back-calculated. Manufacturer’'s IOL constants were used as they serve as standard IOL constants for surgeons.

Comparator2: IOLMaster axial length

Biometry and keratometry measurements and formula
o Biometry (axial length, AL) and keratometry: IOLMaster (Carl Zeiss Meditech Inc)
e Formula: Implanted IOL power based on Holladay 1 formula at USA centre

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification cataract surgery through a 3.0 to 3.2mm temporal clear corneal tunnel
incision with IOL implantation of Acrysof SAG0AT, SN60AT, SN60T, SN6OWF, MAGOMA or MAGOAC

Details
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Post-operative assessment: post-operative refractive outcomes assessed at least 3 weeks after surgery

Study outcomes:

o Prediction error (difference between actual post-operative refractive outcome and predicted refraction). A positive refractive prediction error indicates a
hyperopic refractive outcome.

e Number of eyes (proportion) with a hyperopic refractive outcome (positive prediction error)

Group comparisons: Student t test

Missing data handling/loss to follow up
None reported.

to 1.15)

2.06)

2.25)

2.78)

to 1.19)

1.94)

SRKIT

-0.31+ 0.38 (-1.06
to 0.30)

0.42 £ 0.39 (-0.61 to
1.27)

-0.03 + 0.67 (-1.20
to 1.61)

0.35+0.61 (-0.82 to
1.79)

-0.08 £ 0.50 (-1.18
to 0.99)

0.22 + 0.46 (-0.91 to
1.37)

*Data in means * standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) with a hyperopic refractive outcome (positive prediction error)

IOL
formulas

Number of eyes (proportion) with a hyperopic refractive outcome*

MAGOMA/MAGOAC (23 eyes)

SAGOAT/SN60AT/SNGOT (28 eyes)

SNGOWF (55 eyes)

Optimised AL

IOLMaster AL

Optimised AL

IOLMaster AL

Optimised AL

IOLMaster AL

Haigis

9 (39%)

23 (100%)

15 (54%)

27 (96%)

23 (42%)

52 (95%)

Hoffer Q

11 (48%)

23 (100%)

14 (50%)

26 (93%)

22 (40%)

50 (91%)

SRKIT

6 (26%)

20 (87%)

11 (39%)

18 (64%)

26 (47%)

37 (67%)

*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Comparison 2: Optimised axial length vs. IOLMaster axial length (standard manufacturers’ IOL constants used in both groups)
Prediction errors
Mean prediction errors in dioptres*
IOL MAG60MA/MAG0AC (23 eyes) SAG60AT/SN60AT/SN6OT (28 eyes) SN60WF (55 eyes)
formulas Optimised AL IOLMaster AL Optimised AL IOLMaster AL Optimised AL IOLMaster AL
Haigis -0.05 + 0.40 (-0.63 0.83+0.39 (0.17to | -0.15+0.71 (-1.09 0.86 + 0.67 (-0.36to | -0.05 + 0.52 (-1.19 0.62 +0.47 (-0.55 to
to 0.99) 1.79) to 2.40) 3.04) to 1.17) 1.91)
Hoffer Q -0.03 + 0.45 (-0.73 1.08 £ 0.47 (0.06to | 0.15+0.77 (-1.10to | 0.88 £0.70 (-0.37 to | -0.08 £ 0.60 (-1.03 0.55+0.48 (-0.43 to

@63.2.2
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Aim of the study: To compare the accuracy and predictability of different intraocular lens (IOL) power calculation methods in eyes after myopic excimer
laser surgery

Study dates: Not reported

Source of funding: None reported

Sample size

37 eyes in 37 people

Diagnostic criteria
Not reported

Inclusion criteria
o People with a history of myopic excimer laser surgery undergoing phacoemulsification cataract surgery with IOL implantation at 6 different clinics

Baseline characteristics

Keratometry before refractive surgery (dioptres)* 43.89 + 1.14 (41.50 to 36.19)
Amount of refractive error corrected during refractive surgery (dioptres)* -6.92 + 3.12 (-2.00 to -13.00)
Laser-assisted in situ keratomileusis (LASIK)/photorefractive keratectomy (PRK)* 31/6

Axial length before phacoemulsification cataract surgery (mm)* 26.63 £ 1.42 (23.99 to 30.33)
Resultant manifest refraction spherical equivalent after phacoemulsification cataract surgery (dioptres)* -0.05 + 0.89 (-1.78 to -1.88)
Median (range) best-spectacle corrected Snellen visual acuity after phacoemulsification surgery 6/7.5 (6/5 to 6/9)

*Data in means + standard deviations (ranges)

ANumber of people

Interventions and comparators: IOL formulas/methods using historical data were programmed into Microsoft Excel spreadsheet (with exception
of Holladay 2 DK). The resultant refractive errors using the following methods/formulas were back-calculated.
o Historical data methods
o IOL power was calculated using Aramberri Double-K (DK) method, where the pre-operative refractive surgery keratometry (Kere) is used to calculate
the effective lens position, and the post-operative refractive surgery keratometry (determined using the clinical history method, Kch) is used to calculate
the vergence formula that derives the IOL power. The Double-K method was incorporated into the following formulas to determine IOL power:
- Hoffer Q DK: the Krre Was used in the tangent to calculate the predicted anterior chamber depth. The Kcu was used in the vergence formula to derive
the 10L power.
- Holladay 1 DK: the Kere was used to predict the anterior chamber depth. The Kcn was used in the vergence formula to derive the IOL power. NB:
Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee.
- Holladay 2 DK: the Kere refractive change from LASIK or PRK and anterior chamber depth (available for 6 eyes) was entered into the Holladay I0L
Consultant software (Holladay LASIK Institute, Bellaire, Tex).
- SRK-T DK: the Kere was used to calculate the computed corneal width and estimated lens position while the Kc was used in the vergence formula
to derive the IOL power.
o SRK-T FM: the Feiz-Mannis (FM) nomogram is a theoretical formula based on the assumption that a change of 1.0D of IOL power will result in a
chance of 0.67D of refraction at the spectacle plane. Because LASIK or PRK changes the refractive error by a known amount, the relative change in
IOL power can be calculated. The Feiz-Mannis nomogram is used to modify the IOL power calculated using SRK-T.
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o SRK-T LS: the Ladas-Stark or Corneal Bypass (Walter) method. The IOL power for each eye was calculated using the Kere with the SRK-T formula as
if no refractive surgery had been performed. However, the change in spherical equivalent refraction from LASIK or PRK was used as the targeted
refraction.

o SRK-T: the standard SRK-T formula was used without any Double-K modification. The Kcx was used to determine both the effective lens position and
the vergence power of the IOL.

NB: The clinical history method uses pre-refractive surgery keratometry and refractive surgery-induced manifest refraction change to correct bias in
conventional keratometry. It subtracts refractive surgery-induced refractive change from the pre-refractive surgery keratometry. Optical vergence model of
the eye uses the paraxial approximation of Gaussian optics.

Biometry and keratometry measurements

o Biometry (axial length, AL): not reported.

o Keratometry following LASIK or PRK calculated using the clinical history method , Kc: the refractive change induced by LASIK or PRK (calculated at the
corneal plane) is subtracted from the pre-operative LASIK or PRK keratometry (Kere)

e Formula: Using Aramberri technique and SRK-T formula, the post-operative phacoemulsification refraction, implanted IOL power and A-constant, the |IOL
power that would have resulted in emmetropia was back-calculated.

o |OL constants: A-constant of the implanted IOL.

Cataract surgery and IOL implantation: phacoemulsification cataract surgery with IOL implantation performed at 6 different clinics.

Details

Post-operative assessment: refractive outcome at a minimum of 1 month after phacoemulsification cataract surgery.

Study outcomes:

o Prediction error and mean absolute error

o Proportion of eyes within various ranges of the predicted error

Group comparisons: repeated measures analysis of variance (ANOVA) and Dunnett post-hoc test

Linear regression analysis was undertaken to determine whether any relationship existed between prediction error with each method and the amount of
LASIK or PRK correction and axial length of the eye

Missing data handling/loss to follow up
Not relevant.
Mean errors and mean absolute errors (n=37 eyes)

Formulas/methods using historical data Prediction error* Mean absolute error®
Hoffer Q DK 0.19 £ 0.90 (-2.11 to 2.08) 0.75 £ 0.52 (0.04 to 2.11)
Holladay 2 DK -0.04 + 0.98 (-2.60 to 1.77) 0.75 + 0.62 (0.09 to 2.60)
SRK-T DK -0.19 £ 0.95 (-2.54 to 1.54) 0.76 + 0.60 (0.02 to 2.54)
SRK-T FM -0.51 £ 1.15 (-3.00 to 1.27) 0.93 + 0.83 (0.03 to 3.00)
SRK-T LS -0.01 £ 1.02 (-2.67 to 2.24) 0.80 + 0.63 (0.01 to 2.67)
SRK-T 1.15 +0.99 (-1.51 to 3.41) 1.32 +0.73 (0 to 3.41)
*Data in means + standard deviations (ranges) in dioptres
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
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Number of eyes (proportion) within various ranges of the prediction error (n=37 eyes)

Formulas/methods using Prediction error*
historical data Within £0.5D Within £1.0D Within £2.0D
Hoffer Q DK 13 (35.1%) 28 (75.7%) 35 (94.6%)
Holladay 2 DK 17 (45.9%) 30 (81.1%) 34 (91.9%)
SRK-T DK 19 (51.4%) 25 (67.6%) 35 (94.6%)
SRK-T FM 15 (40.5%) 23 (62.2%) 32 (86.5%)
SRK-T LS 17 (45.9%) 23 (62.2%) 35 (94.6%)
SRK-T 5 (13.5%) 11 (29.7%) 33 (89.2%)

*Number of eyes (proportion)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Correlation between refractive prediction error and refractive change induced by LASIK or PRK and axial length

Formulas/methods using R value
historical data Prediction error vs LASIK/PRK change P value* Prediction error vs Axial length P value?

Hoffer Q DK 0.34 <0.05 0.17 >0.05
Holladay 2 DK 0.39 <0.05 0.25 >0.05
SRK-T DK 0.41 >0.05 0.22 >0.05
SRK-T FM 0.65 <0.05 0.38 <0.05
SRK-T LS 0.15 >0.05 0.03 >0.05
SRK-T 0.38 <0.05 0.36 <0.05

*<0.05 indicates that prediction error is significantly correlated to LASIK/PRK change
A<0.05 indicates that prediction error is significantly correlated to axial length
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Country/ies where the study was carried out: USA

Study type: Prospective case series (NCT00532051)

Aim of the study: To use optical coherence tomography (OCT) to measure corneal power and improve the selection of intraocular lens (IOL) power in
cataract surgeries after myopic laser vision correction

Study dates: Not reported

Source of funding: National Institutes of Health, Maryland (grant RO1EY018184); research grant from Optovue Inc, California; unrestricted grant to Casey
Eye Institute from Research to Prevent Blindness, New York. Authors have significant financial interests in Optovue Inc, a company that may have
commercial interest in the results; main author receives research grant, patent royalty, honoraria and stock options from Optovue Inc and patent royalty
related to OCT technology licensed to Carl Zeiss Meditech; 2 other authors receive research grants from Optovue Inc, Ziemer Ophthalmic Systems AG; 1
other author is a consultant for AMO Inc and holds stock options in OptiMedica Inc; 4 authors have no financial disclosure
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Sample size
46 eyes in 46 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with a history of myopic laser vision correction (laser-assisted in situ keratomileusis [LASIK], laser subepithelial keratomileusis [LASEK],
photorefractive keratectomy [PRK]) undergoing uneventful phacoemulsification cataract surgery with monofocal foldable acrylic IOL implantation (Alcon
Acrysof SN60AT, SAG0AT, SN6OWF, SN6AT3/4; AMO ZA9003, ZCB00) at 2 academic eye centres

o No other vision-limiting eye disease other than cataract

Baseline characteristics

Age (years)* 61.5+8.0 (4210 79)
Known/unknown magnitude of previous myopic correction? 5/41

Magnitude of previous myopic correction in 5 people (dioptres)* -4.66 + 1.33
Keratometry after refractive surgery: anterior corneal power? (dioptres)* 45.52 + 3.18
Keratometry after refractive surgery: net corneal power (dioptres)* 40.86 + 2.85

*Data in means + standard deviations (ranges)
ANumber of people
aKeratometry after refractive surgery: anterior corneal power obtained by multiplying IOLMaster auto-K output by 0.376/0.3375 (recovering the anterior
curvature and then computing the power using corneal index instead of keratometric index)
Interventions and comparators: IOL formulas using no prior data (also known as no-history or regression-based methods). The following
formulas estimate the corneal power from standard keratometry using a conversion formula obtained by regression analysis of refractive
outcome of cataract surgery after laser vision correction.
* No historical data methods
o Haigis-L: used with the American Society of Cataract and Refractive Surgery (ASCRS) IOL calculator (http://iol.ascrs.org). Personalised Haigis
constants were derived from the personalised ACD-constant using the formulas provided by Haigis.
o Shammas-PL: a spreadsheet was created to calculate the results from the formula.
o Optical coherence tomography-based formula NB: As agreed with the committee, OCT data have not been extracted as not routinely used in the NHS.
OCT measures directly anterior and posterior corneal power

Biometry and keratometry measurements

» Biometry (axial length [AL], anterior chamber depth [ACD]) and keratometry: partial coherence interferometer, IOLMaster (Carl Zeiss Meditec, Inc)

o Corneal thickness and power: Fourier-domain optical coherence tomography NB: As agreed with the committee, OCT data have not been extracted as
not routinely used in the NHS

e Formula: as described above. Not clear which formula was used to select |OL implant power

o |OL constants: as described above
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Cataract surgery and IOL implantation: uneventful phacoemulsification cataract surgery with IOL implantation performed at 2 eye centres by 5 surgeons
using clear corneal incisions.

Details

Post-operative assessment: manifest refraction measured at 1 month post-operative visit (at least 30 days after phacoemulsification cataract surgery).

Study outcomes:

e Prediction error (predicted manifest refraction spherical equivalent [MRSE] minus actual post-cataract surgery MRSE) and mean absolute error (absolute
value of prediction error)

o Adjusted mean absolute error (absolute value of prediction error minus mean prediction error)

e Proportion of eyes within various ranges of the predicted refraction

Group comparisons: Wilcoxon signed-rank test for paired samples; Pearson’s chi-square test

Power calculation: sample size calculation based on comparison between OCT-based post-refractive surgery IOL calculation and Haigis-L formula.

Missing data handling/loss to follow up
None reported
Mean errors and mean absolute errors (n=46 eyes)

Formulas with no historical data Prediction error* Mean absolute error*
Haigis-L 0.14 £ 0.83 (-1.65 t0 1.82) 0.67
Shammas-PL 0.24 + 0.82 (-2.30 to 1.76) 0.67

*Data in means * standard deviations (ranges) in dioptres
NB: As agreed with the committee, OCT data have not been extracted as not routinely used in the NHS

Number of eyes (proportion) within various ranges of the prediction error (n=46 eyes)

Prediction error*
Formulas with no historical data Within £0.5D Within £1.0D
Haigis-L 21 (46%) 36 (78%)
Shammas-PL 21 (46%) 39 (85%)

*Number of eyes (proportion)
NB: As agreed with the committee, OCT data have not been extracted as not routinely used in the NHS

Country/ies where the study was carried out: South Korea

Study type: Retrospective case series

Aim of the study: To compare methods of intraocular lens (IOL) power calculation using different values of keratometry and topography in people with a
history of myopic refractive surgery undergoing phacoemulsification

Study dates: 2008 to 2010

Source of funding: not reported
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Sample size
47 eyes in 47 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with a history of laser-assisted in situ keratomileusis (LASIK) or photorefractive keratectomy (PRK) for myopia and subsequent
phacoemulsification cataract surgery

o People that were examined with all methods (Orbscan Il, Pentacam and IOLMaster)

Exclusion criteria
o No manifest refraction after cataract surgery
o Missing biometry data such as axial length or keratometry

Baseline characteristics

Age (years)* 52.4 £ 9.5 (41 to 65)
Male/female® 22 (46.8%) / 25 (53.2%)
Duration from refractive surgery to cataract surgery (years)* 8.67 £5.45 (1 to 16)
Spherical equivalent before cataract surgery (dioptres)* -5.37 + 2.58 (-9.25 to -1.75)
Mean corrected distance visual acuity 20/100

Axial length (mm)* 27.75+2.19

*Data in means + standard deviations (ranges)

ANumber of people (proportion)

Interventions and comparators: IOL formulas
¢ No historical data methods
o Haigis-L: calculated online using study access provided by Haigis
o SRK/T: using the PCI system’s K value was used to calculate IOL power

Biometry and keratometry measurements

Keratometry: Partial coherence interferometry (PCl), n=47 (assumed)

o |OLMaster version 5.0.

o Keratometry (K; corneal radii) measurements using IOLMaster.

o Biometry measurements (axial length and anterior chamber depth): immersion ultrasound.

¢ |OL formula: SRK/T formula using the PCI system’s K value was used to calculate IOL power. In addition, the Haigis-L formula was calculated online
using study access provided by Haigis

o |IOL constant optimisation: not reported.

Corneal topography A: Pentacam Scheimpflug, n=47 (assumed)
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Pentacam version 1.17r24.

Keratometric measurements for cataract surgery were performed 3 times and a central value on the Scheimpflug system’s true net corneal power (TNP)
map was selected after the centration and alignment of the cornea were confirmed. The exact central value in the TNP map and equivalent K of the
Scheimpflug system were selected as the K value and used in the IOL power calculations. The TNP data were preferentially compared with the
keratometry data.

Biometry measurements (axial length): partial coherence interferometry.

I0OL formula: SRK/T formula.

IOL constant optimisation: not reported.

Corneal topography B: Orbscan Il, n=47 (assumed)

e Orbscan Il version 3.12.

o This study reports the analysis of the achieved refraction and its deviation from the calculated value using the corneal power measured with the Orbscan
Il after previous corneal refractive surgery. Corneal power was assessed using: simulated K, 2.0mm diameter central zone of the total mean power (TMP
2.0mm) map and 4.0mm diameter central zone of total optical power (TOP 4.0) maps centred on the pupil.

o Biometry measurements (axial length): partial coherence interferometry.

e |OL formula: SRK/T formula.

e |OL constant optimisation: not reported.

NB: data from corneal topography A and B were not used in the analysis as different keratometry techniques would confound results comparing SRK/T and
Haigis-L

Cataract surgery and IOL implantation: 1 experienced surgeon performed uneventful standard phacoemulsification cataract surgery with IOL
implantation (Acrysoft SN60AT, Alcon Laboratories Inc) in the capsular bag in all patients.

Details

Post-operative assessment: The target refraction was plano in 37 eyes and -3.00 dioptres in 10 eyes. The manifest refraction was measured 2 months after
surgery. Data were collected from primary sources in patient charts.

Study outcomes:

o Mean prediction error (difference between post-operative refraction and expected refraction)

e Absolute median prediction error

o Number of eyes achieving absolute prediction errors within various ranges

Group comparisons: one-way analysis of variance (ANOVA) between prediction errors according to each K value and corneal radius and paired t-tests
between estimated refraction and post-operative refraction

Prediction errors and absolute prediction errors

Keratometry Keratometry Corneal topography A Corneal topography A (Orbscan Il and SRK-T
(Haigis-L (SRK-T formula (Scheimpflug and SRK-T formula), n=47
formula with with no formula)), n=47
no historical historical data), True net Equivalent Simulated K 2.0mm 4.0mm
data), n=47 n=47 corneal K diameter diameter
power central zone of | central zone of
108

Guidelines, 2017



Evidence Tables

the total mean total optical
power power

Prediction 0.03 +1.06 1.68 +1.34 0.34 £1.75 1.69 + 1.41 -0.95 + 1.61 0.16 £ 1.90 0.37+2.18
error* (-1.8 to 1.315) (-0.665 to 4.265) | (-1.735to (-1.075 to (-4.01t0 3.28) | (-5.065 to 4.515) | (-5.135to 4.715)

3.905) 5.055)
Median 0.81 £ 0.52 1.73+1.20 1.13+0.95 1.81+1.34 1.25 + 1.07 0.94 £ 1.09 1.23+1.22
absolute (0.085 to (0.02 to 4.265) (0.26 to 3.815) | (0.07 to (0.005t0 4.01) | (0.38 to 4.515) (0.25 to 5.29)
prediction 1.815) 5.055)
error’
*Data in means + standard deviations (range) dioptres
AData in median absolute error + SD of mean error (range) dioptres

Mean IOL power implanted (SD, range): 17.63 (4.20, 4.0 to 23.5) dioptres

Number (proportion) of eyes achieving absolute prediction errors within various ranges

Keratometry Keratometry Corneal topography A Corneal topography A (Orbscan Il and(SRK-T
(Haigis-L (SRK-T formula (Scheimpflug and SRK-T formula), n=47
formula with no with no formula), n=47
historical data), | historical data), True net Equivalent | Simulated | 2.0mm diameter | 4.0mm diameter
n=47 n=47 corneal K K central zone of central zone of
power the total mean total optical
power power
Within £0.5 30 (64.5%) 5(11.1%) 15 (31.3%) 10 (22.2%) 6 (13.6%) 17 (36.1%) 9 (19.5%)
dioptres
Within £1.0 38 (80.6%) 16 (33.3%) 24 (51.7%) 18 (37.5%) 17 (36.4%) | 27 (58.3%) 21 (45.2%)
dioptres
Within £1.5 43 (92.3%) 30 (63%) 32 (68.8%) 23 (48.1%) 21 (45.5%) | 33 (69.4%) 27 (58.1%)
dioptres
Within £2.0 47 (100%) 31 (66.7%) 41 (87.5%) 31 (66.7%) 36 (77.3%) | 39 (83.3%) 38 (80.6%)
dioptres
Numbers calculated from reported percentages in parentheses, assumed n=47 in each group

Country/ies where the study was carried out: Japan

Study type: Retrospective case series

Aim of the study: To compare the accuracy of the anterior-posterior method (A-P method, a modification of the double-K method) with other intraocular
lens (IOL) formulas to calculate IOL power for eyes having phacoemulsification cataract surgery with a history of myopic laser in situ keratomileusis
(LASIK)

Study dates: Not reported
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Source of funding: None reported
Sample size
28 eyes in 19 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with a history of myopic LASIK undergoing uneventful phacoemulsification cataract surgery with IOL implantation

Baseline characteristics

IOL model

Alcon SAG0AT (11), SN6OWF (6), MAGOAC (1)
Abbott Medical Optics ZCBO0O (6)
Hoya NY-60 (2), PY-60AD (1), YA65BB (1)

Age (years)*

54.1 £ 9.8 (30 to 67)

Male/female”

14/5

Spherical equivalent corrected by LASIK in 16 eyes (dioptres)*

-6.93 £ 2.57 (-3.50 to -10.63)

Spherical equivalent refraction immediately before cataract surgery
(dioptres)*

-2.29 £ 2.29 (-7.88 to 0.50)

Axial length immediately before cataract surgery (mm)*

26.19 + 1.06 (24.18 to 28.49)

Autokeratometry derived K values immediately before cataract surgery
(dioptres)*

40.06 + 2.39 (35.50 to 45.13)

Scheimpflug system derived (sagittal Km) K values immediately before
cataract surgery (dioptres)*

39.34 + 2.66 (33.10 to 44.50)

IOLMaster derived K values immediately before cataract surgery
(dioptres)*

39.83 +2.37 (35.82 to 44.71)

*Data in means + standard deviations (ranges)
ANumber of people

Interventions and comparators: IOL formulas/methods using no prior data (also known as no-history or regression-based methods) or historical
data. The A-P and SRK/T DK methods were programmed into Microsoft Excel 2007. The American Society of Cataract and Refractive Surgery
IOL power calculator version 4.0 was used for IOL calculations with the Haigis-L, Shammas-PL, Masket, modified Masket and Feiz-Mannis
formulas/methods. IOL calculations using the BESSt formula were performed using the calculator downloaded from the website

(http://www.besstformula.com/).
¢ No historical data methods

o Anterior-posterior method (A-P_method): no history method that is a modified version of the double-K method in which the pre-LASIK K value is
estimated using the post-LASIK posterior corneal power. Km (mean of the K values on the steep and flat meridians in the 3.0mm zone measured by
the Scheimpflug system in the front sagittal map/axial power map) is a mean K value calculated from the anterior corneal radius only. Ké™™ is the mean
post-operative posterior corneal power in the 6.00mm zone on the sagittal map. The pre-operative Km was defined as the preKm. Defining the best-fit
regression equation, the preKm was estimated based only on the post-LASIK data (the post-operative posterior K™™) and defined as the Est-preKm.
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This Est-preKm was used as the Kpre in the double-K method to calculate the effective lens position and the post-operative Km on the sagittal map
was used as the Kpost for the optical calculation.

o BESSt

o Camellin-Calossi

o Haigis-L

o Shammas-PL

o SRK/T DK: SRK/T formula with double-K adjustment using 43.5 dioptres for Kpre

o SRK/T TNP: SRK/T with true net power (TNP method) measured from the Scheimpflug system

o Central-peripheral method (C-P method): modification of the double-K method using the SRK/T formula in which the estimated pre-LASIK k value
calculated from the post-LASIK keratometric data is used for the Kpre and the post-LASIK anterior sagittal power (or axial power) is used for the Kpost
in the SRK/T double-K formula. NB: Data for the C-P method derived from accompanying publication as same comparative cohort used: Saiki M,
Negishi K, Kato N, et al. A new central-peripheral corneal curvature method for intraocular lens power calculation after excimer laser refractive surgery.
Acta Ophthalmol 2013 91:e133-9.

Historical data methods

o Double-K method

o Feiz-Mannis: uses pre-LASIK or photorefractive keratectomy K values and the surgically induced change in refractions; requires the pre-operative and
post-operative refractions and K values

o Masket: use the surgically induced change in refraction to adjust the IOL power using the empiric formula; requires the pre-operative and post-
operative manifest refractions

o Modified Masket: use the surgically induced change in refraction to adjust the IOL power using the empiric formula; requires the pre-operative and
post-operative manifest refractions

Biometry and keratometry measurements

» Biometry and keratometry: biometry performed on the date closest to cataract surgery was used to calculate IOL power. Axial length was obtained using
the IOLMaster (Carl Zeiss Meditec) for all cases. IOLMaster was used to measure the K value for the Haigis-L and Shammas-PL formulas. IOLMaster
was also used to measure the anterior chamber depth for the Haigis-L formula. The ARK10000 system (Nidek) was used to measure the mean axial
power in a 3.0mm zone for the Camellin-Calossi formula. An ultrasound A scanner (UD-6000, Tomey) was used to measure the anterior chamber depth
from the corneal epithelium and the lens thickness for the Camellin-Calossi formula. The Scheimpflug system was used to measure the corneal thickness
for the Camellin-Calossi formula. The Scheimpflug system was used to measure the true net power for the TNP method. The mean anterior and posterior
central radii which were the averages of the central radii of the steep and the flat meridians in the 3.0mm zone measured by the Scheimpflug system
were used for the BESSt formula. An autokeratometer (ARK-730A, Nidek) was used to measure the pre-operative and post-operative K values for the
Masket, modified-Masket and Feiz-Mannis methods. For the central-peripheral method, K was performed using the Pentacam HR anterior segment
imaging system Comprehensive Eye Scanner (Oculus Optikgerate, Germany). NB: Data for the C-P method derived from accompanying publication as
same comparative cohort used: Saiki M, Negishi K, Kato N, et al. A new central-peripheral corneal curvature method for intraocular lens power
calculation after excimer laser refractive surgery. Acta Ophthalmol 2013 91:e133-9.

e Formula: IOL power was calculated using the SRK/T formula and A-P method.

o |OL constants: IOLMaster optimised lens constants were sourced from the User Group for Laser Interference Biometry.

Cataract surgery and IOL implantation: uneventful phacoemulsification cataract surgery with IOL implantation.
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Details

Post-operative assessment: final manifest refraction measured 1 month post-operative visit.

Study outcomes:

* Median prediction error (difference between estimated post-operative spherical equivalent and the post-operative manifest refraction at the spectacle
plane) and median absolute error (absolute value of prediction error)

* Proportion of eyes within various ranges of the targeted refraction

Group comparisons: Signed rank-sum test with Bonferroni method, Chi-square test

Missing data handling/loss to follow up
None reported
Median errors and median absolute errors

Formulas/methods Median prediction error* Median absolute error*
No historical data methods
A-P method (n=28 eyes) 0.16 (-1.41t0 1.73) 0.54 (0.00 to 1.73)
BESSt (n=28 eyes) 1.22 1.22
Camellin-Calossi (n=19 eyes) -0.48 0.52
Haigis-L (n=25 eyes) -0.67 0.95
Shammas-PL (n=28 eyes) -0.41 0.77
SRK/T DK (n=28 eyes) 0.74 0.97
SRK/T TNP (n=28 eyes) -0.86 0.93
C-P method (n=25 eyes) 0.11 (-1.67 to 1.97) 0.55 (0.02 to 1.97)
Historical data methods
Double-K method (n=12 eyes) 0.04 0.77
Feiz-Mannis (n=12 eyes) 0.50 1.06
Masket (n=12 eyes) 0.49 0.63
Modified Masket (n=12 eyes) 0.01 0.58
*Median (ranges) in dioptres; graphical measures of dispersion for prediction error only to be extracted from Fig 3 (both publications)
NB: Data for the C-P method derived from accompanying publication as same comparative cohort used: Saiki M, Negishi K, Kato N, et al. A new central-
peripheral corneal curvature method for intraocular lens power calculation after excimer laser refractive surgery. Acta Ophthalmol 2013 91:e133-9.

Number of eyes (proportion) within various ranges of the targeted refraction

Formulas/methods Within +0.5D* Within +1.0D*

No historical data methods

A-P method (n=28 eyes) 13 (46%) 21 (75%)
BESSt (n=28 eyes) 3 (11%) 12 (43%)
Camellin-Calossi (n=19 eyes) 9 (47%) 14 (74%)
Haigis-L (n=25 eyes) 6 (24%) 13 (562%)
Shammas-PL (n=28 eyes) 7 (25%) 20 (71%)
SRK/T DK (n=28 eyes) 5 (18%) 14 (50%)
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SRK/T TNP (n=28 eyes) 5 (18%) 17 (61%)

C-P method (n=25 eyes) 12 (48%) 17 (68%)

Historical data methods

Double-K method (n=12 eyes) 4 (33%) 8 (67%)

Feiz-Mannis (n=12 eyes) 1(8%) 6 (50%)

Masket (n=12 eyes) 4 (33%) 10 (83%)

Modified Masket (n=12 eyes) 5 (42%) 9 (75%)

*Number of eyes (proportion) calculated from reported percentages in parentheses

NB: Data for the C-P method derived from accompanying publication as same comparative cohort used: Saiki M, Negishi K, Kato N, et al. A new central-
peripheral corneal curvature method for intraocular lens power calculation after excimer laser refractive surgery. Acta Ophthalmol 2013 91:e133-9.

Country/ies where the study was carried out: Italy

Study type: Retrospective case series

Aim of the study: To compare the accuracy of intraocular lens (IOL) power calculation methods for eyes having phacoemulsification cataract surgery with
a history of myopic excimer laser surgery

Study dates: September 2005 to November 2009

Source of funding: None reported

Sample size

28 eyes in 27 people

Diagnostic criteria
Not reported

Inclusion criteria
o People with a history of myopic excimer laser surgery undergoing uneventful phacoemulsification cataract operations
o Only the first operated eye was included in people having bilateral cataract surgery unless the 2 eyes were classified into 2 different groups

Exclusion criteria

o Vitreoretinal or corneal disease

o History of other ocular surgery, uveitis, trauma or systemic disease affecting vision
¢ Intraoperative complications during refractive or cataract surgery

o Eyes with decentred laser treatment that can cause irregular corneal curvatures

Internal Clinical Guidelines, 2017
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Group 1: pre-operative corneal Group 2: pre-operative Group 3: surgically
power and pre- and post- corneal power available | induced refractive
operative refractions available (n=11) change known (n=5)
(n=12)

Age (years)* 52.5+9.6

Laser-assisted in situ keratomileusis 13/15

(LASIK)/photorefractive keratectomy (PRK)*

Duration between refractive and cataract surgery (years)* 8.4+3.1

Axial length (mm)* 27.71£1.97 27.78 £1.26 28.03 £ 2.46

Pre-operative K (dioptres)* 43.76 £ 1.09 43.17 £1.63 Not available

Surgically induced refractive change (dioptres)* -7.75 £ 3.65 -8.19 £ 345 -9.57 £4.19

*Data in means + standard deviations
ANumber of eyes

Interventions and comparators: IOL formulas/methods were categorised into 3 groups:

1)
2)

3)

Group1: pre-operative corneal power available and pre-operative and post-operative refractions (i.e. surgically induced refractive change) were
known and certain;

Group 2: pre-operative corneal power was available and the surgically induced refractive change was known but uncertain and in most cases
because the post-operative refraction was unknown;

Group 3: pre-operative corneal power was unknown but the surgically induced refractive change was known even if uncertain; pre-operative
corneal power to be entered into the double-K SRK/T formula was calculated by adding the refractive change (at the corneal plane) to the post-
operative corneal power calculated according to Speicher method and Seitz and Langenbucher method as modified by Savini et al
(Ophthalmology 2006, 113:1271-82) to facilitate lower mean absolute errors than those obtained when using a default pre-operative value close to
the mean value of the population i.e. 43.5 dioptres.

NB: Groups 1 and 2 data were analysed together under historical data methods. Only 5 eyes were included in group 3 and therefore data were not
extracted from this group

Two methods were used to calculate IOL power:

1)

2)

methods that adjust for overestimation of corneal power. Corneal powers obtained from these methods and the simulated K were entered into the
double-K SRK/T formula to obtain IOL power, except for the Shammas no-history method that used the Shammas-PL formula, Rosa and Ferrara
methods that used values entered into the single-K SRK/T formula, Awwad method that used values entered into the double-K Holladay 1 formula
and the clinical history method that entered values into the double-K Hoffer Q, double-K Holladay 1 and double-K SRK/T formulas;

methods that directly correct the calculated IOL power and not the corneal power used with the SRK/T formula only.

o Historical data methods
o Simulated K: SRK/T DK
o Methods that adjust for overestimation of corneal power
- Clinical history calculated at corneal plane: SRK/T DK, HofferQ DK, Holladay 1 DK

- Awwad: Holladay 1 DK, SRK/T DK
- Camellin-Calossi: SRK/T DK
- Ferrara: SRK/T single-K
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- Rosa R-factor: SRK/T single-K
- Savini: SRK/T DK
- Seitz/Speicher: SRK/T DK
- Seitz/Speicher/Savini: SRK/T DK
- Shammas no history: Shammas PL NB: no history stated in paper’s data tables but as categorised in Group 1, listed here as a historical data method
- Shammas refraction derived: SRK/T DK
o Methods that directly correct the calculated IOL power
- Diehl: SRK/T
- Feiz (formula): SRK/T

- Eeiz (nomogram): SRK/T
- Ladas-Stark or Corneal Bypass: SRK/T

- Latkany: SRK/T
- Masket: SRK/T

Biometry and keratometry measurements

» Biometry and keratometry: For pre-operative and post-operative corneal power measurements obtained by corneal topography, the simulated K value
was considered and used for IOL power calculations. Topography was undertaken using the TMS-2 (Tomey), Keratron (Optikon 2000), CM02
(Costruzione Strumenti Oftalmici) and EyeSys System 3000 (EyeSys Vision).

e Formula: IOL power for emmetropia was back-calculated using the double-K SRK/T formula. Target refraction was plano in 24 eyes, -1.00D in 3 eyes
and -3.00D in 1 eye

o |OL constants: A-constant of the implanted IOL was 118.4 in 23 eyes, 119.0 in 2 eyes, 119.6 in 1 eye, 118.7 in 1 eye and 118.5 in 1 eye; not optimised.

Cataract surgery and IOL implantation: uneventful phacoemulsification cataract surgery with IOL implantation undertaken by 12 surgeons.

Details
Post-operative assessment: spherical equivalent measured 1 month after cataract surgery

Study outcomes:
o Prediction error (difference between predicted IOL power and back-calculated IOL power for emmetropia) and mean absolute error

Group comparisons: paired f test

Missing data handling/loss to follow up
None reported
Prediction errors (n=28 eyes)

Formulas/methods with historical data | Group 1: prediction error* Group 2: prediction error* Group 1 and 2: prediction error®
Simulated K (double-K SRK/T) -0.95 £ 0.93 (-2.37 to 0.59) -0.79 £ 0.51 (-1.35 t0 0.36) -0.88 £ 0.75 (-2.37 to 0.59)
Methods that adjust for overestimation of corneal power
Clinical history calculated at corneal plane 0.76 + 1.68 (-1.14 t0 4.53) 1.42 + 1.85 (-2.96 to 3.57) 1.08 £ 1.75 (-2.96 to 4.53)

NB: unclear whether this is calculated using

Hoffer Q, double-K SRK/T or Holladay 1

Awwad (double-K Holladay 1) 1.39 £ 0.91 (-0.16 to 2.58) 2.10 + 1.46 (-0.57 to 4.21) 0.74 £ 1.10 (-1.21 to 3.56)
115

Internal Clinical Guidelines, 2017



Evidence Tables

Awwad (double-K SRK/T) Not provided Not provided 1.73 £ 1.23 (-0.57 to 4.21)
Camellin-Calossi (double-K Holladay 1) 1.26 £ 0.80 (-0.34 to 2.71) 1.49 £ 0.88 (-0.07 to 3.34) 0.53 + 1.00 (-1.37 t0 2.69)
Camellin-Calossi (double-K SRK/T) Not provided Not provided 1.37 £ 0.83 (-0.34 t0 3.34)

Ferrara (single-K SRK/T)

3.75 % 1.71 (0.65 to 6.05)

3.52 + 1.17 (1.08 to 6.04)

3.64 + 1.45 (0.65 to 6.05)

Rosa R-factor (single-K SRK/T)

1.89 + 1.19 (0.49 to 4.29)

2.00 + 0.83 (0.39 to 3.56)

1.90 + 1.10 (-0.55 to 4.29)

Savini (double-K SRK/T)

0.08 £ 0.75 (-1.42 to 1.46)

0.35 £ 0.85 (-1.02 to 2.10)

0.21 £ 0.79 (-1.42 to 2.10)

Seitz/Speicher (double-K SRK/T)

-0.06 £ 0.76 (-1.41 to 1.13)

0.18 £ 0.70 (-0.53 to 1.70)

0.05 £ 0.73 (-1.41 to 1.70)

Seitz/Speicher/Savini (double-K SRK/T)

-0.07 £ 0.68 (-1.19 to 1.15)

0.26 £ 0.71 (-0.97 to 1.51)

0.09 £ 0.70 (-1.19 to 1.51)

Shammas no history (Shammas-PL)

0.31 £ 0.85 (-0.87 to 1.58)

0.70 + 1.03 (-1.27 to 2.13)

0.50 + 0.94 (-1.27 to 2.13)

Shammas refraction derived (double-K
SRK/T)

1.46 £ 0.89 (0.35 t0 2.97)

1.74 £ 1.09 (0.36 to 3.82)

1.60 + 0.98 (0.35 to 3.82)

Methods that directly correct the calculated IOL power

Diehl (SRK/T)

0.55 + 1.24 (-1.33 to 3.03)

1.13 £ 1.72 (-1.82 to 3.65)

0.83 £ 1.48 (-1.82 to 3.65)

Feiz (formula) (SRK/T)

0.83 + 1.69 (-1.57 to 3.60)

1.96 + 2.10 (-0.75 to 5.30)

1.37 £ 1.94 (-1.57 to 5.30)

Feiz (nomogram) (SRK/T)

1.83 + 1.26 (0.37 to 4.35)

2.19 + 1.83 (-0.44 to 5.50)

2.00 + 1.583 (-0.44 to 5.50)

Ladas-Stark or Corneal Bypass (SRK/T)

1.83 + 2.20 (-1.46 to 5.36)

1.83 + 1.74 (-1.08 to 3.90)

1.83 + 1.95 (-1.46 to 5.36)

Latkany (SRK/T)

0.63 + 0.88 (-0.70 to 2.39)

0.99 + 1.37 (-1.08 to 3.27)

0.80 + 1.13 (-1.08 to 3.27)

Masket (SRK/T)

-0.39 # 0.90 (-1.59 to 0.95)

-0.14 £ 0.87 (-1.78 to 1.09)

-0.27 £ 0.88 (-1.78 to 1.09)

*Means + standard deviations (ranges) in dioptres

Absolute mean errors (n=28 eyes)

Formulas/methods with historical data

Group 1: absolute mean
errors*

Group 2: absolute mean
errors*

errors*

Simulated K (double-K SRK/T)

1.13 £ 0.69 (0.07 to 2.37)

0.86 + 0.38 (0.32 to 1.35)

1.00 * 0.57 (0.07 to 2.37)

Methods that adjust for overestimation of corneal power

Clinical history calculated at corneal plane
NB: unclear whether this is calculated using
Hoffer Q, double-K SRK/T or Holladay 1

1.29 + 1.28 (0.31 to 4.53)

1.97 £ 1.17 (0.07 to 3.57)

1.62 £ 1.25 (0.07 to 4.53)

Awwad (double-K Holladay 1)

1.42 + 0.87 (0.16 to 2.58)

2.20 + 1.28 (0.57 to 4.21)

1.03 + 0.82 (0.10 to 3.56)

Awwad (double-K SRK/T)

Not provided

Not provided

1.79+1.13 (0.16 to 4.21)

Camellin-Calossi (double-K Holladay 1)

1.32 £ 0.69 (0.30 to 2.71)

1.50 £ 0.86 (0.07 to 3.34)

0.91 + 0.65 (0.17 to 2.27)

Camellin-Calossi (double-K SRK/T)

Not provided

Not provided

1.41 £ 0.76 (0.07 to 3.34)

Ferrara (single-K SRK/T)

3.75 + 1.71 (0.65 to 6.05)

3.52 + 1.17 (1.08 to 6.04)

3.64 + 1.45 (0.65 to 6.05)

Rosa R-factor (single-K SRK/T)

1.89 + 1.19 (0.49 to 4.29)

2.00 + 0.83 (0.39 to 3.56)

1.94 + 1.01 (0.39 to 4.29)

Savini (double-K SRK/T)

0.60 + 0.44 (0.14 to 1.46)

0.65 + 0.63 (0.05 t0 2.10)

0.60 + 0.52 (0.05 to 2.10)

Seitz/Speicher (double-K SRK/T)

0.58 + 0.47 (0.08 to 1.41)

0.54 + 0.45 (0.06 to 1.70)

0.56 + 0.45 (0.06 to 1.70)

Seitz/Speicher/Savini (double-K SRK/T)

0.51 + 0.44 (0.00 to 1.19)

0.55 + 0.50 (0.05 to 1.51)

0.53 + 0.46 (0.00 to 1.51)

Shammas no history (Shammas-PL)

0.77 + 0.43 (0.15 to 1.58)

1.11 + 0.50 (0.32 to 2.13)

0.93 + 0.48 (0.15 to0 2.13)
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Shammas refraction derived (double-K
SRK/T)

1.46 + 0.89 (0.35 to 2.97)

1.74 £ 1.09 (0.36 to 3.82)

1.60 + 0.98 (0.35 to 3.82)

Methods that directly correct the calculated IOL power

Diehl (SRK/T)

1.08 + 0.76 (0.23 to 3.03)

1.61 + 1.23 (0.09 to 3.65)

1.33 + 1.03 (0.09 to 3.65)

Feiz (formula) (SRK/T)

1.47 + 1.11 (0.05 to 3.60)

2.30 £+ 1.68 (0.39 to 5.30)

1.87 + 1.44 (0.05 to 5.30)

Feiz (nomogram) (SRK/T)

1.83 + 1.26 (0.37 to 4.35)

2.27 £1.72 (0.44 to 5.50)

2.04 + 1.48 (0.37 to 5.50)

Ladas-Stark or Corneal Bypass (SRK/T)

2.19 £ 1.81 (0.31 to 5.36)

2.18 £ 1.22 (0.37 to 3.90)

2.18 £ 1.52 (0.31 {0 5.36)

Latkany (SRK/T)

0.86 £ 0.63 (0.25 to 2.39)

1.32 + 1.02 (0.08 to 3.27)

1.08 £ 0.86 (0.08 to 3.27)

Masket (SRK/T)

0.82 £ 0.49 (0.04 to 1.59)

0.69 £ 0.51 (0.03 to 1.78)

0.76 £ 0.49 (0.03 to 1.78)

*Means + standard deviations (ranges) in dioptres

Study type: Retrospective case series

Study dates: June 2009 to May 2012
Source of funding: None reported
Sample size

Diagnostic criteria
Not reported

Inclusion criteria

Baseline characteristics

37 eyes in 22 people (originally 43 eyes in 22 people, 37 of which had phacoemulsification cataract surgery)

Country/ies where the study was carried out: China

Aim of the study: To assess the accuracy of the Oculus Pentacam to calculate intraocular lens (IOL) power for eyes having phacoemulsification cataract
surgery with a history of myopic refractive surgery

e People with a history of myopic laser refractive surgery (laser-assisted in situ keratomileusis [LASIK], laser subepithelial keratomileusis [LASEK],
photorefractive keratectomy [PRK]) undergoing uneventful phacoemulsification cataract surgery with in-the-bag IOL implantation

Age (years)* 49.35+8.0
LASIK/LASEK/PRKA 26/2/15

Pre-keratorefractive surgery refraction (dioptres)* -11.39 £ 3.96

Pre-cataract surgery refraction (dioptres)* -8.62 + 6.61

Axial length (mm)* 29.52 +£2.12 (25.72 t0 33.41)

ANumber of eyes

*Data in means + standard deviations (ranges)
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o Hoffer Q
o SRK/T
o Holladay 1 NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Biometry and keratometry measurements

o Biometry and keratometry: Axial length was measured using an immersion ultrasound A scan (OcuScan, Alcon Inc). Corneal power was evaluated using
an autokeratometer (Topcon, Tokyo), IOLMaster (Carl Zeiss Meditec) and Pentacam (Oculus). The central true net power (cTNP), mean true net power
(mTNP) and 4.5mm equivalent K reading (EKR) were measured using the Pentacam. Using pre-operative data, the clinical history method was used to
calculate corneal power for 33 eyes (17 people); however no comparative data using the clinical history method for the different IOL formulas were
provided.

e Formula: IOL power was calculated using mTNP and SRK/T formula, with the final IOL power determined by the surgeon

¢ |OL constants: not reported.

Cataract surgery and IOL implantation: 1 surgeon performed uneventful standard phacoemulsification cataract surgery with in-the-bag IOL implantation.

Details

Post-operative assessment: final refraction was obtained 12 weeks after cataract surgery

Study outcomes:

¢ Prediction error (difference between actual post-operative refraction and target) and mean absolute error

» Proportion of eyes within various ranges of the refractive predictive error

Group comparisons: one-way analysis of variance (ANOVA) with Bonferroni multiple comparisons, 1 sample t-test

Missing data handling/loss to follow up
None reported
Prediction errors and absolute mean errors (n=37 eyes)

Formulas/methods with no historical data Prediction error* Mean absolute error*
Hoffer Q Kcrnp -2.3+1.25 (-4.31 t0 -1.31) 2.36 £ 1.11 (0.21 t0 4.31)
Hoffer Q Kmrnp -0.42 + 1.11 (-2.54 to0 3.00) 0.88 + 0.79 (0.03 to 3.00)
Hoffer Q EKR 1.58 + 1.2 (-0.54 t0 4.39) 1.61 £ 1.15 (0.03 to 4.39)
SRK/T Kcne -1.79 + 1.11 (-4.47 to 1.28) 1.88 + 0.95 (0.26 to 0.47)
SRK/T Kmtnp -0.11 + 0.82 (-2.25 to0 2.81) 0.55 £ 0.62 (0.01 to 2.81)
SRK/T EKR 1.64 + 0.93 (-0.54 to 4.44) 1.67 £ 0.87 (0.08 to 4.4)

*Means + standard deviations (ranges) in dioptres
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

NB: cTNP used in network meta-analyses

Number of eyes within various ranges of refractive predictive error (n=37 eyes)
Formulas/methods with no historical data Within +0.5D* Within +1.0D*
Hoffer Q Kctne 3 (8.1%) 3 (8.1%)
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Hoffer Q Kmrnp 17 (45.9%) 25 (67.6%)

Hoffer Q EKR 6 (16.2%) 14 (37.8%)

SRK/T Kernp 3 (8.1%) 5 (13.5%)

SRK/T Kmtnp 25 (67.6%) 32 (86.5%)

SRK/T EKR 4 (10.8%) 8 (21.6%)

* Number of eyes (proportion) calculated from reported percentages in parentheses

NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
NB: cTNP used in network meta-analyses

7E.3.3 Intraocular lens constant optimisation

Countryl/ies where the study was carried out: England
Study type: Retrospective database study

Aim of the study: To compare the theoretical biometry prediction errors of optimised intraocular lens (IOL) constants with manufacturers’ IOL constants for
eyes undergoing uneventful phacoemulsification cataract surgery with biometry and keratometry pre-operatively assessed using the IOLMaster, define
acceptable levels of error in IOL-constant optimisation, calculate the minimum number of eyes required for IOL-constant optimisation and explore the
benefits of personalising IOL constants for individual surgeons

Study dates: November 2005 to September 2009

Source of funding: None reported, but co-author RL Johnston declared as medical director of Medisoft Ltd which supplies the hospital trust included in
this study with the Electronic Patient Record for Ophthalmology that was used to collect the data

Sample size
8108 eyes

Diagnostic criteria
Not reported

Inclusion criteria

o People undergoing uneventful phacoemulsification cataract surgery with in-the-bag IOL placement at 1 hospital trust
o Biometry and keratometry undertaken using the IOLMaster

o Post-operative corrected distance visual acuity (CDVA) of 6/12 or better

Exclusion criteria

o Corneal astigmatism of more than 3.0 dioptres (D)
o Concurrent additional surgical procedures e.g. trabeculectomy, vitrectomy, limbal relaxing incisions
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e Records with incomplete data set (e.g. missing post-operative refraction and CDVA)

Baseline characteristics

IOL model L161AO0 Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
Age (years)* 76.15 +£9.29 76.30 + 8.90

Axial length (mm)* 23.51+1.26 23.41+1.17

Keratometry (dioptres)* 43.83 £ 1.52 43.87 £ 1.48

*Data in means #* standard deviations

Intervention: IOL constant optimisation

o Optimised IOL constant is defined as the arithmetic mean of all individual IOL constants excluding outliers more than 2 standard deviations from the
overall population mean.

o Three 3 generation IOL formulas were used depending on axial lengths:
o Hoffer Q: <22mm

o Holladay 1: 22 to 25.99mm

o SRK/T: 226mm

e For every eye and formula (Hoffer Q personalised anterior chamber depth, pACD; Holladay 1 surgeon factor, SF; SRK/T A constant, AC), the IOL
constants were optimised using an iterative method in which the IOL constant was changed in 0.001 increments until the difference between the
predicted and actual spherical equivalent of the post-operative subjective refraction was zero.

e The IOL constants for the 2 IOL models were optimised in a similar manner. An IOL-constant optimisation error analysis was performed using data from
each IOL model to identify the critical values containing the maximum range of IOL-constant optimisation error that do not have a significant impact on
refractive outcomes. This was done by calculating the theoretical refractive outcomes while varying the I0L constants around their optimised values by
set increments (Hoffer Q pACD 0.03, Holladay 1 SF 0.03 and SRK/T AC 0.05). This information can be used to calculate the minimum sample size
required for IOL-constant optimisation for each IOL formula.

o Optimised IOL constants were recalculated using eyes within specific ranges of axial lengths (ALs) in groups of 1mm range. For each IOL constant and
AL group, an AL-specific IOL constant was defined and compared with the overall optimised IOL constants.

e For each surgeon with adequate number of cases for IOL-constant optimisation, the surgeon personalised IOL constant and standard error was
calculated and compared with the overall optimised IOL constant. No comparative post-operative refractive data on the effect of personalised IOL
constants and non-personalised IOL constants were provided.

¢ Refractive outcomes using optimised IOL constants from a randomly selected half of the sample (excluding outliers greater than 2 standard deviation
from the mean) and applied to the other half of the sample (no outliers excluded) were compared with the refractive results using the theoretical best
optimised IOL constant derived from the whole sample for each IOL model.

L161A0 Sofport Advanced Optics IOL Akreos Fit IOL
IOL formula constant IOL formula constant
pACD SF AC pACD SF AC
Total sample (number of eyes) 6159 6159 6159 1949 1949 1949
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Excluded eyes outside of 2 standard deviations, 215 (3.5) 134 (2.2) 210 (3.4) 60 (3.1) 41 (2.1) 61 (2.8)
n (% of total)

Optimised constant 5.30 1.67 118.76 5.19 1.50 118.52
Standard deviation of optimised constant 0.21 0.37 0.57 0.23 0.37 0.59

Hoffer Q pPACDpersonalised anterior chamber depth (axial length <22mm)
Holladay 1 SFgrgeon factor, (axial length 22 to 25.99mm)
SRKITACA constant (axial length =226mm)

Comparator: Manufacturer’s IOL constant

L161A0 Sofport Advanced Optics IOL Akreos Fit IOL
IOL formula constant IOL formula constant
pACD SF AC pACD SF AC
Manufacturer’s IOL constant 4.97 1.22 118 4.97 1.22 118

Hoffer @ pACDpgrsonalised anterior chamber depth (axial length <22mm)
Holladay 1 SFgy rgeon factor, (axial length 22 to 25.99mm)
SRKITACA constant (axial length 226mm)

Biometry and keratometry measurements

o Biometry (axial length, AL) and keratometry: IOLMaster linked to electronic medical record system for automatic data transfer to eliminate transcription
errors; prospectively assessed pre-operatively by nurses, surgeon and/or biometry technicians

o Mandatory pre-operative and intraoperative data input fields in the electronic medical records: AL, keratometry, pre-operative visual acuity, ophthalmic
comorbidity, IOL model, power and position in the eye, operative complications

e Optional data input fields in the electronic medical records: IOL constant, IOL calculation formula

Cataract surgery and IOL implantation: 66 surgeons performed phacoemulsification cataract surgery with in-the-bag implantation using Bausch & Lomb
L161AO Sofport Advanced Optics (3-piece IOL with an aspheric silicone optic, 2 polymethylmethacrylate haptics) or Bausch & Lomb Akreos Fit (1-piece
hydrophilic IOL).

Details

Post-operative assessment: subjective post-operative refraction assessed at least 4 weeks after surgery in hospital (~50% of cases) or via a proforma letter
from the community optometrist at the individual’s nurse-led post-operative clinic visit 6 weeks after surgery.

Study outcomes:

e Mean absolute error in deviation from the predicted post-operative refraction

e Proportion of eyes within various ranges of the target refraction

Group comparisons: one-way analysis of variance (ANOVA)
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Missing data handling/loss to follow up
No missing data reported.
Mean errors and mean absolute errors

Index for refractive outcomes with combination of formulas (Hoffer Q for AL<22mm, Holladay 1 for AL between 22 and
25.99mm, SRK/T for AL=26mm)
L161A0 Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
Mean error Mean absolute error Mean error Mean absolute error
Optimised constant® -0.02 0.40 -0.04 0.42
Optimised constant® -0.03 0.40 -0.02 0.42
Manufacturer’'s constant 0.57 0.66 0.37 0.52

Optimised constaniAderived from 50% of sample at random (minus 2 standard deviations outliers) and applied to other 50% (no outliers excluded)
Optimised constantBjgrived from and applied to whole sample

L161AO Sofport Advanced Optics IOL Optimised constant® and constant®: pACD 5.30, SF 1.67, AC 118.76

Akreos Fit IOL Optimised constant®: pACD 5.20, SF 1.52, AC 118.53

Akreos Fit IOL Optimised constant®: pACD 5.19, SF 1.50, AC 118.52

Note: Optimised IOL constants (pACD, SF and AC) varied significantly with respect to axial length for both IOL models (p<0.00001)

Number of eyes (proportion) within various ranges of the target refraction

Index for refractive outcomes with combination of formulas (Hoffer Q for AL<22mm, Holladay 1 for AL between 22 and
25.99mm, SRK/T for AL=26mm)
L161AO Sofport Advanced Optics IOL (6159 eyes) Akreos Fit IOL (1949 eyes)
+0.25D* +0.50D* +1.00D* +0.25D* +0.50D* *1.00D*
Optimised constant® 2587 (42%) 4373 (71%) 5851 (95%) 1111 (57%) 1384 (71%) 1384 (71%)
Optimised constant® 2525 (41%) 4373 (71%) 5851 (95%) 1735 (89%) 1793 (92%) 1813 (93%)
Manufacturer’s constant 1170 (19%) 2587 (42%) 4989 (81%) 585 (30%) 1111 (57%) 1735 (89%)

Optimised constaniAqarived from 50% of sample at random (minus 2 standard deviations outliers) and applied to other 50% (no outliers excluded)
Optimised constantBgrived from and applied to whole sample

L161A0 Sofport Advanced Optics IOL Optimised constant® and constant®: pACD 5.30, SF 1.67, AC 118.76

Akreos Fit IOL Optimised constant®: pACD 5.20, SF 1.52, AC 118.53

Akreos Fit IOL Optimised constant®: pACD 5.19, SF 1.50, AC 118.52

*Number of eyes (proportion); calculated from reported percentages

Intraocular lens constant optimisation error analysis: critical values and impact on refractive outcomes

IOL constant deviation Associated reduction in mean Associated reduction in proportion Interpretation of impact on
thresholds within absolute error within of eyes within ¥0.50 and +0.25 refractive outcomes
pACD SF AC dioptres
+0.062 +0.06° +0.10¢ +0.10 1% clinically trivial
+0.09° +0.09¢ +0.15f +0.20 2% marginal clinical significance
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further increase (magnitude not

>0.09 >0.09 >0.15 reported) steep decline (magnitude not reported) clinically relevant
Hoffer @ pACDpgrsonalised anterior chamber depth (axial length <22mm)
Holladay 1 SFgy rgeon factor, (axial length 22 to 25.99mm)
SRKITACA constant (axial length 226mm)
aSample size required to predict the optimised pACD at 0.06: 50 (within p<0.05) and 86 (within p<0.1)
bSample size required to predict the optimised pACD at 0.09: 24 (within p<0.05) and 40 (within p<0.1)
¢Sample size required to predict the optimised SF at 0.06: 148 (within p<0.05) and 257 (within p<0.1)
dSample size required to predict the optimised SF at 0.09: 68 (within p<0.05) and 116 (within p<0.1)
eSample size required to predict the optimised AC at 0.10: 141 (within p<0.05) and 243 (within p<0.1)
fSample size required to predict the optimised AC at 0.15: 64 (within p<0.05) and 110 (within p<0.1)

Country/ies where the study was carried out: Ireland

Study type: Retrospective case series

Aim of the study: To compare the prediction errors of personalised optimised intraocular lens (IOL) Haigis constants with non-personalised optimised
Haigis IOL constants in eyes undergoing uneventful phacoemulsification cataract surgery with biometry and keratometry pre-operatively assessed using
the IOLMaster

Study dates: Not reported
Source of funding: None reported

Sample size
248 eyes of 195 people

Diagnostic criteria
Not reported

Inclusion criteria
e People undergoing uneventful phacoemulsification cataract surgery by the same surgeon at 1 clinic

Exclusion criteria

e Pre-operative ocular comorbidity that would affect vision
e Previous intraocular surgery

o Intraoperative complications
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e Use of a posterior chamber IOL other than the Tecnis ZA9003
» Inability to perform optical coherence biometry
¢ Inadequate biometry or post-operative refractive data

o Post-operative corrected distance visual acuity (CDVA) worse than 0.5 by subjective refraction performed 6 to 8 weeks after surgery by the individual's
optometrist

Baseline characteristics

IOL model Tecnis ZA9003 IOL (n=195, 248 eyes)
Age (years)* 71+£93

Female? 122 (62.6%)

Axial length: short <22mm* 21 (8.5%)

Axial length: average 22 to 24.5mm* 180 (72.6%)

Axial length: long >24.5mm* 47 (19%)

Right:left eyes 120:128

*Data in means * standard deviations

ANumber (proportion)

Intervention: Personalisation of optimised Haigis IOL constants
o Relevant surgical data (unique patient identification number, pre-operative axial length [AL], anterior chamber depth [ACD], corneal radii K1 and K2
measured using the IOLMaster, power of implanted IOL, spherical and cylindrical components of the stable post-operative refraction, surgeon’s name or
identification number, manufacturer and type of IOL, serial number of IOLMaster, method of determining stable refractive status) from included cases
were submitted onto the User Group for Laser Interference Biometry (ULIB) website. Three-variable regression analysis was performed and the
personalised a0, a1 and a2 IOL constants for the Tecnis ZA9003 for the ophthalmologist who performed the surgeries were obtained.
The 3 personalised |IOL constants and posterior chamber IOL were entered into the IOLMaster and the putative post-operative target spherical equivalent
for the implanted IOL power was calculated using the Haigis formula.
Tecnis ZA9003 IOL
Personalised optimised Haigis IOL constants (based on 248 sets of post-operative refractive data taken from study’s surgeon)
a0 a1l a2
-2.341 0.278 0.276

Comparator: Non-personalised optimised Haigis IOL constants
Tecnis ZA9003 IOL
Non-personalised optimised Haigis IOL constants (based on 421 sets of post-operative refractive data taken from ULIB website)
a0 a1l a2
-0.879 0.252 0.220

Biometry and keratometry measurements and formula
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o Biometry (axial length, AL; anterior chamber depth, ACD; white-to-white distance, WTW) and keratometry: IOLMaster (version V, Carl Zeiss Meditec AG);
prospectively assessed pre-operatively by the same experienced operator using a standard technique. For unclear readings, measurements were
repeated and only accepted when reproducibility was demonstrated

e Formula: Haigis used to calculate IOL power to achieve the minus post-operative refraction closest to emmetropia
o |OL formula constants: Haigis a0, a1 and a2 constants for the IOL Tecnis ZA9003 were downloaded from the ULIB website onto the IOLMaster device

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification cataract surgery using standard technique under topical anaesthesia
and a superiorly created clear corneal incision with IOL in-the-bag implantation using the posterior chamber IOL, Tecnis ZA9003. A 10-0 nylon suture was
placed in the corneal incision when the surgeon was dissatisfied with wound integrity after stromal hydration.

Details

Post-operative assessment: post-operative refraction assessed at least 4 weeks after removal of corneal suture if present or at least 6 weeks after surgery
by a local optometrist, with results forwarded to clinic. People are routinely reviewed in clinic 2 weeks post-operatively where uncorrected distance visual
acuity and CDVA are recorded, patient-reported symptoms or problems are evaluated by the ophthalmologist and corneal sutures removed if in situ.
Study outcomes:

o Prediction error (actual post-operative spherical equivalent minus target post-operative spherical equivalent) and mean absolute error

o Proportion of eyes achieving an error of prediction within various ranges

Group comparisons: Student paired t test

Subgroup analysis: axial lengths (short: <22mm, average: 22 to 24.5mm, long >24.5mm) using analysis of variance (ANOVA)

Eyes were analysed independently in people who underwent bilateral sequential cataract surgery because it has been demonstrated that the correlation
between fellow eyes is weak when evaluating refractive outcome after surgery

Missing data handling/loss to follow up

The IOLMaster-calculated putative post-operative target spherical equivalent for the IOL power that had been implanted was available for 219 eyes; the
biometry for 29 eyes had been removed from the IOLMaster and this was not available for recalculation. Data only reported for 214 eyes, unclear whether
missing 5 cases are associated with bilateral sequential cataract surgery as no details provided.

Mean errors and mean absolute errors

Tecnis ZA9003 I0L
Personalised optimised Haigis IOL constants Non-personalised optimised Haigis IOL constants
Mean error* Mean absolute error* Mean error* Mean absolute error*

All eyes (n=214) 0.01 £ 0.47 (-1.72 to 1.50) 0.36 £ 0.30 (0 to 1.72) -0.09 + 0.48 (-1.78 to 1.53) | 0.38 + 0.31 (0.01 t0 1.78)
Short eyes (AL<22mm; n=19) -0.01 +0.48 (-1.19t0 0.57) | 0.38 +0.28 (0.03t0 1.19) | -0.37 + 0.47 (-1.53 t0 0.25) | 0.45 + 0.39 (0.10 to 1.53)
Average eyes (AL 22 to 24.5mm); 0.02 + 0.46 (-1.72 to 1.50) 0.37 £ 0.30 (0 to 1.72) -0.11 £ 0.48 (-1.78 to 1.25) 0.38 £ 0.31 (0 to 1.78)
n=149)
Long eyes (AL>24.5mm; n=46) 0.05 + 0.41 (-0.83 to 1.48) 0.32 £ 0.29 (0 to 1.48) 0.08 +0.43 (-0.83t0 1.53) | 0.32 £ 0.30 (0.01 to 1.53)
*Data in means # standard deviations (ranges) dioptres
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Number of eyes (proportion) achieving an error of prediction within various ranges

Tecnis ZA9003 IOL

Personalised optimised Haigis IOL constants Non-personalised optimised Haigis IOL constants

+0.25D* +0.50D* +1.00D* +0.25D* +0.50D* *1.00D*
All eyes (n=214) 94 (44%) 156 (73%) 205 (96%) 92 (43%) 158 (74%) 205 (96%)
Short eyes (AL<22mm;
n=19) 7 (37%) 13 (68%) 18 (95%) 8 (42%) 13 (68%) 17 (89%)
Average eyes (AL 22 to
24.5mm; n=149) 63 (42%) 109 (73%) 143 (96%) 60 (40%) 110 (74%) 145 (97%)
Long eyes (AL>24.5mm;
n=46) 24 (52%) 36 (78%) 45 (98%) 24 (52%) 36 (78%) 45 (98%)
*Number of eyes (proportion); calculated from reported percentages

Country/ies where the study was carried out: England
Study type: Retrospective case series

Aim of the study: To theoretically analyse the accuracy of intraocular lens (IOL) calculation formulas in eyes with an axial length less than 22.00mm using
the Haigis, Hoffer Q, SRK/T and Holladay 1 IOL formulas from the IOLMaster, and to assess the accuracy of standard biometry formulas after minimising
error due to possible IOL constant inaccuracy

Study dates: December 2005 to December 2010

Source of funding: The RD Crusaders Charitable Trust (via Fight for Sight, London; grant reference 1956). Partial financial support for 2 authors from the
Department of Health through the National Institute for Health Research for the NIHR Biomedical Research Centre at Moorfields Eye Hospital NHS
Foundation Trust and UCL Institute of Ophthalmology

Sample size
163 eyes in 97 people

Diagnostic criteria
Not reported

Inclusion criteria

e People with axial lengths less than 22.00mm undergoing elective uneventful phacoemulsification cataract surgery and implantation of a monofocal |IOL
(Bausch & Lomb Akreos AO, Akreos Adapt, Corneal ACR6D, Oculentis Lentis L302-1)
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Exclusion criteria
o Previous refractive surgery

Baseline characteristics

IOL model

Bausch & Lomb
Akreos AO (32 eyes)

Bausch & Lomb
Akreos Adapt (100
eyes)

Corneal ACR6D (19
eyes)

Oculentis Lentis
L302-1 (12 eyes)

Total (163 eyes)

Age (years)*

59 £ 8 (46 to 76)

57 11 (33 10 82)

51+ 10 (36 to 64)

54 £ 9 (33 to 66)

57 + 10 (33 10 82)

Axial length (mm)* 21.33+0.38 (2044 to | 21.41+0.44 (19.95t0 | 20.23 +0.52 (19.23t0 | 20.67 + 0.55 (19.89 to | 21.20 £ 0.60 (19.23 o

21.95) 21.98) 21.00) 21.54) 21.98)
Average keratometry | 44.06 + 1.71 (40.87 to | 44.25+ 1.34 (40.62t0 | 43.94+1.15 (41.72t0 | 43.08 + 1.24 (41.36to | 44.09 * 1.42 (40.62 to
(dioptres)* 47.23) 46.78) 46.80) 44.86) 47.23)
Anterior chamber 2.90 £ 0.38 (2.19 o 2.83+0.30 (2.16 to 2.80 £ 0.21 (2.46 to 2.85 0.25 (2.35 to 2.84 £ 0.30 (2.16 to
depth (mm)* 3.59) 3.48) 3.27) 3.26) 3.59)

*Data in means # standard deviations (ranges)

Intervention: IOL constant optimisation

o Lens constant adjustment until the overall mean prediction error was zero was performed using the software on the IOLMaster for each lens type.
Predictive refractive outcomes following IOL constant optimisation were recalculated.

Optimised IOL constants
IOL constant Bausch & Lomb Akreos Bausch & Lomb Akreos Corneal ACR6D (19 eyes) Oculentis Lentis L302-1
AO (32 eyes) Adapt (100 eyes) (12 eyes)
Haigis a0 1.061 0.741 1.668 0.667
Hoffer Q pACD 5.37 5.00 5.98 5.04
SRK/T A-constant 119.1 118.5 120.3 118.8

NB: Data for Holladay 1 SF have not been extracted as this formula has been identified as no longer in use by the guideline committee

Comparator: IOLMaster IOL constants

¢ |IOL constants for each formula (Haigis a0, a1 and a2; Hoffer Q pACD; Holladay 1 SF) were the standard values derived by the |OLMaster software using
the SRK/T A constant value from the packaging of the appropriate IOL type or nominal value reported on the User Group for Laser Interference Biometry

(ULIB) website.

Standard IOL constants
IOL constant Bausch & Lomb Akreos Bausch & Lomb Akreos Corneal ACR6D (19 eyes) Oculentis Lentis L302-1
AO (32 eyes) Adapt (100 eyes) (12 eyes)
Haigis a0 1.273 1.273 2.523 1.273
Hoffer Q pACD 4.96 4.96 6.21 4.96
SRK/T A-constant 118.0 118.0 120.0 118.0

NB: Data for Holladay 1 SF have not been extracted as this formula has been identified as no longer in use by the guideline committee
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ACRG6D or Oculentis Lentis L302-1

Details

Study outcomes:

None reported.
Prediction errors

Missing data handling/loss to follow up

o Prediction error (difference between post-operative spherical equivalent and predicted spherical equivalent)
o Number of eyes (proportion) within various ranges of target refraction
Group comparisons: paired t test, one way analysis of variance (ANOVA)

Biometry and keratometry measurements and formula
o Biometry (axial length, AL and anterior chamber depth, ACD) and keratometry: IOLMaster (Carl Zeiss Meditech Inc)
e Formula: Implanted IOL power based on Haigis, Hoffer Q, SRK/T and Holladay 1 IOL formulas using software in the IOLMaster

Cataract surgery and IOL implantation: 1 surgeon performed cataract surgery through a 2.75mm temporal clear corneal incision using an AMO
WhiteStar Signature or Alcon Legacy phacoemulsification system with in-the-bag IOL implantation of Bausch & Lomb Akreos AO, Akreos Adapt, Corneal

Post-operative assessment: post-operative refractive data assessed at least 2 weeks after surgery using Topcon KR8000 series autorefractor (meantSD,
median, range: 5.31£3.9, 4.0, 2.0 to 17.7 weeks)

Standard IOL constants
Mean prediction errors in dioptres*
IOL Bausch & Lomb Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
formulas Akreos AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Haigis 0.47 £0.47 (0.31 to -0.27 £ 0.62 (-0.39 to - 2.36£1.05(1.89to 1.45 + 0.97 (0.91 to 2.00) 0.31£1.13 (0.13 to
0.63) 0.15) 2.84) 0.48)
Hoffer Q -0.77 £ 0.62 (-0.99to - | -0.08 £ 0.60 (-0.19t0 0.04) | 0.75+0.94 (0.32t0 1.17) | -0.15+ 1.05 (-0.75 to 0.45) | -0.12 + 0.80 (-0.25 to
0.56) 0)
SRKI/T -1.35+ 0.66 (-1.58 to -0.58 + 0.68 (-0.72 to - -0.43 £ 1.00 (-0.88 to -1.19+£1.05 (-1.78 to - -0.76 £ 0.82 (-0.89 to
1.12) 0.45) 0.02) 0.60) -0.63)

*Data in means * standard deviations (ranges)
Comparative data for optimised IOL constants not provided for mean prediction errors
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Mean absolute errors
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Mean absolute errors in dioptres*

Bausch & Lomb Akreos

Bausch & Lomb Akreos

Corneal ACR6D (19

Oculentis Lentis L302-1

Total (163 eyes)

AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL IOL IOL IOL IOL IOL IOL IOL IOL
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 0.37£0.28 | 0.55+ 044 +£0.35 | 053+ 0.86+0.58 | 236 £1.05 | 0.77+£0.51 | 1.45+£0.97 | 0.50+0.41 | 0.82 +0.83
(0.28 to 0.36 (0.42 | (0.38 to 0.42 (0.45 | (0.60to (1.89 to (0.48 to (0.91 to (0.44 to (0.69 to
0.47) to 0.68) 0.51) to 0.61) 1.12) 2.84) 1.06) 2.00) 0.57) 0.94)
HofferQ | 0.50+0.37 | 0.84 046+£0.39 | 047+ 0.74+£0.58 | 0.89+0.80 | 0.83+£0.61 | 0.88+0.53 | 0.53+£0.44 | 0.62 £ 0.52
(0.37 to 0.53 (0.66 | (0.39to 0.39 (0.39 | (0.48to (0.53 to (0.48 to (0.58 to (0.46 to (0.54 to
0.63) to 1.02) 0.54) to 0.54) 1.00) 1.25) 1.17) 1.19) 0.60) 0.70)
SRK/T 0.50 £ 0.37 1.35+ 052+£042 | 0.72 0.79+0.56 | 0.92+0.56 | 0.85+£0.56 | 1.32+£0.87 | 0.57 £0.45 | 0.91 £ 0.64
(0.37 to 0.66 (1.12 | (0.43 to 0.53 (0.62 | (0.53to (0.67 to (0.53 to (0.83 to (0.50 to (0.81 to
0.63) to 1.58) 0.60) to 0.83) 1.04) 1.17) 1.16) 1.80) 0.64) 1.01)

*Data in means * standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Number of eyes (proportion) within various ranges of target refraction

Number of eyes (proportion) within £0.25D of target refraction

Bausch & Lomb Akreos

Bausch & Lomb Akreos

Corneal ACR6D (19

Oculentis Lentis L302-1

Total (163 eyes)

AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL IoL (o] IoL IOL IOL IOL IOL 1oL
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 12 8 35 34 3 0 2 1 52 42
Hoffer Q 10 4 39 33 3 2 4 2 55 46
SRKIT 11 2 32 23 2 2 3 2 47 29
Number of eyes (proportion) within £0.50D of target refraction
Bausch & Lomb Akreos | Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)
Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL oL IOL oL oL IOL IOL IOL IOL
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 24 17 68 57 4 0 4 3 101 77
Hoffer Q 18 10 60 62 9 8 4 4 91 85
SRKIT 20 4 54 43 6 5 4 3 85 55
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Number of eyes (proportion) within £1.00D of target refraction

Bausch & Lomb Akreos | Bausch & Lomb Akreos Corneal ACR6D (19 Oculentis Lentis L302-1 Total (163 eyes)
AO (32 eyes) Adapt (100 eyes) eyes) (12 eyes)

Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard | Optimised | Standard
IOL IOL IOL IoL IOL IoL oL IOL IOL IOL IOL
formulas constant constant constant constant constant constant constant constant constant constant
Haigis 31 29 93 86 12 0 7 4 143 119
Hoffer Q 28 23 92 91 14 12 6 6 142 132
SRK/T 28 8 89 72 14 10 6 4 137 95

*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

Study type: Retrospective case series
Aim of the study: To evaluate the effect of average corneal power (K) and axial length (AL) on a data-adjusted A-constant for improving the refractive

outcome in the Sanders-Retzlaff-Kraff (SRK)/T formula

Study dates: April 2008 to June 2012
Source of funding: None reported

Sample size

237 eyes in 237 people

Diagnostic criteria

Not reported

Inclusion criteria
e People undergoing uneventful phacoemulsification cataract surgery with intraocular lens (IOL) implantation of either Bausch & Lomb Akreos AO or

Acrysof IQ SN60OWF by a single surgeon at 1 institution

o Post-operative best corrected visual acuity (BCVA) 220/40 in the operated eye

Exclusion criteria
e Traumatic cataracts
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e Previous ocular surgery (e.g. penetrating keratoplasty, refractive surgery)
o Complicated cataract surgery (e.g. anterior or posterior capsular tears)
Sulcus fixated lenses

IOL exchanges

Post-operative complications

Indwelling silicone oil

Prior retinal detachment

Baseline characteristics (n=637 comprising 400 people included in the dataset to calculate the data-adjusted A constants)

IOL model Acrysof 1Q SN60WF (314 eyes) Akreos AO IOL (323 eyes)
Age (years)* 68.2 + 9.0 (26-90) 65.8 £ 9.1 (37-88)

Female? 197 (62.7%) 203 (62.8%)

Right:left eyes 161:153 157:166

*Data in means + standard deviations (ranges)

ANumber (proportion)

Intervention: Data-adjusted A constants

o A different cohort of 400 eyes meeting the study’s selection criteria was used to calculate the different data-adjusted A constants based on the K and AL
readings. 200 eyes received the Acrysof IQ SN6OWF IOL and 200 eyes received the Akreos AO IOL.

o The data-adjusted SRK/T A constants were calculated using the Haigis constant optimisation Excel spreadsheet for optical biometry, which also
optimises a lens constant for the SRK/T formula.

e Personalisation of the A-constant for the two IOL models based on the K readings was also undertaken. Data-adjusted A constants were calculated over
a range of K values. K value thresholds were then identified where deviations (increasing or decreasing trends) of A-constants were observed. For the
Acrysof IQ SN6OWF IOL, 2 K thresholds were identified: 43.0D and 44.7D. For the Akreos AO IOL, 2 K thresholds were identified: 43.2D and 45.0D.
These K thresholds were used to calculate different data-adjusted A constants as outlined in the table below. No further details were provided on how
this was used in the IOL formula calculations.

SRKI/T IOL formula A constants

Acrysof 1Q SN60WF IOL Akreos AO IOL
AC1 AC2 AC3 AC1 AC2 AC3
1 A constant 119.04 NR NR 118.27 NR NR

Data entered into Haigis constant optimisation spreadsheet (Acrysof IQ: 114 eyes;
Akreos AO: 123 eyes)

2 A constants 119.20 | 118.79 NR 118.49 118.07 NR
Cases divided into 2 subgroups based on K thresholds
o Acrysof IQ: 200 eyes; K threshold: 44.2D

o Akreos AO: 200 eyes; K threshold: 44.0D

3 A constants 119.33 | 119.08 | 118.71 118.57 118.28 | 117.96
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Cases divided into 3 subgroups based on K thresholds
¢ Acrysof 1Q: 200 eyes; K thresholds: 43.0D and 44.7D
o Akreos AO: 200 eyes; K thresholds: 43.2D and 45.0D

Comparator: Traditional A constants

Acrysof IQ SN6OWF IOL (114 eyes) Akreos AO IOL (123 eyes)
SRKI/T IOL formula A constant 119.0 118.3
NB: Due to poor reporting in the manuscript, traditional A constants are assumed to be equivalent to sometimes termed “data-adjusted 1 A constant”

Biometry and keratometry measurements and formula

e Biometry (axial length, AL) and keratometry: IOLMaster (version 5.02 or higher, Carl Zeiss Meditech); assessed pre-operatively by the same trained
biometry technician

e Formula: SRK/T on the IOLMaster used to calculate IOL power

Cataract surgery and IOL implantation: 1 experienced surgeon performed uneventful phacoemulsification cataract surgery under topical anaesthesia
and a 2.2mm or 2.75mm temporal clear corneal incision with IOL in-the-bag implantation of either the Acrysof IQ SN60WF or Akreos AO IOL. At the
discretion of the surgeon, a single suture was placed in some cases.

Details

Post-operative assessment: post-operative manifest refraction assessed at 3 to 10 weeks after surgery.

Study outcomes:

o Prediction error (observed post-operative spherical equivalent minus pre-operative predicted refraction) and absolute errors
o Proportion of eyes achieving a post-operative predicted refractive error within various ranges

Group comparisons: Wilcoxon signed-rank test

Missing data handling/loss to follow up
None reported.
Absolute errors

Median absolute error (dioptres)
Acrysof 1Q SN60WF IOL (114 eyes) Akreos AO IOL (123 eyes)
Traditional A constant (IOL calculation 0.29 0.44
using 1 A constant)
IOL calculation using 2 A constants 0.23 0.42
IOL calculation using 3 A constants 0.23 0.38
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Number of eyes (proportion) achieving a post-operative predicted refractive error within various ranges

Acrysof IQ SN60WF IOL (114 eyes) Akreos AO IOL (123 eyes)

#0.25D* +0.50D* +1.00D* +0.25D* +0.50D* #1.00D*
Traditional A constant
(IOL calculation using 1
A constant) 49 (43%) 84 (73.7%) 110 (96.5%) 34 (27.6%) 68 (55.3%) 106 (86.2%)
IOL calculation using 2 A
constants 59 (51.8%) 88 (77.2%) 111 (97.4%) 34 (27.6%) 68 (55.3%) 111 (90.2%)
IOL calculation using 3 A
constants 62 (54.4%) 90 (78.9%) 111 (97.4%) 38 (30.9%) 78 (63.4%) 111 (90.2%)
*Number of eyes (proportion); calculated from reported percentages

Country/ies where the study was carried out: Singapore
Study type: Retrospective case series

Aim of the study: To examine the impact of Haigis’ transformation of the optical to acoustic axial length and IOLMaster keratometry with respect to
improving the predictability of refractive outcomes in phacoemulsification cataract surgery at all axial lengths

Study dates: Not reported

Source of funding: None reported
Sample size

90 eyes in 53 people

Diagnostic criteria
Not reported

Inclusion criteria

o People who underwent phacoemulsification cataract surgery with implantation of either Acrysof toric SN60OAT or Tecnis multifocal ZM900 by the same
surgeon

¢ No history of previous refractive surgery

Exclusion criteria
o Best corrected visual acuity of 6/9 or better was not achieved following surgery
e Presence of ocular pathology other than cataract
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o Intraoperative complications i.e. posterior capsule rupture or inability to place IOL securely in bag

Baseline characteristics

IOL models Acrysof toric SN60AT (48 eyes) or Tecnis multifocal ZM900 (42 eyes) in 53 people
Age (years)* 52.4 £ 27.4 (48.5 t0 79.5)

Axial length (mm)" 24.38 + 2.09 (20.60 to 29.55)

Keratometry (dioptres)* 44.59 + 1.41 (41.55 t0 48.14)

Anterior chamber depth (mm)* 3.20 £ 0.44 (2.17 t0 4.28)

Right:left eyes 43:47

*Data in means # standard deviations (ranges)

Intervention: IOL constant optimisation
o Acoustic to optical axial length transformation

o OALA1: Haigis’ AL4 algorithm used to calibrate the optical path length measured by the IOLMaster into the acoustic axial length familiar to A-scan
users.

o OAL2: Haigis’ AL4 algorithm with compensation for physiological refractive index as proposed by Olsen and Thorwest.
o Keratometric transformation
o AdjK: Using a separate cohort of 64 cataractous eyes with no history of refractive surgery or other ocular pathology, keratometry was measured using

the IOLMaster and Canon RK-F1 autokeratometer. The relationship between the average keratometry of both devices was derived into an equation
which was used for transformations.

o OAL1-K: OAL1 with adjusted keratometry
o OAL2-K: OAL2 with adjusted keratometry

o |OL power calculations using 4 formulas were optimised to take into account variations due to IOL style, surgeon’s technique and measurement device.
Single and triple optimisation was used for the Haigis method.

Optimised IOL constants
Acrysof toric SN60AT Tecnis multifocal ZM900

IOL formulas OALA1 OAL2 AdjK OAL1-K OAL2-K OALA1 OAL2 AdjK OAL1-K | OAL2-K
Haigis (single) 1.744 1.919 1.483 1.744 1.635 2.408 2.000 1.561 2.408 2.292
Haigis (triple) -2.345 -3.122 -3.711 -2.217 -1.837 -2.253 -1.678 -2.178 -2.250 -1.678

-0.353 -0.363 -0.385 -0.330 -0.317 -0.359 -0.308 -0.172 -0.358 -0.308

0.373 0.404 0.404 0.355 0.334 0.390 0.355 0.326 0.389 0.355
Hoffer Q 6.266 6.162 5.766 6.005 5.899 6.746 6.631 5.924 6.611 6.487
SRK/IT 118.93 118.77 118.26 118.70 118.54 119.81 119.64 119.26 119.91 119.75

Comparator: Standard (non-transformed optimised) IOL constants

Standard IOLMaster constants
I0L formulas Acrysof toric SN60AT | Tecnis multifocal ZM900
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Haigis (single) 1.483 1.859
Haigis (triple) -4.914 -3.482
-0.432 -0.339
0.471 0.419
Hoffer Q 5.748 6.220
SRK/T 118.15 119.65

Biometry and keratometry measurements and formula
o Biometry (axial length, AL) and keratometry: IOLMaster (version 3.02, Carl Zeiss Meditec AG)

e Formula: IOL power calculations using the Hoffer Q, Holladay I, SRK/T and Haigis formulas. NB: It is unclear whether these formulas were used based
on individual axial lengths or for the entire cohort irrespective of axial length.

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification cataract surgery with IOL implantation of either Acrysof toric SN6OAT
or Tecnis multifocal ZM900.

Details

Post-operative assessment: post-operative subjective refraction was undertaken at least 1 month (mean 58.1 days; standard deviation 24 days) after
surgery.

Study outcomes:

o Prediction error (difference between achieve spherical equivalent refraction and the calculated spherical equivalent) and mean absolute error. No data
were reported for these outcomes.

o Proportion of eyes correct within various refractive ranges
Group comparisons: not reported

Missing data handling/loss to follow up
None reported.

Number of eyes (proportion) correct within various refractive ranges

Number of eyes (proportion) correct within £0.50D*
Acrysof toric SN60AT (48 eyes) or Tecnis multifocal ZM900 (42 eyes) in 53 people
Optimised IOL constants
IOL formulas OAL1 OAL2 AdjK OAL1-K OAL2-K Standard non-optimised IOLMaster constant
Haigis (single) 62 (68.8%) 63 (69.9%) 67 (73.9%) 67 (73.9%) 68 (76.1%) 65 (71.7%)
Haigis (triple) 64 (70.7%) 66 (72.8%) 71 (79.3%) 72 (80.4%) 70 (78.3%) 55 (61.3%)
Hoffer Q 59 (65.3%) 60 (67%) 60 (66.7%) 57 (62.9%) 57 (63.5%) 43 (47.6%)
SRKIT 64 (71.6%) 65 (72.6%) 65 (72.6%) 67 (74.5%) 68 (75.5%) 62 (68.4%)
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Number of eyes (proportion) correct within +1.00D*

Acrysof toric SN60AT (48 eyes) or Tecnis multifocal ZM900 (42 eyes) in 53 people

Optimised IOL constants

I0L formulas OAL1 OAL2 AdjK OAL1-K OAL2-K Standard non-optimised IOLMaster constant
Haigis (single) 80 (89.2%) 80 (89.2%) 82 (91.3%) 82 (91.3%) 82 (91.3%) 82 (91.3%)
Haigis (triple) 82 (91.3%) 82 (91.3%) 82 (91.3%) 82 (91.3%) 82 (91.3%) 80 (89.2%)
Hoffer Q 81 (89.6%) 79 (87.6%) 81 (89.6%) 79 (87.6) 81 (89.6%) 69 (76.7%)
SRK/T 82 (91.6%) 82 (91.6%) 82 (91.6%) 84 (93.6%) 84 (93.6%) 82 (91.6%)

*Number of eyes (proportion); calculated from reported percentages

Country/ies where the study was carried out: South Korea
Study type: Retrospective case series

Aim of the study: To compare the refractive outcomes measured by conventional methods and Lenstar biometer and investigate the factors that affect
intraocular lens (IOL) power calculation with and without IOL-constant optimisation using the Lenstar

Study dates: May to October 2013
Source of funding: None reported
Sample size

100 eyes in 86 people

Diagnostic criteria
Not reported

Inclusion criteria

e People undergoing uneventful phacoemulsification cataract surgery with in-the-bag posterior chamber IOL implantation by a single surgeon at 1
institution

Exclusion criteria

o Posterior capsule opacification

e Mature cataracts

e Previous ocular surgery other than cataract surgery
o Intraoperative complications

e Post-operative visual acuity <6/12

136
Internal Clinical Guidelines, 2017



Evidence Tables

e Poor cooperation

Baseline characteristics

I0OL model Acrysof 1Q SN60WF (n=86, 100 eyes)
Age (years)* 67.62 + 10.64

Female? 46 (53.5%)

Axial length (mm)* 23.37 £1.13

Keratometry (dioptres)* 43.86 + 1.49

*Data in means * standard deviations

ANumber (proportion)

Intervention: Lenstar IOL constant optimisation
o Lenstar optimised A constant of 119.02 obtained from East Valley Ophthalmology (Mesa, AZ, USA; www.doctor-hill.com)

Comparator: Traditional A constant
o Recommended and previously optimised ultrasound A constant of 118.7

Biometry and keratometry measurements and formula

o Biometry (axial length, AL): Lenstar (Haag-Streit AG), Mentor O & O Inc A-scan. Comparison examined in this review question only included biometry
and keratometry using the Lenstar biometer

o Keratometry: Lenstar, Topcon KR 8900 automated keratometer, Bausch & Lomb manual keratometer
e Biometry and keratometry measurements undertaken by 1 experienced examiner
e Formula: SRK/T formula on Lenstar used to calculate IOL power to achieve the post-operative refraction target for emmetropia

Cataract surgery and IOL implantation: 1 surgeon performed uneventful sutureless cataract surgery under topical anaesthesia using a temporal corneal
incision, continuous curvilinear capsulorrhexis, hydrodissection and phacoemulsification with the Alcon Infinity machine to implant a foldable posterior
chamber IOL (Alcon SN60OWF, 1-piece acrylic IOL) in the capsular bag.

Details
Post-operative assessment: post-operative final refraction (spherical equivalent) assessed at 2 months after surgery using Topcon KR 8900
autorefractometer.

Study outcomes:
e Mean absolute error (average absolute value of numerical errors i.e. final post-operative spherical equivalent minus predicted post-operative spherical
equivalent)

o Proportion of eyes achieving a post-operative predicted refractive error within various ranges
Group comparisons: Kruskal-Wallis test
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Missing data handling/loss to follow up
None reported.

Prediction errors and absolute errors

78

Countryl/ies where the study was carried out: Germany

Study type: Retrospective case series

Aim of the study: To determine whether error in intraocular lens (IOL) calculation in highly myopic patients can be corrected using optimised constants
and to evaluate the predictability of different IOL power calculation formulas using the new constants

Study dates: 2003 to 2007

Source of funding: None reported

Acrysof IQ SN60OWF IOL (100 eyes)
Mean prediction errors* Mean absolute errors*
Lenstar optimised IOL constant -0.21 £ 0.61 0.55+0.49
Traditional A constant (non-optimised) -0.24 + 0.58 0.67 + 0.52
*Data in means # standard deviations (dioptres)
Number of eyes (proportion) achieving a post-operative predicted refractive error within various ranges
Acrysof IQ SN60W IOL (100 eyes)
+0.50D +1.00D #1.50D +2.00D
Lenstar optimised IOL constant 62 82 94 100
Traditional A constant (non-optimised) 46 76 90 100
Factors that influence IOL power calculation
Factors Number of eyes Lenstar optimised IOL constant Traditional A constant (non-optimised)
Mean absolute error (dioptres) p value Mean absolute error (dioptres) p value

Axial <23 30 0.56 0.93 0.80 0.03
length 23-25 51 0.54 0.59
(mm)

225 19 0.51 0.72
Corneal <42 21 0.60 0.03 0.83 0.31
cu_rvature 42-44 40 0.68 0.68
(dioptres)

>44 39 0.39 0.62
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Sample size
50 eyes in 32 people

Diagnostic criteria
Not reported

Inclusion criteria
e People undergoing phacoemulsification cataract surgery with IOL implantation of Acrysof MAGOMA at a single institution
e Willing to participate in the study

Exclusion criteria

o Absent partial coherence interferometry biometry data

o Pathology that may affect the accuracy of biometry calculations (e.g. retinal detachment surgery, corneal scars)
o Severely reduced visual acuity (hand movements or worse)

e Unable to participate in refraction because of glaucoma, amblyopia or myopic degeneration

Baseline characteristics

IOL model Acrysof MA60OMA (50 eyes in 32 people)
Positive-dioptre IOL (30 eyes) | Negative-dioptre IOL (18 eyes) | Zero-dioptre IOL (2 eyes)
Age (years)* 57.14 £ 10.27 (35t0 77)
Axial length (mm)* 31.15+£1.69 33.20 £2.25 31.37 and 35.34
K value (mm)* 7.56 £ 0.28 7.71+£0.33 7.60 and 8.34
Anterior chamber depth, ACD (mm)* | 3.72 + 0.11 3.59£0.12 Not evaluated
*Data in means # standard deviations (ranges) as appropriate

Intervention: ULIB IOL constant optimisation

o Post-operative refractive results were used to calculate individualised IOL constants for positive-dioptre and negative-dioptre ranges within the framework
of the User Group for Laser Interference Biometry (ULIB) project to optimise constants for optical biometry. The need to treat plus and minus IOLs
differently for optimised outcomes is based on lens geometry changes during the transition from plus to minus dioptres, with the lens’ principal planes
switching sides relative to the haptic plane. Because the positions of principal planes and IOL constants are directly linked, different constants are
needed. No specific details on actual IOL constants were provided.

e The estimated post-operative refractive outcome was re-evaluated by inputting the new constants into the IOLMaster calculation algorithm with the pre-
operative anatomic data. In 18 eyes, the ACD was not measured pre-operatively so the target refraction was calculated using the Haigis formula in 32
eyes (18 positive-dioptre IOL, 14 negative-dioptre IOL). For the other formulas, the target refraction was calculated for all eyes.

Comparator: Standard non-ULIB optimised IOL constants
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e The constants for AcrySof MA60BM were used as there are no commonly accepted optimised constants for the AcrySof MAGOMA. The AcrySof
MABOBM has a similar optical design and same constant for ultrasound biometry but a different available range of dioptres.
AcrySof MABOMA IOL (based on data from AcrySof MA60BM)
IOL formula constant

Haigis Hoffer Q personalised anterior SRKIT A constant, Holladay 1 surgeon SRK Il A constant,
a0 al a2 chamber depth, pACD AC factor, SF SRKIIAC
1.443 | 0.077 0.163 6.08 119.8 2.33 120.4

o To make allowances for the different geometries of positive and negative dioptre 10Ls, 2 sets of optimised constants were derived for each IOL power
sign. No further details were provided on how these were derived.

IOL formula constant Positive-dioptre IOL Negative-dioptre IOL
Haigis a0 5.74 -4.01

Hoffer Q personalised anterior chamber depth, pACD 16.15 -4.86

SRK/T A constant, AC 126.63 104.43

Holladay 1 surgeon factor, SF 10.46 -6.48

SRK Il A constant, SRKIIAC 119.47 120.09

Biometry and keratometry measurements and formula
o Biometry (axial length, AL) and keratometry: IOLMaster (version 3.01.0294), undertaken by a specialist (lead study author)
e Formula: All pre-operative IOL calculations undertaken with the IOLMaster

Cataract surgery and IOL implantation: experienced surgeons performed standard phacoemulsification through a 3.0mm temporal clear corneal tunnel
incision and a 5.0 to 5.5mm capsulorhexis with in-the-bag IOL implantation of the acrylic AcrySof MAGOMA.

Details

Post-operative assessment: post-operative examination undertaken by the same specialist (lead study author) — no further details provided. However,

elsewhere, states that the mean follow-up was 18.92 + 13.33 months (range 3 to 47 months)

Study outcomes:

o Prediction error i.e. deviation from post-operative refraction from the target refraction (difference between post-operative spherical equivalent and
calculated post-operative refraction)

o Number of eyes (proportion) achieving target refraction within various ranges

Group comparisons: Paired t test

Missing data handling/loss to follow up
None reported.
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Prediction errors

Prediction errors
Acrysof MA6OMA (50 eyes in 32 people)
IOL formulas Positive-dioptre IOL (30 eyes) Negative-dioptre IOL (18 eyes) Zero-dioptre IOL (2 eyes)

ULIB optimised Non-ULIB ULIB optimised Non-ULIB ULIB optimised Non-ULIB

constants* optimised constants* optimised constants* optimised

constants* constants* constants*
Haigis 0+0.21 0.57 £ 0.18 0+0.24 1.14 £0.21 0.79 and 1.37 0.79 and 1.37
Hoffer Q 0+0.26 1.25+0.14 0+0.49 2.10+0.19 1.65 and 2.18 1.65 and 2.18
SRK/T 0+0.17 0.59 £ 0.15 0+0.21 1.68 £0.19 1.02 and 1.49 1.02 and 1.49

*Data in means * standard deviations
NB: Data for Holladay 1 and SRK Il formulas have not been extracted as these have been identified as no longer in use by the guideline committee
NB: Data in Zero-dioptre IOL correctly extracted. Different results were reported for the 2 groups for the SRK Il formula only

Number of eyes (proportion) achieving target refraction within various ranges
Acrysof MAG60OMA (50 eyes in 32 people)
Haigis* Hoffer Q* SRK/T*
#1.00D 32 (84.4%) 50 (100%) 50 (100%)
NB: Data for Holladay 1 and SRK Il formulas have not been extracted as these have been identified as no longer in use by the guideline committee
Unclear whether data refers to optimised/non-optimised IOL constants. No other comparative data provided
*Number of eyes (proportion)

Country/ies where the study was carried out: Not reported

Study type: Retrospective case series

Aim of the study: To compare the accuracy of the predictions of SRK/T and Haigis formulas using parameters derived from the IOLMaster and to analyse
the effect of updating or optimisation of the constants on the post-operative result

Study dates: Not reported

Source of funding: None reported

Sample size
51 eyes in 51 people
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Diagnostic criteria
Not reported

Inclusion criteria
o People undergoing phacoemulsification cataract surgery with in-the-bag intraocular lens (IOL) implantation by a single surgeon

Exclusion criteria

e Unable to undergo partial coherence interferometry biometry due to the density of the cataract
e Complicated surgery including posterior capsular tear

e Implants other than Acrysof MA30

Baseline characteristics

IOL model Acrysof MA30 (n=51)
Axial length range (mm) 20.93 to 25.16
Number of people with axial length <22mm, 22-24mm and >24mm 9,37 and 5

Intervention: ULIB constant optimisation

o |OL constants were optimised using the User Group for Laser Interference Biometry (ULIB). The post-operative prediction for the same implant power
was retrospectively calculated for the updated SRK/T and Haigis formulas using the optimised constants

Comparator: Non-optimised constants (assumed)
o Standard SRK/T and Haigis formulas (assumed with unaltered constants). Study provided no details.

Biometry and keratometry measurements and formula
o Biometry (axial length, AL and anterior chamber depth, ACD) and keratometry: IOLMaster (Zeiss).
e Formula: SRK/T formula used to select pre-operatively the implanted IOL.

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification surgery with 3mm temporal corneal non-sutured incisions with in-the-
bag IOL implantation of a single style standard Alcon Acrysof MA30.

Details

Post-operative assessment: post-operative refractive assessment undertaken 4 weeks after surgery.

Study outcomes:

e Mean absolute error (difference between the predicted value and the actual post-operative spherical equivalent)
o Distribution of refractive error
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Group comparisons: Paired t test

Axial length subgroups were analysed but data were not provided. Graphical data of errors were provided for the different axial length subgroups but with
no measure of dispersion. Therefore, data not extracted.

Missing data handling/loss to follow up
None reported.

Mean absolute errors

Acrysof MA30 (51 eyes)
Mean absolute errors (standard deviation) in dioptres

SRKIT formula Haigis formula
Optimised ULIB constant Non-optimised constant P value Optimised ULIB constant Non-optimised constant P value
0.62 (0.54) 0.75 (0.50) <0.03 0.49 (0.50) 0.56 (0.40) 0.01

Study reported that overall, Haigis resulted in an average myopia of -0.22 and SRK/T in hypermetropia of 0.6D sphere.

Distribution of refractive error

Acrysof MA30 (51 eyes)
Number of eyes (proportion)

SRKI/T formula Haigis formula
Optimised ULIB constant Non-optimised constant Optimised ULIB constant Non-optimised constant
1.00D 2.00D 1.00D 2.00D 1.00D 2.00D 1.00D 2.00D
42 (82%) 49 (96%) 40 (78%) 49 (96%) 44 (86%) 51 (100%) 44 (86%) 51 (100%)

Countryl/ies where the study was carried out: USA

Study type: Retrospective case series

Aim of the study: To determine the accuracy of refractive prediction of 4 intraocular lens (IOL) calculation formulas (Haigis, Hoffer Q, SRK/T and Holladay
1) in eyes with an axial length greater than 25.0mm and to propose a method of optimising axial lengths to improve prediction accuracy

Study dates: November 2005 to April 2008

Source of funding: In part by an unrestricted grant from Research to Prevent Blindness, New York, USA

Sample size

106 eyes in 78 people

Diagnostic criteria
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Not reported
Inclusion criteria
e People with axial lengths greater than 25.0mm undergoing phacoemulsification cataract surgery with IOL implantation of Acrysof SAG0AT, SN60AT,
SN60T, SN60OWF, MA6OMA or MABOAC by the same surgeon in 1 institution
Biometric measurements using IOLMaster (Carl Zeiss Meditec Inc)
o No previous ocular surgery
* No intraoperative or post-operative complications
Post-operative corrected distance visual acuity of 20/30 or better
Exclusion criteria
o None reported
Baseline characteristics
Dataset from October 2002 to October 2005 Dataset from November 2005 to April 2008 to validate formulas
used to develop and validate formulas (n=69) (n=78)
IOL models SAG0AT/SN60AT MAG60MA MAG60MA/MAG60AC SAG0AT/SN60AT/SN60T SN60WF
Number of eyes 80 14 23 28 55
Age (years)* 62 + 11 (34 to 88) 65 + 10 (41 to 85)
Axial length (mm)* 26.66 + 0.92 (25.05 to 30.41 £ 1.58 (27.14 to 27.93+£1.00 (26.41 | 26.79+1.14 (25.03to | 26.50 + 0.97 (25.01 to
28.66) 32.98) to 30.78) 29.35) 29.56)
*Data in means + standard deviations (ranges)
NB: Data from second institution located in Germany not extracted as participants had refractive lens exchange. In addition, relevant comparative data
for the cohort from October 2002 to October 2005 were not provided and therefore, this group has not been used.

Intervention1: IOL constant optimisation

o |IOL constants for each formula were retrospectively optimised by obtaining a mean numerical error of zero using the IOLMaster (Hoffer Q, SRK/T and
Holladay 1) or multiple regression analysis (Haigis). This was done to avoid the offset errors due to systematic errors in biometry, surgical technique
and/or formulas.

Comparator1: Standard manufacturer IOL constants
No data provided for this comparison: IOL constant optimisation vs standard manufacturer IOL constants

Intervention2: Axial length optimisation

e For each eye with each |IOL formula, the optimised axial length using the manufacturer’s IOL constant to produce a refractive prediction error of zero was
back-calculated. Manufacturer’'s IOL constants were used as they serve as standard IOL constants for surgeons.
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Comparator2: IOLMaster axial length

Biometry and keratometry measurements and formula
o Biometry (axial length, AL) and keratometry: IOLMaster (Carl Zeiss Meditech Inc)
e Formula: Implanted IOL power based on Holladay 1 formula at USA centre

Cataract surgery and IOL implantation: 1 surgeon performed phacoemulsification cataract surgery through a 3.0 to 3.2mm temporal clear corneal tunnel

incision with IOL implantation of Acrysof SAGOAT, SN60AT, SN60T, SN6OWF, MA6OMA or MAGOAC

Details

Post-operative assessment: post-operative refractive outcomes assessed at least 3 weeks after surgery

Study outcomes:
o Prediction error (difference between actual post-operative refractive outcome and predicted refraction). A positive refractive prediction error indicates a
hyperopic refractive outcome.

o Number of eyes (proportion) with a hyperopic refractive outcome (positive prediction error)
Group comparisons: Student t test

Missing data handling/loss to follow up

None reported.

Comparison 2: Optimised axial length vs. IOLMaster axial length (standard manufacturers’ IOL constants used in both groups)

Prediction errors

Mean prediction errors in dioptres*

IOL MAG60MA/MAG0AC (23 eyes) SAB0AT/SNBOAT/SN6OT (28 eyes) SN60WF (55 eyes)

formulas Optimised AL IOLMaster AL Optimised AL IOLMaster AL Optimised AL IOLMaster AL

Haigis -0.05 + 0.40 (-0.63 0.83+0.39 (0.17to | -0.15+0.71 (-1.09 0.86 £ 0.67 (-0.36to | -0.05 +£0.52 (-1.19 0.62 £ 0.47 (-0.55 to
to 0.99) 1.79) to 2.40) 3.04) to 1.17) 1.91)

Hoffer Q -0.03 + 0.45 (-0.73 1.08 £ 0.47 (0.06to | 0.15+0.77 (-1.10to | 0.88 £ 0.70 (-0.37 to | -0.08 + 0.60 (-1.03 0.55+0.48 (-0.43 to
to 1.15) 2.06) 2.25) 2.78) to 1.19) 1.94)

SRKIT -0.31 £ 0.38 (-1.06 0.42 +0.39 (-0.61to | -0.03 £ 0.67 (-1.20 0.35+0.61 (-0.82to | -0.08 £ 0.50 (-1.18 0.22 £ 0.46 (-0.91 to
to 0.30) 1.27) to 1.61) 1.79) to 0.99) 1.37)

*Data in means + standard deviations (ranges)
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee
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Number of eyes (proportion) with a hyperopic refractive outcome (positive prediction error)

Number of eyes (proportion) with a hyperopic refractive outcome*
IoL MAG60MA/MAG60AC (23 eyes) SAG0AT/SNG6OAT/SN6OT (28 eyes) SN60WF (55 eyes)
formulas Optimised AL IOLMaster AL Optimised AL IOLMaster AL Optimised AL IOLMaster AL
Haigis 9 (39%) 23 (100%) 15 (54%) 27 (96%) 23 (42%) 52 (95%)
Hoffer Q 11 (48%) 23 (100%) 14 (50%) 26 (93%) 22 (40%) 50 (91%)
SRKIT 6 (26%) 20 (87%) 11 (39%) 18 (64%) 26 (47%) 37 (67%)

*Number of eyes (proportion); calculated from reported percentages
NB: Data for Holladay 1 have not been extracted as this formula has been identified as no longer in use by the guideline committee

8E.3.4 Other considerations in biometry

&23.41 Second eye prediction refinement

Country/ies where the study was carried out: UK
Study type: Retrospective consecutive case series

Aim of the study: To investigate the relationship between first and second eye prediction errors in order to develop theoretical correction factors based on
the prediction error of the first eye that can be applied to the second eye

Study dates: December 2005 to July 2010

Source of funding: not reported

Sample size

2129 people (4258 eyes, first and second eyes defined chronologically)

Diagnostic criteria
Not reported

Inclusion criteria

o People who underwent bilateral sequential uncomplicated phacoemulsification cataract surgery in 1 hospital with the same intraocular lens (IOL) model
implanted in the capsular bag in both eyes

o Had pre-operative measurement of axial length (AL) and corneal curvature (K) using the IOLMaster (Carl Zeiss Meditec, Germany)
e Had a post-operative subjective refraction and corrected distance visual acuity of 220/40

Exclusion criteria
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e Corneal astigmatism >3.00 dioptres
o People undergoing any concurrent additional procedure such as trabeculectomy, pars plana vitrectomy or limbal relaxing incisions

Baseline characteristics
o Not reported
Theoretical correction factors

o Relationship between prediction errors (differences between actual post-operative spherical equivalent of the subjective refraction and the post-operative
refraction) for the first and second eyes was analysed using correlation and a significant regression coefficient (RC) of 0.45 was defined for the included
2129 patients (4258 paired eyes).

Correction factor: corrected absolute prediction error, CAPE = absolute value of the prediction error of the second eye (PE2) minus the prediction error of
the first eye (PE1) multiplied by the regression coefficient (RC)

CAPE = | (PE2) — (PE1 * 0.45) |
The relationship was plotted to define critical values of interocular differences in axial length and corneal power of paired eyes that are associated with an
increase in CAPE (deviations from baseline variation). Data from patients with paired eyes exceeding these critical values were analysed separately.
Increasing difference in axial length between paired eyes was not associated with an increase in CAPE. Differences of >0.6 dioptres of corneal power
were associated with an increase in CAPE. Therefore, removal of paired eyes with an inter eye difference in corneal power of >0.6 dioptres, resulted in
1867 patients (3734 eyes) used in the theoretical predicted post-operative refraction calculations.

IOL formula: Theoretical predicted post-operative refraction was calculated using optimised IOL constants and the Hoffer Q, Holladay 1 and SRK/T
formulas. The choice of formulas was based on its appropriateness to both eyes:

IOL formula Paired eyes using the If paired eyes straddled the To undertake sensitivity analyses of correction factors
same IOL formula axial length thresholds for the around optimised IOL constants, non-optimised IOL
preferred choice of IOL formula constants were used in the theoretical calculations in
(in adjacent column), the the following increments and decrements around the
following criteria were used individual formula’s IOL constant
Hoffer Q (n=83) Axial length <21.50mm Axial length <26.50mm 0.06-steps of optimised personalised anterior chamber
depth
Holladay 1 21.50mm < Axial length 21.00mm < Axial length < 0.06-steps of optimised surgeon factor
(n=1911) < 26.00mm 26.50mm
SRK/T (n=135) Axial length = 26.00mm Axial length = 22.00mm 0.10-steps of optimised A constant

Application of the correction factor to the theoretical predicted post-operative refraction of the second eye was tested using a range of correction factors
from 10 to 100% in increments of 10%. A 50% correction factor was found to be optimal in improving second eye theoretical refraction outcomes.
Sensitivity analyses on the performance of the correction factors when using non-optimised IOL constants were undertaken. With no correction factor
applied, increasing deviations from the optimised IOL constant had an adverse effect on the refractive outcome of the second eye. Application of the
correction factor progressively from 10% upwards reduced the adverse effects of IOL constant errors on the refractive outcome. The 50% correction
factor mitigated the increase in mean absolute errors related to IOL constant errors.
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o First eyes were stratified into groups defined by ranges of their prediction errors and further combined into groups of absolute prediction errors.
Comparison of the axial lengths and corneal power between these groups were investigated to identify any groups with unusual biometric characteristics.
Vector analysis of post-operative subjective refraction was carried out to detect any significant differences in magnitude and meridian of astigmatism.

Interventions
o Adjusted second eye prediction using 50% correction factor, n=1867
e Unadjusted second eye prediction using no correction factor, n=1867

Measurement and formula
o Biometry and keratometry measurements: axial lengths and keratometry curvature were measured using the IOLMaster (Carl Zeiss Meditec, Germany).

Cataract surgery and IOL implantation: uncomplicated bilateral sequential phacoemulsification cataract surgery with IOL implantation (LI61AO Sofport,
Bausch & Lomb) in the capsular bag in all patients. Manufacturer’s A constant of 118.0.

Details

Post-operative assessment: subjective refraction was undertaken by an optometrist at the hospital or in the community at least 4 weeks after the surgery.
Community optometrists recorded the details of the post-operative assessment in a proforma letter which the patient returned at their post-operative
hospital visit 6 weeks after the surgery. Data obtained from anonymised electronic patient records.

Study outcomes:
e Mean absolute error (average of the absolute value of the prediction errors; prediction error is the difference between the actual post-operative spherical
equivalent of the subjective refraction and the post-operative refraction)

o Number of eyes within various ranges of the post-operative refraction
Group comparisons: non-parametric tests
Mean absolute errors and number (proportion) of eyes within various ranges of post-operative refraction

First eye prediction error groups Adjusted second eye prediction using 50% Unadjusted second eye prediction using no
correction factor correction factor
MAE | Number Number (%) | Number (%) | MAE | Number Number (%) | Number
(%) within | within 0.5D* | within (%) within | within 0.5D* | (%) within
0.25D* 1.00D* 0.25D* 1.00D*
-0.25 to +0.24 D (n=807) 0.29 428 (53%) | 678 (84%) 799 (99%) 0.30 420 (52%) | 670 (83%) 791 (98%)

-0.50 to -0.26D and 0.25 to 0.49D (n=583) | 0.31 303 (52%) | 472
-0.75 to -0.51D and 0.50 to 0.74D (n=261) | 0.38 112 (43%) | 193
-1.00 to -0.76D and 0.75 to 0.99D (n=139) | 0.32 60 (43%) 108

81%) | 566 (97%) | 0.34 | 280 (48%) | 455 (78%) | 560 (96%)
74%) | 248 (95%) | 0.49 | 81(31%) | 144 (55%) | 240 (92%)
78%) | 138(99%) | 0.43 | 50 (36%) | 88 (63%) 131 (94%)

—_ [~ |~
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-1.50 to -1.01D and 1.00 to 1.49D (n=69) | 0.40 | 26 (38%) | 51 (74%) 63 (91%) 0.61 | 11(16%) | 29 (42%) 61 (88%)
All eyes (n=1867) 0.32 | 934 (50%) | 1512 (81%) | 1811(97%) | 0.36 | 840 (45%) | 1382 (74%) | 1792
(96%)

All group sizes are as reported in study paper. There were not enough eyes with prediction errors exceeding +1.50D for statistically meaningful analysis
of outcomes.

D, dioptres; MAE, mean absolute error
*Number calculated from reported percentages in parentheses

Mean absolute errors in different critical levels of interocular corneal power

Interocular Adjusted second eye prediction using 50% Unadjusted second eye prediction using no Wilcoxon signed

corneal power correction factor correction factor rank test, p value
Mean absolute errors Mean absolute errors

>0.60 dioptres 0.40 0.42 0.20

< 0.60 dioptres 0.32 0.36 <0.0001

Overall risk of bias: This large retrospective case series has a moderate to high risk of bias, due to the lack of reporting of baseline characteristics,
inconsistencies in numbers reported in the manuscript, limited reporting of biometry and keratometry measurement procedures and details on how the IOL
power was selected at surgery.

Other information: Not relevant

Country/ies where the study was carried out: USA
Study type: Retrospective consecutive case series

Aim of the study: To determine whether prediction errors of the first eye (based on 1 month post-operative refraction assessments) can be used to alter
the intraocular lens (IOL) power selection and improve the refractive results for the second eye in people undergoing bilateral, sequential
phacoemulsification cataract surgery with IOL implantation

Study dates: January 2006 to December 2007
Source of funding: not reported

Sample size
206 people (412 eyes, assumed first and second eyes defined chronologically)

Diagnostic criteria

149

Internal Clinical Guidelines, 2017



Evidence Tables

Not reported

Inclusion criteria

e Adults (18 years or older) who underwent bilateral sequential phacoemulsification cataract surgery, separated by at least 7 days, performed by the same
surgeon in 1 hospital

Exclusion criteria

e Had post-operative best spectacle-corrected visual acuity worse than 20/40 in 1 or both eyes because of ocular comorbidity
Inadequate follow-up after the second eye surgery

IOL implanted was not the SAG60AT (Alcon Laboratories Inc) in 1 or both eyes

Had combined phacoemulsification and an additional procedure

Had unilateral cataract extraction

Had manual extracapsular cataract extraction and not phacoemulsification

Had prior refractive surgery or penetrating keratoplasty

Baseline characteristics

o Mean age at time of first eye surgery (SD, range): 69.9 (13.6, 18 to 91) years

o Male/female: 89 (43.2%) / 117 (56.8%)

e Mean duration between first and second eye surgeries (SD, range): 36.7 (69.4, 7 to 511) days

First eye Second eye Interocular correlation
Mean axial length in mm (SD, 24.0 (1.57,21.1 to 29.2) 24.0 (1.48, 21.0 to 29.2) r’=0.96, p<0.00001
range)
Mean keratometric power in 44.0 (1.88, 39.0 to 58.9) 43.9 (1.56, 40.0 to 49.3) r’=0.88, p<0.00001
dioptres (SD, range)

Theoretical correction factors

¢ Predicted post-operative refractions for the implanted IOL were recorded for the Holladay (1988) and SRK-II formulas. Data only reported for Holladay
formula but study reported similar results were observed for the SRK-II formula.

o First eye error of predicted refraction (PE1) was defined as the difference between the observed 1 month post-operative refractive spherical equivalent
and the spherical equivalent refraction predicted by the IOLMaster for the implanted using the Holladay or SRK-II formula.

o Unadjusted second eye error of predicted refraction (PEunadj) was defined as the difference between the observed 1 month post-operative refractive
spherical equivalent and the spherical equivalent refraction predicted by the IOLMaster for the implanted using the Holladay or SRK-II formula.

o Hypothetical fully adjusted second eye error (PEfull) = PEunadj — PE1
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o Hypothetical partially adjusted second eye error (PEpartial) = PEunadj — (C * PE1), where C varied from 0 to 1. The optimal partial adjustment was
determined to be 0.5 or 50%.

Interventions

o Adjusted second eye prediction using 100% correction factor: PEfull, n=206

o Adjusted second eye prediction using 50% correction factor: PEpartial50%, n=206
o Unadjusted second eye prediction using no correction factor: PEunadj, n=206

Measurement and formula

o Biometry and keratometry measurements: axial lengths and keratometric corneal powers were measured using the same IOLMaster (version 3.0, Carl
Zeiss Meditech, Germany) for all patients by a trained ophthalmic technician.

o |OL formula: lens power calculation was determined using the Holladay formula for both eyes.

Cataract surgery and IOL implantation: 1 surgeon performed temporal clear corneal phacoemulsification cataract surgery and selected the lens model in
all cases. Placement of sutures was at the discretion of the operating surgeon. No patients had intraoperative complications.

Details
Post-operative assessment: post-operative manifest subjective refraction was undertaken by the same group of trained technicians.

Study outcomes:
e Mean absolute error (average of the absolute value of the prediction errors)

o Number (proportion) of eyes achieving post-operative spherical equivalent refractions within various ranges of the predicted refraction
Group comparisons: paired sample t-tests

Mean absolute errors and number (proportion) of eyes achieving post-operative spherical equivalent refractions within various ranges of the
predicted refraction

Mean prediction error Mean absolute error Number (%) Number (%)
(SD, range) (SD, range) within <0.5D* | within <1.0D*
First eye error (PE1, n=206) -0.017 (0.61, -1.93 to 0.47 (0.39, 0 to 1.93) 134 (65%) 182 (88.3%)
1.87)
Adjusted second eye prediction using 100% -0.014 (0.59, -1.85 to 0.42% (0.41, 0 to 2.16) 138 (67%) 187 (90.8%)
correction factor (PEfull, n=206) 2.16)
Adjusted second eye prediction using 50% correction | -0.022 (0.50, -1.67 to 0.36” (0.34, 0.05 to 153 (74.3%) 193 (93.7%)
factor (PEpartial50%, n=206) 2.04) 2.04)
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Overall risk of bias: This small retrospective case series has a high risk of bias due to inconsistencies between the timing of first and second eye
surgeries and post-operative refractive assessment of the first eye.

Other information: Not relevant

84

Countryl/ies where the study was carried out: Australia
Study type: Retrospective consecutive case series

Aim of the study: To determine whether the retrospectively calculated case-derived intraocular lens (IOL) position value in the first eye reduces the error
of the predicted refraction in the second eye

Unadjusted second eye prediction using no -0.031 (0.57, -1.60 to 0.44 (0.37,0 t0 2.13) 137 (66.5%) 186 (90.3%)
correction factor (PEunadj, n=206) 2.13)
D, dioptres; MAE, mean absolute error
*Number calculated from reported percentages in parentheses
$p=0.66 PEfull vs PEunadj
Ap<0.0001 PEpartial50% vs PEunadj; p=0.001 PEpartial50% vs PEfull
Mean absolute errors in patients experiencing myopic or hyperopic first eye error
Mean absolute errors
Adjusted second eye Adjusted second eye prediction Unadjusted second eye prediction
prediction using 100% using 50% correction factor using no correction factor
correction factor (PEfull) (PEpartial50%) (PEunadj)
Myopic first eye error (n=94) 0.46 dioptres 0.38 dioptres™ 0.46 dioptres
Hyperopic first eye error (n=112) | 0.39 dioptres 0.35 dioptres” 0.42 dioptres
*p=0.01 PEpartial50% vs PEunadj; p=0.008 PEpartial50% vs PEfull
Ap=0.002 PEpartial50% vs PEunadj; p=0.07 PEpartial50% vs PEfull
Asymmetric biometry in first and second eyes
No definitive improvement using either full or 50% partial adjustment was observed in paired eyes that differed in axial lengths or average keratometry.
Study dates: February 1996 to March 2005
. Source of funding: Not reported
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Sample size
121 people (242 eyes)

Diagnostic criteria
Not reported

Inclusion criteria

e People who underwent bilateral phacoemulsification cataract surgery with implantation of the same IOL model performed by the same surgeon in 1
hospital

Exclusion criteria

e |OL inserted in the ciliary sulcus

Stabilised post-operative best-corrected visual acuity worse than 6/12

Previous or concurrent ocular surgery such as trabeculectomy or anterior vitrectomy
No recorded measurement of the post-operative spherical equivalent

Pre-operative corneal astigmatism >3.00 dioptres

Baseline characteristics

o Male/female: 44 (36.4%) / 77 (63.6%)

o Median duration between first and second eye surgeries (range): 3 (0.93 to 48) months
o Number of left eyes operated first / number of right eyes operated first: 53 / 68

Overall mean = SD Interocular correlation Mean difference between eyes * SD
Axial length in mm 23.15 £ 0.91 r?=0.97, p<0.05 -0.0028 + 0.24; p>0.05
Corneal power in dioptres 43.48 + 1.51 r’=0.97, p<0.05 -0.0470 + 0.36; p>0.05

Theoretical correction factors
e The predicted refraction in each eye was generated using the SRK/T formula and the axial length vergence formula.
e Prediction error (post-operative spherical equivalent — predicted refraction).

e The case-derived A-constant (IOL position value) for the SRK/T formula in each eye was back-calculated using a stepwise numeric approach. The A-
constant was adjusted until the predicted refraction was equal to the post-operative spherical equivalent, while the power of the IOL implanted, axial
length and corneal power remained constant.

The effective lens position (ELP) of the axial length vergence formula was calculated as suggested by Holladay 1997. This value was converted to the A-
constant equivalent (axial length vergence).

Unadjusted second eye error of predicted refraction (PEunadj) was calculated using the manufacturer’'s A-constant.
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o Adjusted second eye error of predicted refraction (PEadj) was calculated using the case-derived A-constant.

o Sensitivity analyses were undertaken comparing the adjusted and adjusted second eye prediction errors in patients in whom the absolute prediction error
in the first eye was greater than 0.5 dioptres and in datasets where biometrically extreme or asymmetric pairs of eyes were removed as suggested by
Holladay 1998 (criteria outlined below):

Parameter Restriction

Individual eye Axial length <20.0 or >25.0mm
Corneal power <40.00 or >47.00 dioptres
Emmetropic IOL power >3.00 dioptres from the calculated mean emmetropic IOL power

Between eyes Axial length difference >0.3mm
Corneal power difference >1.00 dioptres
Emmetropic lens power difference >1.00 dioptres

Interventions
o Adjusted second eye prediction using case-derived A-constant (100%): PEadj, n=121
o Unadjusted second eye prediction using the manufacturer’'s A-constant: PEunadj, n=121

Measurement and formula

o Biometry and keratometry measurements: axial lengths were measured using 2 calibrated ultrasonic biometers (Quantel Cine AB Scanner, Quantel
Medical and the model 820 A-scanner, Allergan Humphrey). Keratometric corneal powers were measured using 2 calibrated identical keratometers
(Bausch & Lomb). Measurements were always performed bilaterally with the same instrument and repeated by a different operator.

Cataract surgery and IOL implantation: 1 surgeon performed bilateral phacoemulsification cataract surgery with implantation of the same IOL model SI-
30NB (Advanced Medical Optics) in the capsular bag.

Details
Post-operative assessment: post-operative spherical equivalent was the optimally measured subjective spherocylindrical refraction.

Study outcomes:
o Prediction error (post-operative spherical equivalent — predicted refraction)

e Mean absolute error (average of the absolute value of the prediction errors)
Group comparisons: paired t-tests

Prediction errors and mean absolute errors
| | SRKIT formula Axial length vergence formula
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85

Mean prediction Mean absolute Mean prediction Mean absolute
error £ SD error error £ SD error
Adjusted second eye prediction using case-derived A- -0.076 £ 0.85 0.65 -0.66 + 0.89 0.91
constant (PEadj, n=121)
Unadjusted second eye prediction using the -0.12 £ 0.79 0.63 -0.47 £ 0.90 0.83
manufacturer’s A-constant (PEunadj, n=121)

Overall risk of bias: This small retrospective case series has a high risk of bias due to unclear timing of post-operative assessments and details on how
the IOL power was selected at surgery.

Other information: Not relevant

Country/ies where the study was carried out: USA
Study type: Prospective case series

Aim of the study: To assess the refractive error in the second eye when adjusted to correct 50% of the first-eye refractive error compared to no
adjustments

Study dates: January 2010 to May 2010
Source of funding: not reported
Sample size

97 people (194 eyes)

Diagnostic criteria
Not reported

Inclusion criteria

» Consecutive people who underwent first eye phacoemulsification cataract surgery 1 to 3 months prior to the scheduled second eye surgery, providing
informed consent

e People with a first eye refractive error greater than 0.5 dioptres

Exclusion criteria
o Any underlying retinal or corneal pathology
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Baseline characteristics
e Mean age (SD, range): 77.57 (7.95, 51 to 94) years
o Male/female: 48 (49%) / 49 (51%)

Overall mean * SD (range)*
Axial length in mm 23.49 £ 1.01 (21.23 to 27.07)
Average keratometry readings in dioptres 43.77 £ 1.60 (38.27 to 47.61)
*Assumed data based on 250 consecutive people available for eligibility screening

Correction factors

o The first eye refractive error (FERE) was evaluated before the second eye’s surgery. It was calculated by subtracting the predicted refraction from the
post-operative refraction measured 6 to 8 weeks after surgery. In the presence of astigmatism, the spherical equivalent values were used.

e 50% correction: calculations were adjusted to correct 50% of the error from the first eye when choosing the IOL power for the second eye.

o Theoretical unadjusted second eye error of predicted refraction (PEunadj) was calculated by subtracting the second eye predicted refraction with no
correction from the post-operative refraction.

o Adjusted second eye error of predicted refraction (PEpartial50%) was evaluated 6 to 8 weeks after surgery by subtracting the second eye predicted
refraction with 50% correction from the post-operative refraction.

o Theoretical adjusted second eye error of predicted refraction (PEfull) was calculated by subtracting the second eye predicted refraction with adjustments
to correct for the total first eye error from the post-operative refraction.

Interventions

e Adjusted second eye error of predicted refraction: PEpartial50%, n=97
e Adjusted second eye error of predicted refraction: PEfull, n=97

o Unadjusted second eye error of predicted refraction: PEunadj, n=97

Measurement and formula

o Biometry and keratometry measurements: axial lengths and keratometric corneal powers were measured at the same time using the IOLMaster, version
5.2 (Carl Zeiss Meditech, Germany) before the first eye’s surgery.

e |OL formula: Haigis formula was used for all IOL power calculations.

Cataract surgery and IOL implantation: 1 surgeon performed 2.75mm limbal incision, phacoemulsification cataract surgery with implantation of an
SN60OWF IOL (Alcon Laboratories Inc) in the capsular bag.

Details
Post-operative assessment: post-operative refraction was assessed 6 to 8 weeks after surgery. No further details provided.
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Study outcomes:
e Prediction error

o Number (proportion) of eyes achieving post-operative refraction within £1.00 dioptres

Group comparisons: 2-tailed Wilcoxon Mann-Whitney U test

Prediction errors and number (proportion) of eyes achieving post-operative refraction within £1.00 dioptres

to 1.19)

to 0.42)

to 1.98)

First eye Adjusted second eye error of Adjusted second eye error of Unadjusted second eye error of
refractive error predicted refraction (PEpartial50%) predicted refraction (PEfull) predicted refraction (PEunadj)
groups Mean prediction Number (%) Mean prediction Number (%) Mean prediction Number (%)
error (SD, range) within £1.00D* error (SD, range) within £1.00D* error (SD, range) within £1.00D*
-0.5to0 -1.00 D -0.086 (0.62, -1.43 | 42 (89%) 0.269 (0.64, -1.14 38 (81%) -0.440 (0.62, -1.81 | 39 (83%)
(n=47) to 1.47) to 1.95) to 0.99)
> -1.00D (n=15) -0.464 (1.00, -2.75 | 12 (80%) 0.305 (0.93, -1.58 11 (73%) -1.232 (1.14,-3.91 | 9 (60%)
to 0.68) to 1.34) to 0.55)
+0.5 to +1.00 D -0.082 (0.42, -1.32 | 23 (96%) -0.425 (0.42,-1.65 | 23 (96%) 0.260 (0.44, -0.99 23 (96%)
(n=24) to 0.61) to 0.32) to 1.01)
> +1.00D (n=11) -0.124 (0.79, -1.61 | 9 (82%) -0.799 (0.81,-2.23 | 6 (81%) 0.552 (0.85, -0.98 7 (64%)

All eyes (n=97)A

-0.189 (0.689)

86 (88.7%)

-0.162 (0.798)

78 (80.4%)

-0.215 (0.907)

78 (80.4%)

AValues calculated by reviewer

Median prediction errors in patients experiencing myopic or hyperopic first eye error

First eye
refractive error

Improvement in median prediction errors in people with
myopic first eye error (n=not reported)

Improvement in median prediction errors in people with
hyperopic first eye error (n=not reported)

groups

Adjusted second eye prediction using 50% correction factor

Adjusted second eye error of predicted refraction

(PEpartial50%) (PEpartial50%)
-0.5to -1.00 D -0.48 to -0.12 dioptres 0.31 to -0.03 dioptres
>-1.00D -0.93 to -0.12 dioptres 0.48 to -0.29 dioptres

Overall risk of bias:

This small prospective case series has a high risk of bias, due to the limited reporting of biometry and keratometry measurement
procedures and lack of reporting of post-operative assessment procedures.

Other information: Not relevant
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8E.3.5 Risk stratification

Study details  Country/ies where the study was carried out: USA
Study type: Retrospective cohort study

Aim of the study: To validate the Najjar-Awwad cataract surgery risk score for residents, which has been proposed to predict surgical