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e PURPOSE: To compare the accuracy of formulas for cal-
culating intraocular lens power in eyes after myopic laser
refractive surgery or radial keratotomy.

» DESIGN: Bayesian network meta-analysis.

e METHODS: PubMed, Embase, the Cochrane Data Base
of Systematic Reviews, and the Cochrane Central Regis-
ter of Controlled Trials databases were searched for ret-
rospective and prospective clinical studies published from
January 1, 2012, to August 24, 2022. The outcome mea-
surement was the percentage of eyes with a predicted er-
ror within the target refractive range (+0.50 diopter [D]
or £1.00 D).
e RESULTS:
1172 eyes after myopic refractive surgery that use 12 for-
mulas for intraocular lens power calculation. (1) A net-
work meta-analysis showed that Barrett true-K no his-
tory, the optical coherence tomography (OCT) formula,
and the Masket formula had a significantly higher percent
of eyes within £0.50 D of the goal than the Haigis-L for-
mula, whereas the Wang-Koch-Maloney formula showed
the poor predictability. Using an error criterion of within
+1.00 D, the same 3 formulas performed slightly better
than the Haigis-L formula. Based on performance using
both prediction error criteria, the Barrett true-K no his-
tory formula, OCT formula, and Masket formula showed
the highest probability of ranking as the top 3 among the
12 methods. (2) A direct meta-analysis with a subset of
4 studies and 5 formulas indicated that formulas did not
differ in percent success for either the +0.5 D or £1.0 D
error range in eyes that had undergone radial keratotomy.
e CONCLUSIONS: The OCT, Masket, and Barrett
true-K no history formulas are more accurate for
eyes with previous myopic laser refractive surgery,

Our meta-analysis includes 24 studies of
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CCURATE INTRAOCULAR LENs (IOL) pPoOwEgr
calculation is key to successful cataract surgery
but has also proved challenging for those who
have previously had refractive surgery for myopia. This
is currently a hot topic in the field, as the majority of
myopic patients have high expectations of refractive out-
comes after cataract surgery.! Unfortunately, conventional
methods for IOL power calculation result in a high risk
of postoperative hyperopia and even the need for IOL
exchange.’ Inaccuracy in the IOL power selection is due
to 3 main factors:** (1) keratometric index error caused by
the altered relationship between the anterior and posterior
corneal surface;’ (2) radius error, which occurs when auto-
mated keratometers focusing on the central 3.2 mm of the
cornea miss the larger laser treatment optical zone;* and
(3) estimated lens position error, as the third-generation
formula uses inaccurate corneal powers to predict effective
lens position.®
More than 30 methods have been developed to cor-
rect errors in IOL power calculation encountered in eyes
with previous myopic refractive surgery. These methods are
based on assumptions, regression formulas, and other ap-
proaches that attempt to correct for the above 3 sources
of error, including historical methods that use previous
keratometry or refractive data and nonhistorical methods
that only use current biometric data. The clinical history
method? is the earliest method used to calculate IOL power
after corneal refractive surgery. The K value after refrac-
tive surgery (Kpost) to calculate the IOL power optical can
be achieved accurately by using the K value before refrac-
tive surgery (Kpre) minus the change in refraction, and uses
the Kpre to estimate the effective lens position.”® Due to
loss and inaccuracy in patients’ prerefractive data, however,
nonhistorical methods are typically more clinically use-
ful, such as Haigis-L,” Barrett true-K no history,'® BESSt,
optical coherence tomography (OCT) formula,'' Sham-
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FIGURE 1. Flowchart of literature selection. IOL = intraocular lens, PTK = phototherapeutic keratectomy, SMILE = femtosecond

laser small incision lenticule extraction.

mas post laser-assisted in situ keratomileusis (LASIK),'*>"?

Wang-Koch-Maloney,'* and others.

Previous studies trying to assess differences between for-
mulas typically lack significance but also have small sample
sizes. Early meta studies by Chen and associates'’ showed
that the Haigis-L formula had good accuracy in IOL power
calculation after corneal refractive surgery. Barrett true-K
no history has been gradually recognized by ophthalmol-
ogists in recent years, but its accuracy in previous meta-
analyses is still controversial. Li and associates'® argued that
the Barrett true-K no history formula is not superior to other
formulas, whereas Wei and associates'’ found that the Bar-
rett true-K, OCT, and optiwave refractive analysis (ORA)
methods performed better in [OL power calculation for eyes
with myopia laser refractive surgery. No formula exists that
is generally accepted to be highly accurate for eyes after
refractive surgery. On the other hand, the current meta-
analysis of IOL formula selection in eyes with radial kerato-
tomy (RK) is still rare. This meta-analysis aimed to compare
the accuracy of formulas for calculating IOL power in eyes
after myopic laser refractive surgery and RK.

DATA AND METHODS

» LITERATURE SEARCH: PubMed, Embase, the Cochrane
Data Base of Systematic Reviews, and the Cochrane Cen-
tral Register of Controlled Trials were searched for retro-
spective and prospective clinical studies from January 1,
2012, to August 24, 2022, using the following search terms:

(Lenses Intraocular [Mesh] OR Intraocular Lens
[Title/Abstract] OR Implantable Contact Lens
[Title/Abstract] OR IOL [Title/Abstract]) AND

(Refractive Surgical Procedures [Mesh] OR Laser
Corneal Surgeries [Title/Abstract] OR Laser Kerate-
ctomy [Title/Abstract] OR Laser Corneal Surgeries
[Title/Abstract] OR Keratomileusis, Laser In Situ

VoL. 262

IOL PoweR CALCULATION IN EYES AFTER MYOPIC SURGERY

[Mesh] OR LASIK [Title/Abstract] OR Laser-Assisted
Stromal In Situ Keratomileusis [Title/Abstract] OR
Photorefractive Keratectomy [Mesh] OR PRK [Ti-
tle/Abstract] OR Radial Keratotomy[Title/Abstract] OR
RK]Title/Abstract]) AND (calculate* OR formula*)

There was no restriction placed on the language of the
publication. Two independent reviewers conducted a pre-
liminary review of the titles and abstracts of all returned
studies. Once duplicates were removed and titles and ab-
stracts reviewed, 85 full articles were analyzed to select stud-
ies that met the inclusion and exclusion criteria (Figure 1).

o SELECTION CRITERIA: The inclusion criteria were as fol-
lows: (1) individuals with a corneal refractive surgery his-
tory, including laser in situ keratomileusis, photorefrac-
tive keratectomy (PRK), laser-assisted subepithelial ker-
atomileusis for myopia, and RK, who were treated with
uneventful phacoemulsification and IOL implantation for
cataract; (2) at least 2 selected IOL power calculation for-
mulas were used (including Haigis-L, Shammas-PL, Barrett
true-K, Barrett true-K no history, Wang-Koch-Maloney,
SRK-T, OCT, ORA, Masket, modified-Masket, American
Society of Cataract and Refractive Surgery (ASCRS) aver-
age, and Holladay 2);'%!11%% and (3) the postoperative re-
fractive results (>3-week follow-up) provided the percent-
age of eyes whose prediction error was within the target re-
fraction (% within £0.50 diopter [D] or % within £1.00
D).

The exclusion criteria were as follows: (1) patients who
had hyperopic refractive surgery or phototherapeutic kera-
tectomy surgery; (2) patients with other vision disorders,
for example, glaucoma, uveitis, or macular degeneration;
(3) patients using multifocal, extended depth of focus, or
piggyback IOL; and (4) review articles or discussion papers,
conference abstracts, or studies performed on animals.

* DATA EXTRACTION: Two researchers used EndNote X9
to independently screen and enter data into the retrieved
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literature, and then cross-checked to verify its accuracy.
Where disagreement occurred, the researchers discussed it,
consulting a third researcher, if necessary, to reach a consen-
sus. The extracted data included first author, year of publi-
cation, country, study type, study group, sample size, gender,
age, eye axial length (AL), follow-up time, formulas used,
outcome index, and study conclusion.

e QUALITY EVALUATION: Bias risk and applicability were
assessed according to the adjusted QUADAS-2 tool, ¢4

and RevMan v. 5.4.1 was used for meta-analysis.

e OUTCOME MEASUREMENT: The outcome measurement
was the percentage of eyes with a predicted error within the
target refraction range (£0.50 D or £1.00 D).

o STATISTICAL ANALYSIS: Stata v. 16.0 was used to con-
duct a network meta-analysis of the final included liter-
ature. All indicators used were continuous data. On the
premise of consistent measurement methods and tools,
mean difference is used as the effect scale; otherwise,
standardized mean difference is used. Confidence intervals
(95% CI) were used for each effect indicator, and the sig-
nificance level of all statistical analyses was set as P < .05.
The heterogeneity test used I> and P values as follows: if
P < .1and I? < 50% = low heterogeneity among studies, a
fixed effects model was used; if P < .1 and I > 50% = high
heterogeneity among studies, a random effects model was
used. Subsequent subgroup and sensitivity analyses were
conducted to find the source of the heterogeneity. Sensi-
tivity analysis was conducted by removing studies one at a
time to test for changes in the effect estimate. Stata v. 16.0
was used to produce the network plot and the comparison-
correction funnel plot of publication bias. The surface un-
der the cumulative ranking curve (SUCRA) ranking results
of each formulas were calculated, and a ranking chart was
drawn to rank formulas for accurate IOL power calculation.

RESULTS

» LITERATURE SELECTION: Of the 1037 articles retrieved
from the search, after screening according to strict inclusion
and exclusion criteria, 24 studies qualified for further analy-
sis.| 111899 A flowchart of the literature screening process
is shown in Figure 1.

* CHARACTERISTICS OF STUDY PARTICIPANTS: Table |
shows the basic characteristics of the included studies. In
summary, of the 24 studies, 7 were prospective case series
studies, 1 was a combination of a prospective and retro-
spective case series study, and 16 were retrospective case
series studies. A total of 1172 eyes that had undergone re-
fractive surgery were analyzed. The enrolled patients ranged

in age from 39 to 74 years with a mean AL of 23.80 to0 32.93
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mm and were followed up for >3 weeks. The included stud-
ies used 12 formulas: Haigis-L, Shammas-PL, Barrett true-
K, Barrett true-K no history, Wang-Koch-Maloney, SRK-
T, OCT formula, ORA formula, Masket, modified-Masket,
ASCRS average, and Holladay 2.

e QUALITY ASSESSMENT: Bias risk and applicability were
assessed according to the adjusted QUADAS-2 tool. In
terms of patient selection, 3 studies did not introduce the
time category of case inclusion, leading to a high risk of bias.
Nine studies did not clarify patient enrollment methods,
leading to an unclear risk of bias. For reference standard
and flow assessment, subjective refraction was performed in
3 studies, and follow-up time was not explicitly mentioned
in 3 studies. For the index test, all 24 studies were of high
quality (See Supplementary Figure 1 for details). The result,
as drawn by RevMan, is shown in Figure 2.

e NETWORK META-ANALYSIS RESULTS:

The network plot

A network plot of the original direct comparisons of 11 for-
mulas is shown in Figure 3. Each dot represents a different
formula, and dot sizes indicate the number of eyes using the
formula. The lines represent direct comparisons between
formulas, and their thickness is proportional to the number
of studies. Haigis-L (18 studies) and Shammas-PL (17 stud-
ies) are the 2 most compared formulas, followed by Barrett
true-K no history (9 studies). Recently developed formulas
such as OCT were typically compared with current popular
methods.

Statistical heterogeneity and inconsistency

A heterogeneity test conducted for the closed loop formed
was not statistically significant, but some IF values were on
the high side. Direct meta-analysis indicated low hetero-
geneity, with [? = 26.6%, P > .05; thus, a random effects
model was used for analysis. The Higgins*' and associates
model indicated good consistency. The local inconsistency
test conducted using the node-splitting method indicated
that studies were consistent (P > .05). Therefore, network
meta-analysis was conducted under the consistency model
(see Supplemental chart 2- 6 for details).

Prediction error within £0.50 D

Bayesian network meta-analysis was used to evaluate the
percentage of eyes within £0.50 D for the combined direct
and indirect comparisons of the 11 methods. Forest plot re-
sults of the Bayesian network meta-analysis are shown in
Figure 4. The Barrett true-K no history formula (pooled risk
ratio [RR] = 1.43; 95% credible interval [Cr]]: 1.12-1.81),
OCT formula (pooled RR = 1.88;95% Crl: 1.27-2.80), and
Masket formula (pooled RR = 1.78; 95% Crl: 1.17-2.71)
were significantly better than the Haigis-L formula, whereas
the Wang-Koch-Maloney formula (pooled RR = 0.75; 95%
Crl: 0.57-0.99) had poor performance. The Shammas-PL
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TABLE 1. Basic Characteristics of the Included Articles

Author Year Study Design Type Eyes Mean Age AL (mm) Follow-up Formula
Haigis-L Shammas-PL BTK BTK-NH WKM SRK-T OCT Masket mo-Masket ASCRS Holladay-2

Tang 2012 Prospective LASIK 16 59.4 +11.9 NA NA N N
Huang 2013  Prospective  LASIK/PRK 46 615+ 8.0 NA 1 mo v Vv N
Saiki 2013  Retrospective LASIK 25 540+99 26.39+0.99 1 mo N Vv v v v
Saiki 2013  Retrospective LASIK 28 541+98 2619+106 1mo Vv V v v v
Saiki 2014  Retrospective LASIK 24  54.0+10.6 NA 1 mo N Vv N,
Savini 2015  Prospective LASIK 30 50.1+92 2706 +2.05 NA Vv Vv
Wang 2015 Prospective ~ LASIK/PRK 104 63.0+70 25.46+ 1.30 3 wk-3mo N Vv v N
Wong 2015 Retrospective LASIK/PRK 62 51.3+94 2770+ 153 NA N N
Abulafia 2016 Retrospective LASIK/PRK 58 NA 2585+ 135 3wk v V V v v v
Helay 2016 Prospectiveand  LASIK 45 513+73 28664278 14mo Vv Vv Vv

Retrospective
Ma 2016  Retrospective RK 65 64.0+6.0 25.50+ 1.48 4 mo Vv v v
Wu 2017  Prospective LASIK 10 50.3+9.0 30.06+287 3mo N Vv
Cho 2018  Prospective LASIK 56 54.6+94 2704+236 3mo N v v
Savini 2018 Prospective  LASIK/PRK 22 56.4+8.3 26.70+ 170 NA i Vv
Savini 2019  Retrospective LASIK 50 582479 2717+ 157 NA Vv Vv v
Menon 2020 Retrospective LASIK 41 48.0+90 28.02+271 1mo v Vv
Turnbull 2020 Retrospective LASIK/PRK 36 65.0+8.0 24.98+0.87 4-6wk i Vv
Fang 2021 Retrospective LASIK 29 56.1+88 3071114 1mo N Vv v v v
Dawson 2021 Retrospective RK 47 66.3+75 2540+160 3-4mo v
Sandoval 2021 Retrospective LASIK 101 670+70 25.16+113 3wk i i v v
Yeo 2021 NA LASIK/IPRK 64 56.0+70 2747 +1.71 1 mo N Vv v v
Lida 2022 Retrospective LASIK 59 59.0+9.3 2701+194 1mo N v v
Li 2022 Retrospective LASIK/PRK 31 52.0+8.9 28524248 6mo V v v

AL = axial length, ASCRS = ASCRS average, BTK = Barrett true-K, BTK-NH = Barrett true-K no history, LASIK = laser-assisted in situ keratomileusis, mo-Masket = modified-Masket, NA = not

available, OCT = optical coherence tomography formula, PL = post-LASIK, PRK = photorefractive keratectomy, WKM = Wang-Koch-Maloney.
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FIGURE 2. Risk of bias of the included studies.

FIGURE 3. A network plot. Different dots represent different formulas, and their sizes represent the number of eyes using the
formula. The lines represent direct comparisons between formulas, and their thickness is proportional to the number of studies. A.
A network plot of the percentage of prediction error within £0.50 D of the target refraction (% %0.50 D). B. A network plot of the
percentage of prediction error within £1.00 D of the target refraction (% £1.00 D). ASCRS = American Society of Cataract and
Refractive Surgery, BTK = Barrett true-K, BTK-NH = Barrett true-K no history, D = diopter, mo-Masket = modified-Masket,
OCT = optical coherence tomography formula, ORA = optiwave refractive analysis, WKM = Wang-Koch-Maloney.

formula performed equally well or better than the Haigis-L
formula (pooled RR = 1.05; 95% Crl: 0.84-1.30). No sig-
nificant difference occurred between other formula pairs (P
> .05; Table 2). The surface under the cumulative ranking
curve rank probabilities and Bayesian posterior estimates of
the % eyes within £0.50 D are presented in Figure 5, A. All
formulas were ranked from best (1) to worst (11); percent-
ages reveal the probability of each formula being in each
rank position (Figure 5, B). To make results more intuitive,
we plot the sorting probabilities of the various formulas in
Figure 5, C.

Prediction error within +1.00 D

No significant differences occurred between pairs of for-
mulas (P > .05) for the percentage of eyes meeting the
error within +1.00 D criterion (Table 3). For the per-
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centage of eyes within 1.00 D, the Barrett true-K no
history (pooled RR = 1.50; 95% Crl: 0.99-2.26), Masket
(pooled RR = 1.98; 95% Cirl: 0.96-4.12), and OCT for-
mulas (pooled RR = 1.95; 95% Crl: 0.90-4.20) performed
slightly better than the Haigis-L formula. The ranking re-
sults of the network meta-analysis were as follows (from
best to worst): Barrett true-K (78%) > Masket (77.8%)
> OCT formula (77.1%) > Barrett true-K no history
(64.6%) > ASCRS average (61.9%) > mo-Masket (61%)
> Shammas-PL (46.9%) > SRK-T (36.2%) > Haigis-L
(26.2%) > Wang-Koch-Maloney (14.1%) > Holladay-2
(6.1%) (Figure 6).

Risk of bias
The comparison-correction funnel plot for the percentage
of eyes within +0.50 D was created using Stata v. 14.2. All
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TABLE 2. Results of Network Meta-analysis on the Percentage of Eyes With Prediction Error Within £0.50 diopter With Different Formulas

B

C

D

E

F

G

H

1

J

K

A

B

1.52 (0.93, 2.49)
0.73 (0.58,0.93)
1.39 (1.05, 1.85)
0.89 (0.61, 1.29)
0.56 (0.37,0.83)
0.59 (0.39, 0.88)
0.80 (0.48, 1.32)
0.83 (0.59, 1.16)
1.09 (0.61, 1.93)
1.05 (0.84, 1.30)

0.66 (0.40, 1.07)
C

0.48 (0.29, 0.79)
0.92 (0.55, 1.53)
0.59 (0.32, 1.06)
0.36 (0.20, 0.67)
0.39 (0.22, 0.68)
0.52(0.27, 1.03)
0.54 (0.31, 0.95)
0.71 (0.34, 1.48)
0.69 (0.42,1.13)

1.36 (1.08, 1.73)
2.08 (1.26,3.43)
D
1.90 (1.43,2.53)
1.22 (0.82, 1.80)
0.76 (0.50, 1.15)
0.80 (0.52, 1.24)
1.09 (0.65, 1.82)
1.13 (0.80, 1.58)
1.48 (0.83, 2.64)
1.43 (1.12, 1.81)

0.72 (0.54, 0.95)
1.09 (0.65, 1.83)
0.53 (0.39, 0.70)
E
0.64 (0.41, 0.98)
0.40 (0.26, 0.61)
0.42 (0.27, 0.66)
0.57 (0.34,0.97)
0.59 (0.41, 0.85)
0.78 (0.43, 1.42)
0.75 (0.57, 0.99)

1.12 (0.77, 1.63)
1.71 (0.94, 3.09)
0.82 (0.55,1.22)
1.56 (1.02, 2.41)
F
0.62 (0.37, 1.05)
0.66 (0.39, 1.11)
0.89 (0.49, 1.62)
0.93 (0.58, 1.49)
1.22 (0.65, 2.30)
1.17 (0.81, 1.70)

1.80 (1.21, 2.68)
2.74 (1.49, 5.03)
1.32 (0.87,1.99)
2.51(1.63,3.87)
1.60 (0.96, 2.69)
G
1.06 (0.61, 1.83)
1.44 (0.78, 2.66)
1.49 (0.92,2.42)
1.96 (1.01, 3.81)
1.88 (1.27, 2.80)

1.70 (1.13, 2.55)
2.59 (1.47,4.57)
1.25(0.81, 1.92)
2.37(1.51,3.72)
1.51 (0.90, 2.55)
0.94 (0.55, 1.63)
H
1.35(0.76, 2.42)
1.40 (0.87,2.27)
1.85(0.94, 3.64)
1.78 (1.17,2.71)

1.25(0.76, 2.07)
1.91 (0.98, 3.74)
0.92 (0.55, 1.53)
1.75 (1.03, 2.96)
1.12 (0.62, 2.02)
0.70 (0.38, 1.29)
0.74 (0.41, 1.32)
I
1.04 (0.60, 1.79)
1.36 (0.65, 2.84)
1.31(0.79, 2.18)

1.21 (0.87, 1.69)
1.84 (1.05,3.23)
0.89 (0.63, 1.25)
1.69 (1.18,2.41)
1.08 (0.67, 1.73)
0.67 (0.41, 1.09)
0.71 (0.44, 1.15)
0.96 (0.56, 1.67)
J
1.32(0.70, 2.47)
1.27(0.90, 1.77)

0.92 (0.52, 1.63)
1.40 (0.68, 2.90)
0.67 (0.38, 1.20)
1.28 (0.70, 2.34)
0.82 (0.44, 1.54)
0.51 (0.26, 0.99)
0.54 (0.27, 1.07)
0.73 (0.35, 1.53)
0.76 (0.41, 1.43)
K
0.96 (0.56, 1.67)

0.96 (0.77, 1.19)
1.46 (0.89, 2.39)
0.70 (0.55, 0.89)
1.33 (1.01, 1.76)
0.85(0.59, 1.24)
0.53 (0.36, 0.79)
0.56 (0.37, 0.86)
0.76 (0.46, 1.27)
0.79 (0.56, 1.11)
1.04 (0.60, 1.80)
A

A = Haigis-L, B = Shammas-PL, C = Barrett true-K, D = Barrett true-K no history, E = Wang-Koch-Maloney, F = SRK-T, G = optical coherence tomography formula, H = Masket, | = modified-
Masket, J = ASCRS average, K= Holladay-2.
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TABLE 3. Results of Network Meta-analysis on the Percentage of Eyes With Prediction Error Within £1.00 diopter With Different Formulas

B

C

D

E

F

G

H

I

J

K

A

ADOTOWIVHIHAQ 40 TIYNINO[ NVIIIIWY

B

0.54 (0.15, 1.95)
0.84 (0.56, 1.26)
1.52 (0.94, 2.45)
1.13 (0.67, 1.92)
0.65 (0.30, 1.41)
0.63 (0.31, 1.29)
0.81(0.37, 1.79)
0.84 (0.45, 1.56)
2.22 (0.95, 5.16)
1.26 (0.89, 1.78)

1.84 (0.51, 6.62)
C
1.55 (0.41, 5.86)
2.79(0.72, 10.78)
2.08 (0.53,8.21)
1.19(0.27,5.27)
1.17 (0.31, 4.37)
1.05 (0.36, 6.54)
1.54 (0.38, 6.29)
4.08 (0.89, 18.72)
2.31(0.62, 8.59)

1.19(0.79, 1.79)
0.65 (0.17, 24.5)
D
1.80(1.08, 3.01)
1.35(0.75, 24.2)
0.77 (0.34, 1.73)
0.75 (0.35, 1.63)
0.97 (0.42, 2.23)
1.00 (0.52, 1.90)
2.64 (1.11, 6.25)
1.50(0.99, 2.26)

0.66 (0.41, 1.07)
0.36 (0.09, 1.39)
0.55(0.33,0.92)
E
0.75 (0.39, 1.44)
0.43 (0.18, 0.99)
0.42 (0.19, 0.93)
0.54 (0.23, 1.26)
0.55(0.28, 1.07)
1.46 (0.58, 3.67)
0.83 (0.51, 1.35)

0.88 (0.52, 1.50)
0.48 (0.12, 1.90)
0.74 (0.41, 1.34)
1.34 (0.69, 2.59)
F
0.57(0.23, 1.40)
0.56 (0.24, 1.29)
0.72 (0.30, 1.74)
0.74 (0.34, 1.59)
1.96 (0.79, 4.87)
1.11 (0.66, 1.87)

1.55(0.71, 3.38)
0.84 (0.19, 3.74)
1.30 (0.58, 2.94)
2.35(1.01, 5.45)
1.75(0.71, 4.31)
G
0.98 (0.35, 2.73)
1.26 (0.43, 3.68)
1.30 (0.50, 3.35)

1.58 (0.78, 3.21)
0.86 (0.23, 3.22)
1.33 (0.61, 2.86)
2.39 (1.08, 5.30)
1.79(0.78, 4.11)
1.02 (0.37,2.83)
H
1.29 (0.50, 3.33)
1.32 (0.55,3.18)

3.43 (1.14, 10.31) 3.50(1.21, 10.15)

1.95 (0.90, 4.20)

1.98 (0.96, 4.12)

1.32 (0.56, 2.70)
0.67 (0.15,2.92)
1.03 (0.45,2.37)
1.86 (0.79, 4.37)
1.39(0.57,3.37)
0.79 (0.27,2.32)
0.78 (0.30, 2.02)
I
1.03 (0.40, 2.61)
2.72 (0.90, 8.27)
1.54 (0.70, 3.40)

1.20 (0.64, 2.23)
0.65 (0.16, 2.66)
1.01 (0.35, 1.92)
1.81 (0.93, 3.52)
1.35(0.63,2.91)
0.77 (0.30, 2.00)
0.76 (0.31, 1.83)
0.97 (0.38, 2.48)
]
2.65(0.78, 7.19)
1.50 (0.81, 2.80)

0.45 (0.19, 1.05)
0.25 (0.05, 1.13)
0.38 (0.16, 0.90)
0.68 (0.27, 1.71)
0.51(0.21, 1.27)
0.29 (0.10, 0.87)
0.29(1.10, 0.83)
0.37 (0.12, 1.11)
0.38 (0.14, 1.02)
K
0.57(0.25,1.27)

0.80 (0.56, 1.13)
1.43 (0.12, 1.61)
0.67(0.44,1.01)
1.21 (0.74, 1.96)
0.90 (0.53, 1.52)
0.51(0.24, 1.11)
0.50 (0.24, 1.05)
0.66 (0.29, 1.43)
0.67 (0.36, 1.24)
1.76 (0.79, 3.96)
A

A = Haigis-L, B = Shammas-PL, C = Barrett true-K, D = Barrett true-K no history, E = Wang-Koch-Maloney, F = SRK-T, G = optical coherence tomography formula, H = Masket, | = modified-
Masket, J = ASCRS average, K= Holladay-2.
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FIGURE 4. Forest plot results of the Bayesian network meta-analysis. A = Haigis-L, B = Shammas-PL, C = Barrett true K,
D = Barrett true K no history, E = Wang-Koch-Maloney, F = SRK-T, G = optical coherence tomography formula, H = Masket,

1 = modified-Masket, ] = ASCRS average, K = Holladay-2.

points are distributed centrally in the middle of the funnel
plot and symmetric, indicating that a small sample effect or
publication bias of studies is less likely (Figure 7).

o RESULTS FOR PATIENTS WHO HAD RK: Four studies were
included to compare the performance of Barrett true-K,
Barrett true-K no history, OCT formula, ORA formula,
and ASCRS average.”’>?>**%’ Due to the small amount of
data, the network model did not converge. Direct meta-
analysis was used for comparison, and the results are shown
in Figure 8. There was no significant difference between the
formulas for percentage within +0.5 D or for percentage

within £1.0 D (P > .05).

DISCUSSION

For most ophthalmologists, IOL power calculation after my-
opia laser surgery is undoubtedly difficult. In recent years,
this has led many ophthalmologists to develop new for-
mulas. Chen and associates'” analyzed 9 studies and con-
cluded that the Masket method, the Shammas no history
and Shammas-PL formulas, and the Haigis-L method have
the highest accuracy. Li and associates'® compared the ac-
curacy of IOL power calculation formulas after myopia laser
surgery without historical data and found that the accuracy

of the ASCRS average, Barrett true-K no history, and OCT
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formulas were the most accurate. Chen and associates*

found the recommended Haigis-L formula for the calcula-
tion of IOL power in eyes with no previous data if avail-
able. According to Wen and associates,” ORA, BESSt,
and Double-K SRK/T were the top 3 no-history formulas in
eyes with myopic corneal laser refractive surgery. However,
because of the inherent limitations of traditional meta-
analysis methods, the above study evaluated the differences
between the Haigis-L formula and other formulas and could
not directly test which formula was the most accurate in
predicting the power of IOL after myopia laser surgery. As
an extension of traditional meta-analysis, Bayesian network
meta-analysis has the advantage that it can indirectly com-
pare the performances of different IOL power calculation
formulas through a common control. After combining the
results of direct comparison and indirect comparison, the
percentage of eyes falling within prediction errors £0.50
D and £1.00 D can be ranked to provide evidence-based
medical information for clinical selection of the appropriate
IOL power calculation formula.** Wei and associates' " used
Bayesian meta-analysis to analyze the performances of 13
methods for calculating the degree of IOL. In order to bet-
ter solve the problem of IOL measurement in cataract pa-
tients after refractive surgery, we screened the formula based
on the research of Wei and associates. Some formulas was
omitted because of the poor predictability, such as adjusted
Atlas 0-3, adjusted Atlas 9000 (4.0 mm zone), and adjusted
effective refractive power. The ORA formula is also not in-
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FIGURE 5. SUCRA ranking charts of the percentage of prediction error within £0.50 D with different formulas. A. The ranking
results of network meta-analysis from best to worst were OCT (92.6%) > Masket (88.6%) > BTK-NH (74.4%) > mo-Masket
(61.9%) > ASCRS (60.3%) > SRK-T (50.9%) > Shammas NH (38.1%) > Holladay-2 (34.6%) > Haigis-L (32.6%) > WKM
(8.8%) > BTK (7.2%). B. Ranking probabilities for the 11 formulas at all positions (ranks 1-11) according to the accuracy per-
formance of the method. C. The ranking of various formulas plotted to make results more intuitive. ASCRS = American Society
of Cataract and Refractive Surgery, BTK-NH = Barrett true-K no history, D = diopter, OCT = optical coherence tomography
formula, SUCRA = surface under the cumulative ranking curve, WKM = Wang-Koch-Maloney.

cluded because of its relatively small use. The ASCARS
formula was also incorporated because of its growing pop-
ularity among surgeons. We thus used a Bayesian network
meta-analysis to analyze 24 studies conducted in the last
decade and compared 12 frequently used IOL calculation
power formulas. We conclude that the OCT, Masket, and
Barrett true-K no history formulas are most accurate for eyes
with previous myopic laser refractive surgery.

Scientists have developed many empirical formulas to
calculate IOL power, such as predicting corneal data before
surgery or using accurate measuring instruments to measure
actual corneal refractive power after surgery. In our study,
both the OCT and Masket formulas were superior to other
methods within the 0.5 D and £1.0 D ranges, and OCT
without historical data was better than the Masket formula
using prerefractive data, which is consistent with a previous
Bayesian meta-analysis.'”

OCT is a noncontact imaging technology that can si-
multaneously measure the anterior and posterior corneal
power with high axial resolution and accuracy. Tang and
associates'! reported a formula for calculating IOL power
based on OCT that requires 6 biological measurements, in-
cluding AL, anterior chamber depth, lens thickness, cen-
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tral corneal thickness, anterior corneal power, and posterior
corneal power. Net corneal power (NCP) was calculated ac-
cording to the Gaussian thick lens formula. A regression for-
mula was used to convert NCP into effective corneal power

(ECP):

ECP = 1.0208 x NCP — 1.6622.

In eyes that have not undergone refractive surgery or RK,
the OCT formula is comparable to the standard theoretical
formula and better at predicting refractive outcomes, with
78% of eyes having a prediction error of less than +0.50 D.

Masket and associates®’ suggested that traditional meth-
ods for estimating corneal power after excimer laser abla-
tion were inaccurate and that it was difficult to determine
the appropriate [OL power. They proposed a correction for-
mula for calculating the power of IOL:

IOL Power Adjustment = LSE x (—0.326) + 0.101,

where LSE is the total prior laser treatment, adjusted for ver-
tex distance, in SE. The refractive error of 32 eyes reported
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refractive analysis, RK = radial keratotomy.

after LASIK/PRK was within +0.75 D. The Masket formula
requires the use of LASIK/PRK preoperative data and is not
applicable for patients without preoperative data. Although
the relationship between the anterior and posterior corneal
keratometry remains unaltered, the Masket formula is not
suitable for eyes after RK. Peripheral weakening causes flat-
tening of the center corneal, making it difficult to obtain
accurate direct central corneal power readings.

Different from the study of Li and associates,'® we found
that the performance of the Barrett true-K no history for-
mula was significantly better than that of the Haigis-L for-
mula. The Barrett true-K formula is based on Barrett Uni-
versal II. This formula can be used to calculate the corneal
keratometry change in eyes after LASIK, PRK, and RK for
myopia or hypermetropia with the change in refraction. It
can also be used without considering the surgically induced
change in refraction because it uses an internal regression
formula to calculate an estimated change in manifest refrac-
tion when those data are not entered; we refer to this as the
Barrett true-K no history formula. Barrett true-K and Uni-
versal 1l formulas, whose design details have not yet been
released, are available on the Asia Pacific Association of
Cataract and Refractive Surgeons (APARCS) website and
are considered the most accurate formulas for calculating
IOL power in eyes after corneal refractive surgery.'%?* 4047

IOL power calculation in eyes after RK remains a difficult
problem and relevant studies are few; our analysis included
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only 4 such studies. The performances of Barrett true-K,
Barrett true-K no history, OCT formula, ORA formula, and
ASCRS average were compared. However, no significant
differences were found, and their accuracy was not satisfac-
tory. Further research is needed.

Multifocal IOL is increasingly popular in ophthalmic
clinical settings. However, patients with multifocal IOL are
more likely to complain about halos and glare. Yao and as-
sociates®® stated that although eyes after refractive corneal
surgery such as RK, LASIK, and PRK are not absolute con-
traindications for multifocal IOL implants, patients need to
be informed of the risk of poor-quality vision because of sig-
nificantly reduced contrast sensitivity. Alio and associates*’
noted that residual myopia or hypermetropia should be
evaluated by comparing the defocus curve; otherwise, either
the distal or proximal focus of a single refractive multifocal
IOL can lead to serious errors. For this reason, we did not
include studies involving multifocal or extended depth of
focus IOL in our analysis. In the late 1990s, optical biomet-
rics as a noncontact technique had a better postoperative
refractive prognosis than squishing and immersion biomet-
rics.’Y Therefore, to control heterogeneity and bias, we also
excluded studies using ultrasound. With the development
of optical biometrics, Pentacam has become a new kind
of biometrics instrument because of its ability to measure
abundant anterior segment parameters,”’ which is the an-
terior segment analyzer designed based on the Scheimpflug
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photographic principle. In recent years, the IOL Master700
based on sweep-source OCT has gained popularity because
of its good axial detection rate.’”»>* However, our analysis
only included studies using partial coherence interferom-
etry (PCI) to measure optical biometric data and did not
compare the difference in residual refraction prediction of
different device measurement parameters used in IOL cal-
culation formulas. Further studies are needed to further un-
derstand the clinical use of different devices. Scholars have
found that in addition to the clinical history method, Orb-
scan II mean power maps can also be used to obtain accurate
corneal power. The specific method is to use Orbscan II-
derived mean corneal power at 1.5 mm and combined with
IOL calculation formulas, such as the SRK-T formula. It af-
fords an accurate measurement of IOL power for planned
cataract surgery. The methods used in various studies to ob-
tain corneal power are different, including Orbscan II, IOL
Master700, Pentacam, and so on, which may lead to the
lack of consistency in the comparison of the formulas and
require further discussion.’*°

In recent years, with updated methods for calculating
IOL power, the postoperative refractive error for more than
55% of conventional cataract patients was within 0.50
D.#»7 Hahn and associates”® reported in a multicenter
prospective study that the overall achievement rate of tar-
get refractive outcomes within £0.5 D at 3 months after
cataract surgery was 80%. However, for eyes that have un-
dergone refractive surgery, there is no recognized standard
for calculating the power of IOL in China to date, and the
accuracy of IOL in the studies we included was lower than
this value due to the difficulty of IOL calculation.

There are some limitations to our study: (1) The
methodological quality of the included literature is not
high. Two-thirds of the studies we included were retrospec-
tive case series, and there was also bias caused by the small
sample size and variation in IOL type. (2) Femtosecond
laser small incision lenticule extraction (SMILE) surgery
has been popular for a short time. Thus, not many patients
who have had the surgery have yet developed cataracts,

and few studies exist. Therefore, we did not include it in
our analysis. Lazaridis and associates’ used a theoretical
model involving virtual IOL implantation to assess the
predictive error between different IOL calculation for-
mulas after SMILE. Lischke and associates®® analyzed the
first group of patients who received cataract surgery and
IOL implantation after SMILE surgery and found that ray
tracing increased accuracy in IOL power calculation. (3)
Some new formulas (such as the Olsen T formula®' and the
Hill Potvin Shammas formula®) were not included in our
meta-analysis because of the small number of studies or lack
of comparison between formulas. (4) Although the postop-
erative refractive error of various IOL calculation formulas
has been compared and ranked, it is unknown whether the
performance of each formula differs for different degrees of
myopia. (5) As a joint method may interfere with the spe-
cific performance of the explicit formulas, evaluation and
analysis of various joint methods were not carried out. (6)
The current study is not registered, and there may be a few
biases, but we still strictly follow the steps of the systematic
review.

In summary, we compare the performance of 12 formu-
las for calculating IOL power and find that the OCT, Mas-
ket, and Barrett true-K no history formulas are more accu-
rate for IOL power calculation after LASIK/PRK surgery. If
preoperative historical data are available, the Masket for-
mula is a good choice. If historical data are not available,
we recommend using the Barrett true-K no history formula
to calculate IOL power after LASIK/PRK or the OCT for-
mula if the required equipment is available. However, given
the limited number of research samples, more high-quality,
large-sample, randomized controlled trials are needed for
further analysis of optimal methods. Therefore, in clinical
practice, decision makers should comprehensively consider
various factors of patients to select the appropriate formula.
In future studies, the combined application of different for-
mulas and the selection of formulas under different degrees
of myopia should be evaluated to better meet patient ex-
pectations.
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