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© Ameta-analysis to compare ocular biometry measured by optical low-coherence reflectometry (Lenstar

: LS900; Haag Streit) and partial coherence interferometry (the IOLMaster optical biometer; Carl Zeiss
Meditec). A systematic literature search was conducted for articles published up to August 6th 2015
in the Cochrane Library, PubMed, Medline, Embase, China Knowledge Resource Integrated Database
and Wanfang Data. A total of 18 studies involving 1921 eyes were included. There were no statistically

. significant differences in axial length (mean difference [MD] 0 mm; 95% confidence interval (Cl) —0.08

. t00.08 mm; p=10.92), anterior chamber depth (MD 0.02 mm; 95% Cl —0.07 to 0.10 mm; p=0.67),

© flat keratometry (MD —0.05 D; 95% Cl —0.16 to 0.06 D; p = 0.39), steep keratometry (MD —0.09 D;

95% Cl —0.20 to 0.03 D; p=0.13), and mean keratometry (MD —0.15D; 95% Cl —0.30 to 0.00 D;

. p=0.05). The white to white distance showed a statistically significant difference (MD —0.14 mm;

© 95% Cl —0.25 to —0.02 mm; p=0.02). In conclusion, there was no difference in the comparison of

. AL, ACD and keratometry readings between the Lenstar and IOLMaster. However the WTW distance

* indicated a statistically significant difference between the two devices. Apart from the WTW distance,
measurements for AL, ACD and keratometry readings may be used interchangeability with both
devices.

: Accurate ocular biometry is imperative for the management of cataract!*. The parameters of axial length (AL),
: anterior chamber depth (ACD), keratometry (K) and white to white (WTW) distance are required in intraocular
* lens (IOL) power calculation, and for the implantation of phakic IOLs. Inaccurate measurement of AL, ACD, and
. corneal power contribute to 36%, 42%, and 22%, respectively, of the error in predicted refraction of an IOL using
optical biometry™*.
The IOLMaster (Carl Zeiss Meditec, Jena, Germany) was introduced in 1999 as the first optical biometer®’.
This non-contact technology made it possible to evaluate all the required parameters with a single device®’. It
utilities partial coherence interferometry (PCI) to measure AL with a 780 nm laser diode infrared light. ACD
: measurement is based on an optical section through the anterior chamber by means of a slit-illumination system
. with subsequent image assessment. The measurement of K readings in the flat and steep meridian is achieved
: by analyzing a pattern of light-emitting diodes (LEDs) imaged by the corneal front surface®. An image analysis
. system is used to measure the WTW distance. Each of the IOLMaster’s assessments requires realignment of the
device with the visual axis of the eye. This device has been shown to provide highly repeatable measurements
. regardless of the examiner’s training and accurate measures in both long and short eyes®~'2. In addition, it is also
. non-invasive and acquisition time is short which has led to the IOLMaster becoming the most popular biometry
. device used in the clinical setting around the world".
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1100 reports identified from
literature search

1100 title and abstract of reports 1078 studies excluded as not
screened meeting inclusion criteria

3 further studies excluded:

22 full text articles obtained for 1 without detailed experimental

review data
1 included a pediatric population

of subjects

1 some of participators didn’t get
19  Studies  included in data of both two device
meta-analysis

Figure 1. Selection flowchart of the studies included in the present meta-analysis.
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Did the whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis?

Did patients receive the same reference standard regardless of the index test result?

Was the reference standard independent of the index test (i.e. the index test did not form part of the reference standard)?

Was the execution of the index test described in sufficient detail to permit replication of the test?

Was the execution of the reference standard described in sufficient detail to permit its replication?

Were the index test results interpreted without knowledge of the results of the reference standard?

Were the reference standard results interpreted without knowledge of the results of the indextest?

Is the reference standard likely to correctly classify the target condition?
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Is the time period between reference standard and index test short enough to e reasonably sure that the target condition did not change between the two tests?

Figure 2. Quality assessment of the included studies.

The Lenstar (Haag-Streit, Koeniz, Switzerland), a more recent biometer to the market, has been the first com-
petitor of the IOLMaster. It uses optical low-coherence reflectometry (OLCR) with a 820 nm laser diode infrared
light to measure AL and ACD. Similar technology to the IOLMaster is used to measure K and WTW. In compari-
son to the IOLMaster, the Lenstar is capable of acquiring more parameters, such as corneal thickness and crystal-
line or intraocular lens thickness”41>. Unlike the [OLMaster, the Lenstar is capable of capturing all measurements
simultaneously without the need for realignment!*1>.

Many comparative studies have been conducted assessing the differences between common measurement
parameters with both these devices. However, there have been some conflicting and inconsistent findings>>!4-31,
This may in part be caused by small study sample sizes, the age or nationality of the patients, use of eyes with
or without eye diseases. The aim the present meta-analysis is to combine the results of all comparative studies
(IOLMaster versus Lenstar) to determine which parameters are interchangeable.

Results

Trial selection. The selection flowchart is displayed in Fig. 1. The literature search identified 1100 articles.
These 1100 articles and their associated abstracts were screened and 1078 were excluded. The full-text of the
remaining 22 articles were obtained and a further 4excluded. The first was excluded due to the lack of the detailed
experimental data®?, second one because patients were children®, the third one was some of participators did
not obtain data from both devices®, and the last one was a duplicate study®. Thus, the final 18 trials that met our
inclusion criteria were included in the meta-analysis>*4-3133,

Trial characteristics. The characteristics of the eligible studies are summarized in Table 14313} Some
articles lack certain information, such as the proportion of male to female subjects. In such cases, the parameter
is marked as unavailable.

Trial Quality. Quality assessment of the included studies is shown in Fig. 2. Two independent researchers
conducted the evaluation. In general, the quality of included studies was high.
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Olga 2015% Israel 48 73 21:27 63.2+£8.75 IOL eyes AL, ACD, Km, WTW
Lin 2014% China 76 76 35:41 68.1+7.5 Cataract AL, ACD, Kf, Ks,
WTW

Liu2013% China 205 205 122:83 443 £5.0 Normal eyes AL 1?/?’]%\/\11( fRs,
Huang 2012% China 98 157 43:55 71.6+7.5 Cataract AL, ACD, Kf, Ks, Km
Wang 20124 China 40 80 26:14 682+7.7 Cataract AL ACD
Sheng 2012% China 72 122 38:34 64.6+13.4 Cataract AL, ACD, Kf, Ks, Km
Huang 2012(2)* China 43 43 23:20 22.1+47 Normal | Ab AC%%IKS’ e
Ye 20112 China 30 60 10:20 62.5+7.7 Cataract AL, ACD, Km
Hildebrandt 20112 Germany 140 137 IOL eyes AL
Georgios 2011 Austria 51 51 29:22 68+ 11 Cataract AL, ACD, Km
Chen 2011% Austria 59 72.6 Cataract AL, ACD, Km, WTW
Kenneth 2010 USA 50 50 21:29 74.13£7.12 Cataract AL, ACD Km

50 50 24:26 66.22 +6.42 Normal
Rabsilber 2010° Germany 100 100 70+10.6 Cataract AL, ACD, Rf, Rs
Buckhurst 2009 UK 112 112 36:76 76.449.1 Cataract AL, AV(\ZTJ%\/sﬁ Ks,
Holzer 2009'8 Germany 100 200 27.25410.32 Normal AL, ACD, Kf, Ks
Liampa 20097 USA 145 145 73.5£9.5 Cataract AL, ACD
Kaspar 2009° America 80 144 34:46 66.9 Mixed AL, ACD, Rf, Rs
Cruysberg 2009"° Netherlands 38 76 25:23 25.9+8.5 Normal AL, ACD, Rf, Rs

Table 1. Baseline characteristics. AL = Axial length, ACD = anterior chamber depth, Kf =keratometry along
the flattest meridian, Ks = keratometry along the steepest meridian, Km = mean keratometry, Rf = radius of
curvature in the flattest meridian, Rs =radius of curvature in the steepest meridian, WTW = white to white,
SD = standard deviation.

Analysis of AL.  All 18 articles measured AL with both devices with a total number of 1921 eyes. The results
of the meta-analysis showed that there were no statistically significant differences in the final analysis of AL (MD
0.00 mm; 95% CI —0.08 to 0.08 mm; p = 0.92). The forest plot is shown in Fig. 3.

Analysis of ACD. There were 18 articles which measured ACD with a total of 1750 eyes. Liu ef al. found a
statistically significant lower ACD measurement with the Lenstar whereas Holzer et al. and Liampa et al. found
the opposite!®!”?%, The meta-analysis showed no statistically significant differences in the final analysis of ACD
(MD 0.02 mm; 95% CI —0.07 to 0.10 mm; p = 0.67) between the Lenstar and IOLMaster (Fig. 4).

Analysis of Kf. There were 10 articles which measured Kf with a total of 1227 eyes. None of these stud-
ies reported a statistically significant difference in the measurement of Kf with both devices. Further, the
meta-analysis indicated no statistically significant difference (MD —0.05 D; 95% CI —0.16 to 0.06 D; p =0.39)
(Fig. 5).

Analysis of Ks.  There were 10 articles which measured Ks with a total of 1227 eyes. None of these studies
reported a statistically significant difference in the measurement of Ks with both devices. Combining the results,
the meta-analysis also showed there was no statistically significant difference (MD —0.09 D; 95% CI —0.20 to 0.03
D; p=0.13) (Fig. 6), i.e. the Lenstar provides a flatter Ks reading than the IOLMaster.

Analysis of Km. There were 10 articles which measured Km with a total of 790 eyes. The study by Olga et al.
found a statistically significant flatter Km reading with the Lenstar®. The remaining 9 studies found no difference.
The meta-analysis found no statistically significant difference (MD —0.15 D; 95% CI —0.30 to 0.00 D; p=0.05)
(Fig. 7).

Analysis of WTW.  There were 6 articles which measured WTW with a total of 568 eyes. Of these, 3 articles
found a statically significant lower WTW distance with the Lenstar'”?%. The meta-analysis also found a statis-
tically significant lower WTW distance with the Lenstar compared to the IOLMaster (MD —0.14 mm; 95% CI
—0.25 to —0.02 mm; p = 0.02) (Fig. 8).

Sensitivity analysis. For each parameter investigated the effect of statistical modeling (fixed-effect model
or random-effect model) was evaluated with the results shown in Table 2. The primary heterogeneity of ACD was
high, so the sensitivity analysis was performed by excluded Crusberg et al.’®, and the heterogeneity decreased
from 90% to 65%, the subjects in the study were found to be younger (all under 50) than in other studies. Another
three studies'®?*?® were also excluded since the mean age was younger than 50. The heterogeneity decreased to
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lenstar IOLmaster Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Buckhurst 2009 2325 221 112 2324 219 112 20% 0.01[0.57, 059 e —
Chen 2011 2365 1.19 59 23867 1.2 59 35% -0.02[-0.45 041] S E—
Cruysherg 2009 2392 1.23 TE 239 1.22 76 4.3% 0.02[0.37, 0.41] = 1
Georgios 2011 23.67 1.26 51 2366 1.23 51 2.8% 0.01[0.47,0.49] T
Hildebrandt 2011 2375 1.7 137 2375 208 137 32% 000[0.45 0.45] S —
Huolzer 2009 2358 092 200 2357 081 200 203% 001[017,019 -
Huang 2012 2365 117 1587 2365 116 147 9.8% 0.00[-0.26, 0.26] I
Huang 2012(2) 2568 1.56 43 2566 157 43 1.5% 0.02[-0.64,0.68] -]
Kaspar 2009 241 22 128 241 22 125 22% 0.00[}0.55 0.59]

Kenneth 2010 (cataract) 2371 1.04 50 2368 1.04 50 3.9% 0.03[0.38 0.44] I
Kenneth 2010 (clearlens) 2372 1.21 500 237 112 50 29% 0.02[-0.45 049 I

HIII ‘ |

Liampa 2009 2346 116 145 2349 115 145 9.2% -0.03[0.30,0.24] —
Lin 2014 2332 082 76 2334 031 76 9.7% -0.02[-0.28 0.24] ]
Liu 2013 2381 114 208 238 114 208 134% 0.01[0.21,0.23] ]
Olga 2014 2406 1.438 73 2404 147 73 28% 0.02[-0.46, 050 I
Rabsilber 2010 2355 138 100 2354 137 100 45% 001[0.37 039 —
Sheng 2012 2408 212 122 2406 211 122 23% 002[0.51,0.55] ]
Wang 2012 2445 285 80 2425 28 80  0.8% 0.20[0.68 1.08]

e 2011 2469 243 60 2475 2.4 60 0.9% -0.06[-0.93 0.81]

Total (95% CI) 1921 1921 100.0% 0.00 [-0.08, 0.08] *

Heterogeneity: Chi*=0.37, df=18 (P =1.00); F= 0%

Test for overall effect Z= 010 (P =0.92) - 05 v 0.5 !

Favours [experimental] Favours [contral]

Figure 3. Comparison of AL measurement with the Lenstar and IOLMaster. df = degree of freedom;
12 = extent of inconsistency; Z = overall effect.

lenstar IOLmaster Mean Difference Mean Difference
Study or Subgaroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random, 95% CI
Buckhurst 2009 318 083 112 308 102 112  41% 0.10 [0.16, 0.36] I
Chen 2011 313 058 59 312 049 59 49% 0.01 F0.18, 0.20] ]
Cruysherg 2009 313 029 76 361 026 76 B1% -048[057,-039) ——
Georgios 2011 321 039 51 315 042 51 53% 0.06 [-0.10,0.22] ==
Haolzer 2008 364 026 200 348 042 200 6.2% 0.16[0.09,0.23] =
Huang 2012 3.08 041 157 305 041 157 B.0% 0.04 [-0.05,0.13] D
Huang 2012{2) 373 03 43 373 026 43 5.8% 0.00[-012,012] —
Kaspar 2009 319 048 91 317 049 91 55% 0.02 [0.12,0.18] T
Kenneth 2010 (cataract) 311 047 80 298 045 a0 4.9% 0.13 [-0.06, 0.32] I
Kenneth 2010 {clear lens) 31 04 50 295 039 50 53% 0.15 [0.01, 0.31] 1
Liampa 2009 319 039 145 299 039 145 6.0% 0.20[0.11,0.29) -
Lin 2014 3.05 035 TE 303 0.34 76 5.8% 0.02 [-0.08,0.13] -
Liu 2013 326 033 208 335 032 204 6.3% -0.09[0.15,-0.03] I
Olga 2015 342 034 73 335 034 73 58% 0.07 [-0.04,0.18] T
Rabsilber 2010 309 04 100 304 04 100 5.8% 0.05 [-0.08, 0.16] T
Sheng 2012 318 042 122 32 045 122 5.9% -0.02 [0.13, 0.04] -1
Wang 2012 283 043 80 284 05 80 55% -0.01[0.15013] T
Ye 2011 287 051 60 289 057 60 49% -0.02[0.21,017] N
Total (95% CI) 1750 1750 100.0% 0.02 [-0.07, 0.10] ?

Heterogeneity: Tau®= 0.03; Chi*=173.30, df=17 (P = 0.00001); F=90%

- : | t ;
Test for overall effect Z= 0.42 (P = 0.67) 0.5 025 0 025 0.5

Favours [experimental] Favours [control]

Figure 4. Comparison of ACD measurement with the Lenstar and IOLMaster. df = degree of freedom;
12 = extent of inconsistency; Z = overall effect.

20% after those studies (Fig. 9) were excluded. With these exclusions, the overall results did change to become
statistically significantly different (p=0.0003). The same method was performed for WT'W. With the removal of
two studies: Olga et al.*! and Huang et al.?®, the heterogeneity decreased from 74% to 0% (Fig. 10). The difference
between these two trials and others is that the eyes included had clear lenses whilst the other studies included eyes
with lens opacities. The overall results did not change with their removal (p <0.001).

Subgroup analysis. Subgroup analyses were performed based on the types of eye diseases. Studies were
grouped as either eyes with cataract®!417:19-2224-27.29-31L33 o gther eyes™!>16182328_ An analysis of the ACD in eyes
with cataract indicated a statistically significant (p=0.001) lower measurement with the IOLMaster. On the con-
trary, there was a statistically significant (p = 0.006) lower measurement with the Lenstar in other eyes. An analy-
sis of Km indicated a statistically significant (p = 0.04) lower/flatter measurement with the Lenstar in the cataract
eyes subgroup (MD —0.16 D) but no statistically significant difference in the other eyes group (p =0.84). The
Lenstar was found to measure a lower WTW distance in the both the cataract and other eyes group (p < 0.0001).
Full results of the subgroup analysis is shown in Table 3.

Publication Bias. The publication bias test was performed separately for each parameter. The funnel plot for
all parameters is shown in Fig. 11. The funnel plot for the parameters AL, Kf and Ks are symmetry, while other
three parameters (ACD, Km and WTW) are not which suggests possible publication bias.
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Mean Difference
IV, Fixed, 95% CI

Mean Difference

lenstar IOLmaster
Study or Subgrou Mean SD Total Mean SD Total Weight
Buckhurst 2008 4278 283 112 4282 283 M2 24%
Cruysherg 2009 4327 169 76 43.32 1.61 TE 4T7%
Holzer 2009 4241 148 200 4245 148 200 155%
Huang 2012 4371 156 157 4368 161 157 10.6%
Huang 2012(2) 429 161 43 4282 158 43 29%
Kaspar 2009 436 1.25 136 4366 1.25 136 147%
Lin 2014 4403 1.52 TE 4407 1.59 TH 55%
Liu 2013 4344 125 205 4355 125 205 222%
Rabsilber 2010 4344 113 100 4349 113 100 13.3%
Sheng 2012 4338 157 122 4343 158 122 83%
Total (95% CI) 1227 1227 100.0%

Heterogeneity: Chi*= 059, df= 8 (P=1.00); F=0%
Test for overall effect: Z= 0.86 {P = 0.39)

-0.04 [0.78, 0.70]
-0.05 [-0.57, 0.47]
-0.04 [0.33, 0.25]

0.03 [0.32, 0.38]

0.08 [0.58, 0.75]
-0.06 [-0.36, 0.24]
-0.04 [0.53, 0.45]
-0.11 F0.35, 0.13]
-0.05 [-0.36, 0.26]
-0.05 [-0.45, 0.35]

-0.05[-0.16, 0.06]

IV, Fixed, 95% CI

—

m%l\ul

K

05 1

S 3

0.5

Favours [experimental] Favours [control]

Figure 5. Comparison of Kf measurement with the Lenstar and IOLMaster. df = degree of freedom;

12 = extent of inconsistency; Z = overall effect.

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

lenstar IOLmaster
Study or Subgrou Mean SD Total Mean SD Total Weight
Buckhurst 2009 4388 274 112 4393 282 112 24%
Cruysberg 2009 4412 169 TE 4423 153 7B 4.8%
Holzer 2009 4333 1.48 200 4337 149 200 147%
Huang 2012 446 1.65 157 4465 1.63 157 9.5%
Huang 2012(2) 4422 187 43 4435 178 43 21%
Kaspar 2009 4482 1.09 136 4482 113 136 17.9%
Lin 2014 4466 1.59 TE 4471 157 76 4.9%
Liu 2013 4418 1.21 205 4435 1.21 205 228%
Rabsilber 2010 4434 1.09 100 4447 113 100 13.2%
Sheng 2012 4416 158 122 4428 162 122 T77%
Total (95% CI) 1227 1227 100.0%

Heterogeneity: Chi*=1.20, df= 9 (P =1.00); F= 0%
Test for overall effect: Z=1.50 (P =0.13)

-0.05 [-0.78, 0.58]
-0.41 [-0.62, 0.40]
-0.04 [-0.33, 0.25]
-0.05 [-0.41, 0.31]
-0.03 [-0.80, 0.74]

0.00 [-0.26, 0.26]
-0.05 [-0.55, 0.45]
-0.47 [-0.40, 0.06]
013 [-0.44, 0.18]
-0.12 [-0.52, 0.28]

-0.09 [-0.20, 0.03]

4

0.5 0 0.5 1

Favours [experimental] Favours [control]

Figure 6. Comparison of Ks measurement with the Lenstar and IOLMaster. df = degree of freedom;

12 = extent of inconsistency; Z = overall effect.

lenstar IOLmaster Mean Difference Mean Difference
Study or Subarou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Georgios 2011 4316 1.71 51 43.24 1.69 51 6.1% -0.08[-0.74, 0.58]
Huang 2012 4415 158 1587 4417 158 157 21.7% -0.02[-0.37 0.33] ——
Huang 2012(2) 4356 1.7 43 4357 164 43 5.3% -0.01[0.72 0.70] .
Kenneth 2010 (cataract) 4358 1.87 50 4369 1.92 a0 48% -0.11[-0.85, 0.63] - 1
Kenneth 2010 {clearlens) 4341 213 a0 4353 213 a0 3.8% -012[085 0.71] S
Liampa 2009 4321 1.82 59 4325 18 59 789% -0.04 [-0.62, 0.54] S
Qlga 2015 43 1.48 T3 4397 145 T3 11.3% -0.97[1.45-0.449] -
Sheng 2012 4377 1485 122 4386 157 122 17.3% -0.09[-0.48 0.30] T
e 2011 4412 0497 60 4417 098 60 21.8% -0.05[-0.40, 0.30] -
Total (95% CI) 665 665 100.0% -0.16 [-0.32, 0.00] L 4
Heterogeneity: Chi*=12.33, df= 8 (P = 0.14); F=35% s o 05 |

Test far averall effect: Z=1.92 (P = 0.06)

Favours [experimental] Favours [control]

Figure 7. Comparison of Km measurement with the Lenstar and IOLMaster. df = degree of freedom;

12 = extent of inconsistency; Z = overall effect.

Mean Difference

Mean Difference
IV, Random, 95% CI

-0.07 F0.31, 0.17)
0.02[0.14,0.18]
-0.27 [-0.44,-0.10]
-0.29 [-0.45,-0.13]
-0.21 [-0.28,-0.14]
0.03[0.10,0.16]

lenstar IOLmaster
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random. 95% Cl
Buckhurst 2008 1208 086 112 1215 095 112 11.8%
Huang 2012{2) 12.21 038 43 1219 037 43 16.4%
Liampa 2009 11.88 047 59 1215 047 59 157%
Lin 2014 11.56 0.55 TE 11.85 0.44 7B 16.4%
Liu 2013 11.84 04 205 12.05 037 205 21.7%
Olga 2015 1218 042 73 1215 0.4 73 18.0%
Total (95% CI) 568 568 100.0%

Heterogeneity: Tau®= 0.01; Chi*=19.07, df=5 (P =0.002); F=74%
Test for overall effect £=2.32 (P=0.02)

-0.14 [-0.25, -0.02]

—_—

05 -025 0 025 05

Favours [experimental] Favours [control]

Figure 8. Comparison of WTW measurement with the Lenstar and IOLMaster. df = degree of freedom;

12 = extent of inconsistency; Z = overall effect.
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lenstar IOLmaster Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Fixed. 95% ClI IV, Fixed, 95% CI
Buckhurst 2009 319 093 112 309 102 112 18% 0.10[}0.16,0.36]
Chen 2011 313 058 59 312 049 59 31% 0.01[0.18,0.20]
Georgios 2011 321 039 51 315 042 51 47% 006010, 023
Huang 2012 308 041 157 305 041 157 143% 0.04[0.05013]
Kaspar 2009 3.19 0438 91 317 049 91 59% 0.02[012 0.16]
Kenneth 2010 {cataract) 311 047 A0 288 048 a0 3.3% 013 [-0.06,0.33]
Kenneth 2010 (clear lens) 31 041 50 285 039 50 48% 015[0.01,0.31]
Liarmpa 2009 319 039 145 289 039 145 146% 0.20([0.11,0.29]
Lin 2014 3.05 0.35 76 303 034 76 9.7% 0.02[0.09 013
Olga 2015 342 034 73335 034 73 96% 0.07[0.04,018]
Rabsilher 2010 309 04 100 304 04 100 95% 0.05[0.06 0.16]
Sheng 2012 318 042 122 3.2 045 122 9.8% -0.02[0.13,0.09]
VWang 2012 2.83 043 80 284 035 g0 5.6% -0.01 [0.15,0.13]
Ye 2011 287 051 60 289 057 60 31% -0.02[0.21,017]
Total (95% CI) 1226 1226 100.0% 0.06 [0.03, 0.10]
Heterogeneity: Chi*=16.14, df=13 (P = 0.24); F= 20% |

1o ' 00 -50 0 50 100
Testforoverall effect. 2= 3,58 (F = 0.0003) Favours [experimental] Favours [control]
Figure 9. Comparison of ACD measurement with the Lenstar and IOLMaster (mean age > 50). df = degree
of freedom; 12 = extent of inconsistency; Z = overall effect.

lenstar IOLmaster Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
Buckhurst 2009 1208 086 112 1215 095 112 65% -0.07[0.31,017]
Liampa 2009 11.88 047 59 1215 047 59 12.8% -0.27[-0.44,-0.10]
Lin 2014 11.56 055 76 11.85 0.44 76 147% -0.29[-0.45,-0.13]
Liu 2013 11.84 04 205 1205 037 205 66.0% -0.21[-0.28,-0.14]
Total (95% Cl) 452 452 100.0% -0.22[-0.28,-0.16]

Heterogeneity: Chi*= 2.69, df= 3 (P = 0.44); F= 0%

Test for averall effect: Z= 7.12 (P < 0.00001) -0 =50 0 o 100

Favours [experimental] Favours [control]

Figure 10. Comparison of WTW measurement with the Lenstar and IOLMaster (exclude Olga2015 and
Huang2012(2)). df = degree of freedom; 12 = extent of inconsistency; Z = overall effect.

AL (mm) 0.00 (—0.08, 0.08) 0.92 0.00 (—0.08,0.08) | 0.92
ACD (mm) 0.00 (—0.02,0.03) 091 0.02(—0.07,0.10) | 0.67
Kf (D) —0.05 (—0.16, 0.06) 0.39 —0.05(—0.16,0.06) | 0.39
Ks (D) —0.09 (—0.20, 0.03) 0.13 —0.09 (—0.20,0.03) | 0.13
Km (D) —0.15 (—0.30, 0.00) 0.05 —0.16 (—0.34,0.03) | 0.09
WTW (mm) —0.16 (=0.21,—-0.10) | <0.001 | —0.14(—0.25,—0.02) | 0.02

Table 2. Sensitivity analysis performed by evaluating the effect of the statistical model. AL = Axial length,
ACD =anterior chamber depth, Kf =keratometry in the flattest meridian, Ks =keratometry in the steepest
meridian, Km = mean keratometry, WTW = white to white, MD = Mean Difference, CI = confidence interval.

Dicussion

In the 1990s, ultrasound derivation of AL and manual keratometry measurements were the gold standard in
ophthalmology to determine the power of IOL during cataract surgery. The introduction of PCI biometry and
automated keratometry measurements was an important step in the field of cataract and refractive surgery!'1°.
The IOLMaster was the first device to achieve this in 1999”. In more recent years, there have been a number of
new non-invasive, non-contact biometers developed, one such is the Lenstar which uses OLCR*%.

Our meta-analysis evaluates optical biometry measurements between the Lenstar and IOLMaster by com-
paring the six common measurement parameters. There was no significant difference in AL measurements
between the Lenstar and the IOLMaster, and the results indicate excellent agreement between the two devices.
Eibschitz-Tsimhoni et al. found that a 0.1 mm error value in AL measurement can produce 0.2 to 0.35D of refrac-
tive error®. Rabsilber et al.®, Holzer et al.'®, Hoffer et al.'® and Buckhurst et al.'* have all reported a longer AL
measurement with the OLCR unit but none of these reached statistical significance. The 95% LoA confirmed
the very high level of agreement between the 2 devices”!*!18, Compared to PCI (laser diode infrared light of
wavelength 700 nm) used with the IOLMaster, the OLCR (superluminescent diode infrared light of wavelength
830 nm) used with the Lenstar has a stronger penetrating power and a higher signal-to-noise ratio. In this study,
the difference between the two devices machines is small and not of clinical significance.

In this study the results of the meta-analysis indicated that there were no statistically significant differ-
ences in the analysis of the ACD measurement. The IOLMaster measures ACD using lateral-slit illumination at
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AL (mm) 0.00 (—0.08,0.08) 0.92 —0.00 (—0.11,0.11) 097 0.01 (—0.11,0.13) 0.85
ACD (mm) 0.02 (—0.07,0.10) 0.67 0.06 (0.02,0.10) 0.001 | —0.05(—0.08,—0.01) | 0.006
Kf (D) —0.05 (—0.16,0.06) 0.39 —0.03 (—0.21,0.15) 077 —0.07 (—0.21,0.08) 038
Ks (D) —0.09 (—0.02,0.03) 0.13 —0.09 (—0.27,0.09) 0.32 —0.08 (—0.22,0.06) 0.26
Km (D) —0.15 (—0.30,0.00) 0.05 —0.16 (—0.32,0.00) 0.04 —0.06 (—0.59, 0.48) 0.84
WTW (mm) | —0.16 (—0.21,—0.10) | <0.001 | —0.14(—0.22,—0.06) | <0.001 | —0.17 (—0.24,—0.10) | <0.001

Table 3. Subgroup analysis (cataract and other eyes). AL = Axial length, ACD = anterior chamber depth,
Kf=keratometry in the flattest meridian, Ks = keratometry in the steepest meridian, Km = mean keratometry,
WTW =white to white, MD = Mean Difference, CI = confidence interval.
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Figure 11. The forest figures of every parameter. The horizontal axis was MD (Mean Difference), ordinates
axis was SE (Standard Error).

approximately 38 degrees to the optical axis. The calculation of ACD is by image analysis of the distance between
the corneal epithelium and the anterior surface of the crystalline lens. Further, ACD image analysis as performed
with the IOLMaster is also influenced by measurements of the keratometry>?. The Lenstar uses OLCR tech-
nology superluminescent LED (830 nm) as light. It scans 16 times in one measurement to detect the corneal
thickness from epithelium to endothelium and the distance from the endothelium to the anterior surface of the
crystalline lens which represents the anatomical ACD?. A subgroup analysis of the ACD in eyes with cataract
indicated a statistically significant (p =0.003) lower measurement with the IOLMaster but the opposite was found
in eyes without cataract. However the mean difference is of magnitude 0.05 mm which is perhaps not clinically
significant. The different results of two subgroups may come from the opacities from eyes with cataract compared
to the clear lens in normal eyes.

As for K, the meta-analysis result indicated no statistical significant difference between the two devices. In
previous study, Olga et al.>! found a significant difference in K values (p=0.031) between the Lenstar and the
IOLMaster, but they did not consider the difference to be clinically relevant. The Lenstar takes readings in two cir-
cles, 16 points in each circle. The diameter of the inner circle is 1.65 mm, and the outer circle is 2.3 mm. However,
the IOLMaster just has one circle which has a diameter of 2.3 mm, and takes readings from 6 points>?. Because
of more superluminescent EDs imaged on a camera, the Lenstar may have a more repetitive and accurate meas-
urement. In IOL calculation, a 1.0 D measuring error in K-reading may cause an error between 0.9 to 1.4 D in
IOL power?%. A subgroup analysis indicated that the Lenstar measured Km lower/flatter than the IOLMaster in
the cataract group. The magnitude of the mean difference was 0.16 D which is perhaps not clinically significant.

The comparison of the WTW distance between the two instruments showed a statistically significant lower
measurement with the Lenstar compared to the IOLMaster. Both devices use image analysis systems to measure
WTW, but the resolution of the two image analysis systems is different and hence may explain a possible reason
for the differences found in this study. The IOLMaster uses slit illumination whereas the Lenstar uses OLCR
and a high-definition image sensor. Based on these results, the WTW measurements with the Lenstar and the
IOLMaster cannot be used interchangeably. Previous studies have found a similar trend!'”?2,
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There are some limitations to this study. The patient groups included those with cataract and normal eyes,
although a subanalysis was performed. The performance of these devices in other eye disease such as corneal
disease and retinal disease has not been assessed. The study was also limited to adult patients and hence is not
applicable to pediatric populations.

In summary, this meta-analysis shows that the Lenstar provides similar results to the gold standard IOLMaster
for AL, ACD and K-readings. Hence, both devices can be used interchangeably for these parameters. The WTW
distance was found to be different and cannot be used interchangeably.

Patients and Methods

Search strategy. A literature search of the Cochrane Library, PubMed, Medline, Embase, China Knowledge
Resource Integrated Database and Wanfang Data was performed by J.H.H. and Y.Y.H. The keywords and Medical
Subject Headings were “Lenstar” or “IOLMaster” or “optical low-coherence reflectometry” or “optical low-coher-
ence reflectometer” or “partial coherence interferometry” or “partial coherence interferometer’, the time limit was
up to August 6th 2015, and the language was not limited.

Trials Selection. Studies fulfilling the following inclusion criteria were included in the present meta-analysis:
(1) Adults; (2) Measurements acquired with both the Lenstar and IOLMaster with the same operator with a short
time interval between the two devices; (3) Original data provided in the results section. The full-text of articles
with ambiguous titles or abstracts were reviewed for eligibility.

Parameter Extraction. A customized form for parameter extraction was used to record the study authors,
publication year, country of origin, number of patients and eyes, proportion of male to female, average patient
age, eye disease and other pertinent parameters to the study recorded.

Qualitative Assessment. The Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool was
used to assess methodological quality®®?’. The tool is structured as a list of 14 questions which should each be
answered “yes”, “no’, or “unclear”. The majority of items included in QUADAS relate to bias (items 3, 4, 5, 6, 7, 10,
11, 12 and 14), with two items each relating to variability (items 1 and 2) and three relating to reporting (items 8,
9 and 13)*%¥. Questions 1, 2, 12, 13 and 14 were assessed to be unsuitable for this study, hence the remaining 9

items were chosen to assess study quality.

Outcomes. The following common parameters to both the Lenstar and IOLMaster were assessed in this
review: AL (mm), ACD (mm), keratometry in the flattest meridian (Kf in diopters [D]), keratometry in the
steepest meridian (Ks in D), mean keratometry (Km = (Kf+Ks)/2 in D) and WTW (mm). Original parameters
were obtained from the articles as far as possible and parameters that could not be obtained were calculated if
possible. Corneal curvatures were analyzed using the refractive index 1.3375 in all but one study which reported a
refractive index of 1.332. In this study, the data were recalculated using a refractive index of 1.3375. One article
obtained measurements with both devices in a group of 50 subjects with cataract and 50 without cataract'®. These
two groups were assessed separately.

Statistical Analysis. The data obtained was entered into the RevMan (version 5.2) statistical analysis soft-
ware. Heterogeneity between studies was assessed by the I? statistic. The 95% confidence interval (CI) estimates
were calculated by taking a weighted average of individual study results using a fixed effects model. If the het-
erogeneity was higher than 50%, the random effects model was used to pool the data. A two-sided P-value of
<0.05 was considered statistically significant. Subgroup analysis was performed based on eye diseases. Sensitivity
analysis was performed by evaluating the effect of statistical model (fixed-effect model or random-effect model)
and excluding the potential high heterogeneity studies. A funnel plot and a statistical test for asymmetry was used
to assess for the potential for publication bias®.
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