
826 Indian Journal of Ophthalmology Vol. 62 No. 7

Use of perfluorocarbon heavy liquid after vitrectomy and prior 
to starting phacofragmentation could have minimized the 
chances of the same, as prevention is the only viable option.

The mechanism of spontaneous absorption is similar to the 
removal of sub-retinal blood. RPE cell convert in scavenger 
cells and mop up the material.[4] This is usually associated with 
permanent changes in the underlying RPE,[5] as was confirmed 
in this case on FFA. It is important to note that the decision to 
leave behind the cortex near or under the fovea would have 
resulted in poor visual recovery due to underlying RPE changes 
and attendant overlying photo receptor damage.

While this presentation was unique and visual recovery 
good, the possibility of this complication should be borne in 
mind in such clinical situations and suitable intra-operative 
preventive measures taken.
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A study regarding efficacy of various 
intraocular lens power calculation 
formulas in a subset of Indian myopic 
population 

Ashish Mitra, Elesh Jain, Alok Sen, Shubhi Tripathi

Efficacy of intraocular lens power calculation formulas in a 
subset of Indian myopic population. Retrospectively reviewed 
43 patients who underwent phacoemulsification with high 
axial length (AL) (>24.5 mm, range 24.75-32.35 mm). The power 
of the implanted intraocular lens (IOL) was used to calculate 
the predicted post-operative refractive error by four formulas: 
Sanders-Retzlaff-Kraff (SRK II), SRK/T, Holladay 1, and Hoffer Q. 
The predictive accuracy of the formulas was analyzed by 
comparing the difference between the “actual” and “predicted” 
postoperative refractive errors. Repeated measures analysis 
of variance (ANOVA) tests were done to have pair-wise 

comparisons between the formulas and P < 0.05 was considered 
significant. A subcategory of axial length 24.5-26.5 mm was also 
tested. Holladay 1, Hoffer Q and SRK/T formulas showed a slight 
tendency toward resultant hyperopia, with mean error of +0.24 
diopters (D), +0.58 D, and +0.92 D, respectively. The Holladay 1 
formula provided the best predictive result overall.

Key words: High myopia, intraocular lens power calculation, 
long axial length

This is an era where refinement of cataract surgery in terms of 
various techniques is occurring at a fast pace. Cataract surgery 
being a single stage procedure, one needs to be cautious 
while determining intraocular lens (IOL) power in patients 
with high myopia to avoid refractive surprises. Prevalence 
of myopia as shown in Andhra Pradesh Eye Disease Study is 
much higher in adult Indian population than similarly aged 
white population (34.6% vs 17.5%) but there is no study which 
has been done to check for the efficacy of different IOL power 
calculation formulas in Indian myopic population.[1] Choice 
of IOL power in such patients is based on references from 
Western, Chinese and Japanese population and the optimal 
formula for the Indian myopic population is inconclusive.

Aim
To determine the accuracy of the Holladay 1, Hoffer Q, 
Sanders-Retzlaff-Kraff (SRK)/T, and SRK II IOL power 
calculation formulas in patients with high myopia in a subset 
of Indian population.

Materials and Methods
Design: Retrospective study
This study was conducted at Sadguru Netra Chikitsalaya, 
Chitrakoot, Madhya Pradesh, India.

Inclusion criteria
All consecutive patients attending our out patient 
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department (OPD) for phacoemusification with axial length 
(AL) more than 24.5 mm (range 24.75-32.35 mm) between  
May 2009-October 2009 (In all patients hydrophilic acrylic 
foldable within the bag IOL was implanted).
Exclusion criteria
• Pre-existing astigmatism >3.0 diopters (D)
• Corneal scar
• Keratoconus
• Complications significantly affecting the refractive 

status (vitreous loss with IOL implanted in sulcus or anterior 
chamber, high wound induced astigmatism).

In our study, keratometry measurements were retrieved 
from records and A scan applanation ultrasonography was 
done on Echorule2 and analyzed. The implanted IOL power 
was used to calculate the predicted postoperative refractive 
error by four commercially available IOL formulas: SRK II, 
SRK-T, Holladay 1, and Hoffer Q. With each formula, the mean 
error (ME) was calculated from the difference between the 
formula predicted refractive error and actual postoperative 
refractive error. The spherical equivalent was measured 
by a single trained optometrist using an autorefractor and 
subjective retinoscopy 1-2 months after cataract surgery. The 
smallest ME indicated the formula with the best predictive 
accuracy. Repeated measures ANOVA tests were done after 
making bonferroni corrections to have pair-wise comparisons 
between the formulas and P < 0.05 was considered as 
significant. Subcategoryof long AL (24.5-26.5 mm) was also 
tested. All surgeries were done by three experienced surgeons.

Results
Forty three eyes of 43 patients with axial length more than 
24.5 mm in our set-up were retrospectively studied. The 
keratometry in most of the patients (81%) was within the 
normal range of 42.0-46.0 D.

Overall performance of all the formulas in AL more than 
24.5 mm showed a tendency to cause a hyperopic refractive 
error post-operatively [Table 1].

Holladay 1 caused the smallest ME, +0.24 D. Fifty three 
percent of patients had mean absolute error less than 1.00 D. 
The Hoffer Q and SRK-T caused a little larger hyperopic shift 
with MEs of +0.58D and +0.92 D. SRK II caused the largest 
hyperopic error +1.23 D. [Table 1].

Pair-wise comparisons between different formulas shows 
that P value between different formulas is significant (P < 0.05) 
implicating that Holladay 1 with least ME is significantly 
different from other formulas and have better performance in 
patients with AL more than 24.5 mm when compared to SRK-T, 
SRK II, Hoffer Q [Table 2].

The performance of each formula in AL subcategory in eyes 
with AL between 24.5-26.5 mm also found Holladay 1 as the 
best formula [Table 3].

Pair-wise comparisons between different formulas in 
a subset of patients with a AL 24.5-26.5 mm shows that 
Holladay 1 (ME = +0.4320 D) and Hoffer Q (ME = +0.4695 D) 
are comparable, P value not being significant [Table 4].

Discussion
Our preliminary results showed that in our patients with 

Table 3: Performance of formulas in eye with axial length 
24.5‑26.5 mm

IOL formula ME (D) Std. deviation N

SRK-T 0.8430 1.30506 20

SRK II 1.1755 1.36770 20

Holladay 1 0.4320 1.15049 20
Hoffer Q 0.4695 1.28529 20

ME: Mean numeric error = (Formula-predicted refractive error)–(Actual 
postoperative refractive error); N: no. of eyes;  
SRK: Saanders-Retzlaff-Kraff, IOL: Intraocular lens

Table 1: Overall performance of formulas in eye with 
AL>24.5 mm

IOL formula ME (D) Std. deviation MAE (%) N

SRK-T +0.9249 1.18996 39 43

SRK II +1.2358 1.27978 26 43

Holladay 1 +0.2400 1.17570 53 43
Hoffer Q +0.5819 1.23260 44 43

ME: Mean numeric error (Formula-predicted refractive error)–(Actual 
postoperative refractive error); MAE: Mean absolute error; N:No. of eyes; 
SRK: Sanders-Retzlaff-Kraff, IOL: Intraocular lens

Table 2: Pair‑wise comparisons measure: ME (mean error)

(I) 
formula

(J) 
formula

Mean 
difference 

(I‑J)

Std. 
error

P value 95% confidence 
interval for 
differencea

Lower 
bound

Upper 
bound

1 2 −0.311 0.071 0.000 −0.508 −0.114

3 0.685 0.093 0.000 0.427 0.943

4 0.343 0.076 0.000 0.133 0.553

2 1 0.311 0.071 0.000 0.114 0.508

3 0.996 0.122 0.000 0.659 1.332

4 0.654 0.099 0.000 0.379 0.929

3 1 −0.685 0.093 0.000 −0.943 −0.427

2 −0.996 0.122 0.000 −1.332 −0.659

4 −0.342 0.066 0.000 −0.526 −0.158

4 1 −0.343 0.076 0.000 −0.553 −0.133

2 −0.654 0.099 0.000 −0.929 −0.379
3 0.342 0.066 0.000 0.158 0.526

1=SRK-T;2=SRK II;3=Holladay 1;4=Hoffer Q

axial myopia with ALs longer than 24.50 mm, the Holladay 1 
provided the best predictive result and the Hoffer Q was 
comparable to Holladay 1 for AL 24.5-26.5 mm for IOL 
power calculation. The SRK II was the least accurate. This 
agrees with the results in several studies in which better 
performances were found in cases with long eyes with the 
Holladay 1 formula than the SRK II formula. Olsen and 
co-authors reported that the Holladay formula is more 
accurate than the SRK II.[2] In a study conducted by Stopyra, 
in which a study of patients with AL 24.51-26.72 mm and 
found Holladay 1 formula was the most accurate with 88.5% 
of the patients achieving full Visual acuity (1.0 on Snellen) 
after cataract surgery.[3] Stopyra also found SRK/T formula 
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satisfactory with 63.9% of the patients achieving full visual 
acuity on Snellen but only 36.1% of the patients achieved 
full visual acuity using Hoffer Q. Kijima et al., report the 
best results using the Holladay and SRK/T in the midrange 
AL (24.5-26.9 mm) group and the SRK/T or L-SRK in the long 
AL (longer than 27.0 mm) group.[4] Tsang CS and co-authors 
also reported best results in patients with AL 25.0 mm using 
Hoffer Q and Holladay 1 and SRK-T were comparable with 
SRK II being least accurate and in patients with AL > 28.0 mm 
they found Holladay 1 and SRK/T more accurate than 
Hoffer Q.[5] Narvaez and co-authors also reported better 
performance of these formulas when compared with 
SRK-II.[6] In studies by Bang and co-authors on AL > 27.0 mm 
and Wang and co-authors on AL >25.0 mm using IOL Master 
reported that Haigis formula is the best.[7,8] Ghanem and 
El-Sayed reported that in patients with high axial myopia, 
the performance of SRK-T, Hoffer-Q, Holladay-2, and 
Haigis formulas are comparable in low plus – powered IOL 
implantation and Haigis formula is the best formula when 
minus power IOL is implanted.[9] However, we did not find 
performance of SRK-T formula better in Indian myopic 
population. Our recommendation is to avoid using the SRK II 
and SRK/T formula for IOL power calculation in eyes with 
axial myopia in Indian population with AL longer than 

24.50 mm. In our study, all four formulas had a tendency to 
cause a postoperative hyperopic refraction. This finding has 
been reported earlier.[5] Our study had some limitations: (a) It 
was a single center retrospective study and (b) Surgeons, and 
time of the postoperative refraction were not standardized. 
To conclude, the results of our study provide useful 
information to aid the choice of IOL power in patients with 
high axial myopia in Indian population during our daily 
practice with Holladay 1 being the most accurate and SRK 
II and SRK/T to be avoided.
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Table 4: Pair‑wise comparisons measure: ME (mean error)

(I) 
formula

(J) 
formula

Mean 
difference 

(I‑J)

Std. 
error

P value 95% confidence 
interval for 
differencea

Lower 
bound

Upper 
bound

1 2 −0.332 0.065 0.000 −0.524 −0.141

3 0.411 0.087 0.001 0.155 0.667

4 0.374 0.084 0.002 0.128 0.619

2 1 0.332 0.065 0.000 0.141 0.524

3 0.743 0.135 0.000 0.345 1.142

4 0.706 0.111 0.000 0.379 1.033

3 1 −0.411 0.087 0.001 −0.667 −0.155

2 −0.743 0.135 0.000 −1.142 −0.345

4 −0.037 0.080 1.000 −0.274 0.199

4 1 −0.374 0.084 0.002 −0.619 −0.128

2 −0.706 0.111 0.000 −1.033 −0.379
3 0.037 0.080 1.000 −0.199 0.274

1=SRK-T;2=SRK II;3=Holladay 1;4=Hoffer Q
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