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ABSTRACT

Purposee: This study has as objective to analyze the association of different formulas on intraocular 
lenses calculation with the refractive result on cataract surgery Methods: Retrospective cohort study 
including 200 eyes from 200 patients submitted to phacoemulsification with the insertion of the spherical 
intraocular lens (IOL). The data was arranged on Windows Excel software and exported to the Statistical 
Package for the Social Sciences (SPSS) program. The Student T test was used with the same level of 
significance (p<0.05) in all analyses. Results: The 165 patients classified as surgical success were the 
ones with final refraction of 0.00D (±0.5D), of whom 140 (83.33%) used the formula SRKT. It was yet 
considered biometric success those patients who obtained ±0.5D refraction on the spherical in relation 
to the expected refraction by its biometry, this way 49.5% reached biometric success. From these: 46.4% 
achieved biometric success with Hoffer Q, 48.8% with SRKT, and 50% with Haigis. Conclusion: The SRKT 
and Hoffer Q formulas have showed good precision for surgical success and regular precision to evaluate 
biometric success on eyes with average axial length. There was a better result on the biometric success 
of myopic patients on the preoperative than the hyper myopic ones. 

RESUMO

Objetivos: O objetivo deste estudo foi analisar a associação das diferentes fórmulas para o cálculo da 
lente intraocular com o resultado refrativo na cirurgia de catarata. Métodos: Coorte histórica incluindo 
200 olhos de 200 pacientes submetidos à facoemulsificação com colocação da lente intraocular (LIO) 
esférica. Os dados foram tabulados no software Windows Excel e exportados para o programa Statistical 
Package for the Social Sciences (SPSS). Foi utilizado o teste T de Student e o mesmo nível de significância 
(p<0,05) em todas as análises. Resultados: Foram classificados como sucesso cirúrgico os 165 pacientes 
com refração final de 0,00D (±0,5D), sendo que 140 (83,33%) deles usaram a fórmula SRKT. Foi, ainda, 
considerado sucesso biométrico aqueles pacientes que obtiveram refração ±0,5D no esférico em relação 
à refração esperada pela sua biometria, deste modo 49,5% atingiram o sucesso biométrico. Destes: 46.4% 
tiveram sucesso biométrico com Hoffer Q, 48,8% com SRKT, e 50% com Haigis. Conclusão: A fórmula 
SRKT e Hoffer Q demonstraram uma boa precisão para o sucesso cirúrgico e uma precisão mediana para 
calcular o sucesso biométrico em olhos de comprimento axial médio. Houve um melhor resultado para o 
sucesso biométrico nos pacientes míopes no pré-operatório do que nos hipermetropes. 
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INTRODUCTION

Human vision results from the integrated func-
tioning of the retina, pupil, cornea, iris, optic nerve, 
and crystalline lens subsystems. Images are obtained 
by focusing light on the retina through the lens, whi-
ch produces images through the optic nerve(1). For li-
ght transmission to occur with clarity, the lens must 
be transparent, which depends on correctly shaped 
cells and on a compact arrangement of their pro-
teins(2). Thus, cataracts can be defined as opacity of 
the lens(3). When this occurs, images lose their sharp-
ness, and visual acuity is reduced(4).

According to global statistical data, the main risk 
factor for cataract formation is aging(5). In addition, 
there are other possible causes, such as eye trauma, 
smoking, ultraviolet radiation, diabetes, and congeni-
tal cataracts(6).

Phacoemulsification is currently the most widely 
used surgical technique in most developed countries 
due to the possibility of rapid visual recovery and to 
its low rate of pre- and postoperative complications(7). 
Phacoemulsification is performed by making a small 
incision in the cornea, through which the opacified 
lens is fragmented, aspirated(8), and finally replaced 
with an artificial intraocular lens (IOL)(9).

Patients who undergo phacoemulsification expect 
better vision, and phacoemulsification minimizes the 
postoperative refractive error, which may result in the 
elimination of the need for glasses(10). This requires 
the IOL to be accurately calculated and properly im-
planted(11).

To achieve greater success in the IOL implanta-
tion procedure, it is essential to obtain the axial leng-
th (AL), keratometry, and depth measurements of 
the anterior chamber(12). These measurements can be 
obtained using an ultrasonic biometer, which emits 
sounds and generates reflected echoes propagated 
through the eyeball structures(13).

In this respect, a device called an optical biometer 
uses a light beam without contact with the patient 
to obtain the required measurements to calculate the 
AL. Similar to optical coherence tomography, optical 
biometers use the partial coherence interferometry 
(PCI) technique(13).

According to Monteiro et al.(13), when using the 
PCI method, the AL is determined by two coaxial light 
beams that focus on the anterior surface of the cornea 
and on the pigmented epithelium of the retina, elimi-
nating the influence of longitudinal eye movements. 
North American and European studies have stated 

that 95% of cataract cases can be examined using 
optical biometry(13).

Biometric precision, which is associated with im-
proved surgical techniques and the evolution of IOLs, 
can correct pre-existing ametropia, in addition to the 
patient’s cataract. Therefore, optical biometry is the 
most important ophthalmologic examination to cal-
culate the IOL and is capable of accurately estima-
ting the patient’s final sphere component. Thus, the 
phakectomy procedure has a high success rate and a 
low complication rate(12).

Thus, the need to accurately calculate the dioptric 
power of the IOL arises(14). Several formulas have been 
proposed to determine the optimal choice of lens to 
be implanted. First- and second-generation formulas 
(SRK and SRK II) showed better results in eyes with 
average AL (22–24.50 mm). Third-generation formu-
las led to significant improvements in eyes with an 
AL of >24.50 mm (SRK T) and <22 mm (Hoffer Q 
and Holladay)(15). Fourth-generation formulas (Holla-
day 2 and Haigis) demonstrated having solved pro-
blems arising from different dimensions of the eye-
ball, except in cases of extreme myopia(16,17). Finally, 
fifth-generation formulas were developed, namely, 
Olsen and Barrett Universal II. The latter is called 
“Universal” because it performs well when calcula-
ting IOLs for eyes with all possible AL(18). These IOL 
calculations are based on the measurement of the an-
terior chamber depth (ACD), AL, lens thickness, and 
keratometry (K)(13).

As mentioned above, calculating IOLs for cataract 
surgery is still a challenge. Therefore, to obtain sig-
nificantly successful postoperative refractive results, 
it is essential to validate and evaluate new formulas 
to calculate IOL power(19). With this background, the 
present study aimed to evaluate different formulas for 
calculating IOL and the refractive result in cataract 
surgery.

METHODS

This historical cohort study evaluated 200 eyes 
of 200 patients who underwent phacoemulsification 
with aspheric IOL placement (model SN60WF) from 
January 2012 to December 2016.

Preoperative and postoperative visual acuity were 
assessed from the best visual correction, using the 
Snellen scale, and for statistical analysis, the data 
were transformed to the LogMAR scale. Postoperati-
ve refraction results were evaluated at least 3 months 
after phacoemulsification.
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Patients of both sexes aged ≥18 years who were 
diagnosed with cataract and underwent phacoemul-
sification with aspheric IOL implantation were inclu-
ded. Patients who had previously undergone refrac-
tive surgery in either eye and those who underwent 
phacoemulsification surgery in the contralateral eye 
during the study period were excluded. Thus, only 
one eye was considered in this study, even for those 
for whom this technique was performed bilaterally. 
The sample was selected sequentially rather than 
randomly during the study period.

IOL was calculated using AL, central keratome-
try values (K1 and K2), and the expected dioptric 
power of the IOL, measured with non-contact PCI 
(IOL Master, version 3.01, Carl Zeiss Meditec, Jena, 
Germany). IOLs were calculated according to the 
diffe rent ALs using the Hoffer Q, SRK T, and Haigis 
formulas. For comparative analysis, the Holladay 1 
formula was also used, in addition to the formulas  
already described. Then, the values obtained with 
each formula were compared with the refractive re-
sult in cataract surgery. The dependent variable used 
was the formula to calculate IOL (Holladay 1, Hoffer 
Q, SRK T, or Haigis). The independent variables were 
demographic characteristics, namely, sex, age, and the 
eye operated, and clinical characteristics, namely, his-
tory of previous ophthalmic surgery, AL (16 to 32 mm), 
and initial and final refraction (0 to ±10 diopters).

All phacoemulsifications in this study were per-
formed with a microincision in the cornea to remo-
ve the opacified lens and, subsequently, to insert the 
IOL. Alcon’s Centurion® phacoemulsifier was used 
for this purpose.

For analysis, surgical and biometric successes 
were considered in the present study. Patients who 
achieved a plano refraction or a variation of up to 
±0.50 D in the sphere component in the final pos-
toperative evaluation after cataract surgery were con-
sidered surgical successes. Biometric success was 
determined from the expected spherical refraction in 
the biometric calculations performed by IOL Master 
and compared with the patient’s final refraction. Pa-
tients who had at most a ±0.50 D deviation from the 
refraction expected from the biometric calculation 
were classified as biometric successes.

Qualitative data were described as frequencies 
(simple and relative) and were analyzed using the  
chi-squared test. Quantitative data were demons-
trated by measures of central tendency (mean) and 
their respective measures of variability/dispersion 
(amplitude [maximum and minimum] and standard 

deviation). The mean value calculated with the for-
mulas was presented for each group of independent 
variables, and the significance of the differences in 
the means were calculated using Student’s t-test and 
analysis of variance. The pre-established significance 
level was 95% confidence interval (p≤0.05).

The data were collected according to the inclu-
sion criteria, after approval by the Research Ethics 
Committee of the University of South Santa Catarina 
(CEP-UNISUL), under Certificate of Presentation for 
Ethical Appraisal No. 80422817.0.0000.5369. The 
information was accessed from electronic medical re-
cords after the password was made available by their 
guardian.

RESULTS

A total of 200 medical records of patients who 
underwent phacoemulsification surgery with IOL 
implantation from 2012 to 2016 were evaluated. 
The mean age of the patients undergoing surgery 
was 71.7 (±8.07 SD) years (35-90 years), with 106 
(53%) right eyes and 94 (47%) left eyes. Regarding 
the sex of the patients, 128 (64%) were women and 
72 (36%) were men.

Preoperative and postoperative visual acuity, as-
sessed with the best correction on the LogMAR scale, 
ranged from 0.00 to 1.3 (mean 0.29, ± 0.23 SD) pre-
operatively and from 0.00 to 1.00 (mean 0.05, ± 0.05 
SD) postoperatively. The spherical refraction ranged 
from −5.00 to +5.75 D preoperatively, with a mean 
of +1.27D (±1.82 SD), and from −2.50 to +1.50 post
operatively, with a final mean of -0.45D (±0.48 SD), 
as shown in table 1.

AL ranged from 21.14 mm to 25.38 mm, with a 
mean of 23.08 mm (± 0.86 SD). For the diopters of 
the IOLs used in the surgeries, the mean was 23.17D 
(±3.15 SD), ranging from 16.50 D to 35.00 D.

The SRK T, Hoffer Q, and Haigis formulas were 
used for biometric calculation of the IOL in the 
preoperative period. The SRK T formula was used 
in 168 (84%) patients, Hoffer Q in 28 (14%), and  
Haigis in 4 (2%).

Following transposition of the actual values of the 
biometric calculations obtained preoperatively for the 
200 patients to the other formulas, the mean IOL 
values were 23.07 D (±3.01 SD) for SRK T, 23.32 D 
(±3.52 SD) for Hoffer Q, 23.25 D (± 3.47 SD) for Hai-
gis, and 23.07 D (± 3.47 SD) for Holladay. A statis-
tically significant correlation was found between the 
formulas and the mean IOL diopters (p<0.01), except 
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between SRK T and Holladay (p=0.93), as shown in 
table 2.

Surgical success, defined as explained above, 
occurred in 165 (82.5%) of the patients, while 35 
(17.5%) did not achieve it.

Of the 128 women, 106 (82.6%) achieved surgical 
success, and of the 72 men in the study, 59 (81.9%) 
achieved surgical success, with no statistically signifi-
cant difference between males and females (p=0.877).

Of the 165 patients who achieved surgical suc-
cess, the right eye was operated in 91 (55.2%) and the 
left eye in 74 (44.8%), with no statistically significant 
correlation between the operated eye and surgical 
success (p=0.186).

Regarding the use of formulas and surgical suc-
cess, of 168 patients for whom the SRK T formula 
was used, surgery was successful in 140 (83.3%) pa-
tients. The mean IOL power was 22.84 D (±2.88 
SD). If the Hoffer Q formula had been used in the-
se 168 patients, the mean IOLs would have been  
23.09 D (± 3.35 SD); for Haigis, it would have been 
23.05 D (± 3.32 SD), and for Holladay 22.98 D (± 
3.1 SD). The difference in the mean IOL power was 
statistically significant between formulas (p<0.01).

Biometric success was achieved in 99 (49.5%) pa-
tients, whereas 101 (50.5%) did not achieve it (Table 3).

Of the 128 women, 65 (50.8%) achieved biome-
tric success and 63 (49.2%) did not. Among the 72 
men, 34 (47.22%) achieved biometric success and 38 
(52.8%) did not, with no statistically significant diffe-
rence between males and females (p=0.629).

Biometric success was achieved in operated right 
eyes in 54 (50.94%) patients and in left eyes in 45 
(47.87%) patients, with no statistically significant 
correlation between the operated eye and the success 
of the biometric calculation (p=0.665).

The mean keratometry values in patients who 
achieved biometric success were K1 = 43.48 (±1.82 
SD) and K2 = 44.49 (±1.71 SD), whereas in those 
who did not achieve biometric success, these values 
were K1 = 43.44 (±1.78 SD) and K2 = 44.28 (±1.82 
SD), with no statistically significant correlation  
between the keratometry values (K1 and K2) and bio-
metric success (p=0.175).

In the 166 patients who had been hyperopic pre-
operatively, the mean postoperative spherical refrac-
tion was -0.07 D (±0.23 SD), with biometric success 
achieved in 77 (46.38%) patients. In the 34 patients 
with preoperative myopia, the mean postoperative 
spherical refraction was -0.26D (±0.19 SD), with 
biometric success achieved in 21 (61.7%) patients.

The 99 patients with biometric success had a 
mean final spherical refraction of -0.18 D, and the 
101 patients who did not achieve biometric success 
had a mean spherical refraction of -0.71 D, with a 
mean refractive difference between successful and 
unsuccessful cases of -0.53 D, which was not statisti-
cally significant (p=0.267).

Regarding the use of formulas and biometric suc-
cess, of the 168 patients for whom the SRK T formu-
la was used, 82 (48.80%) achieved biometric success 
and 86 (51.20%) did not (Table 3).

The mean IOL diopter in biometrically success-
ful patients for whom SRK T was used was 22.92 D  
(±2.86 SD). If these calculations had been performed 
using Hoffer Q, the mean diopter would have been 
23.18 (± 3.33 SD), with 23.14 (±3.33 SD) for Haigis 
and 23.07 (±3.10 SD) for Holladay. The difference 
in the mean IOLs between the formulas was statis-
tically significant (p<0.01).

Of the 28 patients for whom the Hoffer Q for-
mula was used, 15 (53.57%) achieved biometric suc-
cess and 13 (46.43%) did not, as shown in table 3. 
The mean IOL dioptric power for these 28 patients 
was 24.50 D (±4.19 SD).I If the SRK T formula had 

Table 1. Average of pre- and post- operative refraction, visual acuity, 
axial length and age of study participants - 2018

Variables Average±DP

Spherical refraction:

Pre-operative  1,27±1,82

Post-operative  -0,45±0,48

Corrected visual acuity (logMAR):

Pre-operative  0,29±0,23

Post-operative  0,05±0,05

Axial length  23,08±0,86

LIOS* dioptre  23,17±3,15

Age  71,7±8,07
 *intraoccular lenses.

Table 2. Average LIOS values according to the formula used

n Average Standard 
deviation p value*

Pair 1 SRKT 200 23,07 ±3,01 0,93

HOLLADAY 1 200 23,07 ±3,63 0,93

Pair 2 SRKT 200 23,07 ±3,01 <0,01

HOFFER Q 200 23,32 ±3,52 <0,01

Pair 3 SRKT 200 23,07 ±3,01 <0,01

HAIGIS 200 23,25 ±3,47 <0,01

*p Value using Student’s t-test.
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been used, the mean IOL dioptric power would have 
been 24.28 D (± 3.52), with 24.21 D (± 3.52 SD) for  
Haigis and 24.33 D (±3.83) for Holladay. The diffe-
rence in the mean IOL diopters was statistically sig-
nificant between the formulas (p<0.01).

The mean IOL dioptric power in patients who 
had biometric success with the Hoffer Q formula (15 
patients) was 24.13 D (±3.52 SD). If the SRK T for-
mula had been used, the mean IOL dioptric power 
would have been 23.93 D (±4.30 SD), with 23.93 D 
(±5.10 SD) for Haigis and 24.06 (4.73 SD), for Holla-
day. The difference in the mean IOL diopters was sta-
tistically significant between the formulas (p<0.01).

The Haigis formula was used in 2% of the sample 
(four patients), half of whom (two patients) achieved 
biometric success, as shown in table 3.

DISCUSSION

In this study, no significant correlation was found 
between surgical and biometric success and socio-
demographic factors such as age and sex. This was 
demonstrated in the studies by Hayashi et al.(20) and 
Reitblat et al.(21), who also found no statistical corre-
lation between these variables.

The present study found a substantial improve-
ment in the final visual acuity of the patients after the 
surgical procedure, resulting in plano final refraction 
± 0.5 D in the sphere component (considered surgi-
cal success) and a mean postoperative visual acuity 
on the LogMAR scale of 0.05 (± 0.05 SD). This was 
also demonstrated in the study by Chiacchio et al.(22), 
who found a mean preoperative visual acuity of 0.64 
LogMAR and 0.09 LogMAR postoperatively.

Aristodemou et al.(23) concluded that in the AL 
range from 21.5 to 26 mm, there was no statistically 
significant difference between the formulas used for 
biometric calculation, which is in line with the fin-
dings of the present study, which used the SRK T, 
Hoffer Q, and Haigis formulas in patients within that 

AL range. It is important to note that the study con-
ducted by Shajari et al.(24), in which nine formulas for 
calculating IOL values were analyzed, concluded that 
the greatest accuracy was obtained using the Barrett 
and Olsen formulas, which are fifth-generation for-
mulas. In accordance with the present study, Shajari 
et al. determined that the use of different formulas 
(SRK T, Haigis, or Hoffer Q) resulted in different 
IOL values.

Regarding biometric success, in the present study 
49.5% of the patients achieved it. Thus, it can be sta-
ted that approximately half of the patients studied 
had a refraction difference of ±0.5 D in relation to 
the refraction estimated by the biometric calculation. 
When comparing these results with the literature, 
Rodrigues et al.(12) observed that 55% of the individu-
als achieved results of ±0.5 D.

In the study by Monteiro et al.(13), 40.7% of the ca-
ses studied had a residual refraction of up to ±0.50 D 
using the SRK T formula. This value is close to that 
found in the present study, which obtained 48.8% 
biometric success (residual refraction of ±0.5 D) with 
the SRK T formula. In a prospective study of 33 eyes 
submitted to phacoemulsification with IOL implan-
tation using the SRK T formula, with the AL ranging 
from 22.5 to 24.5 mm, Lagrasta et al.(25) found a re-
fractive error of ±0.50 D in 55% of the patients, with 
the AL and biometric success rate similar to those in 
the present study.

In a study by Corrêa et al.(14), 81 patients under-
going phacoemulsification surgery and IOL implan-
tation were analyzed using the SRK T formula, with 
similar epidemiological data to those of the present 
study, such as a mean age of 62.5 years, and biome-
tric success was achieved with a residual refraction of 
±0.5 D in 40.7% of the patients, a figure close to that 
found in the present study.

The study by Rodrigues et al.(12) obtained a biome-
tric success of ±0.50 D in 55% of the right eyes and 
46% of the left eyes when using the Haigis formula, a 
percentage close to that found in the present study for 
that formula. Since the sample of patients for whom 
the Haigis formula was used was extremely small in 
the present study, it was not possible to compare its 
results accurately with the literature data. Camps et 
al.(26) used the Haigis formula for calculation in pa-
tients who had previously undergone refractive kera-
totomy, reaching a plano spherical equivalent in 40% 
of the patients and up to ±1 in 80% of the patients 
studied.

Table 3. Biometric success (spherical refraction ±0.5D in relation 
to expected biometry) of the study participants and the formula 
used

Formula used N of patients Biometric success

SRKT 168 82 (48,80)

HOFFER Q 28 15 (53,57)

HAIGIS 4 2 (50)

Total 200 99 (100%)
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One explanation for the difference between surgi-
cal and biometric success is the surgeon’s experience 
in considering the tendency to hyperopia of third-
-generation formulas. Thus, it is often decided to 
seek a final IOL refraction slightly slanted toward 
myopia in order to achieve emmetropia. This can 
be observed when comparing the mean preoperative 
spherical refraction of +1.27 D (±1.82 SD) with the 
postoperative mean of -0.45 D (±0.48 SD). It must 
be noted that a mean refractive difference of appro-
ximately 0.5 D was observed in the present study 
between patients who achieved biometric success and 
those who did not.

According to Rodrigues et al.(12), when selecting 
the formula for myopic patients, the Haigis and SRK 
T formulas increased the accuracy of the refractive 
result, indicating that these formulas are more pre-
cise than Holladay 1. In the study by Cetinkaya et 
al.(27), in which patients were highly myopic (AL 26-
33mm), the SRK T formula was used and resulted 
in ±1D postoperative refraction in 51.2% of the pa-
tients studied. Also according to Cetinkaya et al., 
phacoemulsification allowed 51.6% of patients with 
cataracts and high myopia to achieve a postoperative 
refraction within the expected target, unlike the pre-
sent study, in which biometric success was achieved 
in 61.7% of myopic patients.

Regarding hyperopic patients, the study by 
Akaishi et al.(28) showed a statistically significant im-
provement in the mean postoperative visual acuity in 
hyperopic patients. By contrast, in the present study 
hyperopic patients achieved a mean spherical refrac-
tion of -0.07D (±0.23 SD) postoperatively, and only 
77 (46.38%) of those patients achieved biometric suc-
cess. Thus, it can be stated that patients who were 
myopic in the preoperative period had a higher ten-
dency to achieve biometric success than patients who 
were hyperopic in the preoperative period.

In the present study, it was observed that for 
most patients, third-generation formulas (SRK T and 
Hoffer Q) were used, and a fourth-generation formu-
la (Haigis) was used for only 2% of the patients. Al-
though the results obtained are similar to those found 
in the literature - that is, a final refractional result of 
plano ±0.5D in approximately 50% of the patients -, 
there is still uncertainty regarding the effects of the 
proper use of a given formula on the final surgical and 
biometric success. In view of the above, in order to 
improve the performance of the formulas for biometric 
calculation, it is recommended that the ocular charac-
teristics of each patient be considered and analyzed.

The SRK T and Hoffer Q formulas demonstra-
ted good accuracy for surgical success and modera-
te accuracy for calculating biometric success in eyes 
with average AL using IOL Master, version 3.01. The 
fourth-generation Haigis formula did not have a large 
enough quantitative sample in this study. The results 
for biometric success were better for patients who 
were myopic in the preoperative period than for tho-
se who were hyperopic preoperatively. It should also 
be noted that the surgeon’s experience was crucial 
for the patient’s final surgical success. Thus, it can 
be concluded that the choice of the formula used in 
biometric calculation remains a challenging decision, 
which must take into account numerous variables 
and consider each patient’s individual characteristics 
to obtain the best results.
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