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THE INFLUENCE OF CONCOMITANT GLAUCOMA ON 10L POWER CALCULATION ACCURACY
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<> Aim. To estimate the influence of concomitant glaucoma (including that after surgery) on IOL power
calculation accuracy before phacoemulsification. Materials and methods. 413 patients were included in the
study divided in 4 groups: %' — patients with cataract and no concomitant glaucoma (251 cases); 2" — pa-
tients with cataract and primary open-angle glaucoma (POAG) on medical therapy (103 cases); 3™ — patients
with cataract and prior trabeculectomy (42 cases); 41" — patients with cataract and primary angle-closure
glaucoma (PACG) on medical therapy (17 cases). In all patients, the [OL power calculation was performed
using optical biometry (IOL-Master 500). 1 month after surgery, desired refraction according to Barrett
Universal II Formula and real obtained refraction estimated by automatic refractometry (Topcon-8800)
were compared. Results. There was no significant difference between study groups 1—3 in IOL power cal-
culation accuracy (the calculation error was —0.09 + 0.39 D, —0.08 + 0.45 D, —0.03 + 0.49 D, for each
group respectively). However, we found a higher myopic shift (=0.47 4+ 0.48 D, p = 0.095) in the 4'" group.
Conclusion. The presence of concomitant POAG on medical therapy, same as earlier trabeculectomy, does
not demand any modification of the IOL calculation algorithm. However, in PACG patients we recommend
taking —0.5 D lower optical power IOLs to avoid excessive myopic refraction after phacoemulsification.

<> Keywords: 10L power calculation; optical biometry; glaucoma.
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<> Lleab — oueHWUTD BJIMsTHHE COMYTCTBYIOLIEH [/1ayKOMBI (B TOM YHCJIe, ONePUPOBAHHOI) HA TOUHOCTb PACUETA CHJIbI
uHTpaoKyssipHoit sinH3bl (MIOJ1) nepen Boinonnenuem pakosmyinbeupukaiunn. Mamepuaaot u memodet. B uc-
cyiefioBanure BoILH 413 naiMeHToB, KOTopble OblIM pasjiesieHbl Ha YeTbIpe TPyMbl: |- — MalHeHTbl ¢ KaTapak-
Toi 6e3 conmyTCTBYIoLLe riaykoMbl (251 yesioBek); 2-s1 — TallMEHThl ¢ KATAPAKTOH U MEPBUUYHON OTKPBITO-
yrosbHoil rnaykomoit (ITOYT') na runorensusnot trepanuu (103 yenoBeka); 3-9 — MalMeHThl C KaTapaKToOH
MOCJIe BBITMOJIHEHHOH CHHYCTPaGeKyJI9KTOMUH (42 yesioBeKka); 4-1 — NalUeHThl C KATAPAKTOH U MEPBUUYHON
3akpbiToyrosbHoil rmaykomoil ([13YT) na runorensusnoii repanuu (17 gesnosek). Becem o6ceryeMbiM mpous-
Boausicst pacuét MOJI ¢ momouibio ontudeckoi 6uomerpun Ha annapare [OL-Master 500. Uepes 1 mec. cpas-
HUBAJNCh TOKa3aTeJ i pacuéTHoil pedpakiuu no popmyse Barrett Universal Il u mosnyuennoit pedppaxinu mno
JaHHbIM aBTopedpakTomerpa Topcon-8800. Pesyavmamot. B uccienyembix 1—3-it rpynnax He GblJIO Bbl-
SIBJIEHO 3HAYMMBIX padauuuil B TouHocTH pacuéta MOJI (ommbka pacuéra cocrasuna —0,09 + 0,39 antp,
—0,08 + 0,45 nntp, —0,03 + 0,49 nnTp /s KaXKA0# rpynrnbl COOTBETCTBEHHO). OnHaKO B 4-i Tpyrnie Obl1
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BbIsiBJIeH GoJblIMi MUonnueckuil caBur pedpakiu (—0,47 + 0,48 nntp, p = 0,095). 3akarouenue. Hanu-
yue y nalueHTa ¢ Karapakro# conyterpytouieil [TOY Ha runoTeH3uBHON Tepanuu, Tak »Ke KaK U nepeHecéH-
Hasi CHHYCTpabGeKyJI9KTOMMS, He BHOCHT HUKAKHX MOMpaBok B anroputm pacuéra MOJI. Onnaxo y naiipeHToB
¢ [13YT pekomennyercs Boibupath MOJI Menbleit ontudyeckoi cubl Ha 0,5 ANTp AJist TOr0, UTOOLI H36€XKaTh
ype3MepHOi MHOMTHYECKOH pedpaKiuu rnocse hakodIMyabCuPUKaALIHH.

< Karwwuesole caosa: pacuét cuibl uHTpaokyasipHoit siunabl (MOJT); ontuueckas 6uomeTpusi; riaykoma.

INTRODUCTION

The accuracy of the intraocular lens (IOL)
power calculation has been a relevant topic for
ophthalmologists since 1949, when the first ar-
tificial lens implantation performed by H. Rid-
ley was overshadowed by a calculation error of
20 diopters.

Currently, the requirements for refractive out-
comes of cataract surgery have significantly in-
creased. Thus, in 2009, the deviation from tar-
get refraction after phacoemulsification (PE) in
the eyes with an intact cornea should not exceed
0.5 diopters in 55% of cases and 1.0 diopters in
85% of cases [3] according to the standards of the
British National Health Service, but since 2017,
the criterion for PE quality has been the target re-
fraction achievement with an accuracy of +0.25 di-
opters in 49.8% of cases, +0.5 diopters in 80.8%
of cases, +0.75 diopters in 93.7% of cases, and
up to +1.0 diopters in 97.8% of cases [l].

In the times of ultrasound biometry, the main
source of inaccuracies in IOL power calculation
was the error of the technique itself, associated
with corneal compression. T. Olsen [8] reported
that the most common errors in IOL power cal-
culation were caused by an incorrect measurement
of the anteroposterior axis (APA) of the eye (54%
of cases) and an incorrect estimate of the ante-
rior chamber depth (38% of cases), whereas kera-
tometric errors affected the accuracy of the lens
power calculation to a much lesser extent (8% of
cases) [8]. Presently, ultrasonic techniques to esti-
mate the APA are rarely applied (only in the dense
cataract cases), and optical biometry has become
the method of choice, which is devoid of the above-
mentioned errors [13].

With the introduction of noncontact methods to
determine APA, errors in IOL power calculation
were mainly caused by an incorrect assessment
of the effective lens position in the eye, which de-
pends on a large number of variables determined
by the anatomy of the eye anterior segment (an-
terior chamber depth, keratometric parameters,
horizontal diameter of the cornea, and the lens
thickness), and also preoperative refraction, the

capsulorrhexis size, the vitreous body state, grav-
ity, gender, age, etc. [6—7, 14].

In this regard, biometrics for patients with a
nonstandard eye anterior segment should be per-
formed carefully. These are often candidates for PE
having concomitant primary closure of the anterior
chamber angle or primary angle-closure glauco-
ma (PACGQG) and patients who have recently under-
gone a hypotensive surgery that causes biometric
changes in the eye (APA shortening, decrease in
the anterior chamber depth, change in the cor-
neal refractive power), fraught with even greater
errors in [OL power calculation than in patients
without previous antiglaucoma interventions [4, 8].
Moreover, the wrong [OL power choice together
with reduced contrast sensitivity characteristic of
glaucoma will inevitably degrade patients’ quality
of life [11].

Given the prevalence of primary glaucoma [ap-
proximately 60 million patients worldwide, 3/, of
whom have primary open-angle glaucoma (POAQG)
and '/, have PACG] and based on a small num-
ber of studies (4 articles in the PubMed database)
on the calculation of IOL power in this type of
patients, this issue is extremely relevant for prac-
titioners.

This study aimed to assess the effect of con-
comitant glaucoma (including operated) on the
accuracy of [OL power calculation.

MATERIALS AND METHODS

The study included 413 patients (mean age
76 + 6 years) after PE with IOL implantation,
which were distributed into four groups as follows:
Group 1 included patients without concomitant
glaucoma (251 patients); Group 2 included patients
with POAG who received antihypertensive therapy
(103 patients); Group 3 included patients after si-
nus trabeculectomy (STE) (42 patients); and Group
4 included patients with PACG who received anti-
hypertensive therapy (17 patients).

The IOL power was calculated using optical
biometry using an [OLMaster 500 apparatus in
all cases. One month after the PE, the calculat-
ed (expected) refractive indices using the Barrett

<> O®TANIbMOJIOTMYECKME BEAOMOCTM. 2020. T. 13. Ne 1

ISSN 1998-7102



ORIGINAL RESEARCHES / OPUTMHAJIbHBIE CTATbU

Universal II formula were compared with the re-
fraction obtained according to the Topcon 8800
autorefractometer.

RESULTS AND DISCUSSION

A minor myopic error in calculating the IOL
power was noted in all four groups (Table 1);
however, in group 4 (with PACG), the ampli-
tude was noticeably larger than in groups 1—3
(—0.47 + 0.48 diopters vs. —0.09 + 0.39 diopters,
—0.08 + 0.45 diopters, and —0.03 + 0.49 diop-
ters, respectively).

Our results correlate with data from M. Pakra-
van et al. [9], which indicated that previous STE
does not significantly affect the accuracy of IOL
power calculation. The authors revealed that there
were no significant errors in calculating the IOL
power after PE even in the presence of pronounced
biometric changes 6 months after STE (APA short-
ening by 0.14 + 0.15 mm, an increase in the re-
fractive power of the cornea by 0.27 + 0.47 diop-
ters). The deviation from the target refraction when
using the formulas was +0.14 + 0.9 diopters for
Hoffer Q (p = 0.442), +0.16 + 0.79 diopters for
Holladay (p = 0.319), and +0.2 + 0.71 diopters
for SRK/T (p = 0.17) [10].

A. Popa Cherecheanu et al. [12] also revealed
a minor but myopic (—0.05 + 0.36 diopters) IOL
power calculation error in patients with previous
STE and lens removal compared with a hyperme-

Table 1/ Tabmmuya 1

Comparison of mean I0L power calculation error in study groups

)
E
tropic calculation error in the eyes without con-
comitant glaucoma (+0.35 + 0.75 diopters).

N. Zhang et al. [15] analyzed the refractive re-
sults of PE in groups of patients with cataracts and
concomitant glaucoma, receiving drug treatment,
and after STE. The authors revealed a hyperme-
tropic error in calculating the IOL power in groups
I and 2 (+0.23 and +0.40 diopters, respectively)
and a minor myopic refraction shift in patients with
previous STE (—0.36 diopters).

We did not reveal any significant errors in cal-
culating the IOL power in POAG patients, which
indicates an adequate preoperative biometric evalua-
tion of the operated eye and the correct choice of the
formula for calculating the optical power of the IOL.

There is a statistically insignificant difference
between groups 4 and 1—3, which was expressed
in a greater myopic refraction shift in patients with
PACG (see Fig. 1).

The major myopic error in IOL power calcula-
tion observed in group 4 is obviously caused by the
biometric aspects of patients with PACG, which
are manifested, first of all, in the shallow anterior
chamber and the short APA. However, a more ac-
curate analysis of data requires a larger number
of patients with PACG.

The comparative characteristics of the main bio-
metric parameters for calculating the IOL power

in the groups under investigation are presented
in Table 2.

CpaBHEHME CPEeHero 3Ha4eHus OWMUGKN PacyETa MHTPAOKYNAPHOM NMHLLI B UCCNERYEMBIX Fpynnax

Group Number of cases, patients Average value of ér;z/srr,r%rioigtgralculating the 10L
Group 1 (no glaucoma) 251 -0.09+0.39
Group 2 (POAG with drug treatment) 103 —0.08 +0.45
Group 3 (after STE) 42 -0.03 +0.49
Group 4 (PACG with drug treatment) 17 —0.47 +0.48

Note. p = 0,095. OL, intraocular lens; POAG, primary open-angle glaucoma; STE, sinus trabeculectomy; PACG, primary angle-closure glaucoma.

Table 2 / Tabnuua 2

Comparison of mean hiometrical parameters in study groups
CpaBHeHue CpefHUX 3HAYEHUIl OCHOBHbIX 6UOMETPUYECKUX NapaMeTpoB B UCCNEAYEMbIX rpynnax

Group Keratometry, diopter APA, mm Anterior chamber depth, mm
Group 1 4392 +1.29 23.75+1.04 3.00+0.32
Group 2 44.82 +1.20 23.35+0.95 2.84 + 033
Group 3 4446 +£1.32 23.71+1.05 2.79+0.30
Group 4 45.02 £1.25 22.03+0.76* 2.34 + 014"

Note. * There are statistically significant differences. APA, anteroposterior axis.
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Group 1 Group 2

Group 3 Group 4

|
-0.05

-041
-0.15
-0.2
-0.25
-0.3
-0.35
-0.4
-0.45
-05

-0.09 -0.08

|OL power calculation error, diopter

Comparison of IOL power calculation in study groups

-0.03

-0.47

CpaBHeHMe oLIMOKH pacuéTa MHTPAOKYJISIPHOH JINH3bI B UCCJIELyeMbIX IPyInax

CONCLUSION

Requirements for refractive results of cataract
surgery are steadily increasing. This fully applies
to a fairly large group of patients with cataracts
which developed in the presence of glaucoma com-
pensated by drug treatment or surgery.

In our study, no statistically significant differ-
ences were found in the results of determining
the IOL power of patients with cataracts without
concomitant glaucoma, those with cataract and
concomitant POAG, those receiving conservative
therapy, and those with cataract after STE.

Thus, the presence of concomitant POAG in a
patient with cataract who received antihyperten-
sive therapy and previous STE does not introduce
any amendments to the IOL power calculation
algorithm.

A major myopic error in calculating the IOL
power was found in PACG patients, which was
probably caused by the shallow anterior chamber,
which led to a change in the effective IOL position
owing to its anterior shift and the myopic shift.
Therefore, it is recommended to revise the power of
the selected IOL toward its decrease by 0.5 diopters
in excessive myopization after PE when calculat-
ing the IOL power with PACG. The conclusion is
especially relevant for surgeons operating on Asian
patients, among whom the occurrence of PACG is
almost four times higher than that of POAG [2].

REFERENCES

1. Melles RB, Holladay JT, Chang WJ. Accuracy of intraocular
lens calculation formulas. Ophthalmology. 2018;125(2):169-
178. https://doi.org/10.1016/j.0phtha.2017.08.027.

2. Cook G, Foster P. Epidemiology of glaucoma: what's new? Can
J Ophthalmol. 2012;47(3):223-226. https://doi.org/10.1016/j.
jcj0.2012.02.003.

3. Gale RP, Saldana M, Johnston RL, et al. Benchmark stan-
dards for refractive outcomes after NHS cataract surgery.

10.

11

12.

13.

Eye (Lond). 2009;23(1):149-152. https://doi.org/10.1038/
Sj.eye.6702954.

Law SK, Riddle J. Management of cataracts in patients with
glaucoma. Int Ophthalmol Clin. 2011;51(3):1-18. https://doi.
0rg/10.1097/110.0b013e31821e58aa.

Li S, Hu Y, Guo R, et al. The effects of different shapes of
capsulorrhexis on postoperative refractive outcomes and the
effective position of the intraocular lens in cataract surgery.
BMC Ophthalmol. 2019;19(1):59. https://doi.org/10.1186/
512886-019-1068-3.

Lister LJ, Suheimat M, Verkicharla PK, etal. Influence of gravity
onocular lens position. Invest Ophthalmol Vis Sci. 2016;57(4):
1885-1891. https://doi.org/10.1167/iovs.15-18533.

Muniz Castro H, Tai AX, Sampson SJ, et al. Accuracy of in-
traocular lens power calculation using anterior chamber depth
from two devices with barrett universal Il formula. J Ophthal-
mol. 2019;8172615. https://doi.org/10.1155/2019/8172615.
Olsen T. Sources of error in intraocular lens power calcula-
tion. J Cataract Refract Surg. 1992;18(2):125-129. https://doi.
0rg/10.1016/s0886-3350(13)80917-0.

Pakravan M, Alvani A, Esfandiari H, et al. Post-trabeculectomy
ocular biometric changes. Clin Exp Optom. 2017;100(2):128-
132. https://doi.org/10.1111/cx0.12477.

Pakravan M, Alvani A, Yazdani S, et al. Intraocular lens power
changes after mitomycin trabeculectomy. Eur J Ophthalmol.
2015;25(6):478-482. https://doi.org/10.5301/8j0.5000604.
Paletta Guedes RA, Paletta Guedes, VM, Aptel F. [Multifocal,
toric, and aspheric intraocular lenses for glaucoma patients.
(In French)]. J Fr Ophtalmol. 2011;34(6):387-391. https://doi.
0rg/10.1016/j.jf0.2011.02.003.

Popa-Cherecheanu A, lancu RC, Schmetterer L, et al. In-
traocular pressure, axial length, and refractive changes
after phacoemulsification and trabeculectomy for open-
angle glaucoma. J Ophthalmol. 2017;1203269. https://doi.
0rg/10.1155/2017/1203269.

Scholtz  SK, Langenbucher A. [Calculating the hu-
man eye — the evolution of biometry for cataract surgery.
(In German)l. Klin Monbl Augenheilkd. 2019. https://doi.
0rg/10.1055/a-1002-0136.

<> O®TANIbMOJIOTMYECKME BEAOMOCTM. 2020. T. 13. Ne 1

ISSN 1998-7102



ORIGINAL RESEARCHES / OPUTMHAJIbHBIE CTATbU

14. Vander Mijnsbrugge J, Fils JF, Jansen J, et al. The role of
the vitreous body in effective 10L positioning. Graefes Arch
Clin Exp Ophthalmol. 2018;256(8):1517-1520. https://doi.
0rg/10.1007/s00417-018-3994-9.

Information about the authors

15. Zhang N, Tsai PL, Catoira-Boyle YP, et al. The effect of
prior trabeculectomy on refractive outcomes of cataract sur-
gery. Am J Ophthalmol. 2013;155(5):858-863. https://doi.
0rg/10.1016/j.2jo.2012.11.023.

Csedenus 06 asmopax

Dmitrii F. Belov — Ophthalmic Surgeon. Microsurgery De-
partment No. 4. City Hospital No. 2, Saint Petersburg, Russia.
E-mail: belovd 1990 @gmail.com.

Vadim P. Nikolaenko — MD, PhD, Professor, Otorhinolaryngo-
logy and Ophthalmology Chair of Medical Faculty, Saint Peters-
burg State University, Saint Petersburg, Russia; Chief, Ophthal-
mology Department, Saint Petersburg City Hospital No. 2, Saint
Petersburg, Russia. E-mail: dr.nikolaenko@mail.ru.

Jmurpuit ®énoposuu BenoB — Bpau-odranbmodior, otese-
Hue Mukpoxupypruu riaza Ne 4. CI16I'BY3 'MB Ne 2, Cankr-
[Terep6ypr. E-mail: belovd1990@gmail.com.

Banum IlerpoBuy Hukosnaenko — J1-p mel. Hayk, npodeccop,
Kacepa oTopuHOJIAPUHTOJIOTHH 1 oTasbMosiorud. DTHOY BO
CIIel'y, Cankr-Iletep6ypr; 3amecTuTesb TJIABHOTO Bpaua I10
oranbmosiorun. CI16I'BY3 I'MB Ne 2, Caukr-IletepOypr.
E-mail: dr.nikolaenko@mail.ru.

<> OPHTHALMOLOGY JOURNAL. 2020; 13(1)

eISSN 2412-5423



