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Refractory Outcomes after Cataract Surgery in Acute Primary Angle-closure
Glaucoma Patients Treated with Laser Iridotomy
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Department of Ophthalmology, Chungbuk National University Hospital, Chungbuk National University College of Medicine, Cheongju, Korea

Purpose: To analyze the accuracy of ocular biometry and prediction of postoperative refraction after cataract surgery in acute
primary angle-closure glaucoma (ACG) patients treated with laser iridotomy (LI).

Methods: We retrospectively reviewed the medical records of 44 patients who underwent cataract surgery after LI due to ACG
(ACG group), and 37 patients who underwent cataract surgery without ocular disease other than cataract (control group) from
January 2015 to May 2018. An Acrysof ® single piece (SN6OWF) was used as the intraocular lens. We performed preoperative
ocular biometry and intraocular lens power calculations using AL-Scan®. The accuracy of the postoperative refractive power pre-
diction was analyzed according to the anterior chamber depth (ACD) and axial length (AL).

Results: The preoperative ACD was 2.29 + 0.32 mm in the ACG group and 3.15 £+ 0.27 mm in the control group (p < 0.01), and
the respective AL values were 22.53 + 0.80 mm and 23.87 + 1.38 mm (p < 0.01). Using the Haigis formula, patients with an ACD
<2.30 mm in the ACG group (0.52 + 0.36 diopters [D]) had less accurate results in terms of the mean absolute error than patients
with an ACD > 2.31 mm in the ACG group (0.27 £+ 0.20 D) and control group (0.27 + 0.20 D). There was no significant difference
in the mean absoluter error between each formula in patients with an AL of < 22.0 mm or > 22.1 mm in the ACG and control
groups.

Conclusions: Among patients treated with LI due to ACG, those patients with an ACD > 2.31 mm showed no difference in re-
fractory prediction compared to the control group. However, in patients with an ACD < 2.30 mm, the refractory prediction may be
inaccurate when using the Haigis formula, a fourth-generation formula that takes into account the ACD.

J Korean Ophthalmol Soc 2019;60(5):447-454

Keywords: AL- Scan® , Angle-closure glaucoma, Anterior chamber, Axial length, Refractive errors

W M ZF =1 J RS 2O ul7Zle. EX] O 72 Ho| =

® Received: 2018. 10. 25. = Revised: 2019. 1. 2. HafAsUge S ddas SEo= b dFol 3

m Accepted: 2019. 4. 25. 7¥sto]| whet Wiy} 2t g s Ae Sulsts H o)

® Address reprint requests to Sungmin Hyung, MD, PhD. . Wy og)ets u|E3t FoRoA] HlwE &3 Aoz
Department of Ophthalmology, Chungbuk National University or L 13 = - o1

Hospital, #776 1sunhwan-ro, Seowon-gu, Cheongju 28644, A A Qlok ™ 53] Wito] sut Ue A= 4
Korea A =7 2712 olg AMHFzFe] Zo]7} § Folx o)

Tel: 82-43-269-6368, Fax: 82-43-264-5263 _]Vl o /\)\Ho olﬁf] I7FH FobAIH, ol

E-mail: smh@chungbuk.ac.kr ek 9ol MidpaS Al3SHA EH Aizto] ZlojA|aL

F =]
* Conflicts of Interest: The authors have no conflicts to disclose. Qrefol otk matel] Hisii= el of=f AellA

(©) 2019 The Korean Ophthalmological Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

447



EREFER
MUGE T B A 2 e s Wo] 2
G MABE WPPSE F USHe FRYS FE)
SlaA R AAAZT ABLAA =4 AN TS
Abgstolof gk shAlEE Azl FukE Bl
9 Fe AYZS 2 gom SAA FAZ F7hEol

Zo] oleig & Ak ek Bzt
=22 ol AT A/ <&(laser iridotomy,
L& Al3gsHA =W QG o2 Hulidaes ARE
= g5o] S7FE 4= Qe oy
ot H Az s deiRtol A Wit & 249 oS
st} 259 o839l 7% Ao FEA UM (partial
coherence interferometry) ¥2]& ©]-83F IOL master”™ (Carl
Zeiss Meditec AG, Jena, Germnay)E A3l 243 =)
QoA WS T 24 ojZo] Bk & 9
W, 54 A 24R AL FA A4S 2 249 s
Qo7 4 glrki magh vt ook sAut olelet ot
o| A AN o] % A Zlo] W g0l
AEs AR Ay FEAE o
& AFYE2 I(Scheimpflug) Y22 %
AL-Scan® (Nidek, Co., Ltd., Gamagori, Japan)
T Ak wEbA 2 dAtolAs Hafzt
A NS Al Safo A HU
]85} f, AL-Scan®™ (Nidek, Co., Ltd.)
A BHEAAST WWEes S AEAA
7S

49 oS5 A% 2ol htdolof whet &

o
=
=

Aol 4

i

=
i)
N

oo M
o o
of

)

|r %
fu
2
ol
HY
©

5|\
2
ol
 ad

S~

>o¥;g

010;9:11
o
ety
Erﬂ,
2

i
3
(]

ool O oX i dl mu o &
o > oo Hy £
H_%rﬂ:nj
= fl
S~
ST

_|>i
rol rin

UG5S AT MBHACGD T2 ot 23
WA AICHE s S Al 2 37

=)
= 55, A FHEA 5o S S H

Bl uf S/ EErolkal A skRlaL, LI Al
3 T g3 Yol oketo] 18 mmHg ©]s}t& s}t 7Syt
= e s siglet E=ure, AEd=A, A
o T 5o Aol Sl A= AYstach
ACGH 5 A% Z10]7} 2.30 mm ©|3}Q] RS AL, A

%

A e
rloob
o B
0,

_Llu
I
L2 a

7} 22.1 mm o|A%] FAE Doz A sk
Wifgra 3 o exte] osto] o]Fojfon, o

ftlo M
el
0%
ok
paca
£
u
rr
t
B
29
N,
ro,
oK

Worth, TX, USA)o] A= e} AdeAA A 5 270

o) W §% ofiol utet AL B3 B FEY A

Co., Ltd.) 2.2 =7 0]
noise ratio)”7} 10.02c} ZQIE 7 9 ok=AFZlo] A o]
E7Fsohd A= ALfstoit ek &
2207] S0l AL Thebito] Hxkelz .
A= HA9) oJekd1-8-2] 4 99| 3] (Institutional review
board, IRB)2] 4¢15}o] ZY = ATHIRB No. 2018-09-012).
AT AA = At 3412 24 F4]Q1 SRK I, 34
ol ¥4lel SRK/T, Holladay 1, Hoffer Q, 4A|c] 3-4]<]
Haigis ‘50] AMEE|9100, Q155747412 A A4 AL-Scan™
(Nidek, Co., Ltd.)ol 3t gt o]&stalen Wad 4
ZESoig olgal AB4HA £ Adest 3%
=% ¥|(final spherical equivalent)2 WA 5 271 LA
AHTAANE olge ST Aozt i3 s
2E =2dgolA oA FEES W olo] Arjgter +
sIch 4 T 240l |33 ghurh AN Uit
A, FAIZ Yeh=A] g1sh] ffsf 25 2@ oA 49
4 =d9e W e Hd(EHe A5 2= @A R
SAEAL IBM SPSS 213 ver. 22.0 (IBM Corp.,
Armonk, NY, USA)E ©|&35}3lth Atre BH(ETHAD
3} 2ot Aoigtel el AAelT 2 2ol A7)
Mann-Whitney U-testE 53l 43153 2 9] H|&-2
Fisher’s exact testS Zaf 4151501 p<0.05¢1 799
g2 fofsitn BResith 7t B4 29l <l
oA =5 AN o2 eakgre] HlmE Kruskal-Walli
testE 0|83} o AFEH A& Mann-Whitney U-testS
AR5} 2., Bonferroni’s methodol] J3)] A o 7t B
Al p<0.017, THAl < 7+ v A] p<0.005¢Q1 74 F-of sttt
2 Bl

e at



o] ou:] 0}7_71017} 22.00 mm o]o].o] ﬂx}(C:r’-)L_ 121::1 o]-
F7017}F 22.01 mm o]l FAHDH)E

ACGH9] HHd18L 69.20 + 6.814], 2L
8.3241%9tk ACGHT} Rt Atolo) HmAAE, ool
ITHARGSH, 3.3 mm ZUHEEX], 2.7 mm 2P E X
Rqdck e rdol= ACGE 22.53 + 0.80 mm,
W 2

of o=

tj 27 23.87 + 138 mm$%.C.0(p<0.001),
ZH} Z)o]= ACGE 2.29 + 0.32 mm, T2 3.15 027 mm
ATHP<0.001). A1l Ol LA H HFESE ACGHE 23.11
+ 1.85 diopter (D), t)ZF 19.77 + 3.51 DYITHp<0.001,

Table 1).

AA| i Sapoll Al Azl ol
0.59 + 0.44 D Hoffer Q, Haigis, Holladay 1 -52]of H|3}

o] =7 YePttHp<0.001). ACG- %
oJAkel IAKB)OIA= SRK 1T HAS

7(4

-&slly 9 :

L 2}= SRK 1T 5-4]9]

= Z10]7} 2.31 mm

A gotale W EH

Table 1. Characteristics of enrolled patients
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Hoffer Q 541} Holladay 1 #-2]o| A= = 3R} A] o
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All ACG group Control group p-value
Number 81 44 37
Sex (M/F) 9/35 14/23 0.137"
Right/left 16/28 15/22 0.819"
Age (years) 69.89 + 7.52 69.20 + 6.81 70.70 + 8.32 0.375"
BCVA (logMAR) 0.42 + 0.28 0.38 + 0.20 0.48 + 0.35 0.117°
IOP (mmHg) 14.67 + 3.44 14.95 + 4.05 14.32 + 2.56 0.415"
Spherical equivalent (D) -0.07 + 1.80 0.14 £ 0.16 -0.33 +1.97 0.238"
K 3.3 (D) 44.47 + 1.65 44.86 + 1.77 44.11 £ 1.43 0.079"
K2.3 (D) 44.53 + 1.65 44.78 + 1.78 44.14 £ 1.43 0.096"
Axial length (mm) 23.14 + 1.29 22.53 +£0.80 23.87 + 1.38 <0.001"
ACD (mm) 2.68 + 0.53 2.29 £ 0.32 3.15 £ 0.27 <0.001"
IOL power (D) 21.59 + 3.19 23.11 + 1.85 19.77 + 3.51 <0.001"

Values are presented as mean + standard deviation or number unless otherwise indicated.

M/F = male/female; BCVA = best-corrected visual acuity; logMAR =

logarithm of minimal angle of resolution; IOP =

intra ocular pressure;

D = diopter; K 3.3 = keratometry calculated at corneal radius 3.3 mm; K 2.3 = keratometry calculated at corneal radius 2.3 mm; ACD =

anterior chamber depth; IOL =

intraocular lens.

"Determined using the Fisher’s exact test; 'determined using the Mann-Whitney U-test.

Table 2. Mean absolute error: comparison of various [OL power calculation formulas according to anterior chamber depth

Mean absolute error (diopter)

Group SRK II SRK/T Hoffer Q Haigis Holladay 1 prvalue

Total 0.59 + 0.44 0.38 + 0.28 0.35 £ 0.25 0.34 +0.27 0.31 + 0.20 <0.001
(0.01-1.86) (0.00-1.42) (0.00-1.00) (0.01-1.21) (0.00-0.99)

Group A 0.78 + 0.53 0.48 + 0.32 0.43 + 0.28 0.52 + 0.36 0.39 + 0.26 0.067
(0.07-1.86) (0.00-1.42) (0.00-0.87) (0.07-1.21) (0.00-0.99)

Group B 0.60 + 0.39 0.36 + 0.27 0.34 +0.26 0.27 £ 0.20 0.31 £ 0.19 0.017
(0.11-1.54) (0.03-0.84) (0.00-0.90) (0.02-0.67) (0.03-0.75)

Control 0.47 £ 0.36 0.33 £ 0.24 0.31 £0.22 0.27 £ 0.20 0.31 £0.20 0.139
(0.01-1.86) (0.00-0.85) (0.01-1.00) (0.01-0.79) (0.01-0.72)

p-value’ 0.050 0.183 0.334 0.011 0.535

Values are presented as mean + standard deviation (range) unless otherwise indicated.

*Kruskal-Wallis test.
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Figure 1. Comparison of various IOL power calculation formulas according to anterior chamber depth. Stacked histogram compare
the percentage of eyes within a given diopter range of predicted spherical equivalent refraction outcome. A-C indicated group A,
group B, and control group individually. IOL = intraocular lens; D =diopter.

Table 3. Mean error: comparison of various IOL power calculation formulas according to anterior chamber depth

Mean absolute error (diopter)

Group SRK 1I SRK/T Hoffer Q Haigis Holladay 1 prvalue

Total 0.44 + 0.59 0.20 + 0.42 0.11 + 0.42 0.03 + 0.43 -0.06 + 0.39 <0.001
(14610 1.86)  (0.63101.42) (09010 1.000  (0.64t0121)  (0.76 t0 0.99)

Group A 0.76 + 0.56 0.36 + 0.46 -0.08 + 0.51 0.35 + 0.53 0.02 + 0.47 <0.001
(0.15t01.86) (04710 1.42)  (0.83100.87)  (047t0121)  (0.76 t0 0.99)

Group B 0.52 + 0.50 0.16 + 0.42 0.24 + 035 0.01 + 0.34 0.14 + 0.35 <0.001
(05710 1.54)  (0.63100.84) (0900054  (0.63t00.67)  (0.75t00.48)

Control 0.20 + 0.56 0.13 + 0.39 -0.06 + 0.38 -0.08 + 0.33 -0.07 + 0.38 <0.001
(14610 1.11)  (0.42100.85  (0.75t01.000  (0.64t00.79)  (0.69t00.72)

pvalue” 0.002 0.172 0.231 0.006 0.526

Values are presented as mean + standard deviation (range) unless otherwise indicated.
IOL = intraocular lens.

*Kruskal-Wallis test.
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Table 4. Refractive results (diopter): comparison of various intraocular lens power calculation formulas according to anterior cham-

ber depth
Group Formula Over 1.0 D myopia* Over 0.5 D myopiaT Over 0.5 D hyperopia1C Over 1.0 D hyperopia§
Group A SRK II 0.00 0.00 63.64 31.82
SRK/T 0.00 0.00 40.91 4.55
Hoffer Q 0.00 27.27 9.09 0.00
Haigis 0.00 0.00 40.91 18.18
Holladay 1 0.00 18.18 18.18 0.00
Group B SRK I 0.00 4.55 45.45 18.18
SRK/T 0.00 4.55 27.27 0.00
Hoffer Q 0.00 22.73 4.55 0.00
Haigis 0.00 9.09 9.09 0.00
Holladay 1 0.00 13.64 0.00 0.00
Control SRK I 2.70 5.41 32.14 10.81
SRK/T 0.00 0.00 18.92 0.00
Hoffer Q 0.00 8.11 10.81 0.00
Haigis 0.00 13.51 2.70 0.00
Holladay 1 0.00 8.11 8.11 0.00
Values are presented as %.
D = diopter.

"Percentage of eye which was myopic shift over 1.0 D from intended refraction; ‘percentage of eye which was myopic shift over 0.5 D from
intended refracton; Ipercentage of eye which was hyperopic shift over 0.5 D from intended refraction; §percentage of eye which was hyperopic

shift over 1.0 D from intended refraction.

Table 5. Mean absolute error: comparison of various IOL power calculation formulas according to axial length

Mean absolute error (diopter)

Group SRK 1T SRK/T Hoffer Q Haigis Holladay 1 prvalue

Group C 0.58 + 0.38 0.37 + 0.26 041 + 0.29 0.44 + 0.33 0.34 + 0.20 0.487
(0.151.37) (0.060.85) (0.000.89) (0.02-1.21) (0.080.65)

Group D 0.74 + 0.50 0.44 + 0.31 0.37 + 0.27 0.37 + 0.32 0.35 + 0.24 0.004
(0.07-1.86) (0.00-1.42) (0.000.90) (0.03-1.19) (0.00:0.99)

Control 0.47 + 0.36 0.33 +0.24 031 +0.22 0.27 + 0.20 0.31 +0.20 0.139
(0.01-1.86) (0.000.85) (0.01-1.00) (0.01-0.79) (0.010.72)

pvalue’ 0.064 0.347 0.480 0.186 0.782

Values are presented as mean + standard deviation (range) unless otherwise indicated.

*Kruskal-Wallis test.
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