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Surgically Induced Posterior Corneal Astigmatism in 2.2 mm Microcoaxial
Cataract Surgery Versus 2.85 mm Coaxial Conventional Cataract Surgery
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Purpose: To compare the surgically induced posterior astigmatism of microcoaxial cataract surgery using a 2.2 mm incision and
conventional cataract surgery using a 2.85 mm incision.

Methods: This study included 56 eyes that underwent phacoemulsification and intraocular lens insertion. Subjects were divided
into 2 groups: 26 eyes receiving a microcoaxial cataract surgery using a 2.2 mm incision (MCCS group) and 30 eyes receiving a
conventional cataract surgery using a 2.85 mm incision (CCS group). Anterior, posterior and total corneal astigmatism was
measured. The surgically induced anterior astigmatism, surgically induced posterior astigmatism and surgically induced total as-
tigmatism were compared between MCCS and CCS groups. Corneal astigmatism was measured using a Pentacam® device
(Oculus, Wetzlar, Germany), uncorrected visual acuity, best corrected visual acuity and corneal aberrations of front and rear side
was measured preoperatively and at 1 day, 1 month and 2 months postoperatively.

Results: There was no difference in surgically induced posterior astigmatism between CCS and MCCS groups, however, surgi-
cally induced anterior astigmatism and surgically induced total astigmatism were significantly lower in the MCCS group than in
the CCS group (p = 0.005 and, p = 0.036, respectively). There was a significant positive linear correlation between surgically in-
duced posterior astigmatism and surgically induced total astigmatism in the CCS group (p = 0.01, r = 0.563). There was also a
significant positive linear correlation between surgically induced anterior astigmatism and surgically induced total astigmatism in
both CCS and MCCS groups (CCS group: p = 0.00, r = 0.855; MCCS group: p = 0.039, r = 0.407).

Conclusions: There was no significant difference in the surgically induced posterior astigmatism between the MCCS and CCS
groups. However, surgically induced posterior astigmatism significantly affected surgically induced total astigmatism in the CCS
group but not in the MCCS group. Considering both anterior and posterior astigmatism of the cornea, microcoaxial cataract sur-
gery using a 2.2 mm incision affects surgically induced total astigmatism less than conventional cataract surgery.
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Pentacam” (Oculus, Wetzlar, Germany)
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Table 1. Demographic factor CCS group vs. MCCS group
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Variables CCS group (n = 30) MCCS group (n = 26) p-value
Laterality (OD:0S) 9:21 13:13 0.126
Sex (male:female) 7:23 7:19 0.757"
Age (years) 60.0 + 11.26 60.92 + 5.53 0.192"
Pachymetry (um) 553.6 + 37.49 556.62 + 31.95 0.479"
Endothelial cell count (cell/mm’) 2,846.6 + 348.37 2,750.42 + 346.90 0.307"
Axial length (mm) 24.58 + 2.41 23.65 + 1.27 0.073"
Anterior chamber depth (mm) 2.81 +0.43 2.58 +2.53 0.089"
SE (diopter) -1.84 £ 4.73 -1.67 + 3.87 0.882"
UCVA (log MAR) 0.66 + 0.48 0.52 + 0.36 0.243"
BCVA (log MAR) 0.26 + 0.15 0.24 + 0.18 0.900"
Pre-op anterior astigmatism (diopter) 0.63 + 0.30 0.61 + 0.29 0.757"
Pre-op posterior astigmatism (diopter) 0.30 + 0.14 0.30 + 0.14 0.857"
Pre-op total astigmatism (diopter) 0.78 + 0.27 0.77 £ 0.55 0.932"

Values are presented as mean + SD unless otherwise indicated.

CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; OD = oculus dexter; OS = oculus sinister; SE = spherical
equivalent; UCVA = uncorrected visual acuity; BCVA = best corrected visual acuity; Pre-op = preoperative.

*p—valued on Chi-Square test; Tp—valued on Student's 7-test.

Table 2. Data summary of UCVA and BCVA

CCS group MCCS group p—value*

Post-op 1 day

UCVA (log MAR) 0.20 + 0.22 0.15 + 0.11 0.256

BCVA (log MAR) 0.10 + 0.10 0.09 + 0.03 0.475
Post-op 1 month

UCVA (log MAR) 0.19 + 0.21 0.11 + 0.08 0.036

BCVA (log MAR) 0.09 + 0.10 0.07 £ 0.05 0.258
Post-op 2 months

UCVA (log MAR) 0.18 + 0.16 0.12 + 0.10 0.112

BCVA (log MAR) 0.07 + 0.07 0.06 + 0.05 0.779

Values are presented as mean + SD unless otherwise indicated.

UCVA = uncorrected visual acuity; BCVA = best corrected visual acuity; CCS = conventional cataract surgery; MCCS = microcoaxial cata-

ract surgery; Post-op = postoperative.
*p—valued on Student's #-test.

1536



Table 3. Comparisons of SIA-A, SIA-P and SIA-T between CCS group and MCCS group (arithmetic mean)

CCS group MCCS group p—value*
Post-op 1 day SIA-A (D) 0.80 + 0.60 SIA-A (D) 0.38 + 0.21 0.001
SIA-P (D) 0.23 +0.18 SIA-P (D) 0.23 £ 0.16 0.997
SIA-T (D) 1.23 + 1.02 SIA-T (D) 0.77 £ 0.60 0.043
Post-op 1 month SIA-A (D) 0.73 + 0.62 SIA-A (D) 0.37 + 0.19 0.005
SIA-P (D) 0.16 + 0.15 SIA-P (D) 0.12 + 0.07 0.201
SIA-T (D) 0.75 + 0.49 SIA-T (D) 0.45 + 0.33 0.012
Post-op 2 months SIA-A (D) 0.78 + 0.58 SIA-A (D) 0.44 + 0.26 0.005
SIA-P (D) 0.18 + 0.16 SIA-P (D) 0.14 + 0.06 0.257
SIA-T (D) 0.75 £ 0.63 SIA-T (D) 0.51 + 0.34 0.049

Values are presented as mean + SD unless otherwise indicated.

CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; SIA-A = surgically induced astigmatism-anterior; SIA-P =
surgically induced astigmatism-posterior; SIA-T = surgically induced astigmatism-total; Post-op = postoperative.

*p—valued on Student's #-test.

Table 4. Comparisons of SIA-A, SIA-P and SIA-T between CCS group and MCCS group from WTR group at 2 months after surgery

CCS group (n = 10) MCCS group (n = 15) p-Value*
SIA-A (D) 0.86 + 0.53 0.38 + 0.22 0.019
SIA-P (D) 0.11 + 0.07 0.13 + 0.07 0.341
SIA-T (D) 0.77 + 0.34 0.40 + 0.28 0.004

Values are presented as mean + SD unless otherwise indicated.

SIA-A = surgically induced astigmatism-anterior; SIA-P = surgically induced astigmatism-posterior; SIA-T = surgically induced astigma-
tism-total; CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; WTR = within the rule.

*p—valued on Mann Whitney U-test.

Table 5. Comparisons of SIA-A, SIA-P and SIA-T between CCS group and MCCS group from ATR group at 2 months after surgery

CCS group (n = 20) MCCS group (n = 11) p—value*
SIA-A (D) 0.66 + 0.67 0.45 + 0.27 0.072
SIA-P (D) 0.19 £+ 0.18 0.11 £+ 0.07 0.087
SIA-T (D) 0.75 + 0.56 0.53 + 0.40 0.261

Values are presented as mean + SD unless otherwise indicated.

SIA-A = surgically induced astigmatism-anterior; SIA-P = surgically induced astigmatism-posterior; SIA-T = surgically induced astigma-
tism-total; CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; ATR = against the rule.

*p—valued on Mann Whitney U-test.
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Figure 1. Double-angle plots of surgically induced astigmatism (SIA) using Pentacam® (Oculus, Wetzlar, Germany) at 2 months af-
ter surgery, in CCS group (A) and MCCS group (B). CCS = conventional cataract surgery; MCCS = microcoaxial cataract sur-
gery; SIA-A = surgically induced astigmatism-anterior; SIA-P = surgically induced astigmatism-posterior; SIA-T = surgically in-
duced astigmatism-total.
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Figure 2. Correlation of magnitude of SIA-A, SIA-P and SIA-T in CCS group (A,B) and MCCS group (C,D). SIA-A = surgically
induced astigmatism-anterior; SIA-P = surgically induced astigmatism-posterior; SIA-T = surgically induced astigmatism-total,
CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery.
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Table 6. Postoperative changes of corneal aberrations on the rear side

Pre-op Post-op 1 day Post-op 1 month Post-op 2 months
RMS total (um) CCS group 0.835 + 0.156 1.216 + 0.498 0.881 + 0.178 0.848 + 0.172
MCCS group 0.798 + 0.198 1.108 £+ 0.353 1.124 + 1.980 0.842 + 0.144
p-value” 0.343 0.359 0.332 0.884
RMS HOA (um) CCS group 0.230 + 0.126 0.428 + 0.0191 0.273 + 0.126 0.235 + 0.061
MCCS group 0.231 + 0.120 0.436 + 0.228 0.458 + 0.968 0.262 + 0.071
p-value” 0.990 0.883 0.304 0.138
RMS LOA (um) CCS group 0.758 + 0.190 1.113 + 0.467 0.828 + 0.209 0.813 + 0.170
MCCS group 0.744 + 0.202 1.011 £ 0.298 1.114 + 1.731 0.795 + 0.152
p-value” 0.438 0.239 0.319 0.683
Spherical abberation CCS group -0.142 + 0.035 -0.220 + 0.192 -0.152 + 0.031 -0.148 + 0.029
Z (4, 0) (um) MCCS group -0.175 + 0.215 -0.165 + 0.046 -0.168 + 0.131 -0.144 + 0.033
p-value” 0.415 0.165 0.521 0.652
Oblique trefoil RMS CCS group -0.009 + 0.085 0.046 + 0.131 -0.009 + 0.105 -0.048 + 0.105
Z (3, -3) (um) MCCS group -0.035 + 0.123 0.022 + 0.197 -0.032 + 0.090 -0.054 + 0.080
p-value” 0.309 0.591 0.379 0.720
Horizontal trefoil RMS  CCS group -0.002 + 0.063 -0.009 + 0.172 -0.097 + 0.082 0.008 + 0.056
Z (3, 3) (um) MCCS group -0.001 + 0.075 -0.085 + 0.213 -0.085 + 0.325 -0.008 + 0.107
p-value” 0.933 0.147 0.288 0.483
Trefoil" (um) CCS group 0.087 + 0.059 0.182 + 0.122 0.113 + 0.072 0.105 + 0.071
MCCS group 0.100 + 0.109 0.231 £ 0.190 0.177 + 0.300 0.117 + 0.081
p-value’ 0.588 0.254 0.261 0.564
Vertical coma RMS CCS group 0.014 + 0.035 -0.052 + 0.159 0.010 + 0.061 0.017 + 0.049
Z (3, -1) (um) MCCS group 0.032 + 0.064 0.017 + 0.104 0.049 + 0.082 0.043 + 0.074
p-value” 0.224 0.061 0.045 0.035
Horisontal coma RMS ~ CCS group -0.009 + 0.037 -0.029 + 0.139 -0.071 + 0.076 -0.021 + 0.059
Z (3, 1) (um) MCCS group 0.008 + 0.043 -0.017 + 0.178 0.029 + 0.148 0.011 + 0.065
p-value” 0.150 0.785 0.134 0.052
Coma’* (um) CCS group 0.046 + 0.026 0.183 + 0.121 0.082 + 0.056 0.067 + 0.044
MCCS group 0.044 + 0.041 0.183 + 0.090 0.133 £ 0.117 0.093 + 0.046
p-value” 0.882 0.939 0.037 0.039

Values are presented as number or mean + SD.

CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; Z = zernike coefficients; RMS = root mean square; HOA =
high order abberation; LOA = lower order aberrations; Pre-op = preoperative; Post-op = postoperative.

*p-valued on Student's r-test; "Trefoil = V(2. -3 +(,3) ; iComa = VB 1P +(&.1) .
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Figure 3. Change in corneal higher order aberrations on front side in CCS group (A) and MCCS group (B) and on rear side in CCS
group (C) and MCCS group (D). CCS = conventional cataract surgery; MCCS = microcoaxial cataract surgery; RMS = root mean
square; HOA = high order abberation; LOA = lower order aberrations; Pre-op = preoperative; Post-op 2 m = postoperative 2

months. p-value by Paired r-test (p < 0.05).

A(SIA-A)et R AAGAISIA DA FAA R §
ot ApolE KGlom, o= HtAle] B FSHANE Al
SR, AN Al Zhute] 72 T QkRellA st
2ol Q7] o AT & 4 mA A A
CCSTo] MCCSZof| H]3) &l AUTA(SIA-A), 5
SR FUTASIAP), ST AAGASIA-TZ ]
w2 B SRR FAH R foshal k=t ©f
l

Hstolis 2t o) iy B4 +8 el S0z o
H o

e ot

Ayts] 2 Past glck
olg] AFollA] Bt Zhah 9 YA 0.30DE B8}
glom? o] B Ao E FUs)

U AE YERSIH: =

3 SR SR HE £291 397 gon], ol 4

o] Wl wwa YA GAEE B A Ax, 5
291 SHUA|(SIA-P)7F CCS2ol| 4] 0.18 + 0.16D, MCCS
oA 0.14 £ 0.06DE, & AAEASIA-T= 5%
i AEEASIA-A) o] Gk o Bol W= S &+
ot 4% 91 SHUA|(SIA-P)Q] Ffo] At og =7
o)

o] W], 44 A9 TA AL 2 AL, 244
WA ST ), SEf AUEATS Teish 4
S 2 FW AR 3, 24 FO Ao] Zuhda o
AL AR 4% 3 Ako] ZrERdAlel] QAEQl 0xE W
AN 4 gk B A4 0.5D o]AFe] FRIEAIZ} 9l
AS 5% QA ZupdAlel AE ZERdA Aolel] H
0.5D9] Zfol7h uPAEE AL SRIE 4 Yok B3 ol



A
= s = b
39 AR 2 W) Shethe A2 Ted o 25
27129l A3 A71E AR o Fas alo] D 4 9l
[e]
=

slof A= obl ojdo] ek =5 zhu)
Aol gt A & g A 9
S W e & A7 STk ARl Jled, 53
:’DP’“Z}Q} Edxdgate] BstE Helvka d&A gl
ok 5 oAl CCStoll A Zhubd ] snksee)
Edzdate] gAH R Fofgh ﬂ—%— Helow ol=
Z79] J71E3} FAst At hFig 3A). MCCS2] 7
S HAHZfare] patoflA oju| Q= ?ﬂ% Holz] oFqket
(Fig. 3B). 2t 39 $249] 49 Wang et alof| A U
$% T o) Luga), Fukpa), EEUSato] Wl
7b ok Hushrle shglo, & dAtollAe CCS
I MCCS- = HoflA] Zrppatolnt {203k Haks 1Yl
O H(Fig. 3C, D), %= MCCSZo| A 9254 24 &4
o] E|¢lth(Table 6). o]«= Zta} Z7jo] Zoj# ohfa} Zhd}
A7) A 2=, H7HE Ed do] 59 th9f 8elo]
o Zo7 Holu, 23 F7FAl A7} SertEojof
S ZloR gzt Ziuke] atola] Ziar A o) =217t
SO papETh RSk Fte] Atk AS o,
A Y e FEAEN W ao] 2t
A9A; "ol F2fd A

H

H 3
izud_wl(sm P)7} S A Wl(SIA-T)oﬂ AFG F
= o

——

g

MO
o

1) Wolffsohn JS, Bhogal G, Shah S. Effect of uncorrected astigma-
tism on vision. J Cataract Refract Surg 2011;37:454-60.

2) de Vries NE, Webers CA, Touwslager WR, et al. Dissatisfaction af-
ter implantation of multifocal intraocular lenses. J Cataract Refract
Surg 2011;37:859-65.

1542

3) Amesbury EC, Miller KM. Correction of astigmatism at the time of
cataract surgery. Curr Opin Ophthalmol 2009;20:19-24.

4) Altan-Yaycioglu R, Akova YA, Akca S, et al. Effect on astigma-
tism of the location of clear corneal incision in phacoemulsifica-
tion of cataract. J Refract Surg 2007;23:515-8.

5) Hill W. Expected effects of surgically induced astigmatism on
AcrySof toric intraocular lens results. J Cataract Refract Surg
2008;34:364-7.

6) Borasio E, Mehta JS, Maurino V. Surgically induced astigmatism
after phacoemulsification in eyes with mild to moderate corneal as-
tigmatism: temporal versus on-axis clear corneal incisions. J
Cataract Refract Surg 2006;32:565-72.

7) Dick HB. Controlled clinical trial comparing biaxial microincision
with coaxial small incision for cataract surgery. Eur J Ophthalmol
2012;22:739-50.

8) Alio J, Rodriguez-Prats JL, Galal A, Ramzy M. Outcomes of mi-
croincision cataract surgery versus coaxial phacoemulsification.
Ophthalmology 2005;112:1997-2003.

9) Koch DD, Ali SF, Weikert MP, et al. Contribution of posterior cor-
neal astigmatism to total corneal astigmatism. J Cataract Refract
Surg 2012;38:2080-7.

10) Cheng LS, Tsai CY, Tsai RJ, et al. Estimation accuracy of surgically
induced astigmatism on the cornea when neglecting the posterior
corneal surface measurement. Acta Ophthalmol 2011;89:417-22.

11) Ho JD, Tsai CY, Liou SW. Accuracy of corneal astigmatism esti-
mation by neglecting the posterior corneal surface measurement.
Am J Ophthalmol 2009;147:788-95, 795.e1-2.

12) Bhargava S, Rangarajan A. Coaxial microincision cataract surgery
versus conventional coaxial cataract surgery. J Cataract Refract
Surg 2008;34:1055; author reply 1055.

13) Weikert MP. Update on bimanual microincisional cataract surgery.
Curr Opin Ophthalmol 2006;17:62-7.

14) Nemeth G, Berta A, Lipecz A, et al. Evaluation of posterior astig-
matism measured with Scheimpflug imaging. Cornea 2014;33:
1214-8.

15) Elkady B, Ali6 JL, Ortiz D, Montalban R. Corneal aberrations after
microincision cataract surgery. J Cataract Refract Surg 2008;34:
40-5.

16) Tong N, He JC, Lu F, et al. Changes in corneal wavefront aberra-
tions in microincision and small-incision cataract surgery. J Cataract
Refract Surg 2008;34:2085-90.

17) Yao K, Tang X, Ye P. Corneal astigmatism, high order aberrations,
and optical quality after cataract surgery: microincision versus
small incision. J Refract Surg 2006;22(9 Suppl):S1079-82.

18) Guirao A, Tejedor J, Artal P. Corneal aberrations before and after
small-incision cataract surgery. Invest Ophthalmol Vis Sci 2004;
45:4312-9.

19) Marcos S, Rosales P, Llorente L, Jiménez-Alfaro 1. Change in cor-
neal aberrations after cataract surgery with 2 types of aspherical in-
traocular lenses. J Cataract Refract Surg 2007;33:217-26.

20) Wang J, Tang X, Zhang S, Li LH. Changes in high order aberra-
tions of anterior and posterior surfaces of cornea before and after
phacoemulsification. Zhonghua Yan Ke Za Zhi 2008;44:1066-71.



Jhu
I

EXM:22 mm S5 229 285 mm Ef WY s = STHAULA HEHS HWSH0] M2 A Hatof 0[X= Jets
EAMSILAL SHALE

CHAta) BiH: 22 mm S AZXJH SR &= 262K Microcoaxial cataract surgery, MCCS) 2} 2.85 mm &7 DAIX BHLHAF
302K Conventional cataract surgery, CCSE)2 AMCE = M5O MH SH MAYUULANE SHIH, oY SHUHA| &
208 MEHUA| J2|0 88 MHHAE H D6t FHHM”F@M%&n(OstM@Q@rGam%WQ&éégaﬂﬂ

Lioh 3 WHAIZED Zat M SHO| TQLAE =& M & = 19, 14E, 2o SFotRct

Zdnp: 22RY SHUAE F 2 2t X0l gL, sy MHEUHAY &Y A A= MCCSZO| HUCH=0.005,
0=0.049), CCSTE =Y THUHAIR 2239 TAHUAl ZH0 Rost HEHEUAE BROH(p=0.01, r=0,563), & & 2F =7
g MOLAQ a2 MAHAs 295 MRTAE HACHCCSE: p=0.00, r=0.855; MCCSZ: p=0.039, r=0.407).

2 2R FHUAE MCCSZF CCSTE 7o |98t Xt0|E EHO|X| EUeL CCSHUME s=rY OE':'LMIH =Ry
THHA S22 F= A2 LERLH MH 2 SHZUHAE 25 T3 0f, 22 mm 55 AH| #HUY 220 =Y
TIA LAl EHoH DA U SO FE0| MRACH
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