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Abstract

dicted result in both eyes.

Purpose To report the refractive outcomes of long (>25.00 mm) and short (<22.00 mm) axial length (AL) eyes under-
going immediately sequential bilateral cataract surgery (ISBCS).

Methods In this retrospective cohort study, patients who underwent ISBCS were identified and eyes of patients
with bilateral long and short ALs were included. Pre- and postoperative biometry, autorefraction, and ocular comor-
bidities or complications were recorded. The primary outcome was the mean refractive prediction error.

Results Thirty-seven patients (74 eyes) with long ALs and 18 patients (36 eyes) with short ALs were included. The
means + standard deviations of the ALs were 26.40+ 1.38 mm and 21.44+0.46 mm in the long and short AL groups,
respectively. In long AL eyes, the mean absolute error from the biometry-predicted refraction was —0.16 +0.46 D,
corresponding to 74% of eyes achieving a refraction within £0.50 D of the predicted value. In short AL eyes, the mean
absolute error was —0.63+0.73 D, corresponding to 44% of eyes achieving a refraction within +0.50 D of the pre-
dicted value. Eight (44.4%) patients with short AL eyes had a myopic deviation greater than +0.50 D from the pre-

Conclusions Compared to patients with long AL eyes, ISBCS in patients with short ALs had a wider variance in refrac-
tive outcome and a lower rate of achieving a postoperative refraction within +0.50 D of the predicted target.

Keywords Immediately sequential bilateral cataract surgery, Axial length, Biometry, Hyperopia, Myopia

Background

Age-related cataracts are usually bilateral; therefore, per-
forming surgery on both eyes on the same day, termed
immediately sequential bilateral cataract surgery (ISBCS),
offers several logistical and economic advantages to
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patients and healthcare systems [1, 2]. Ophthalmologists
have had concerns about ISBCS, especially postoperative
refractive error in both eyes due to the inability to adjust
the intraocular lens (IOL) power for the second surgery
based on the refractive results of the first surgery [3, 4].
However, systematic comparisons of ISBCS and delayed
sequential bilateral cataract surgeries (DSBCS) reveal
minimal to no differences in refractive outcomes or com-
plications [5, 6].

ISBCS has been suggested as a favorable option for
patients with abnormally short or long eyes to avoid
postoperative anisometropia [7]. However, biometry can
be less accurate in eyes with abnormal ALs [8—10]. Short
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axial length (AL) eyes are considered to have an AL less
than or equal to 22.00mm [11, 12], while long AL eyes
measure 25.00mm or more [9, 13]. Furthermore, varia-
tions of up to 1.00 D are tolerated by manufacturers for
IOLs with powers greater than 30 D, which can contrib-
ute to the risk of postoperative refractive surprise in short
AL eyes [10]. Despite advances in biometry and IOL for-
mulas, achieving target refraction remains a challenge for
eyes with AL outside of the normal range. Indeed, up to
20% of eyes with an AL >26.00mm can experience post-
operative deviation from their target refraction greater
than +0.50 D [14].

Few studies to date have assessed refractive outcomes
in high myopic or hyperopic eyes undergoing ISBCS.
Furthermore, the unavailability of axial length data [15,
16] and the exclusion of eyes with extremes of axial
length [17, 18] are limitations of prior research. There-
fore, this study examined the refractive outcomes of eyes
with short or long AL undergoing ISBCS.

Methods

This study retrospectively reviewed the electronic medi-
cal records of patients who underwent ISBCS for bilateral
visually significant cataracts between August 1, 2020 and
October 31, 2022 at the Centre Hospitalier de 'Université
de Montréal, Montréal, Quebec, Canada. In this publicly
funded hospital setting, ophthalmic nurses or techni-
cians ascertained visual acuity and autorefraction at each
patient visit. Any post-operative prescription of refrac-
tive correction and evaluation for laser refractive surgery
was done in non-affiliated private healthcare settings.

Patients were eligible for inclusion if preoperative
biometry showed bilateral AL <22.00mm (short AL)
or > 25.00mm (long AL). All types of implanted 1OLs
were considered, whether monofocal, extended depth of
focus (EDOF), multifocal, or toric IOLs. Patients with
prior corneal laser refractive surgery and ectasia were
excluded, as were those missing postoperative follow-up
data.

Ethics review board approval was obtained through the
Centre hospitalier de I'Université de Montréal profes-
sional services department (PSD-21027), and the tenets
of declaration of Helsinki were strictly adhered to while
conducting the study.

Surgical technique

Target refractions and IOLs were determined on an indi-
vidual basis according to patient needs in discussion with
the surgeon. IOL power was calculated with the Barrett
Universal II formula. Surgeries were performed by an
attending or resident in ophthalmology. Phacoemulsifica-
tion techniques and IOL implantation into the capsular
bag were performed as per the routine clinical practice
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of the ophthalmologist, all of which involved the use of
topical anesthesia and a 2.2mm clear-corneal main inci-
sion. Each eye was treated as a completely independent
procedure.

Data collection and follow-up

The preoperative variables extracted included patient
demographics, ocular comorbidities, autorefraction
(Nidek ARK-510A autorefractor, Nidek Co., Ltd.), bio-
metric information (IOL Master700, Carl Zeiss Med-
itec AG), Snellen corrected visual acuity in each eye at
6m, and surgeon-selected postoperative refractive tar-
gets. Follow-up examinations generally occurred on day
1, weeks 2-3, and weeks 6—8 postoperatively, or as per
routine care by the individual surgeon. Postoperative
outcomes, including autorefraction and uncorrected dis-
tance visual acuity, were extracted from the last available
follow-up visit. Any intraoperative or postoperative com-
plications were tabulated.

The primary outcome was the mean refractive absolute
prediction error, defined as the difference between the
postoperative observed refraction and the preoperative
predicted refraction in the spectacle plane (in spheri-
cal equivalent, SE). The autorefraction in each eye at the
final follow-up visit post-ISBCS was used as the observed
refraction. Additional descriptive outcome measures
included the proportion of eyes with a deviation from
the target £0.50 D and + 1.00 D. Finally, we examined the
percentage of patients who had a deviation greater than
+0.50 D in both eyes and in the same direction (either
both myopic shifts or both hyperopic shifts), represent-
ing potential cases where the first-eye refractive result
could have informed IOL selection in the second eye. The
data were analyzed using Microsoft Excel 2019 software
(Microsoft Corp., Redmond, WA).

Results

A review of 1559 ISBCSs over 26 months identified 37
patients (74 eyes) with long ALs (>25.00mm) and 18
patients (36 eyes) with short ALs (<22.00mm) eligi-
ble for inclusion. Patients were between 55 and 85years
old (Table 1). In the long AL group, the ALs were
between 25.00mm and 27.00mm in 53 eyes (71.6%),
between 27.01mm and 30.00mm in 19 eyes (25.7%)
and >30.00mm in 2 eyes (2.7%). In the short AL group,
the AL was between 21.01 mm and 22.00mm in 27 eyes
(75.0%) and between 20.00mm and 21.00mm in 9 eyes
(25.0%). No eyes had an AL <20.00 mm.

Prior ocular diagnoses included dry eye disease (6 eyes
in the long AL group), primary angle closure suspect
(16 eyes in the short AL group), and open angle glau-
coma or glaucoma suspect (14 eyes in the long AL group
and 4 eyes in the short AL group). No intraoperative
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Table 1 Pre-operative patient characteristics
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Axial length >25.00 mm
n=74 eyes (37 patients)

Axial length <22.00mm
n=36 eyes (18 patients)

Parameter
Age (y)
Male/Female (%)
Pre-operative best-corrected visual acuity, each eye (logMAR)
Corneal astigmatism on biometry (D)
Axial length (mm)
Pre-operative manifest refraction
Sphere (D)
Cylinder (D)
Spherical equivalent (D)
Implanted IOL power, sphere (D)
Biometry predicted spherical equivalent (D)

Mean+SD

67.5+7.7

48.6/514

0.27 (Snellen 20/36)+£0.28
0954061

2640+1.38

—6.78+4.36
1.05£1.05

—6.26+4.07
1335+3.78
-0.34+032

69.9+80

11.0/89.0

0.37 (Snellen 20/45) +0.44
1512

2144+0.46

226+242
1.11£0.83
2824245
29.08+2.44
-039+052

IOL Intraocular lens

complications were noted, and all incisions were sealed
without sutures.

In long AL eyes, the IOLs implanted were monofocal in
66 eyes (89.2%), including 8 monofocal toric IOLs (mean
IOL cylinder 2.48 D, range 1.50 to 3.00 D); multifocal in 4
eyes (5.4%); and EDOF in 4 eyes (5.4%), including 2 toric
EDOF IOLs. In all the short AL eyes, a monofocal IOL
was implanted, 3 of which were toric IOLs (mean IOL
cylinder 3.25 D, range 1.50 to 5.25 D).

Prediction error for long AL eyes

Among long AL eyes, the SE autorefraction at last fol-
low-up was myopic (defined as less than —0.25 D) in
45 eyes (60.8%) and between +0.25 D to —0.25 D in 29
eyes (39.2%). The mean absolute error from the biome-
try-predicted postoperative refraction was —0.16 + 0.46
D (range—1.57 D to +0.86 D) (Table 2). The final
refractions were within +0.50 D and+1.00 D of the
predicted result in 74.3 and 94.6% of eyes, respectively
(Fig. 1a). The mean final SE refraction was —0.51+0.56

Table 2 Postoperative refractive outcomes

D (Fig. 1b). All eyes receiving multifocal or EDOF IOLs
were within +1.00 D of the predicted result. However,
none of the eyes receiving multifocal IOLs and only
two receiving a EDOF IOLs were within +0.50 D of the
biometry-predicted refraction post-operatively.

Any bilateral SE hyperopic shift from the biometry-
predicted result was observed in 11 (29.7%) long AL
eyes (mean 0.31+0.21 D). This resulted in 4 (11.1%)
patients having bilateral low hyperopic SE on post-
operative manifest refraction (mean SE +0.17 D,
range+0.10 D to +0.25 D). Bilateral deviations
greater than +0.50 D from the biometry-predicted
result occurred in 5 patients (13.5%): one patient had
a bilateral hyperopic shift (+0.86 D OD and+0.64
D OS) and 4 had a bilateral myopic shift——including
one patient who experienced a postoperative myopic
surprise greater than 1.00 D in both eyes (—1.15 D
OD and—1.25 D OS). Unilateral refractive surprises
(defined as a final manifest SE refraction greater than

Axial length >25.00 mm
n=74 eyes (36 patients)

Axial length <22.00 mm
n=36 eyes (18 patients)

Parameter
Follow-up length (weeks)

Post-operative uncorrected distance visual acuity, each eye
(logMAR)

Post-operative manifest autorefraction
Sphere (D)
Cylinder (D)
Spherical equivalent (D)

Absolute predictive error (D)

Mean+SD
6.26+£6.94
0.10 (Snellen 20/25) £0.21

-0.86+£0.59
0.71+041

-0.51+£0.56
-0.16+0.46

4.67+3.85
0.31 (Snellen 20/40) +0.43

-1.50£1.17
096+1.27

-1.02+0.95
-063+0.73
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74 eyes
1 month postop

+0.50 D: 74%
+1.00 D: 95%
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Fig. 1 Histogram showing the distribution of postoperative spherical equivalent prediction errors (a) and scatter plot comparing predicted
versus achieved spherical equivalent refraction (b) in 74 long axial length eyes (=25.00 mm) at a median follow-up of 1 month after immediate

sequential bilateral cataract surgery

+1.00 D from the predicted SE) occurred in a total of 4
eyes (5.3%), all of which demonstrated a myopic shift.

Prediction error for short AL eyes

Among the short AL eyes, the SE autorefraction at
last follow-up was myopic (less than —0.25 D) in 27
eyes (75.0%), hyperopic (greater than +0.25 D) in 2
eyes (5.6%), and between +0.25 D to —0.25 D inclu-
sive in 7 eyes (19.4%). The mean absolute error from
the biometry-predicted postoperative refraction was
—0.63+0.73 D (range—2.73 D to +0.71 D). The final

36 eyes +0.50 D: 44%
1 month postop +1.00 D: 69%
30%
22% 22%
] ] 19%
S 20%
w
b} 14%
X
10% 8%
6% 6%
30/0 H |_|
0% 0% 0%
00/0 D
< -2.00 -1.50 -1.00 -0.50 -0.13 +0.14 +0.51 +1.01 +1.51 >

-2.00 to to to to to to to to to
-1.51 -1.01 -0.51 -0.14 +0.13 +0.50 +1.00 +1.50 +2.00

Postoperative Spherical Equivalent Prediction Error (D)

+2.00

refractions were within +0.50 D and+1.00 D of the
predicted result for 44.4 and 69.4% of eyes, respec-
tively (Fig. 2a). The mean final SE refraction was
—1.02+0.95 D (Fig. 2b).

A bilateral SE hyperopic shift from the biometry-pre-
dicted result was observed in 2 (11.1%) patients with
short ALs (mean 0.46 + 0.20 D). However, neither patient
had a final hyperopic outcome in both eyes. Eight patients
(44.4%) were found to have a myopic deviation greater
than 0.50 D from the predicted result in both eyes. Four
patients (22.2%) had myopic deviation greater than 1.00

1
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Fig. 2 Histogram showing the distribution of postoperative spherical equivalent prediction errors (a) and scatter plot comparing predicted
versus achieved spherical equivalent refraction (b) in 38 long axial length eyes (<22.00 mm) at a median follow-up of 1 month after immediate

sequential bilateral cataract surgery
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D in both eyes. A refractive surprise greater than +1.00
D SE from the biometry-predicted SE occurred in 11
eyes (30.6%), all of which demonstrated a myopic
shift. These eyes were comparable to those within 1.00
D or less from the biometry-predicted outcome with
regards to AL (21.32+0.43mm versus 21.49+0.47 mm)
and biometry-measured astigmatism (1.36 £0.95 D versus
1.56+1.29 D).

Complications

Post-operative transient ocular hypertension (intraocular
pressure>30mmHg on Goldmann applanation tonom-
etry) was reported in 9 (12.2%) long AL eyes (6 patients).
Rebound uveitis occurred in 6 (8.1%) long AL eyes (3
patients) and 2 (5.6%) short AL eyes (1 patient). Rebound
inflammation was attributed to poor -corticosteroid
drop adherence in one long AL patient. Cystoid macu-
lar edema and rhegmatogenous retinal detachment each
occurred once, both in eyes with long ALs.

Discussion

Although ISBCS has become increasingly popular, few
data exist regarding refractive outcomes in patients with
bilateral short or long AL. AL is a critical variable in IOL
calculations; a 1mm error in AL measurement trans-
lates to an over 2 D error in IOL power in an average
eye of approximately 23.7 + 1.2mm and may translate to
far greater refractive errors in shorter AL eyes [19, 20].
The purpose of this study was to report the refractive
outcome data of ISBCSs in patients with AL <22.00mm
or>25.00mm. We found that patients with bilateral
short AL have higher rates of refractive surprise in both
eyes compared to patients with bilateral long ALs.

With advances in IOL formulas, 70-90% of eyes are
expected to achieve a refraction within +0.50 D of pre-
dicted after cataract surgery with posterior chamber lens
implantation [9, 16, 21], a target that is proposed as the
threshold for spectacle independence [22]. The Barrett
Universal II formula used in our study is a fourth-gen-
eration formula that appears to have a low bias as meas-
ured by prediction error with variations in AL, making
it a reasonable choice for calculating IOL power in both
long and short eyes [9, 23]. In our long AL eyes, the post-
operative refraction was +0.50 D of predicted for 74% of
the eyes and within +1.00 D for 95% of the eyes. How-
ever, in short AL eyes, the postoperative refraction was
within +0.50 D of the predicted result in only 44% of eyes
and within £1.00 D in 69% of eyes. These findings match
other studies examining single eye outcomes [13, 24]. In
the context of ISBCS where there is no opportunity for
IOL adjustment between eyes, surgeons may consider
informing short AL patients of a higher incidence of
unpredictable refractive outcome.
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For DSBCS, correction methods aimed at improving
the outcome in the second eye after a refractive surprise
in the first eye include accounting for 50% of the first eye
error in the selection of the IOL in the second eye [25] or
applying a regression analysis unique to the IOL formula
[26]. Yet studies analyzing the refractive outcomes of
ISBCS suggest that adjusting the IOL power for the sec-
ond eye based on the refractive outcome is not justified in
most cases [27-29]. For example, in a retrospective study
of 110 patients (220 eyes), Guber et al. reported achieving
within £0.50 D SE of target refraction in 60% of eyes and
deemed only 5% of patients potentially benefited from
IOL adjustment in the second eye [30]. Notably, abnor-
mal AL has been an exclusion criterion in some prior
studies of ISBCS [17, 18] or AL data have been unavaila-
ble for analysis [15, 16]. Given the less predictable refrac-
tive outcomes following ISBCS in patients with abnormal
ALs (especially <22.00mm), these patients should be
distinguished from the regular ALs, which experience
comparable outcomes to ISBCS. Our finding that 44%
of patients with bilateral short ALs had postoperative
refractions greater than +0.50 D from the predicted value
in both eyes, suggests that DSBCS with potential IOL
power adjustment based on the refractive result in the
first eye should be further studied in these eyes.

This study has several limitations. First, the use of
autorefraction as a method for determining refractive
error contrasts with the gold standard of subjective
manifest refraction [31], although some studies sup-
port its use in evaluating post-cataract surgery refrac-
tive outcomes [32, 33]. Notably, it has been reported
that autorefraction after multifocal IOL implantation
may result in more negative SE values than subjec-
tive refraction [34, 35]. Second, the lens choice was
not homogenous in our long AL cohort, as four eyes
received EDOF IOLs and four eyes received multifo-
cal IOLs. Given the small number of eyes, these were
not analyzed separately. The use of these IOLs is an
important consideration in long and short AL eyes
undergoing ISBCS, as patients choosing these IOLs
may have higher expectations of achieving post-oper-
ative spectacle independence. For multifocal IOLs, a
range of IOL formulas, including the Barrett Univer-
sal II, were shown to achieve within +0.50 D of the
predicted refraction in 80-84% of eyes, especially in a
small subset with AL longer than 26.00 mm [36]. How-
ever, none of the four eyes receiving a multifocal IOL in
our study were within +0.50 D of the predicted refrac-
tion. Third, the patients’ subjective perspectives were
not captured, and it is possible that the refractive errors
reported in our study do not correspond to meaning-
ful clinical differences or degree of satisfaction. Fourth,
the use of only the Barrett Universal II formula in this
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study means that the findings are not necessarily gen-
eralizable to newer IOL formulas. Although a widely
studied topic, there remains uncertainty about the opti-
mal formula in long and short AL eyes. Recently, the
newer Olsen and Kane formulas have been suggested to
deliver better accuracy compared to other formulas in
both long and short AL eyes [21, 37].

Conclusions

To the best of our knowledge, this study is the first to
report the outcomes of ISBCSs in patients with long
and short ALs. Using the Barrett Universal II for-
mula, this study revealed that ISBCSs in eyes with an
AL >25.00mm achieve postoperative refractive targets
at comparable rates to those in other reports in the lit-
erature. However, the eyes of patients with bilateral ALs
<22.00mm achieved lower refractive accuracy and expe-
rienced a wider range of SE errors. Clinically, patients
with bilateral short AL eyes represent a unique popula-
tion for which the average outcomes of larger studies of
ICBCS may not necessarily apply. Although AL should
be considered when counseling patients preoperatively,
further studies validating these findings are warranted,
as are studies examining approaches to IOL adjustment
strategies for DSBCS in patients with bilateral short ALs.

Abbreviations
AL Axial length

DSBCS  Delayed sequential bilateral cataract surgeries
EDOF Extended depth of focus

oL Intraocular lens

ISBCS Immediately sequential bilateral cataract surgery
SE Spherical equivalent
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