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Abstract
Purpose

To study long term visual and refractive outcomes and complications in eyes with anterior chamber
intraocular lens (ACIOL) implantation

Methods

Data of patients who underwent primary and secondary ACIOL implantation at L V Prasad Eye Institute,
Bhubaneswar between 2011-2020 was collected, including details of post-operative visits. For analysis,
sample was divided into: group Ia (primary ACIOL in cases without risk factors, n=104); group Ib (primary
ACIOL in cases with pre-existing risk factors, n=49); and group II (secondary ACIOL, n=40).

Results

A total of 293 eyes of 288 patients were included. Mean pre-operative and last visit corrected distance
visual acuity were 1.65±0.79 and 0.49±0.65 logMAR units in group Ia (p<0.001), and 1.46±0.74 and
0.52±0.72 logMAR units in group Ib (p<0.001). The mean spherical equivalent (MSE) for last refraction
was -0.37 ± 1.05 dioptres (D) and -0.57 ± 1.04 D in groups I and II, respectively. Of 76 eyes in
which addition of 2.5 D (over the near emmetropic posterior chamber intraocular lens power) was taken
for ACIOL, 40 (52.6%) had MSE within ±0.5 D. Most common complications were transient corneal edema
and anterior chamber reaction. Eyes on anti-glaucoma medications at last visit were eight (7.7%), 15
(30.6%), and two (5.0%) in groups Ia, Ib, and II respectively.

Conclusions

We observed that ACIOLs have good visual and refractive outcomes. Raised IOP is a concern in eyes with
pseudoexfoliation, but can be managed with close monitoring. Hence ACIOL can be a good option for
managing aphakia after cataract surgery.

Introduction
Cataract surgery followed by intraocular lens (IOL) implantation is the most commonly performed
ophthalmic surgery worldwide.[1] In the presence of adequate capsular support, IOL implantation in the
anatomical position of the lens, i.e., the capsular bag, is preferred. The sulcus is the next best alternative
for placement of the IOL. However, with complications such as large posterior capsular rent, zonular
dialysis, removal of a subluxated cataractous lens or IOL, the surgeon has to consider alternative options
such as letting the eye remain aphakic or implantation of an anterior chamber IOL (ACIOL), iris-�xated
IOL, or a scleral-�xated IOL (SFIOL).

ACIOL insertion is a relatively simple procedure and can be planned along with cataract extraction.
However, the main concerns are the potential side effects such as corneal decompensation, raised
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intraocular pressure (IOP), and cystoid macular edema.[2] ACIOLs have regained popularity as the open-
loop haptic design used currently has a better safety pro�le than the closed-loop design.[3, 4]

Iris-�xated IOLs require a certain amount of surgical expertise and cannot be implanted in eyes with iris
atrophy, aniridia, or in patients with bleeding diatheses. Moreover, they are associated with complications
such as pigment dispersion and glaucoma.[5]

Scleral-�xated IOL, though a popular choice in management of aphakia, is technically more challenging,
has a long learning curve and all cataract surgeons are not comfortable with it.[5] SFIOLs are implanted
closer to the anatomical position of lens, and thus have fewer complications but require additional
surgery, which may not be feasible in all cases.[1]

This study aims to provide long-term visual outcome, safety pro�le, and complication rates in primary as
well as secondary implantation of ACIOLs.

Materials And Methods
This was a single-centre, retrospective study conducted at L V Prasad Eye Institute, Bhubaneswar, India.
The study adhered to the tenets of the Declaration of Helsinki and was approved by the Institutional
Ethics Committee. Data from all patients who underwent ACIOL implantation during the period 1st July
2011 to 30th June 2020 was collected from electronic medical records.

Inclusion criteria:
Patients who underwent primary or secondary ACIOL implantation following cataract surgery

Exclusion criteria:
Patients with the following conditions were excluded from the study:

1. Combined surgery (with penetrating keratoplasty, Descemet’s stripping endothelial keratoplasty,
Descemet’s membrane endothelial keratoplasty, trabeculectomy, or pars plana vitrectomy)

2. IOL exchange surgery

3. Pre-existing ocular pathology (adherent leucoma, optic atrophy, choroidal neovascular membrane, or
retinitis pigmentosa)

4. Phacolytic or lens particle glaucoma

5. Follow-up period < 1-month post-surgery

Data collected for the study included patient demographics, pre-operative best corrected visual acuity
(BCVA), intraocular pressure (IOP), grade of cataract, surgeon’s experience (trainee or consultant), surgical
time and intraoperative complications leading to the implantation of ACIOL. Details of post-operative



Page 4/14

visits at 1 day, 1 week, 1 month, 3 months, 6 months and the last visit were recorded, which included
BCVA, IOP, refraction, post-operative complications if any, and their management.

Surgical technique:
After performing anterior vitrectomy, the pupil was constricted using pilocarpine. A surgical peripheral
iridectomy (PI) was performed and then a single piece polymethyl methacrylate (PMMA) open loop semi-
�exible lens with four-point �xation ACIOL was implanted in the anterior chamber via a 5.5 mm
corneal/scleral incision and dialled in place. The main wound was sutured with 10 − 0 nylon sutures The
A constant of the ACIOL implanted was 115.3. IOL power was calculated as an addition of + 1.5 to + 3.00
D to the nearest emmetropia for a posterior chamber IOL (PCIOL).

Post-operative regimen:
Corneal edema was graded according to the Oxford Cataract Treatment and Evaluation Team grading
system[6.7] (Online resource 1). Anterior chamber in�ammation was graded according to the
Standardization of Uveitis Nomenclature scheme for anterior chamber cells and �are[8] (Online resource
2). Topical antibiotics and corticosteroids were prescribed post-operatively. IOP > 21 millimetres of
mercury (mm Hg) was considered as raised IOP. In cases with raised IOP, topical and/or systemic anti-
glaucoma medications (AGM) were prescribed on a case-to-case basis.

Statistical analysis:
Data analysis was performed using the software STATA v14.2 (StataCorp, College Station, TX, USA).
Continuous variables were expressed as mean ± standard deviation or median with inter-quartile range,
and categorical variables were expressed as individual counts and proportions. A linear mixed-effects
model using maximum likelihood estimation with random intercepts at the patient level was used to
account for the correlation between the right and left eye, and to make comparisons between the groups.
The Snellen BCVA was converted into the logarithm of the minimum angle of resolution (logMAR) units
for analysis.[9, 10] Analysis of refractive outcome was done by taking the spherical equivalent. A p-value of
< 0.05 was considered statistically signi�cant.

Results
ACIOL implantation was done in 293 eyes of 288 patients over a period of 10 years (2011-2020), of which
193 eyes of 192 patients were included in the study. For analysis, the total sample was divided into three
groups:

Group I: Primary ACIOL: IOL implanted at the time of primary surgery

Ia: without any risk factors

Ib: with Pseudoexfoliation/ Subluxation/ Traumatic cataract
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Group II: Secondary ACIOL: IOL implanted at a follow up surgery

The detailed distribution of the groups is depicted in Figure 1.

The mean age and gender distribution were similar in all three groups.

Surgery details: (Table 1)

The consultants performed 95 (62.1%) and 26 (65.0%) surgeries and the trainees performed 58 (37.9%)
and 14 (35.0%) surgeries, in groups I and II respectively. In group I, the mean surgical time for consultants
and trainees was 42.13 ± 21.10 minutes and 74.05 ± 31.88 minutes respectively(p<0.001). In group II, the
mean surgical time for consultants and trainees was 28.05 ± 18.53 minutes and 30.08 ± 12.90 minutes
respectively (p=0.73).

The mean duration between the primary and secondary surgeries in group II was 3.85 months (median 2,
Interquartile range 1.625). The mean postoperative follow-up period in groups I and II were 8.6 months
(median 3, Interquartile range 8), and 11.51 months (median 5, Interquartile range 11.5) respectively.

Visual outcome:

Group I: The mean pre-operative and last visit BCVA were 1.65±0.79 and 0.49±0.65 logMAR units in group
Ia (p<0.001), and 1.46±0.74 and 0.52±0.72 logMAR units in group Ib (p<0.001) (Table 1).

Group II: Mean pre-operative [with +10.0 dioptres (D)] and last visit BCVA were 0.43 ± 0.39 and 0.35 ± 0.41
logMAR units, respectively (p = 0.35).

Refractive outcome:

Post-operative refractive outcome was available for 178 out of 193 eyes. The mean spherical equivalent
(MSE) for the last refraction performed was -0.37 ± 1.05 D and -0.57 ± 1.04 D in groups I and II,
respectively (p = 0.54).

Figure 2 shows the �nal MSE based on the addition of ACIOL power implanted. Seventy-three (70.1%)
eyes in group Ia, 33 (67.4%) eyes in group Ib, and 26 (65.0%) eyes in group II had MSE within ±1.0 D at
�nal refraction. A refractive surprise of >1.5 D was seen in two (1.1%), three (1.7%), ten (5.6%) and three
(1.7%) eyes, when the addition was 1.5 D, 2.0 D,2.5 D and 3.0 D, respectively.

Post-operative hyperopia (MSE>1.0 D) was noted in zero, six (3.4%) and two (1.1%) eyes when addition in
ACIOL power taken was 2, 2.5 and 3 D respectively.

Post-operative complications:

The early and late post-operative complications are summarised in Table 2. The incidence of various
complications was not statistically signi�cant between groups Ia and Ib.
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Rise in intraocular pressure: (Online resource 3)

Group Ia: IOP was raised in 21 (20.2%) eyes on postoperative day (POD) 1. In four (3.9%) patients, a rise
in IOP was observed for the �rst time at post-operative period (POP) of 1 week. IOP was controlled in all
eyes at the last visit. Glaucomatous disc damage was seen in one (0.9%) eye.

Group Ib: IOP was raised in 11 (22.5%), three (6.1%) and 5 (10.2%)  eyes on POD 1, POP 1 week and POP
1 month, respectively. In 15 (30.6%) eyes, IOP was under control with AGMs at the last visit. 
Glaucomatous disc damage was present in eight (16.3%) eyes.

Group II: IOP was raised in �ve (12.5%) and �ve (12.5%) eyes on POD 1 and POP 1 month, respectively. At
last visit, IOP was under control with AGMs in two (5.0%) eyes.

The difference in IOP between groups I and II was not statistically signi�cant after adjusting for the
baseline differences between the groups (primary surgeon, surgical time, pre-existing zonular dialysis,
posterior capsular rent, vitreous loss, and pre-operative IOP) (Online resource 4). The percentage of eyes
in the three groups on AGMs at POP 1 month and at last visit is shown in Figure 3.

Corneal edema:

Group Ia: On POD 1, grade 1 corneal edema was present in 88 (84.6%) eyes which resolved within 1 week.
Grade 2 edema was present in 12 (11.5%) eyes.

Group Ib: On POD 1, grade 1 corneal edema was present in 30 (61.22%) eyes and grade 2 edema in 14
(28.6%) eyes. All resolved subsequently.

Group II: On POD 1, grade 1 corneal edema was present in 28 (70.0%) eyes out of which 27 resolved
subsequently. Corneal decompensation was noted in one (2.5%) eye, at POP 4 years.

Anterior chamber (AC) in�ammation:

Group Ia: Mild AC reaction (cells 0.5+, �are 1+) was seen in 100 (96.2%) eyes on POD 1 out of which 99
resolved. Late-onset of AC in�ammation (cells 1+, �are 2+) was seen in one (0.9%) eye.

Group Ib: Mild AC reaction was seen in 48 (97.96%) eyes on POD 1. Of these, 47 resolved in 1 week.

Group II: Mild AC reaction was seen in 34 (85.0%) eyes on POD 1 all of which resolved subsequently. AC
in�ammation (cells 1+, �are 1+) at POP 1 and 3 months was seen for the �rst time in one (2.5%) and two
(5.0%) eyes respectively.

Cystoid macular edema (CME):

Group I: Four (3.9%) eyes developed CME at 1 month. Four (3.9%) eyes developed CME at POP 1. None of
the patients developed CME in group Ib.
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Group II: Two (5.0%) eyes developed CME at POP 1 year.

ACIOL explantation:

ACIOL was explanted in three (2.9%) eyes in group Ia, and one (2.0%) eye each in groups Ib and II. The
reasons were persistent corneal edema, persistent anterior chamber in�ammation, persistent raised IOP
and cystoid macular edema.

Discussion
Cataract surgery, though a routine procedure for an ophthalmologist, can sometimes lead to
complications resulting in the inability to implant an intraocular lens in the bag or sulcus. The chances of
surgical aphakia are higher in the presence of risk factors such as pseudoexfoliation syndrome,
subluxated lens, or a history of trauma, as seen in our study where the incidence of intra-operative
complications such as zonular dialysis was higher in the group with these risk factors (p < 0.001).

The options for managing surgical aphakia include implantation of primary or secondary ACIOL, iris-
�xated IOL, or SFIOL. Each option has its advantages and disadvantages, and depends on the surgeon’s
skill and choice of IOL for implantation. In this study, we have attempted to look at the outcomes of
primary and secondary implantation of ACIOL in cases with and without pre-existing risk factors for
aphakia. The focus of our study was on the long-term outcome and the refractive outcome. A unique
feature of our study, compared to other studies, is that none of the subjects underwent pars plana
vitrectomy before ACIOL implantation, which itself is a technically demanding procedure.[11, 12]

Being a training institute, our surgeons comprised of both consultants and trainees. If the case was
complicated, senior trainees or consultants took over. While the consultants’ surgical time was
signi�cantly shorter, the outcomes were similar for both consultants and trainees, demonstrating that a
trainee can also implant an ACIOL with a good outcome, if well-trained.

Looking at the visual outcomes, the mean BCVA at �nal follow up was signi�cantly better than the pre-
operative BCVA. This is similar to earlier studies.[11, 13, 14]

The refractive outcome in our study is also signi�cant. Mean �nal spherical equivalent was − 0.41 ± 1.05
D, which was comparable with other studies.[11, 15] We also studied the relationship between the power of
ACIOL chosen and the refractive outcome. We noted that the �nal MSE was within 0 to ± 0.5 D in 15
(8.4%), 40 (22.5%) and 30 (16.9) eyes when the ACIOL was implanted with an addition of 2, 2.5 and 3 D
to the near emmetropic PCIOL power, respectively. This implies that even if an ACIOL with power 2.5 D
less than emmetropic PCIOL power (which is ideal) is not available, we can choose one that is 3 D less,
for a better refractive outcome.

The main concerns with ACIOL implantation are the complications associated with it, mainly rise in IOP,
long term corneal decompensation, and CME. The incidence of all of these complications was quite low
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in our study with the use of open-loop ACIOLs, which is comparable to other studies.[1, 12, 14] In cases with
pre-existing pseudoexfoliation syndrome, early ocular hypertension was of concern, but that is expected
due to the nature of the disease. On the same lines, this group had the highest number of eyes on AGMs
at the last visit. Hence, these cases require vigilance and regular follow up. Persistent AC in�ammation,
raised IOP leading to corneal edema and non-resolving cystoid macular edema were the main reasons of
IOL explanation in �ve patients. Such patients need close follow up and IOL explantation should be
considered if in�ammation cannot be controlled with medical management.

We also observed that secondary implantation of ACIOL has similar visual and refractive outcomes as
primary implantation, with low complication rate. Therefore, secondary ACIOL implantation can be a
good option in cases where primary implantation is not feasible.

A limitation to our study is the absence of specular microscopy �ndings post-operatively, as corneal
decompensation is a major concern post ACIOL implantation. However, corneal decompensation was not
a major clinical complication in our study. The retrospective nature of the study also has its inherent bias.

In summary, we found that ACIOLs have a good safety pro�le with good visual and refractive outcome.
ACIOLs require minimal surgical expertise as compared to SFIOLs. These are a good option in eyes with
pseudoexfoliation and subluxated or traumatic cataracts, with a close watch on the intra-ocular pressure.
Therefore, ACIOL can be used in aphakic eyes after complicated cataract surgeries as an alternative to
SFIOL.

Conclusions
We observed that ACIOLs have good visual and refractive outcomes. Raised IOP is a concern in eyes with
pseudoexfoliation, but can be managed with close monitoring. Hence ACIOL can be a good option for
managing aphakia after cataract surgery.
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Tables
Table 1 Baseline characteristics of group I (Primary ACIOL)

  GROUP Ia (N = 104) GROUP Ib (N = 49) P VALUE

Mean age (years) 68 ± 10a 68 ± 11a 0.77

Gender
Male/Female

57/47 34/15 0.09

Grade of cataract
Total white or brown/Others

45/59 24/25 0.62

Primary surgeon
Consultant/Trainees

58/12 37/12 0.02*

Main reason for ACIOL implantation
PCR
ZD

36
38

9
39

0.04*
< 0.001*

Mean post-operative follow-up (months) 8.75 ± 14.27 a 8.53 ± 14.43 a 0.93

Visual outcome (logMAR units)
Mean pre-operative BCVA
Mean �nal post-operative BCVA
Mean difference in BCVA

1.65 ± 0.79 a

0.49 ± 0.65 a

1.16 ± 0.86 a

1.46 ± 0.74 a

0.52 ± 0.72 a

0.94 ± 1.02 a

0.16
0.75
0.16

Refractive outcome (Dioptres)
Mean �nal spherical equivalent

-0.47 ± 1.05a -0.34 ± 1.05 a 0.54

*Statistically signi�cant

a Mean ± Standard Deviation

ACIOL: Anterior Chamber Intraocular Lens; PCR: Posterior Capsular Rent; ZD: Zonular Dialysis; BCVA:
Best Corrected Visual Acuity; logMAR: Logarithm of Minimum Angle of Resolution

Table 2 Post-operative complications in group I (Primary ACIOL)
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COMPLICATIONS GROUP Ia {NO. OF
EYES(%)}

GROUP Ib {NO. OF
EYES(%)}

P
VALUE

Early (Within 3 Months)      

1. Rise in IOP (> 21 mm Hg) 29(27.88) 18(36.73) 0.43

2. Corneal Edema 100(96.15) 44(89.79) 0.15

3. Anterior Chamber Reaction 100(96.15) 48(97.96) 0.67

4. Hyphema 9(8.65) 6(12.24) 0.56

5. Vitreous Prolapse in Anterior
Chamber

11(10.57) 5(10.2) 0.52

6. Cystoid Macular Edema 5(4.8) 0 0.18

7. Retinal Detachment 0 2(4.08) 0.10

Late (After 3 Months)
1. Rise in IOP (> 21 mm Hg)

9(8.65) 2(4.08) 0.64

2. Corneal Edema 0 0 1.00

3. Anterior Chamber Reaction 1(0.9) 0 1.00

4. Cystoid Macular Edema 4(3.8) 0 0.28

5. Retinal Detachment 2(1.9) 1(2.04) 1.00

IOP: Intraocular Pressure; mm Hg: Millimetres of Mercury
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Figure 1

Flowchart showing detailed sub-group division of the study sample ACIOL: Anterior Chamber Intraocular
Lens; IOL: Intraocular Lens
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Figure 2

Mean Spherical Equivalent of �nal refraction as per the Anterior Chamber Intraocular lens power (addition
over the near emmetropic posterior chamber intraocular lens power – represented by the coloured bars)
implanted. The bars above the horizontal zero axis denote hypermetropic error and those below the axis
denote myopic error. D: Dioptre
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Figure 3

Percentage of eyes in each group on Anti-glaucoma Medications (AGMs) at post-operative period (POP)
of 1 month and at last visit
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