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Introduction: Retained lens fragments in the anterior chamber following cataract extraction
(CE) with phacoemulsification are rare but can lead to significant patient morbidity. Our
study aimed to identify risk factors associated with retained lens fragments.

Methods: Patients who underwent cataract surgery and subsequently identified to have
retained lens fragments in the anterior segment were included. Incidence per year, patient
demographics, visual acuity, ocular biometrics, surgical technique, surgeon performing CE,
and outcomes were collected retrospectively and compared to a control group.

Results: Twenty-four patients were identified with retained lens fragments, with an inci-
dence of 0.10%. The mean age was 76 years £6.72 (60—80) compared to 63 +11.41 (22-86)
in the control group (p <0.001). Patients with UDVA 20/150 or worse experienced a greater
average improvement in visual acuity compared to patients with UDVA better than 20/150
(logMAR 0.46 vs logMAR 0.05). The mean intraocular pressures before (CE), after CE but
before fragment removal, and following fragment removal were 14 mmHg +£2.59, 19 mmHg
+8.20, and 11 mmHg +£2.75, respectively. Twenty-two patients presented with inferiorly
located fragments. Statistically significant biometrics include mean anterior chamber depth
(3.1 mm £0.37 vs 3.33 mm £0.39, p = 0.01) and lens thickness (4.77 mm +0.44 vs 4.35 mm
+0.44, p =<0.001). Yearly incidence rates per surgeon ranged from 0.00% to 0.85%. In 2003
and 2004, one surgeon had significantly higher incidence rates (0.31 and 0.40%) compared to
the average combined rate of all surgeons throughout the study (0.10), with p values of 0.001
and 0.003, respectively. The mean number of days between CE and fragment removal was 26
+40 (1-138).

Conclusion: Increased patient age, shallow anterior chamber depth, and thick lens may be
risk factors for retained lens fragments. There may be additional surgeon-specific risk
factors. Phacoemulsification technique (Divide-and-Conquer versus Horizontal Chop)
showed no significant difference.

Keywords: retained lens fragments, phacoemulsification, cataract surgery, complications of

cataract surgery, refractory corneal edema

Introduction

Cataract surgery is one of the most commonly performed surgeries in the world.'
A rare but important complication of cataract surgery is the retention of lens
fragments.” This occurs following phacoemulsification when small fragments of
the lens remain in the anterior or posterior chambers, within the lens capsular bag,
or in the vitreous. Although the incidence of retained lens fragments is only 0.1% -

Clinical Ophthalmology 2021:15 2625-2633 2625
© 2021 Moshirfar et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_No

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1024-6250
http://orcid.org/0000-0002-6339-3628
http://orcid.org/0000-0002-8852-4380
http://orcid.org/0000-0002-2567-8331
mailto:cornea2020@me.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Moshirfar et al

Dove

1.5%,>" this complication may lead to significant patient
morbidity including decreased visual acuity, corneal
edema, glaucoma, retinal detachment, and cystoid macular
edema.®’ In addition, fragment retention commonly
requires surgical intervention as symptoms are frequently
refractory to standard medical management.® Most cases
of retained lens fragments are identified post-op day 1, but
the timeline for identification is variable with some reports
of identification and diagnosis years later.’

The focus of this study is to evaluate patients with
retained fragments in the anterior chamber following cat-
aract surgery with phacoemulsification. As the number of
cataract surgeries continues to rise, there is a greater need
to evaluate why some patients may be more prone to lens
fragment retention than others. The limited existing scien-
tific literature regarding retained lens fragments in the
anterior chamber following uneventful cataract surgery
with phacoemulsification prompts further study and
analysis.® This study analyzes patient demographics, ocu-
lar biometrics, surgical technique, and outcomes. Such
findings may help guide patient management and provide
physicians important insight on patient risk factors to
ensure the highest quality of care.

Methods

This study is a retrospective analysis of 24 patients who
underwent cataract surgery with phacoemulsification and
were subsequently identified to have unilateral retention of
lens fragments in the anterior segment between April 2003
and March 2021. Patients with lens fragments falling into
the vitreous chamber were excluded from this study.
Incidence rates were calculated yearly by dividing the
number of retained lens fragment patients by the total
number of cataract surgeries performed in that year.
Patients were selected from our surgical database and de-
identified. All surgeries were performed by five surgeons
using either a Horizontal Chop or Divide-and-Conquer
phacoemulsification technique. All patients were diag-
nosed with retained lens fragments using slit lamp exam-
ination following cataract surgery. Patients gave informed
consent for all procedures and the use of their clinical data
in research. This study was approved by the Hoopes
Vision Ethics Committee (Draper, UT) and Brany
Institutional Review Board (New Hyde Park, NY).

After
removal procedures were done in the operating room

informed consent was obtained, fragment

under sterile conditions. The original clear corneal incision
was reopened using a cannula or a keratome, if necessary.

Viscoelastic and/or balanced saline solution on a cannula
was used to flush the fragment out of the main incision. If
this technique was unsuccessful, the irrigation and aspira-
tion handpiece was used to remove the fragment under low
flow settings. The wound was hydrated and confirmed to
be watertight. Patients were instructed to use third- or
fourth-generation fluoroquinolone antibiotic eye drops
four times daily for one week. Patients were also started
on a topical steroid medication four times daily and
tapered weekly over one month.

Patient demographics, visual acuity, ocular biometrics,
surgical technique, and outcomes were collected from
patient charts. Incidence rates were analyzed using chi-
square tests. For comparison, we used a control group of
117 patients (233 eyes) that underwent uncomplicated
cataract surgery between January lIst, 2019 - July lst,
2020. Axial length (AL), anterior chamber depth (ACD),
aqueous depth (AD), lens thickness (LT), keratometry, and
white-to-white values were obtained with optical biometry.
Intraocular pressure was measured with Goldmann appla-
nation tonometry. Patient characteristics and biometrics
were compared to the control group and analyzed using
a two-tail r-test. Results were evaluated, and statistical
significance was defined as a p value of less than 0.05.

Results

This study included 24 patients who underwent cataract
surgery with phacoemulsification and were subsequently
diagnosed and treated for unilateral retention of lens frag-
ments in the anterior chamber. During the study, 23,232
lens removal surgeries were performed, making the total
incidence of retained fragments 0.10%. Patient character-
istics and management data are summarized in Table 1.
The mean age of patients with retained lens fragments was
statistically older than our control group (76 years £6.7 vs
63 years £11.41, p <0.001) with 12 females and 12 males.
According to the Lens Opacities Classification System,'”
thirteen patients presented with 2+ nuclear sclerotic (NS)
cataract, four presented with 3+ NS cataract, six presented
with 2+ NS/2+ cortical cataract (CC), and one presented
with a 4+ cortical cataract.

Following CE and upon presentation with lens frag-
ments, 8% of patients had an uncorrected distance visual
acuity (UDVA) of 20/20 or better, 54% had a UDVA of 20/
40 or better, 71% had a UDVA of 20/100 or better, and
92% had a UDVA of 20/200 or better. On post-op day 1
following fragment removal, 13% of patients had a UDVA
of 20/20 or better, 63% had a UDVA of 20/40 or better,
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92% had a UDVA of 20/100 or better, and 100% had
a UDVA of 20/200 or better. The largest UDVA improve-
ments manifested in patients presenting with visual acuity
of 20/150 or worse, with an average improvement of 0.46
logMAR in this group. Fourteen patients presented follow-
ing fragment removal with a best corrected visual acuity
(BCVA) of 20/20 or better and 23 with a BCVA of 20/40
or better. One patient had Fuchs endothelial dystrophy
with 2+ endothelial folds.

The mean IOP before cataract extraction (CE) was 14
mmHg (£2.5) with none higher than 19 mmHg. The aver-
age IOP measured after CE but before fragment removal
increased by 5 mmHg (19 mmHg +8.2). The average IOP
measured post-fragment removal was 11 mmHg £2.75.
Statistically significant differences in IOP were measured
between pre-CE and time of retained lens fragment diag-
nosis (p = 0.006), time of diagnosis and post lens fragment
removal (p < 0.001), and pre-CE and post lens fragment
removal (p < 0.001). These findings are summarized in
Figure 1.

Fifty-eight percent of patients were myopic, with pre-
operative spherical equivalent ranging from —6.38 to +2.38
D. The mean axial length was 23.82 mm +1.11 (21.3-25.9).
Mean anterior chamber depth, aqueous depth, and lens

40

35

p = 0.006

thickness were 3.1 mm =+0.37, 2.58 mm =+0.31, and
4.77 mm +£0.44, respectively. The mean keratometry value
(Km) was 44.01 D £1.68 (40.55-47.0) and average white-to
-white was 12.11 mm +0.46 (11.3—13.1). Of these, statisti-
cally significant differences were measured in ACD (p =
0.01) and lens thickness (p = 0.001) in comparison to the
control group. Biometrics are summarized in Table 1 with
two-tail ¢-test statistical significance summarized in Table 2.

Fourteen CE surgeries resulting in retained lens frag-
ments were performed using the Horizontal Chop pha-
coemulsification technique (58.3%); the remainder were
performed using Divide-and-Conquer. A chi-square test
showed no significant difference between surgical tech-
niques (p = 0.71). Incidence rate by year is summarized
in Figure 2. Yearly incidence rates per surgeon ranged
from 0.00% to 0.85%. Between 2003 and 2021, surgeon
1 had 0.24% of patients present with retained lens frag-
ments, surgeon 2 had 0.04%, surgeon 3 had 0.14%,
surgeon 4 had 0.13%, and surgeon 5 had 0.17%. In
2003 and 2004, surgeon 1 had incidence rates that
were significantly higher (0.31 and 0.4) compared to
the average combined rate of all surgeons throughout
the study (0.10), with p values of 0.001 and 0.003,
respectively.

p < 0.001

30 I

Intraocular Pressure (mmHg)

«

Pre-CE

At Time of Retained Lens
Fragment Diagnosis

Post-Retained Lens Fragment
Removal

Figure | Mean intraocular pressure measured pre-CE, at the time of retained lens fragment diagnosis, and post-retained lens fragment removal.
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Table 2 Two-Tail t-Test Assuming Equal Variances
Study (n = 24) Control (n = 233) p-value
Mean SD Range Mean SD Range
*Age 76 +6.72 (60-88) 63 £ 1141 (22-86) <0.001
IOP (mmHg) 15 +259 (8-19) 14 +298 (6-26) 0.2
Axial Length (mm) 23.82 + 111 (21.31-25.99) 23.88 +1.28 (19.96-28.25) 0.70
*Anterior Chamber Depth (mm) 3.1 + 037 (2.37-3.6) 333 +0.39 (2.48—4.31) 0.01
Agqueous Depth (mm) 2.58 + 031 (2.0-3.04) 2.74 +0.37 (1.94-3.61) 0.06
*Lens Thickness (mm) 4.77 + 0.44 (3.76-5.49) 435 + 0.44 (3.23-5.34) <0.001
Km (D) 44.01 + 1.68 (40.55-47.0) 43.72 + 352 (40.25-47.9) 0.69
White-to-White (mm) 12.11 + 0.46 (11.3-13.1) 12.06 +0.44 (10.81-13.24) 0.62

Note: *p < 0.05.

Post-cataract removal clinical findings and manage-
ment of patients with retained lens fragments can be seen
in Table 1. Corneal edema was defined based on a scale of
0—4+'" all patients presented with some degree of corneal
edema ranging from trace to 3.5+ with a mode of 1+ (11
patients). Four out of 24 patients presented with cells in
the anterior chamber (17%). The majority of retained lens
fragments were found in the inferior angle of the anterior
chamber (92%), with the remaining located centrally. The
mean number of days between CE and removal of lens
fragments was 26 (1-138). Ninety-two percent of patients
had fragments removed one day following diagnosis, 95%
had fragments removed within two days following diag-
nosis, and 100% had fragments removed within three days
of diagnosis. Two patients developed cystoid macular
edema following fragment removal. These two patients
were diagnosed 28 and 35 days after CE. The number of

2003 2004 2005 2006 2007 2008 2009 2010 2011

0.45

0.40

0.35

Incidence Rate (%)
o o o o
2 2 2 e
& B & 8

o
o
o

I
o
@

0.00

days between CE and fragment removal was not asso-
ciated with an increased incidence of cystoid macular
edema (CME) following fragment removal (p = 0.8).

Discussion

Retention of lens fragments in the anterior chamber is
a rare complication following cataract surgery with
phacoemulsification.” Recent studies report incidences of
0.44%,° although the incidence in this study was 0.10%.
Complications of fragment retention range from decreased
post-CE visual acuity, corneal edema, increased IOP, and
cystoid macular edema, all of which were observed in this
study.

Patient sex and laterality were not associated with
increased risk of retained lens fragments, however
increased age may be associated with higher risk.
Patients were also found to have smaller ACDs and thicker

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure 2 Incidence rate of retained lens fragments following CE per year between 2003 and 2021.
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lenses, compared to the control group. Most patients (14)
in the study were myopes, of these, four had a shorter AL
than the average AL of the control group (23.88 mm).
Myopia in patients with shorter AL may be attributable
to a myopic shift associated with nuclear sclerosis.
A previous study involving 16 patients reported that larger
ACD may be associated with retained lens fragments.®
However, the findings in our study are consistent with
studies performed by Zavodni et al and Goyal et al report-
ing increased incidence associated with shallower ACDs.
Thicker lenses may predispose patients to retained lens
fragments simply due to increased lens volume, resulting
in more difficult extraction of all fragments. Surgeons
should be especially vigilant of retained fragments during
phacoemulsification in patients with thicker lenses. It may
be useful for future studies to evaluate the type of frag-
ment (cortical vs nuclear), as some studies have reported
worse prognosis associated with nuclear fragments.'?

The surgeon performing CE and phacoemulsification
technique are two important variables that have not yet
been evaluated in recent literature. All five surgeons had
more than five years of experience performing lens removal
surgeries. Incidence rates over multiple years of practice
remained relatively stable among four out of five surgeons,
with one surgeon reporting higher rates of retained lens
fragment cases during 2003 and 2004. This may indicate
that surgeon-specific operating habits and other non-
apparent factors may be associated with increased incidence
of retained lens fragments. It is also important to note that
the decrease in incidence over time throughout this study
may be due to improvements in phacoemulsification tech-
nologies and more efficient phacodynamics.'® Three out of
five surgeons used the Divide-and-Conquer phacoemulsifi-
cation technique while two out of five used the Horizontal
Chop, with no statistically significant difference between
the two techniques (p = 0.71). These findings suggest that
while some patient-specific biometric characteristics have
proven to be significant risk factors, surgeon-specific opera-
tive habits (not including phacoemulsification technique)
may also be associated with retained lens fragments in the
anterior chamber.

All but two patients in this study presented with symp-
toms of decreased visual acuity and increased corneal
edema despite standard post-CE management. Retained
lens fragments were found in the inferior angle of the
anterior chamber in 92% of patients in our study. This is

6,8,14

consistent with findings from previous studies and

may provide an important clue on slit-lamp examination

for patients presenting with refractory corneal edema and
decreased visual acuity. We recommend that these patients
be carefully evaluated for retained lens fragments with
special attention given to the inferior angle of the anterior
chamber. While all retained lens fragments in this study
were visible on slit-lamp examination, previous studies
report up to 19% of cases requiring gonioscopy for visua-
lization and diagnosis of retained lens fragments.®'*!?

The average intraocular pressure increased by 5 mmHg
upon presentation with retained lens fragments with three
patients presenting with IOP >35 mmHg (Figure 1). This
increase in IOP is important to note in patients with exist-
ing glaucoma. Lens fragment removal decreased IOP by
an average of 8 mmHg and resulted in 100% of patients
with IOP <18 mmHg. While it is possible that these
changes in IOP are secondary to retention and removal
of viscoelastic, these findings still encourage prompt treat-
ment and removal of retained lens fragments in patients at
risk to avoid complications of increased IOP. Two patients
in this study developed CME following removal of lens
fragments. Goyal et al reported that 3 out of 19 patients
developed CME following fragment removal. These find-
ings suggest that the need for repeat surgical intervention
or increased ocular inflammation from retained lens frag-
ments may predispose patients to CME.

The average UDVA at the time of fragment discovery
was logMAR 0.49. Following fragment removal, average
UDVA improved to logMAR 0.32. Patients presenting
with UDVA 20/150 or worse experienced the most signif-
icant improvement in visual outcomes reporting an aver-
age improvement of logMAR 0.56 compared to logMAR
0.05 in patients with UDVA better than 20/150. These
findings support previous data indicating that retained
lens fragments decrease visual acuity.®'*'® Our study
also suggests that patients who present with significant
decreases in visual acuity (UDVA worse than 20/150)
may benefit the most from lens fragment removal.

There are several limitations concerning our study. It is
a retrospective study comprised of a small sample size.
Several factors may have impacted our incidence rate.
Lack of routine gonioscopy at post-op visits might have
resulted in missed subclinical fragments given that our
study was based on patients with overt lens fragments that
could be easily visualized on slit-lamp examination. Some
patients may have had small fragments of retained lens
cortex or nucleus and were not symptomatic due to natural
resorption of lens material. It is also possible that lens
fragments may have migrated into the posterior chamber
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before follow-up exams, resulting in a decreased incidence
rate. As phacoemulsification settings were not recorded, we
cannot comment on their possible role in the rate of incom-
plete lens removal. Other limitations include variation in
documentation regarding fragment location and type
(nuclear vs cortical). There was also lack of documentation
of other possible risk factors including floppy iris syndrome,
iris color, use of femtosecond laser, and presence of dense
corneal arcus or scar limiting visualization during surgery.
Surgeon-dependent factors such as case load, fatigue, and
operating habits were not analyzed in our paper but may be
important variables for future study.

This study shows that increased patient age, small
ACDs, and thick lenses may increase the risk of retained
lens fragments in the anterior chamber following phacoe-
mulsification. The surgeon performing CE may also present
additional surgeon-specific risk factors for retained lens
fragments, while phacoemulsification technique (Divide-
and-Conquer versus Horizontal Chop) showed no significant
difference. Patients who present with refractory corneal
edema and decreased visual acuity should be evaluated for
retained lens fragments, with particular attention examining
the inferior angle of the anterior chamber. We recommend
that intervention not be delayed once fragments are identi-
fied, as this may lead to decreased visual acuity and com-
plications of increased IOP.

Consent

This case series conforms with the Helsinki Declaration of
1964, as revised in 2013, concerning human and animal
rights. The patients signed informed consents for the use
of clinical data in research.
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