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Background: Ophthalmic viscosurgical devices (OVDs) are commonly used during cataract surgery to protect the corneal endothelium.
A systematic literature review and meta-analysis were conducted to assess the clinical evidence of OVDs composed of chondroitin
sulfate-hyaluronic acid (CS-HA) versus other OVDs in maintaining endothelial cell density (ECD) and corneal thickness (CT).
Methods: MEDLINE and EMBASE databases were searched from 2000 to 2020. Randomized controlled trials (RCTs, N > 20 per group)
comparing an OVD containing CS-HA (ie, VISCOAT®, DuoVisc® or DisCoVisc®) to any other OVD were included. The identified
comparators were limited to the OVDs found in the literature, which included those composed of HA-only or hydroxypropyl methylcellulose
(HPMC). Outcomes of focus included changes in ECD (baseline to 3 months) and CT (baseline to 24 hours). Meta-analyses were performed
using R software, to assess mean differences (MD) in ECD and CT change between CS-HA OVDs and HA-only or HPMC OVDs.
Results: A total of 966 abstracts were screened, and data were extracted from 12 RCTs. Meta-analyses using a random-effects model
revealed significantly lower percent (%) decrease in ECD for CS-HA OVDs compared to both HA-only (MD: —4.10%; 95% CI: —5.81
to —2.40; p < 0.0001; 9 studies) and HPMC (MD: —6.47%; 95% CI: —10.41 to —2.52; p = 0.001; 2 studies) products. Similarly, % CT
increase was significantly lower with CS-HA than with HA-only OVDs (MD: —3.22%; 95% CI: —6.24% to —0.20%; p = 0.04; 4
studies). However, there were no significant differences when comparing % CT change between CS-HA and HPMC OVDs (MD:
2.65%; 95% CI: —0.43% to 0.95%; p = 0.4; 2 studies).

Conclusion: CS-HA OVDs lead to less postoperative loss of endothelial cells and may better protect corneal endothelium during
cataract surgery, relative to other OVDs. Future randomized studies may be needed to solidify these findings.
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Introduction

The cornea, the transparent front layer of the eye, serves to protect inner contents and provide focusing and refractive power."
The corneal endothelial cell layer functions to maintain the cornea in a dehydrated state, which is necessary for corneal clarity
and transparency.”® A critical minimum cell density between 300 and 500 cells/mm?” is required to maintain proper
functioning of the endothelium; a reduction below this range leads to severe corneal edema and bullous keratopathy, which
may result in visual dysfunction and pain due to corneal decompensation.* Corneal endothelial cells deteriorate gradually as
a normal part of aging, but trauma to the cornea may result in considerable cell loss.>* Manipulation of the anterior segment of
the eye during intraocular surgical procedures can cause damage to endothelial cells. As one of the most commonly performed
anterior segment procedures, cataract surgery is a notable source of such damage.> Endothelial cell loss (ECL) after
uncomplicated cataract surgery has been reported to range from 4% to 25% of surgical cases.”’ Risk factors for endothelial
cell damage during cataract surgery include highly dense cataracts, short axial length, shallow anterior chamber, advanced age,
long phacoemulsification time, and large infusion volume. The rate of ECL after cataract surgery is even greater in patients
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especially prone to cell loss, such as those with Fuchs corneal dystrophy and diabetes.*>*° Since corneal endothelial cells
have limited regenerative capacity,®> protection is critical during intraocular surgery to minimize cell loss and avoid the
negative and costly consequences associated with decompensation.

The major contributor to postoperative ECL is mechanical trauma, such as contact with surgical instruments, lens
fragments, or “biophysical” adhesive effects between the intraocular lens (IOL) and the corneal endothelium.’
Ophthalmic viscosurgical devices (OVDs) are substances that are injected into the eye during cataract surgery, which
serve to protect the corneal endothelium by reducing surgical trauma.'®'? OVDs are well established for use during
cataract surgery in order to coat surgical instruments to minimize the risk of damage to intraocular tissue, create space
and maintain stability in the anterior chamber, and protect the endothelium against fluid turbulence, free radicals, air
bubbles, and lens fragmentation,'®!"-13713

A variety of OVDs exist on the market, each with different levels of viscosity, elasticity and cohesion based on their
different rheologically active polymeric substances, concentrations, and chain lengths.'®™'® An effective OVD should
have the ability to coat the corneal endothelium and create space in the anterior chamber,'® thus viscosity and cohesion
are considered the most important physical characteristics and are used for OVD classification. Dispersive OVDs have
low viscosity and high retention and are mainly used to coat intraocular structures and instruments to protect the eye,
while cohesive OVDs have high viscosity and low retention, and are mainly used to create and maintain space as well as
manipulate tissues.'®!” Other classes of OVDs include viscoadaptives which change in rheologic behavior under varying
conditions of turbulence in the eye, as well as viscous dispersives, which demonstrate properties of both higher and lower
viscosity dispersives to adapt to surgical needs.'® The soft-shell technique sequentially uses dispersive and cohesive
OVDs to maximize their respective properties.'’

Current OVDs used in the surgical setting are composed of one or more of hyaluronic acid (HA), chondroitin sulfate
(CS), and hydroxypropyl methylcellulose (HPMC). Hyaluronate is a natural biological wetting substance found in the
vitreous of the eye, and its high viscosity and high molecular weight provide desirable characteristics for creating space and
stability.'®'®!? CS is a biopolymer that can naturally be found in extracellular matrices of the human cartilage and cornea; it
reduces molecular weight and provides lower viscosity when mixed with HA, which serves to promote adhesion to the
endothelial tissue for protection.'®***' HPMC is a semi-synthetic derivative of cellulose that has very low viscosity, making
it highly dispersive.?? Unlike HA and CS, HPMC is not naturally found in humans and thus cannot be fully metabolized. In
OVDs, a combination of CS and HA creates a triple negative charge, promoting molecular attraction to corneal endothelial
tissue and allowing the OVD to both disperse and stick to the endothelium, which may improve coating and protection of
endothelial cells.?' There is evidence that residual deposits of HPMC after cataract extraction can lead to inflammation.'®**
In contrast, CS has been shown to reduce inflammation in the body and has been explored as therapy for a variety of
inflammatory disorders such as osteoarthritis, psoriasis, and inflammatory bowel disease.**

Previous meta-analyses evaluating clinical outcomes of OVDs have not compared OVDs based on their composition.
Further, these meta-analyses are outdated'? or do not evaluate OVDs based on important outcomes such as ECL.'" The
aim of the current study was to conduct a systematic review and meta-analysis of randomized-controlled trials (RCTs) to
assess outcomes of OVDs by categorizing OVDs based on their constituents and comparing their ability to protect the
corneal endothelium (ie, CS-HA, HA alone, and HPMC), by assessing changes to endothelial cell density (ECD) and
corneal thickness (CT).

Materials and Methods
Search Strategy

This systematic review and meta-analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. A systematic search of MEDLINE and EMBASE was conducted for relevant systematic reviews,
randomized controlled trials (RCTs), and observational studies (prospective or retrospective cohort and case—control studies)
using a search strategy developed by a medical information specialist that involved controlled vocabulary and keywords
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related to our research question (eg, “ophthalmic viscosurgical device”, “viscoelastic substance”, “cataract extraction”, “eye
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surgery”) (Appendix 1). The original search strategy was limited to English language articles published on or after January 1,
1996. The search was performed on November 20, 2020.

Study Selection

Studies were selected for inclusion based on pre-defined PICOS criteria (ie, population, intervention, comparator,
outcomes, and study design). Studies were considered for inclusion in the meta-analysis if they were RCTs evaluating
effects of CS-HA OVDs compared to other OVD types in patients undergoing cataract surgery. These criteria were used
to screen the titles and abstracts of publications to determine whether they were eligible for inclusion. Studies deemed
eligible upon title and abstract screening were screened in full-text. Additional exclusion criteria for the meta-analysis
were studies that were outdated (ie, published before January 1, 2000), studies with small sample size (ie, N < 20 per
treatment group), and studies not evaluating ECD and CT. Publications were reviewed in duplicate at each stage, and
discrepancies were resolved by consensus or by adjudication by a third reviewer.

Data Extraction and Study Outcomes

Baseline characteristics and outcomes from the included studies were extracted using a standardized extraction form
developed in Microsoft Excel. Key study characteristics were extracted, including preoperative, postoperative and change
measurements for clinical outcomes. Where not reported, the percentage change was calculated by dividing the difference
between postoperative and preoperative values by the preoperative value and multiplying by one hundred (Appendix 2,
Equation 1). For values where the standard deviation (SD) was not reported, SDs were estimated based on the reported
variances in other studies, using the Cochrane Handbook guidelines for imputing standard deviations.>> Variances for
percentage changes were calculated using a formula derived from the Delta method (Appendix 2, Equation 2). Data were

extracted by one reviewer and then examined for accuracy and completeness by a second reviewer.

The outcomes of interest were changes in ECD from baseline (preoperative) to 3 months postoperative and changes in
CT from preoperative values to 1 day postoperative. For studies reporting different timepoints, the latest timepoint for
ECD and the earliest timepoint for CT were extracted. For ECD, 3 months was selected as the timepoint of interest, as
postoperative cell loss tends to occur in the first three months,”® and it is the most commonly reported timepoint for ECL.
The timepoint of 1 day was selected for CT, as corneal swelling at 24 hours has been correlated to long-term ECL,?” and
this was the most commonly reported timepoint for CT. Percentage change was selected for the meta-analysis as
a relative change accounts for any variance in baseline values and offers more clinically relevant interpretation of results.

Risk of Bias Assessment

The quality of studies included in the meta-analyses was assessed using the Cochrane Risk of Bias (RoB) tool for RCTs.
The following components were assessed to be present, absent, or unclear (not specified) in each RCT: randomization,
concealment of treatment allocation, blinding, group variance, and outcomes not reported (Table 1). A rating of high risk,
unclear risk, or low risk was assigned across the categories. The quality of included studies was assessed by a single
reviewer with a second reviewer consulted for questions or uncertainties.

Data Synthesis and Statistical Methods

Pairwise meta-analyses were performed for each head-to-head comparison. A random effects model was the primary
methodology used for presentation of the meta-analysis results, and forest plots were created. The weighted mean
difference (MD) for continuous outcomes and corresponding 95% confidence interval (CI) were calculated.

I? values were calculated to describe the percentage of variance attributable to heterogeneity between studies. The
following ranges were used to interpret I values regarding the degree of heterogeneity present between the synthesized
studies for each comparison: 0—40% represented minimal heterogeneity, 30-60% represented moderate heterogeneity,
50-90% represented substantial heterogeneity, and 75-90% represented considerable heterogeneity.*” If I* value was
from 75 to 90%, but the CIs for the effect measures overlapped between studies, then the heterogeneity was classified as
substantial. If the I* was from 75 to 90% and the CIs for the effect measures did not overlap between studies, then the
heterogeneity was classified as considerable.
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Table | Quality Appraisal of Included Studies

Study Randomization? | Concealment of Groups Participants | Outcome Unexpected Outcomes
Treatment Comparable Blinded? Assessors Group Not
Allocation? at Baseline? Blinded? Imbalances? Reported?

Schwenn, 20002 Yes Yes Yes Not specified Yes No Yes

Maar, 2001%° Yes Not specified Yes Not specified Yes No No

Miyata, 2002%° Not specified Not specified Yes Not specified Not specified | No No

Kiss, 2003%' Yes No Yes Yes Yes No No

Yachimori, 200432 Yes Not specified Yes Yes Yes No No

Perone, 200733 Not specified No Yes Yes Yes No No

Tarnawska, 2008>* Not specified Not specified Yes Not specified Not specified | No No

Oshika, 2010%° Yes Yes Yes Not specified Yes No No

Modi, 201 13¢ Yes Yes Yes Yes Yes No No

Moschos, 201137 Yes Not specified Yes Not specified Not specified | No No

Espindola, 2012 Yes Yes Yes Yes Yes No No

Auffarth, 2017°° Yes Yes Yes Not specified Yes No No

Sub-group analyses were performed for both ECD and CT if there were at least two studies in each group. The
subgroup analyses included (1) CS-HA versus HA OVDs, (2) CS-HA versus HPMC OVDs, (3) dispersive versus
cohesive OVDs (determined by manufacturer labelling), and (4) soft-shell versus other OVDs. For the latter subgroup
analysis, any study that included the soft-shell technique (ie, use of a dispersive OVD to coat the endothelium followed
by a cohesive OVD to flatten the anterior lens capsule) was included.

Sensitivity analyses were performed to assess alternative methods (ie, fixed effects model) and study quality (ie,
exclusion of lower-quality studies, defined as any RCT with high risk for any domain of the RoB tool).

All analyses were performed using R Statistical Software version 3.6.1.

Results

Study Selection and Characteristics

A total of 1278 studies were identified from the systematic review. After removing duplicates, 966 studies published
between January 1996 and November 2020 were identified for screening (Figure 1). Of these, 845 were excluded for
various reasons (eg, non-cataract surgery, non-RCT, non-human, not English), and 121 were screened at the full-text
stage. In full-text screening, 106 were excluded for date of publication (before January 1, 2000), not reporting any
outcomes of interest (ie, ECD or CT), or having N < 20 per comparison group. In total, 14 RCTs were identified that
fulfilled the inclusion criteria. An additional two studies were excluded for having multiple comparators due to
inappropriate data for comparative purposes. Finally, 12 unique studies were included for meta-analysis, with 11
reporting on ECD and 6 reporting CT outcomes. Of these, 10 compared CS-HA OVDs to HA OVDs. 28 3%3273739 apnq
2 compared CS-HA OVDs to OVDs composed of HPMC.*!-**

Percent change was reported in 2 studies for ECD;*'*** for the remaining 10 studies, percent change and variance
were calculated for ECD and CT according to reported baseline and follow-up outcome results. Study characteristics are
summarized in Table 2. In total, the combined sample size of patients totaled 1349 (ranging 20—163 per group) for ECD
and 556 (ranging 20-111 per group) for CT, with CS-HA OVDs used in 691 and 287 patients, respectively. Statistically
significant differences between OVDs were reported in 5 studies evaluating ECD**>*3°273% and 2 studies reporting CT

4
changes.***’
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Figure | Prisma diagram of included studies.

Quality Assessment

The quality of the included studies was assessed using the National Institute for Health and Care Excellence (NICE) risk
of bias tool and the risk of bias algorithm outlined by the Cochrane guidelines. Based on seven prespecified domains
(randomization, allocation concealment, baseline group differences, blinding of participants and personnel, blinding of
outcome assessment, selective outcome reporting), publications were scored as having low, unclear, or high risk of bias.
The results of the quality assessment are summarized in Figure 2. Blinding of outcome assessors was specified in 9 of the
12 studies evaluated,?®2931733:3336.3839 and blinding of participants was noted in 5 studies.>' >*2%*® Due to the
differences in physical properties of OVDs, blinding of care providers was not possible, and adequate concealment of
treatment allocation was specified in 5 studies (Table 1).2%332%3%3% One study evaluating CT was performed in a patient

population with a high-risk of corneal endothelial dysfunction due to Fuchs dystrophy.**

Analyses

Endothelial Cell Density

The results of the meta-analysis for ECD are shown in Figure 3. OVDs composed of CS-HA were associated with
significantly lower endothelial cell loss (ECL) from baseline to 3 months postoperatively when compared to all other
OVD types (MD: —4.54%; 95% CI: —6.30% to —2.77%; p < 0.0001; 11 studies; Figure 3A).* 3353 When compared to
HA-only OVDs, CS-HA OVDs had significantly lower ECL (MD: —4.10%; 95% CI: —5.81 to —2.40; p < 0.0001; 9
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Table 2 Characteristics of RCTs Evaluating OVDs

in Cataract Surgery Patients

Reference | Country | OVDs Composition | N Eye Devices (ECD; CCT) Baseline ECD ECD Change Baseline CCT Mean Age
Characteristics (Cells/mm?) (Cells/mm?) CCT (um) Change *SD (Range)
(um)

Schwenn, Germany | VISCOAT CS-HA 28 - Konan specular microscope SP; 2954.43 108.45% 561.86 35.82° n.r.
20002 Advent Mentor O&O

HEALON 5 HA 20 282826 175.79* 565.9 47.55°
Maar, Austria VISCOAT CS-HA 25 - Noncon Robo SP800 2282.65 19.09% - - n.r.
20017

HEALON HA 25 2356.88 52.37% - -
Miyata, Japan VISCOAT + CS-HA 37 Hard lens nucleus Konon Robo-CA; Nidek UP-2000 | 2589 2712 - - 748 £ 10.2
2002°° HEALON

HEALON HA 23 2760 336° - - 765+ 75
Kiss, Austria VISCOAT CS-HA 39 Senile cataract Noncon Robo-CA; PCI 2315 0 531 10.9 77° (54-88)
2003%'

OCUCOAT HPMC 39 2349 62 529 9.8
Yachimori, Japan VISCOAT + CS-HA 35 Senile cataract Topcon SP-100 2600 1217 - - 707 £ 6.3
2004° HEALON

OPEGAN HA 34 2608 175% - - 682 + 82
Perone, France DUOVISC CS-HA 59 - Topcon 2000 SP 2463.1 209*¢ - - 735 %355
2006%

VISTHESIA HA 55 2483.2 498.4™ - - 71.6 =336
Tarnawska, Poland DUOVISC CS-HA 32 Fuchs dystrophy and Pocket Precision ultrasonic - - 547 717 726 £ 103
20073 senile cataract pachymeter

HEALON HA 29 - - 552 113* 744 £ 116
Oshika, Japan DISCOVISC CS-HA 154 | Senile cataract Ultrasound pachymeter n.rd n.r.? - - 703 £ 8.2
2010%

HEALON HA 163 n.r? nr? - - 70379
Modi, USA DISCOVISC CS-HA 123 | - Konan Noncon Robo 2600 166.4 - - 70 10
20113

HEALON HA 1é | — 2600 228.8% - - 699
Moschos, Greece VISCOAT CS-HA 41 - CSO SP-01; OcuScan RxP 24249 29™¢ 554.9 35.6%¢ 77.6 + 84
2011%7

VISTHESIA HA 36 2307.6 217%¢ 560.2 53.4%<¢ 77.7 + 87
Espindola, Brazil DISCOVISC CS-HA 39 Senile cataract OcuScan system 2358 144> 5353 702> 71579
2012%

2% HPMC HPMC 39 2364 332°f 5382 67.7*
Auffarth, Germany DUOQVISC CS-HA 11 Senile cataract - 2378.8 236* 557 53?2 725+79
2017%°

TWINVISC HA 108 2394.2 278* 559.6 55.17 71974

Notes: *Percent change and standard deviation for percent change were computed; "Reported median; “Reported at | month; “Reported percent change from baseline; Baseline and follow-up data not reported in study; *Reported at 3

days; 'Repor‘ted at 6 months.

Abbreviations: n.r, not reported; PCI, partial coherence interferometry.
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Figure 2 Risk of bias assessment for studies meeting inclusion criteria.

studies; Figure 3B).2%303233:3537:39 Qimilarly, ECL was significantly lower with CS-HA OVDs compared to HPMC
OVDs (MD: —6.47%; 95% CI: —10.41 to —2.52; p = 0.001; 2 studies; Figure 3C).>"**

Corneal Thickness

Figure 4 summarizes the meta-analysis results for CT change. The meta-analysis revealed that when compared
against other OVDs, those containing CS-HA demonstrated significantly less increase in CT from baseline to
1 day postoperatively with the fixed effect model (MD: —1.47%; 95% CI: —1.89% to —1.05%; p < 0.0001; 6
studies) but did not reach statistical significance at the 5% level with the random effects model (MD: —2.02%;
95% CI: —4.24% to 0.18%; p = 0.07; 6 studies; Figure 4A).**>'2*373% When compared to HA-only OVDs, CS-
HA OVDs had statistically significantly less CT change with the random effects model (MD: —3.22%; 95% CI:
—-6.24% to —0.20%; p = 0.04; 4 studies; Figure 4B).?***373° However, meta-analysis revealed no significant
difference between CS-HA OVDs and those composed of HPMC (MD: 2.65%; 95% CI: —0.43% to 0.95%; p =
0.4; 2 studies; Figure 4C).2'*®

Other Subgroup analyses
In additional subgroup analyses of ECD and CT changes evaluated in specific OVD types, such as soft-shell and
dispersive OVDs, results remained in favor of soft-shell technique and CS-HA OVDs. Compared with other OVDs
without CS-HA, meta-analysis revealed that the soft-shell technique with CS-HA had significantly less ECL at 3 months
(MD: —2.78%; 95% CI. —4.70% to —0.86%; p < 0.005; 3 studies; Figure 5A).3°’32’39 When evaluating CT, Soft-shell
OVDs (Duovisc) had significantly less CT increase 1 day after surgery with the fixed effect model (MD: —2.44%; 95%
CI: —3.12% to —1.75%; p < 0.0001), but this change was not statistically significant with the random effects model (MD:
—3.89%; CI: —10.90% to 3.12%; p = 0.28; 2 studies; Figure 5B).>**°

Similarly, dispersive CS-HA OVDs demonstrated significantly less reduction in ECD than comparator OVDs (MD:
—4.05%; 95% CI: —7.78% to —0.31%; p = 0.03; 4 studies; Figure 6A).2***!37 Meta-analysis for CT change revealed that
dispersive OVDs composed of CS-HA had significantly less of an increase in CT when using the fixed effect model (MD:
—1.06%; 95% CI: —1.63% to —0.48%; p = 0.0003), but this difference was not statistically significant with the random
effect model (MD: —1.61%; 95% CI: —=3.77% to 0.55%; p = 0.1; 3 studies; Figure 6B).?%>!=7

Discussion

This systematic review and meta-analysis assessed the effect of various OVDs in maintaining ECD and CT in patients
undergoing cataract surgery. The results of this meta-analysis demonstrate that OVDs composed of CS-HA generally
result in better outcomes for the corneal endothelium compared to other OVD types. Specifically, CS-HA OVDs resulted
in less postoperative loss of corneal endothelial cells at 3 months compared to OVDs composed of HA-only or HPMC.
Additionally, the analysis showed that OVDs composed of CS-HA caused less increase in CT at 1-day postoperatively
compared to HA-only OVDs. Further, subgroup analyses revealed that the soft-shell technique using CS-HA similarly
led to significantly less cell loss at 3 months following cataract surgery. These findings suggest that the protective effect
of CS-HA OVDs on ECD may be related to its impact on CT. However, it is important to note that the relationship
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n CS-HA All Other Weight  Weight
Study Total Mean  SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Schwenn, 2000 28 3.67 280 20 6.22 2.09 = -2.55 [-3.93;-1.17] 8.5% 10.0%
Maar, 2001 25 0.84 288 25 222 3.36 —~— -1.38 [-3.11; 0.35] 5.4% 9.7%
Miyata, 2002 37 640 960 23 16.30 9.80 ——— -9.90 [-14.96; -4.84] 0.6% 5.7%
Kiss, 2003 39 0.30 850 39 4.00 12.60 — -3.70 [-8.47; 1.07] 0.7% 6.0%
Yachimori, 2004 35 465 138 34 671 184 5-0- -2.06 [-2.83;-1.29] 27.4% 10.5%
Perone, 2006 59 8.49 10.76 55 20.07 759 —— | -11.58 [-14.98; -8.18] 1.4% 7.7%
Oshika, 2010 154 180 8.70 163 3.80 8.30 ’."— -2.00 [-3.87;-0.13] 4.6% 9.6%
Modi, 2011 123 6.40 345 116 8.80 3.33 = -2.40 [-3.26;-1.54] 22.0% 10.4%
Moschos, 2011 41 120 339 36 9.60 285 = -8.40 [-9.79; -7.01] 8.3% 10.0%
Espindola, 2012 39 6.11 267 39 14.04 3.07 - ' -7.93 [-9.21;-6.65] 10.0% 10.1%
Auffarth, 2017 111 9.92 488 108 11.61 4.24 Vi -1.69 [-2.90;-0.48] 11.1% 10.2%
Fixed effect model 691 658 ‘ -3.40 [-3.81;-3.00] 100.0% -
Random effects model > -4.54 [-6.31; -2.78] -- 100.0%
Heterogeneity: I° = 94%, 1*=7.5717 p < 0.01
-10 -5 0 5 10
Favours CS-HA Favours Other
Fixed effect model: -3.4040 [-3.8068; -3.0012], z = -16.56, p < 0.0001
Random effects model: -4.5418 [-6.3068; -2.7768], z = -5.04, p < 0.0001
B CS-HA HA Weight  Weight
Study Total Mean  SD Total Mean  SD Mean Difference MD 95%-Cl (fixed) (random)
Schwenn, 2000 28 367 280 20 6.22 209 - -255 [-3.93;-1.17] 9.5% 12.1%
Maar, 2001 25 084 288 25 222 3.36 b -1.38 [-3.11; 0.35] 6.0% 11.6%
Miyata, 2002 37 640 960 23 1630 980 ——+—— ' -9.90 [-14.96;-4.84] 0.7% 6.1%
Yachimori, 2004 35 465 138 34 6.71 1.84 = -2.06 [-2.83;-1.29] 30.7% 12.8%
Perone, 2006 59 849 10.76 55 20.07 759 ——— . -11.58 [-14.98; -8.18] 1.6% 8.7%
Oshika, 2010 154 1.80 8.70 163 3.80 8.30 anay -2.00 [-3.87;-0.13] 5.2% 11.4%
Modi, 2011 123 6.40 345 116 8.80 3.33 = -240 [-3.26;-1.54] 24.6% 12.8%
Moschos, 2011 41 120 339 36 960 285 = ' -840 [-9.79;-7.01] 9.3% 12.1%
Auffarth, 2017 111 9.92 488 108 11.61 4.24 = -1.69 [-2.90;-0.48] 12.4% 12.4%
Fixed effect model 613 580 ‘ -2.90 [-3.32; -2.47] 100.0% -
Random effects model > -4.10 [-5.81; -2.40] == 100.0%
Heterogeneity: /* = 92%, 1° = 5.7497 p < 0.01
-10 -5 0 5 10
Favours CS-HA Favours Other

Fixed effect model: -2.8975 [-3.3237; -2.4714], z = -13.33, p < 0.0001
Random effects model: -4.1031 [-5.8100; -2.3963], z = -4.71, p < 0.0001

CS-HA HPMC Weight  Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Kiss, 2003 39 0.30 850 39 4.00 12.60 —f—~—— -3.70 [-8.47; 1.07] 6.7% 34.6%
Espindola, 2012 39 6.11 267 39 14.04 3.07 —+ -7.93 [-9.21;-6.65] 93.3% 65.4%
Fixed effect model 78 78 - -7.65 [-8.88; -6.41] 100.0% -
Random effects model ——— -6.46 [-10.41; -2.52] -- 100.0%
Heterogeneity: I” = 65%, 1° = 5.7726, p = 0.09

-5 0 5

Favours CS-HA Favours Other

Fixed effect model = -7.6472 [-8.8806; -6.4137], z = -12.15, p < 0.0001
Random effects model: -6.4650 [-10.4097; -2.5203], z = -3.21, p = 0.0013

Figure 3 Forest plot of meta-analysis results for percent change in ECD from baseline to 3 months postoperative with CS-HA OVDs versus other OVDs. (A) Comparison
between CS-HA and all other OVDs. (B) Comparison between CS-HA and HA. (C) Comparison between CS-HA and HPMC.
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u CS-HA All Other Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Schwenn, 2000 28 6.38 192 20 8.40 2.56 - -2.02 [-3.35;-0.69] 10.2% 16.4%
Kiss, 2003 36 205166 36 1.85 1.67 —~— 0.20 [-0.57; 0.97] 30.4% 17.1%
Tarnawska, 2007 32 12.98 237 29 2047 2.64 —+— ' -7.49 [-8.75;-6.23] 11.2% 16.5%
Moschos, 2011 41 642 273 36 9.53 2.36 - -3.11 [-4.25;-1.97] 13.9% 16.7%
Espindola, 2012 39 13.11 3.88 39 12.58 3.10 —|°— 0.53 [-1.03; 2.09] 7.4% 16.1%
Auffarth, 2017 111 952 321 109 9.85 2.97 V. -0.33 [-1.15; 0.49] 26.9% 17.1%
Fixed effect model 287 269 . -1.47 [-1.89; -1.05] 100.0% -
Random effects model ~— -2.03 [-4.24; 0.18] -— 100.0%
Heterogeneity: /> = 96%,7° = 7.2867, p < 0.01
-5 0 5

Favours CS-HA Favours Other

Fixed effect model: -1.4691 [-1.8930; -1.0452], z = -6.79, p < 0.0001
Random effects model: -2.0280 [-4.2404; 0.1844], z = -1.80, p = 0.0724

B CS-HA HA Weight  Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Schwenn, 2000 28 6.381.92 20 8.40 2.56 B -2.02 [-3.35;-0.69] 16.4% 24.7%
Tarnawska, 2007 32 1298 237 29 2047 2.64 —+— -7.49 [-8.75;-6.23] 18.1% 24.8%
Moschos, 2011 41 642273 36 9.53 2.36 - -3.11 [-4.25;-1.97] 22.3% 25.0%
Auffarth, 2017 111 9.52 321 109 9.85 2.97 Vo -0.33 [-1.15; 0.49] 43.2% 25.5%
Fixed effect model 212 194 - -2.52 [-3.06; -1.98] 100.0% -
Random effects model ————— -3.22 [-6.24; -0.20] -- 100.0%
Heterogeneity: /= 97%,7° = 9.1374,p < 0.01
-5 0 5

Favours CS-HA Favours Other

Fixed effect model: -2.5209 [-3.0582; -1.9837], z = -9.20, p < 0.0001
Random effects model: -3.2198 [-6.2376; -0.2021], z = -2.09, p = 0.0365

C

. CS-HA HPMC Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Kiss, 2003 36 205166 36 1.85 1.67 ——~— 0.20 [-0.57;0.97] 80.4% 80.4%
Espindola, 2012 39 13.11 3.88 39 12.58 3.10 0 0.53 [-1.03;2.09] 19.6% 19.6%
Fixed effect model 75 75 I 0.26 [-0.43; 0.95] 100.0% -
Random effects model 0.26 [-0.43; 0.95] -- 100.0%

Heterogeneity: 1°=0% ©°= 0, p = 0.71 ' ' ' ' '
-2 -1 0 1 2
Favours CS-HA Favours Other

Fixed effect model: 0.2646 [-0.4251; 0.9544], z = 0.75, p = 0.4521
Random effects model: 0.2646 [-0.4251; 0.9544], z = 0.75, p = 0.4521

Figure 4 Forest plot of meta-analysis results for percent CT change from baseline to | day postoperative with CS-HA OVDs versus other OVDs. (A) Comparison between
CS-HA and all other OVDs. (B) Comparison between CS-HA and HA. (C) Comparison between CS-HA and HPMC.

between ECD and CT is complex and multifactorial, and other factors such as age, underlying medical conditions, and
surgical techniques may also affect these outcomes.*>*?

Only two previous meta-analyses assessing outcomes of OVDs have been published to date. These previous studies
have not considered OVDs based on their constituents, which is a notable element that plays a big role in the functioning
of OVDs. The current study also differed from the previous literature by exploring different comparison arms and/or
outcomes of interest. One earlier meta-analysis by Van den Bruel et al assessed ECL across 21 studies, comparing OVDs
based on Arshinoff classifications (eg, viscoadaptives, viscous cohesives, low viscosity dispersives, etc.).'> The study,

published in 2011, found that that viscoadaptives lead to lower cell loss compared with very low viscosity dispersives
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3 %EcL

Soft-shell Other Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Miyata, 2002 37 6.40 9.60 23 16.30 9.80 -9.90 [-14.96; -4.84] 1.6% 11.2%
Yachimori, 2004 35 465138 34 6.71 1.84 -2.06 [-2.83;-1.29] 70.1% 46.7%
Auffarth, 2017 111 9.92 488 108 11.61 4.24 -1.69 [-2.90; -0.48] 28.3% 42.1%
Fixed effect model 183 165 -2.08 [-2.73; -1.44] 100.0% -

Random effects model
Heterogeneity: 1> = 79%, v = 1.9066, p < 0.01

-2.78 [-4.71; -0.86] --  100.0%

-10 -5 0 5 10
Favours CS-HA Favours Other

Fixed effect model: -2.0821 [-2.7259; -1.4383], z = -6.34, p < 0.0001
Random effects model: -2.7844 [-4.7072; -0.8617], z = -2.84, p = 0.0045

B % CT change

Soft-shell Other Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Tarnawska, 2007 32 1298 237 29 2047 264 —— -7.49 [-8.75;-6.23] 29.5% 49.8%
Auffarth, 2017 111 9.52 3.21 109 9.85 2.97 R | -0.33 [-1.15; 0.49] 70.5% 50.2%
Fixed effect model 143 138 - -2.44 [-3.13; -1.75] 100.0% -
Random effects model —— ——— -3.89 [-10.91; 3.12] -- 100.0%
Heterogeneity: 1> = 99%, 1° = 25.3380, p < 0.01

-5 0 5

Favours CS-HA Favours Other

Fixed effect model: -2.4400 [ -3.1261; -1.7539], z = -6.97, p < 0.0001
Random effects model: -3.8931 [-10.9097; 3.1235], z =-1.09, p = 0.2768

Figure 5 Forest plot of meta-analysis results for Soft-shell versus other OVDs. (A) Comparison between Soft-shell and other OVDs for percent ECL. (B) Comparison
between Soft-shell and other OVDs for percent CT change.

and super-viscous cohesives.'? Conversely, our subgroup analysis showed that dispersive OVDs led to less endothelial
cell density loss when compared to other OVDs. This earlier meta-analysis only captured RCTs from 1991 to 2007; as
such, the results may be outdated due to relatively lower sample sizes. The discrepant results may be partially due to the
inclusion of older studies which may use outdated technologies and surgical methods, with newer studies not being
captured, as well as methodological study differences. Notably, our meta-analysis compared relative changes in ECD and
CT by evaluating percentage changes from preoperative to postoperative values, thus accounting for any baseline
differences between patients, while Van den Bruel et al conducted comparisons using absolute differences between
preoperative and postoperative values.'”

Our current meta-analysis did not assess intraocular pressure (IOP), as the results of a more recent meta-analysis by
Malvankar-Mehta et al compared OVDs based on changes in IOP and best corrected visual acuity (BCVA) across 28
RCTs. However, the outcomes of ECD and CT were not assessed and remained an area to be explored.'' Malvankar-
Mehta et al conducted single-arm meta-analyses of specific OVDs (eg, Healon, Viscoat, OcuCoat, etc.), and the results
showed that there is a significant increase in post-operative IOP up to 5 hours postoperative, irrespective of OVD used.
Malvankar-Mehta et al noted that there is a significant increase in postoperative IOP at 1-day follow-up with Healon,
Viscoat, and Soft-shell, nonsignificant increase with Healon GV, Healon5, 2% HPMC, and OcuCoat, and a nonsignificant
decrease with Viscoat + ProVisc.'! Notably, Viscoat is a CS-HA OVD and is combined with ProVisc for the soft-shell
technique, and interestingly, this specific soft-shell combination led to a decrease in IOP, while increased IOP was
identified with other soft-shell combinations. One limitation of the study by Malvankar-Mehta et al was the combination
of comparative and single-arm studies analyzed, as the relative effect of treatment cannot be estimated with the lack of
comparator in single-arm studies, leading to lower-quality results.

The primary outcome of the current meta-analysis showed that OVDs made of a combination of CS and HA may lead to
lower rates of corneal endothelial cell loss after cataract surgery, compared to those composed of HA alone or HPMC. The
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B % EcL

Dispersive Other Weight  Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (fixed) (random)
Schwenn, 2000 28 367 280 20 6.22 2.09 e -2.55 [-3.93; -1.17] 37.0% 27.1%
Maar, 2001 25 084 288 25 222 3.36 — -1.38 [-3.11; 0.35] 23.5% 26.5%
Kiss, 2003 39 030850 39 4.00 1260 ——=+—r -3.70 [-8.47; 1.071 31% 19.3%
Moschos, 2011 41 120339 36 960 285 —— | -8.40 [-9.79;-7.01] 36.4% 27.1%
Fixed effect model 133 120 - -4.44 [-5.28; -3.60] 100.0% -
Random effects model ————— -4.05 [-7.78; -0.31] -- 100.0%
Heterogeneity: /> = 94%, " = 12.8929, p < 0.01

-5 0 5

Favours CS-HA Favours Other

Fixed effect model: -4.4407 [-5.2820; -3.5995], z = -10.35, p < 0.0001
Random effects model: -4.0457 [-7.7793; -0.3121], z = -2.12, p = 0.0337

B % CT change

Dispersive Other Weight  Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%—-Cl (fixed) (random)
Schwenn, 2000 28 6.38 192 20 840 256 —'— -2.02 [-3.35;-0.69] 18.7% 32.0%
Kiss, 2003 36 205166 36 1.85 1.67 D 0.20 [-0.57; 0.97] 55.8% 34.8%
Moschos, 2011 41 642 273 36 953 236 —— . -3.11 [-4.25;-1.97] 25.5% 33.1%
Fixed effect model 105 92 - -1.06 [-1.63; —0.49] 100.0% -
Random effects model —_— -1.61 [-3.77; 0.55] -- 100.0%

]

Heterogeneity: /> = 92%, T° = 3.3267, p < 0.01 ' ' '
-4 -2 0 2 4
Favours CS-HA Favours Other

Fixed effect model: -1.0601 [-1.6345; -0.4857], z = -3.62, p = 0.0003
Random effects model: -1.6073 [-3.7659; 0.5513], z = -1.46, p = 0.1445

Figure 6 Forest plot of meta-analysis results for VISCOAT versus other OVDs. (A) Comparison between VISCOAT and other OVDs for percent ECL. (B) Comparison
between VISCOAT and other OVDs for percent CT change.

ingredients used to produce OVDs differ in rheologic properties, thus affecting important characteristics of OVDs, such as
viscosity, cohesion, elasticity and pseudoplasticity. Considering the differing and unique compositions of OVDs, it is
important for clinicians to take these into account when selecting a product to use. Selection of the most appropriate
OVD is particularly critical in challenging cases where patients have comorbidities such as pseudoexfoliation syndrome,

4.3.8.9.1840 51 where patients show characteristic

Fuchs endothelial dystrophy, diabetes, or intraoperative floppy iris syndrome,
risk factors for cell loss such as hard cataracts or flat anterior chambers.”*' In these cases, preservation of the endothelial cells
is of the utmost importance, as these patients are especially vulnerable to corneal endothelial decompensation and bullous
keratopathy. In fact, corneal edema that develops after cataract surgery is the second leading cause of visually significant
corneal endothelial dysfunction.” This irreversible corneal edema leads to blurred or loss of vision and may cause severe
pain, with the only possible treatment being corneal transplantation.*** Corneal transplants are costly, ranging from $6000 to
$17,000 in the US, and it has been reported that only 1 in 70 needs for corneal transplantation worldwide are met due to
shortage of corneal graft tissue.*>*’ Thus, the use of an effective OVD to minimize postoperative cell loss is paramount.
Notably, one RCT included in this meta-analysis compared a CS-HA OVD to a HA-only OVD in a patient population with
Fuchs endothelial dystrophy.>* In that particular study, compared to HA OVD, the group treated with CS-HA OVD using the
soft-shell technique had statistically significantly lower mean CT measured at 1 day, 1 week, 1| month, and 6 months
postoperatively, indicating that the soft-shell method with CS-HA OVDs may provide better protection than HA OVDs for
the compromised corneal endothelium in patients with Fuchs dystrophy.**

While cohesive OVDs can be used to enlarge pupils and maximize space in the anterior capsule, the literature shows
that dispersive OVDs are the preferred choice for prolonged protection of the corneal endothelium.'*'>* Due to their
dispersive nature, attributed to the addition of chondroitin sulfate, CS-HA OVDs are able to successfully coat corneal

tissue as well as surgical instruments, providing an adhesive and protective effect.'®!®?!
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This quantitative systematic review focused only on randomized trials, with low risk of bias generally present across
studies, filling a gap in the literature regarding differentiation of OVDs on endothelial cell protection. However, it is important
to note that variability seen in the results may be attributed to factors including surgeon experience, cataract severity, choice of
phacoemulsifier, and surgical technique. A key limitation of this meta-analysis was the differences and inconsistency in the
reporting of outcomes for the studies included (ie, absolute versus relative change, difference values versus preoperative and
postoperative values), requiring computation of certain missing variables. Furthermore, high heterogeneity between the
studies was present in several of the analyses. This is not unexpected due to the wide variation in patient populations such
as subjects with Fuchs endothelial dystrophy or hard lens nucleus in addition to cataract, and variation in surgical methods and
study methodologies such as measurement tools or devices used for ECD and CT. Some of these challenges cannot be
completely addressed given the limited quantity of overall randomized data; however, we conducted subgroup analyses to help
control for some of these differences. Finally, there were limited data on HPMC as a comparator, as only two included RCT
evaluated HPMC. As more randomized studies become available, more robust analyses may be achievable. There is important
evolution in OVD technology, and remaining abreast of how different constituents, formulations, and combinations help to
optimize endothelial cell protection, while minimizing intraocular pressure changes, will be central to inform surgical
decision-making in cataract and other anterior ophthalmic surgeries.

Conclusion

In summary, CS-HA OVDs provide effective corneal protection and minimize the loss of valuable corneal endothelial
cells following cataract surgery, relative to other OVDs. When compared to HA-only OVDs, those composed of CS-HA
resulted in statistically significantly less reduction in ECD, and significantly lower or similar increase in CT. The
selection of the most suitable OVD is crucial for optimal postoperative outcomes in patients, especially in complex cases,
where CS-HA OVDs should be strongly considered.
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