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Abstract

Purpose: To perform a cost-utility analysis comparing primary pars plana vitrectomy (PPV) within 24 hours with primary
nonsurgical vitreous tap (or tap and inject [T&l]) for the management of endophthalmitis. Methods: Retrospective cost-utility
analysis using decision tree modeling. The Victorian Endophthalmitis Registry was used to model outcome probabilities and
costs from a third-party payer perspective. Australian Medicare data were used to calculate costs in a hospital-based setting
(Australian dollars [A$]). Cost utility was based on preserved visual acuity and cost per quality-adjusted life year (QALY).
Results: The authors identified 206 eyes treated between January |, 201 I, and January |, 2021; 36 eyes received PPV, and 170
eyes received T&I. Seventeen eyes in the T&l group required delayed PPV. Mean incident ages were 76.29 years (53% female)
in the PPV group and 74.28 years (55% female) in the T&l group. Imputed costs were A$1,523 and A$310 for PPV and T&l,
with additional per-night admission costs of A$1,177. The mean presenting vs discharge logMAR of endophthalmitis was 2.24 vs
1.25 for the PPV group and 1.88 vs 1.03 for the T&l group. The mean durations of admission were 4.33 nights (PPV) and 4.04
nights (T&l). Total calculated costs per admission were A$6,929.41 and A$5,065.08 for PPV and T&l, respectively. Estimated
lifetime QALYs gained were 2.23 (PPV) and 2.45 (T&l). The final costs derived per QALY were A$3,107 (PPV) and A$2,067
(T&l). Conclusions: PPV and T&l are both cost-effective per gained QALY, though the latter provided superior cost utility.
A prospective randomized trial is indicated as the 2 groups differed at baseline, with eyes receiving vitrectomy having worse
presenting visual acuity and prognosis.
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Introduction level of presenting visual acuity (VA). However, in this study, a

Endophthalmitis is a vision-threatening condition caused by
infection and inflammation of the inner coats of the eye, with an
approximate incidence of 1 in 3000.'? Acute presentation of
endophthalmitis may be treated surgically by pars plana vitrec-
tomy (PPV) or more commonly in the outpatient setting, by vitre-
ous biopsy and injection of intravitreal antibiotics (tap and inject
[T&I]). Left untreated, endophthalmitis can progress to blind-
ness, panophthalmitis requiring enucleation and evisceration of a
painful globe, and even death. As the indications for intraocular
injections and other procedures broaden, so too do the likely inci-
dence and cost burden of treating endophthalmitis with vision
loss sequelae, despite improvements to procedural sterility
and antibiotic prophylaxis.®* The landmark Endophthalmitis
Vitrectomy Study (EVS) has recommended guidelines for surgi-
cal PPV vs nonsurgical management of endophthalmitis based on

cost-utility analysis was not performed between the 2 treatment
groups. Since the study’s publication, advances in smaller-gauge
transconjunctival vitrectomy has allowed for safer, more com-
prehensive vitreous clearance with reduced surgical morbidity.*
PPV has become a preferred treatment for cases of endogenous
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Figure 1. Decision analysis flow diagram. Abbreviations: VI, vitreous biopsy and injection of intravitreal antibiotics; PPV, primary pars plana

vitrectomy.

endophthalmitis, fungal endophthalmitis, or endophthalmitis
with a high bacterial virulence.’ Here, we present the first cost-
utility analysis of in-hospital treatment of endophthalmitis, com-
paring early primary PPV vs primary nonsurgical T&I alone in a
Victorian tertiary hospital setting.

Methods

Using patient data from the Victorian Endophthalmitis
Registry between January 1, 2011, and January 1, 2021, we
performed a retrospective cost-utility analysis using decision
tree modeling to demonstrate outcome probabilities and cost
from a third-party payer perspective (Figure 1). The registry
includes cases of endogenous, posttrauma, and postsurgical
endophthalmitis. The study was completed using the Victorian
Endophthalmitis Registry at The Royal Victorian Eye and Ear
Hospital, in accordance with tenets of the Declaration of
Helsinki. This study was assessed by the institutional Human
Research Ethics Committee and was deemed not to require
separate ethics approval. Informed consent was not required
owing to the retrospective, non—patient identifying data pro-
cessing. Early vitrectomy was defined as primary PPV within
24 hours of acute endophthalmitis presentation. Published
Australian Medicare and Diagnosis Related Group data were
used to calculate costs in a hospital-based setting (Australian

dollars [A$]).® Total modeled costs included initial costs for
early PPV, T&I, anesthesia, and additional overnight facility
bed costs. The total cost was calculated using Medicare
Benefits Schedule item numbers plus per night stay costs
derived from Diagnosis Related Groups. The Medicare
Benefits Schedule codes used to calculate costs of the proce-
dures in this study were 42725 for PPV, 42738 for T&I, and
20145 for initiation of anesthesia. The average calculated cost
per night of admission was calculated using a Royal Victorian
Eye and Ear Hospital shared-room rate with the Diagnosis
Related Group codes CO3A and CIl4A applied for PPV
and T&I, respectively. As the Diagnosis Related Group cost
weighting differed between surgical ward and non-ward beds
(A$1476 vs A$878), an average of these 2 was used to find a
per-night cost. Life expectancy data for Australia were derived
from the World Bank data repository.” VA cutoff values (in
logMAR equivalents) to determine low VA (hand motions,
counting fingers, and light perception levels) were derived
from published peer-reviewed research.®® The Czoski-Murray
utility formula was used to convert VA level to utility values,
with a 3% annual discount rate applied to costs and remaining
lifetime quality-adjusted life year (QALY) gains in both
groups.'? Cost utility was calculated based on the preserved
visual utility, remaining life expectancy, and cost per QALY
gained, with a cost-effective threshold of A$50,000 per QALY.
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Table 1. Demographics of the Early Pars Plana Vitrectomy Group.

Characteristic Value
Total eyes 36
Female sex (%) 52.7
Mean age (y) 763
Mean presenting visual acuity (logMAR) 2.24
Mean final visual acuity (logMAR) 1.24
Mean number of intravitreal injections 1.97
Table 2. Demographics of the Vitreous Tap and Intravitreal
Antibiotic Group.

Characteristic Value
Total eyes 170
Female sex (%) 55.3
Mean age (y) 74.28
Mean presenting visual acuity (logMAR) 1.88
Mean final visual acuity (logMAR) 1.03
Mean number of intravitreal injections 1.46

Table 3. Utility Value Calculation for Pars Plana Vitrectomy
Group.?

LogMAR  Snellen Decimal Utility Value
Presenting VA 224 0.0058 0.113
Discharge VA 1.25 0.056 0.476
Utility value gained 0.363

Abbreviation: VA, visual acuity.
®Mean age, 76.29 years; life expectancy (World Bank), 82.9 years; A, 6.61.

Table 4. Utility Value Calculation for Vitreous Tap and Intravitreal
Antibiotic Group.?

LogMAR  Snellen Decimal Utility Value
Presenting VA 1.88 0.013 0.243
Discharge VA 1.03 0.094 0.555
Utility value gained 0315

Abbreviation: VA, visual acuity.
*Mean age, 74.28 years; life expectancy (World Bank), 82.9 years; A, 8.62.

Results

We identified 206 eyes consecutively for 10 years between
January 1, 2011, and January 1, 2021. Thirty-six eyes received
PPV, and 170 eyes received primary T&I only (Tables 1 and 2).
Seventeen patients (10%) from the T&I group required delayed
vitrectomy due to clinical deterioration. Mean incident ages
were 76.29 years (53% female) in the PPV group and 74.28
years (55% female) in the T&I group. An average Australian
sex-combined life expectancy of 82.9 years was derived from
the World Bank data repository. The mean presenting logMAR
VA of patients with endophthalmitis was 2.24 for the PPV
group and 1.88 for the T&I group (Tables 3 and 4). Mean VA at

discharge was 1.25 logMAR for the PPV group and 1.03 logMAR
for the T&I group. The mean duration of admission was 4.33
nights and 4.04 nights for the PPV and T&I groups, respec-
tively. The total imputed procedural costs were A$1,523 and
A$310 for the PPV and T&I groups, respectively, with addi-
tional per-night admission costs of A$1,177. The total calcu-
lated costs of admission based on procedural and average night
hospital stay were A$6,929.41 and A$5,065.08 for PPV and
T&I, respectively. The estimated lifetime QALY's gained were
2.23 and 2.45 in the PPV and T&I groups, respectively. The
cost derived per QALY for PPV in the hospital setting was
A$3,107, compared to A$2,067 in the T&I-only group, and
A$2,130 accounting for eyes in the T&I group that progressed
to delayed vitrectomy.

Conclusions

Opinions vary among ophthalmologists on the role of early vit-
rectomy to treat acute endophthalmitis. Current management
guidelines are informed by findings from the EVS, which found
that differences in final VA were not statistically significant
between early vitrectomy and intravitreal antibiotic treatment
groups with a presenting VA level of hand motions or greater.
Although a direct cost-utility comparison between these 2 groups
was not performed in the EVS, ancillary studies have estimated
that the implementation of EVS guidelines in the United States
would save approximately US$7.6 million in US Medicare
charges annually.'"!? At present, there is a paucity of evidence
supporting early vitrectomy outside the setting of poor presenting
VA, endogenous etiology, or high bacterial virulence. Several
decades on from the EVS, it is unclear whether these indications
should broaden, accounting for the increased safety and accessi-
bility of small-gauge vitrectomy. It is also unclear whether
healthcare cost-saving now favors shorter admission and faster
VA recovery over the marginal procedural costs of primary vit-
rectomy to treat acute endophthalmitis.

In this cost-utility analysis, both groups differed at baseline as
patients receiving PPV were likely to have worse average pre-
senting VA (logMAR 2.24 vs 1.88). The overall improvement in
average VA during admission was larger in the PPV group (log-
MAR 0.99 vs 0.85), allowing for differences in group size. This
suggests a greater magnitude of benefit despite greater severity
of disease in the PPV group. Furthermore, owing to the retro-
spective nature of this study, no subgroup analysis nor random-
ization was performed for endogenous and posttraumatic
endophthalmitis etiologies between the PPV and T&I groups.
These etiologies are widely regarded to have a poorer presenting
VA and prognosis and would typically have received vitrectomy
surgery. This may therefore have led to an overestimation of hos-
pital admission costs in the PPV group. In contrast to the EVS,
coexisting retinal pathologies such as age-related macular degen-
eration, diabetic macular edema, and retinal vein occlusion were
not excluded, as a reflection of the overall low incidence of this
condition and the real-world association of endophthalmitis fol-
lowing intravitreal treatment for these conditions.

The Czoski-Murray formula was preferred over that of
Sharma for the calculation of cost utility, due to its greater
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sensitivity to Snellen decimal differences in the poorer ranges of
acuity that are typical in endophthalmitis.!®!3 Although both
cost-utility formulas assume a best-eye VA scenario, acute endo-
phthalmitis is an unforeseen complication and is therefore
assumed to be indiscriminate between better- or worse-seeing
eyes. These considerations allowed for a QALYs-gained calcu-
lation factoring in small sample sizes and an advanced average
age of patients (76.29 years for PPV and 74.28 years for T&I)
compared to their average life expectancy (82.9 years). A com-
bined average life expectancy value (male and female) was
derived from World Bank data as sex was well-balanced between
groups. As the average age of patients in the PPV group was
older and not controlled for due to sample size, the actual QALY's
gained may be underestimated in the PPV group compared to the
T&I group based on average remaining life expectancy, which
would derive a higher cost per QALY for this analysis.

Although the cost per QALY was greater for the PPV group
than T&I group (A$3,107 vs A$2,067), both interventions
were found to be cost-effective at a threshold of A$50,000 per
QALY. Due to the retrospective nature of this study and the
low incidence of endophthalmitis, this cost-utility analysis did
not control for the severity of presentation or etiology of endo-
phthalmitis. It is possible that patients presenting with worse
VA remaining in the T&I group would have contributed to a
significantly greater duration of admission, which would have
greater cost implications given the overnight Diagnosis Related
Group expenses of surgical beds (A$1,177 per night).
Furthermore, as this study only compared VA at presentation
with discharge, it is possible that significant improvements
toward final VA for the PPV group were observed further
downstream at follow-up owing to the early, complete clear-
ance of pathogens and proinflammatory mediators within the
vitreous, which reduces retinal damage from chronic, pro-
longed inflammation.'

In this report, we model the cost utility of early vitrectomy
compared with intravitreal biopsy and antibiotics based on prac-
tices at a tertiary eye hospital in Australia, as well as the costs to
the healthcare system overall. Primary PPV for the treatment of
endophthalmitis did not demonstrate favorable cost utility com-
pared with T&I in the hospital setting, though both interventions
are cost-effective per gained QALY. Presenting VA is a con-
founder, as severity of presentation influences the decision to
proceed to surgical management. A prospective randomized trial
is needed to study whether indications for early vitrectomy in
acute endophthalmitis should be broadened to achieve better
vision and cost outcomes.
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