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Abstract
Background
Glaucoma is a disease characterized by progressive damage of the optic nerve. Several therapeutic options are available to
lower intraocular pressure (IOP). In primary open-angle glaucoma (POAG) patients with inadequate IOP control (or controlled
with multiple medical therapies or for whom medical therapy is contraindicated), the implantation of micro-invasive glaucoma
surgery devices (MIGS) and concomitant cataract surgery has proved to be more effective in reducing intraocular pressure
(IOP), as compared to cataract surgery alone. The objective of this study is to assess the cost-effectiveness of iStent inject®
device with concurrent cataract surgery vs. cataract surgery alone, in patients with mild-to-moderate POAG, adopting the Italian
National Health Service (NHS) perspective.
Methods
Simulation of outcomes and costs was undertaken using a Markov model with 4 health states and one-month cycles, that is
used to simulate the prognosis of these patients. E cacy data were obtained from the randomized clinical trial (RCT). A
lifetime horizon was adopted in the analysis. A discount rate of 3.5% was applied to both costs and effects. The Italian
National Healthcare Service (NHS) perspective was considered, therefore only healthcare direct costs (acquisition of main
interventions and subsequent procedures; medications; monitoring and follow-up; adverse events). Model robustness was
tested through sensitivity analyses.
Results
Results of the base-case analysis showed that the total lifetime costs were higher in the iStent inject® + concurrent cataract
surgery, compared with the cataract surgery alone group (€8,368.51 vs. €7,134.71 respectively). iStent inject® + concurrent
cataract surgery was cost-effective vs. cataract surgery alone, with an incremental cost-effectiveness ratio of €13,037.01 per
quality-adjusted life year (QALY) gained. Both one-way deterministic and probabilistic sensitivity analyses con rmed
robustness of base-case results. The acceptability curve of cost-effectiveness (CEAC) analysis showed that iStent inject® +
cataract surgery would have a 98% probability of being cost-effective, compared to cataract surgery alone, when the
willingness to pay (WTP) is equal to €50,000 per QALY gained.
Conclusions
The results of the cost-utility analysis con rm that iStent inject® + cataract surgery is a cost-effective option for the treatment
of patients affected by mild-to-moderate POAG, compared with cataract surgery alone, when evaluated from the Italian NHS
perspective.
Trial registration: Not applicable

Background
Glaucoma is a disease characterized by progressive damage of the optic nerve [1] and is the second cause of blindness
globally, after cataract [1]: it affects approximately 66.8 million people worldwide [2,3]. Recent estimates show that about 1
million subjects suffering from glaucoma in Italy; only half of them have a con rmed diagnosis [1]. Every year, about 4,500
new cases of blindness are registered in Italy, and approximately 200,000 blindness cases in total are correlated to this
pathology [4].
Primary open-angle glaucoma (POAG) is the most common form of glaucoma, accounting for about 90% of all glaucoma
cases [5]. Patients with mild-to-moderate POAG may have signi cant visual disability, with impairment of their visual eld,
contrast sensitivity, and light-to-dark and dark-to-light adaptation.
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Intraocular pressure (IOP) is the only modi able risk factor for glaucoma. An abnormality in the trabecular meshwork is the
primary cause of reduced aqueous out ow, and therefore of increased IOP. Several therapeutic options are available to lower
IOP, including medical therapy, laser trabeculoplasty (ALT/SLT), non- ltering micro-invasive glaucoma surgery (MIGS), anterior
ltering surgeries, posterior ltering surgeries [6]. The choice of the optimal therapeutic intervention generally depends on
several factors: the IOP level to be targeted, the entity of the anatomical eye damage induced by POAG, the disease
progression rate, age and presence of comorbidities, level of ocular in ammation. Cataract and glaucoma frequently occur in
the same patient, and their concomitant presence increases with age [7,8].
In patients with medically controlled, non-severe glaucoma and cataract, small-incision cataract extraction
(phacoemulsi cation) alone may be a valid option to reduce IOP and to control glaucoma progression [9,10]. However, in a
relevant number of POAG cases (patients with inadequate IOP control; patients controlled with multiple medical therapy;
patients for whom medical therapy is contraindicated), phacoemulsi cation alone could be insu cient to control POAG
progression adequately.
In these subjects, the implantation of micro-invasive glaucoma surgery devices (MIGS) and concomitant cataract surgery has
proved to be more effective in reducing intraocular pressure (IOP), as compared to cataract surgery alone [11]. The IOP
lowering of simple cataract extraction may also be limited in time [12], whereas combining MIGS with cataract seems to have
a more prolonged effect [5,13].
Among MIGS, the trabecular bypass stent (TBS) seems to have an optimal risk-bene t pro le in patients with mild-to-moderate
POAG.
The iStent inject® (Glaukos Corp., San Clemente, CA) TBS device is inserted into the trabecular meshwork through a single
corneal entry to improve physiologic aqueous out ow. iStent inject® has been shown to lower IOP while reducing ocular
hypotensive medication usage in prior studies comparing eyes randomly assigned to cataract surgery and iStent implantation
or cataract surgery alone with follow-up through 12 months, up to 48 months [14–17]. While many studies have demonstrated
the e cacy of MIGS, there is limited knowledge about the economic implications of MIGS implantation, in patients with POAG,
in need of cataract surgery. The objective of this study is to assess the cost-effectiveness of iStent inject® device with
concurrent cataract surgery vs. cataract surgery alone, in patients with mild-to-moderate POAG, adopting the Italian National
Health Service (NHS) perspective.

Method

Model design
The present cost-effectiveness analysis compares the costs and clinical outcomes of iStent inject®, in conjunction with
cataract surgery, vs. cataract surgery alone, in a single eye of patients with POAG over a lifetime horizon. A Markov model with
4 health states (Figure 1) and one-month cycles, was used to simulate the prognosis of these patients. The model estimated
the clinical bene ts (in terms of quality-adjusted life years, QALY) and costs associated with the two different alternatives.
The model is based on the assumption that both quality of life outcomes and disease management costs of a hypothetical
POAG patient would depend on the severity of the disease, de ned according to the Hodapp-Parrish-Anderson scale [18]: i)
mild: from 0 to -6 dB; ii) moderate: from -6.01 to -12 dB; iii) advanced:
-12.01 to -20 dB; iv) severe / blindness:> -20 dB.
At model start, patients are allocated in one of the four health states. The probabilities of transitioning from one health state to
the next (e.g. mild to moderate, moderate to advanced, etc.) are based on the following parameters: i) natural rate of
progression of glaucoma (dB) in untreated patients; ii) treatment-attributable delay of disease progression, driven by IOP
reduction, determined with the decline of the visual eld (VF) defect. Transitions towards more severe health states determine
an increase of resource consumption (more frequent consultations and tests) and a progressive reduction of patients’ utilities.
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The VF deterioration associated with the progression of glaucoma is irreversible; in the model, health state transitions would
occur only to states of greater severity.
In the model, patients with inadequate control of VF would require subsequent treatment, which is trabeculectomy. The risk of
switching to trabeculectomy is expressed as a time-dependant function, whose shape depends on the IOP-modifying effect of
rst-line treatment (basically, the larger the IOP reduction the lower the proportion of patients who would need trabeculectomy).
Furthermore, patients can move to the health state "death" at any time, from any of the other health states.
A lifetime horizon was adopted in the analysis. A discount rate of 3.5% was applied to both costs and effects. The Italian NHS
(National Healthcare Service) payer perspective was adopted, i.e. considering only direct healthcare resources reimbursed and
funded by the NHS.

Clinical inputs
Characteristics of patients at baseline
At model start, patient population (POAG patients in need of cataract surgery) was aged 64.7 years [19]. Consistently with
main treatment guidelines and common opinions on MIGS place in therapy, it was assumed that patients receiving iStent
inject® had mild-to-moderate glaucoma (50.0% of patients with mild POAG, 50.0% of patients with moderate POAG [20].
Treatment effectiveness
In the model, effectiveness of the two treatment arms depends on two factors: i) IOP reduction obtained with surgical
treatment (iStent inject® + cataract surgery vs. cataract surgery alone); ii) IOP reduction obtained with concomitant medical
treatment.
Table 1 shows IOP levels and IOP reduction over time for the two alternatives. IOP data at one and two years after surgery were
obtained from the randomized clinical trial (RCT) conducted by Samuelson et al 2019 [14]. Since e cacy of treatments is
expected to decrease overtime, a 6.7% reduction of clinical effectiveness per year was hypothesized in both treatment arms
(based on the estimates provided by the panel of experts) [20], to evaluate the e cacy of the interventions over the time
horizon.

Table 1. E cacy inputs with medication discontinuation at 8.6 months [Source: elaborated from Samuelson et al 2019 [14]].
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Time (years)

iStent + Cataract surgery

Cataract surgery

IOP (mmHg)

IOP reduction (mmHg)*

IOP (mmHg)

IOP reduction (mmHg)*

0

24.8**

-

24.5**

-

1

17.7

7.1**

19.0

5.5**

2

18.3

6.6**

20.1

4.4**

3

19.1

5.7

20.9

3.6

4

19.4

5.4

21.2

3.3

5

19.7

5.1

21.3

3.2

6

20.0

4.8

21.5

3.0

7

20.3

4.5

21.7

2.8

8

20.5

4.3

21.8

2.7

9

20.8

4.0

22.0

2.5

10

21.0

3.8

22.1

2.4

10+

21.2

3.6

22.2

2.3

IOP=intraocular pressure.
*Intraocular pressure reduction vs. baseline.
**IOP and IOP reduction data, at one and two years, were obtained from the randomized clinical trial (RCT) conducted by
Samuelson et al 2019 [14] and adjusted for the time-to-discontinuation. Baseline IOP: 24.8±3.3 mmHg vs. 24.5±3.1 mmHg in
the iStent + Cataract surgery vs. Cataract surgery groups, respectively (P = 0.33).

Beyond surgical treatment, IOP can be also reduced with concomitant medical therapy. Treatment effectiveness depends on
the number of medications used. The progressive reduction of medication use was modelled, for the two alternatives, by
incorporating the discontinuation rate of medical therapy [21]. The weighted average time-to-discontinuation was 8.6 months,
according to Nordstrom et al. 2005 [22]. It was also assumed that the IOP increase due to discontinuation was equal to the
difference in baseline medicated versus unmedicated IOP (7 mmHg), derived from Samuelson et al. 2011 [23].
As mentioned earlier, IOP reduction has the effect of reducing the risk of VF decline, measured with the Hodapp-ParrishAnderson scale. If glaucoma were untreated, VF monthly decline would be
-0.0508 dB [24]. Instead, if treated, one-unit reduction in IOP (mmHg) would determine a 9.5% decrease of the VF decline,
according to the Early Manifest Glaucoma Trial (EMGT) [24]. These assumptions were used to determine transition
probabilities between mild and moderate, moderate and advanced, advanced and severe health states will depend on IOP
reduction.
Furthermore, IOP reduction has the effect of reducing the risk of VF disease progression, which is used in the model to
estimate the proportion of patients who would need to receive trabeculectomy. The natural disease progression of glaucoma
patients is described by Heijl et al. [24] and can be assimilated to a lognormal distribution. From published literature it was
observed that one-unit reduction in IOP (expressed in mmHg) was associated with a 12% reduction of the risk of disease
progression, compared with the natural history of the disease (hazard ratio: 0.88; Leske et al. 2003 [25]).
E cacy of subsequent treatments
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In the model, it was assumed that patients experiencing disease progression received subsequent treatment. According to
Italian expert opinion, the most plausible treatment following cataract surgery (with or without MIGS implantation) was
trabeculectomy. E cacy data for trabeculectomy, expressed in terms of IOP reduction, were obtained from an indirect
comparison analysis conducted by the National Institute of Health Care and Excellence (NICE) [26]. According to this source,
trabeculectomy reduced IOP of 6.48 mmHg.
Mortality
At any time and health state, patients could move to the death health state. However, it was assumed that glaucoma would not
modify (i.e. increase) the risk of death. For this reason, mortality probabilities have been obtained from the general mortality
tables of the Italian population (source: Italian Institute of Statistics, ISTAT; year 2017 [27]).

Cost inputs
To provide a thorough assessment of the economic impact of glaucoma management, the following costs were included in
the analysis: i) costs associated with main interventions; ii) costs of subsequent procedures; iii) costs of medications; iv) costs
of monitoring and follow-up; v) costs of adverse events.
Table 2 lists all cost input data and resource consumption assumptions used in the model.
The cost of cataract surgery was derived from the national tariff of hospital procedures [28].
Some outpatient procedures are available within several regional health systems and carried out in regional health structures
with recognized clinical validity but are not present in the national nomenclator.
For this reason, the costs of certain procedures have been obtained from the regional tariff nomenclators.
The cost associated with iStent inject + cataract surgery was calculated based on Glaukos market data and the average costs
of procedures in Tuscany, Umbria and Veneto regions [29–31].
The cost of trabeculectomy was calculated as the average tariff of interventions (“Trabeculectomy ab externo”) in Friuli
Venezia-Giulia, Molise and Veneto regions [30,32,33]).
Acquisition costs of glaucoma medical therapy were included in the analysis. Monthly costs of the different medical therapies
used in glaucoma were calculated using the ex-factory price (branded or generic) [34,35]. Then, these costs were multiplied by
the respective market shares of these therapies in Italy [36], and nally summed up to determine an average monthly cost of
glaucoma medical therapy in Italy.
The costs of glaucoma disease monitoring were included in the model; it was assumed that resource consumption depended
on disease severity [20]. The following resources were considered: i) ophthalmologist consultation; ii) gonioscopy; iii) visual
eld test; iv) optic disc imaging. Finally, the costs for the management of treatment-related adverse events were calculated by
multiplying the unit costs in the Italian practice [28,37], by the respective adverse event rates [38]. Only adverse events with at
least 3% difference between the two treatment arms were included. The adverse event costs were one-time costs, applied only
at the beginning of the simulation, corresponding with the index intervention.

Table 2. Cost input included in the analysis.
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Type

Description

Value

Source

Main
procedures

Glaucoma + cataract surgery cost (€)

€2,294.20

iStent acquisition cost +
procedures cost [29–31,39]

Cataract surgery cost (€)

€994.00

DH 39 [28]

Subsequent
procedures

Trabeculectomy cost (€)

€1,969.10

Code 12.64 [30,32,33]

Medications

Bimatoprost cost (€)

€20.23

Generic ex-factory price [34]

Bimatoprost + timolol cost (€)

€27.25

Branded ex-factory price [35]

Brinzolamide + timolol cost (€)

€16.88

Branded ex-factory price [35]

Dorzolamide + timolol cost (€)

€7.33

Generic ex-factory price [34]

Travoprost + timolol cost (€)

€18.26

Generic ex-factory price [34]

Timolol cost (€)

€5.70

Generic ex-factory price [34]

Ta uprost cost (€)

€25.94

Branded ex-factory price [35]

Bimatoprost MS (%)

15.6%

[36]

Bimatoprost + timolol MS (%)

11.5%

Brinzolamide + timolol MS (%)

13.9%

Dorzolamide + timolol MS (%)

16.4%

Travoprost + timolol MS (%)

6.6%

Timolol MS (%)

25.4%

Ta uprost MS (%)

10.7%

Ophthalmologist consultation cost (€)

€20.66

Code 95.02 [37]

Gonioscopy cost (€)

€7.75

Code 95.26 [37]

VF defect test cost (€)

€16.78

Code 95.05 [37]

Optic disc imaging cost (€)

€90.00

Code: 95.17 [31]

Incidence ophthalmologist consultation (n/month),
mild glaucoma

0.17

[20]

Incidence ophthalmologist consultation (n/month),
moderate glaucoma

0.25

Incidence ophthalmologist consultation (n/month),
advanced glaucoma

0.33

Incidence ophthalmologist consultation (n/month),
severe/blind glaucoma

0.25

Incidence gonioscopy (n/month), mild glaucoma

0.08

Incidence gonioscopy (n/month), moderate
glaucoma

0.08

Incidence gonioscopy (n/month), advanced
glaucoma

0.08

Incidence gonioscopy (n/month), severe/blind
glaucoma

0.08

Disease
monitoring
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Adverse events

Incidence VF defect test (n/month), mild glaucoma

0.17

Incidence VF defect test (n/month), moderate
glaucoma

0.17

Incidence VF defect test (n/month), advanced
glaucoma

0.25

Incidence VF defect test (n/month), severe/blind
glaucoma

0.17

Incidence optic disc imaging (n/month), mild
glaucoma

0.17

Incidence optic disc imaging (n/month), moderate
glaucoma

0.17

Incidence optic disc imaging (n/month), advanced
glaucoma

0.33

Incidence optic disc imaging (n/month), severe/blind
glaucoma

0.17

Hyperaemia unit cost (€)

€20.66

Code 89.07 [37]

Stent obstruction unit cost (€)

€1,522.00

DH 42 [28]

Incidence hyperaemia, iStent + cataract group (%)

0.8%

[38]

Incidence stent obstruction, iStent + cataract group
(%)

6.2%

Incidence hyperaemia, cataract surgery only group
(%)

5.9%

Incidence stent obstruction, cataract surgery only
group (%)

0.0%

DH=day hospital; MS=market share; VF=visual eld.

Utility inputs
Quality-adjusted life years (QALYs) were estimated as the sum of the life years spent in each health state, weighted by the
associated utilities, thus re ecting the average health-related quality of life (HRQOL) of glaucoma patients in each stage of the
disease.
Table 3 shows the utilities associated with the health states of the model. These values have been extracted from two studies
conducted in 2010 and 2012 in the Netherlands [40,41], which correlated the loss of vision with health-related quality of life
(HRQoL).

Table 3. Utilities associated with the health states of the model [40,41].
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Health state

Utility

Mild glaucoma

0.847

Moderate glaucoma

0.781

Advanced glaucoma

0.704

Severe/blind glaucoma

0.594

Disutility for trabeculectomy was estimated from the same study conducted by Van Gestel et al. [41]
(Table 4). Disutilities for medication-related adverse events were subtracted to the health state utilities. Such disutility values
were multiplied by the probability of experiencing the adverse event, to obtain an average disutility value. Also, since not all
patients were receiving medications at each Markov cycle, the disutility value was weighted by the proportion of patients
receiving therapy at each Markov cycle. The incidence rates of adverse events in patients receiving prostaglandins, betablockers and carbonic anhydrase inhibitors were 8%, 8%, and 14%, respectively [42]; market shares of these drugs were 35.2%,
15.2%, and 49.6%, respectively (obtained from the market shares of the single drugs reported in the Table 2). Consequently, the
medication weighted incidence of adverse events was 8.9%; the corresponding disutility value was calculated multiplying this
percentage by the disutility value for medication-related averse events (Table 4), estimated from the Van Gestel et al. study
[41].

Table 4. Disutilities included in the model [41].
Description

Disutility

CI (95%)

Source

Trabeculectomy

-0.007

0.005-0.009

[41]

Medication-related AEs

-0.101

0.076-0.126

AEs=adverse events; CI=con dence interval.

Sensitivity analysis
Deterministic (one-way) and probabilistic sensitivity analyses were carried out to identify the input values with the largest
effect on incremental cost-effectiveness ratio (ICER).
For the deterministic sensitivity analysis, the baseline value of each parameter was modi ed to the upper and lower limits of
its 95% con dence interval (95% CI). If the CI was not available, a variation of ± 10% from the baseline value was used.
A probabilistic sensitivity analysis was performed, simultaneously and randomly varying the values of all model parameters
(1,000 replications). For the probabilistic analysis, the following probability distributions were used: beta for probabilities and
utilities; gamma for costs; normal for e cacy data.

Results

Base-case analysis
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Results of the base-case analysis are shown in Table 5. iStent inject® + concurrent cataract surgery was more effective than
cataract surgery alone, in terms of quality-of-life-adjusted survival (11.11 QALYs, compared with 11.02 QALYs respectively).
The total lifetime costs were higher in the iStent inject® + concurrent cataract surgery, compared with the cataract surgery
alone group (€8,368.51 vs. €7,134.71 respectively). The higher procedural cost and the acquisition costs of iStent inject® were
the driver of this cost increase.
Results of the analysis showed that iStent inject® + concurrent cataract surgery was cost-effective vs. cataract surgery alone,
with an incremental cost-effectiveness ratio of €13,037.01 per QALY gained.

Table 5. Results of Cost utility analysis: base-case.
iStent inject® + cataract surgery

Cataract surgery

Procedures (€)

€ 3,557.00

€ 2,317.06

Medications (€)

€25.59

€51.17

Progression-related (€)

€4,691.45

€4,765.25

Adverse events (€)

€94.46

€1.22

Total costs (€)

€8,368.51

€7,134.71

Survival (life years, LYs)

14.575

14.575

Quality of life adjusted survival (QALY)

11.114

11.019

Treatment
Costs (€)

E cacy

Incremental outcomes (iStent inject® + cataract surgery vs. cataract surgery alone)
Incremental costs (€)

€1,233.80

Incremental LYs

-

Incremental QALYs

0.095

ICER (€/QALY)

€13,037/QALY

LYs=life years; QALYs=quality-adjusted life years.

Sensitivity analysis
Both one-way deterministic and probabilistic sensitivity analyses con rmed the robustness and reliability of base-case results.
The results of one-way deterministic analysis are summarized in Figure 2, that illustrates the 10 parameters / scenarios with
the greatest effect on the ICER (base-case ICER: €13,037 / QALY). The ICER variability was modest (minimum ICER: €8,911/
QALY earned; maximum ICER: €24,764/ QALY gained).
The results of the probabilistic sensitivity analysis are reported in Figure 3 (acceptability curve of cost-effectiveness –CEAC-).
The acceptability curve of cost-effectiveness (CEAC) analysis (Figure 3) showed that when the willingness to pay (WTP) is
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equal to €50,000 per QALY gained, iStent inject® + cataract surgery would have a 98% probability of being cost-effective,
compared to cataract surgery alone.

Discussion
Glaucoma is not only a major health problem, with a signi cant impact on patients’ quality of life and social functioning, but
also a relevant economic issue for healthcare systems [43]. Every year, glaucoma generates an expenditure of $2.5 billion of
the US health care budget, of which $1.9 billion are direct medical costs [44]. Importantly, both the clinical and economic
burden of the disease increase as glaucomatous damage and vision loss progress [43]. Therefore, any ine ciency in disease
diagnosis, delayed treatment initiation, prolonged management with ineffective treatments, would translate into poor patient
prognosis and increased costs for healthcare systems and society.
The recent technological advances in glaucoma management, speci cally laser trabeculoplasty and micro-invasive glaucoma
surgery (MIGS), offer ophthalmologists new options to manage POAG patients more effectively. Medical therapy has been the
mainstay of glaucoma treatment for decades. However, medical treatment can be associated with adverse events, and some
patients may be unable to comply adequately with complex dosing regimens [45].
iStent inject® seems one of the most exciting options among new treatments that could either replace or be used with medical
therapy to optimize the management of mild-to-moderate glaucoma cases. The present cost-effectiveness analysis, conducted
adopting the Italian National Health Service (NHS) perspective, shows that iStent inject® is a cost-effective option in patients
with POAG, in need of simultaneous cataract intervention.
The cost-effectiveness analysis shows that a valuable QALY gain can be obtained with iStent inject® + cataract, with a modest
economic investment. Although the use of iStent inject® does not seem to produce signi cant cost-offset (only a slight
reduction of progression-related costs has been observed), the total incremental investments are quite low (+€1,234) and the
overall lifetime costs are quite low as well (€8,369 per patient). These costs are much smaller if compared with those of other
pathologies, where costs of ~€10K are sustained on an annual basis, rather than on a lifetime basis.
Moreover, the incremental cost-effectiveness ratio of €13,037 per QALY gained is signi cantly below the Italian informal
acceptability threshold, amounting to €25-40 thousands per QALY gain [46].
Along with these economic considerations, there is a clear clinical rationale justifying the place in therapy of iStent inject® in
glaucoma + cataract [5,14–17]. First, most of the evidence of iStent inject® regards POAG patients in need of cataract surgery.
In this setting, it was showed that: i) device implantation is safe (i.e., negligible increase of adverse events, compared to
cataract alone); ii) treatment in conjunction with cataract is more effective than cataract alone; iii) treatment effect is durable,
thus postponing the need of more invasive glaucoma treatments, such as trabeculectomy.
The fact that iStent inject® can be performed during the cataract extraction, prolonging the primary intervention of a few
minutes only, poses interesting economic considerations, since the procedural incremental costs associated with MIGS would
be minimal in the hospital perspective.
Finally, iStent inject® implantation is a valid option to reduce the use of medical therapy. As explained earlier in the discussion,
there is a critical, still unmet need of reducing the use of multiple, high-dosage medical treatment. In this context, clinical
studies have demonstrated that IOP control can be achieved with iStent inject®, either without therapies or with a reduced
number of therapies.
Overall, a thorough assessment of the methodological approach used to conduct this analysis is important to check validity of
ndings. In our view, adoption of conservative assumptions and generalizability of ndings are two positive factors supporting
the validity of the analysis. Whereas applicable, we opted for conservative assumptions, potentially underestimating costeffectiveness of iStent inject® + cataract surgery. Likely, the most conservative assumption regarded the progressive reduction
of IOP control over time (waning effect) for the two study treatments. In the model, a similar waning effect was assumed for
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iStent inject® + cataract surgery and cataract surgery alone. While the progressive loss of therapeutic effect is clearly
documented in literature for patients receiving cataract surgery [12], this might be delayed with iStent inject® + cataract
surgery; however, no difference was modelled, given the uncertainty on this potential bene t. As regards generalizability of
ndings, instead, it should be remarked that the analysis is based on the randomized clinical trial (RCT) conducted by
Samuelson et al 2019 [14], enrolling patients with 24.8 mmHg + 3.3. This proves that iStent inject® + cataract was more
effective than cataract alone in a large variety of patients, even in those with quite high IOP at baseline. Together with the
above-mentioned analysis strength, a few limitations exist in this analysis, which must be analyzed and leave room for future
improvement. First, someone could argue that a comparison between iStent inject® + cataract, vs. cataract followed by laser
trabeculoplasty, would be more appropriate for decision-making processes. However, the lack of direct evidence comparing
TBS vs. trabeculoplasty would make this comparison hard to conduct, to date. We expect this comparison would be critical for
decision making in the future when appropriate evidence will be collected. Today, with the currently available information, we
can only suppose that TBS might be either dominant or cost-effective than laser trabeculoplasty, because of the more robust
long-term evidence, which is the main weakness of the latter [47].
Second, it would be interesting to conduct a cost-utility analysis of iStent inject®, looking at the social costs, rather than thirdpayer expenses only. Although results cannot be foreseen with certainty, we would expect that a social perspective analysis
would be even more favourable to iStent inject®, than the current base-case analysis, because the difference in disease-related
costs among the two groups would be more substantial. More cost-offset in the iStent inject® group would be generated.
The third, and probably most important point to assess would regard the economic sustainability of iStent inject® for
hospitals. In our base-case analysis, the cost of the iStent inject® implantation was used in conjunction with cataract surgery:
€2,294, (i.e. average of the tariffs of the procedure “Other interventions for glaucoma” [29–31] + iStent inject® acquisition
costs). With these cost assumptions, iStent inject® + cataract was cost-effective vs. cataract alone. However, Italian hospitals
are not receiving this remuneration for this combined intervention to date. Hospitals could obtain a remuneration of up to
€1,522, which is the day-hospital intervention for glaucoma (DH 42 “Interventions on intraocular structures except retina, iris,
and crystalline”) [28]. In other words, with the current remuneration levels, hospitals would not be able to afford overall costs
(iStent Inject®, cataract intraocular lenses, additional procedural charges -room, sta ng, other equipment-, etc.). However, this
intervention would be cost-effective for the Italian NHS. Our aim, with this paper, is then to make aware budget holders about
this economic “paradox” and to evaluate solutions aimed at solving this issue. The future analyses on iStent Inject® should
then assess both the NHS and hospital perspectives and verify whether results would be advantageous for both parties.
Finally, the glaucoma patient’s population is extremely heterogeneous. We are aware that we have simpli ed conduct the
analyses reported in this work. However, we can consider the results valid due to the robustness of the primary source and the
conservativeness of the hypotheses made.

Conclusions
The results of the cost-utility analysis con rm that iStent inject® + cataract surgery is a cost-effective option for the treatment
of patients affected by mild-to-moderate POAG, compared with cataract surgery alone, when evaluated from the Italian NHS
perspective. Despite we are aware that modelling clinical outcomes and economic implications of treating the highly
heterogeneous glaucoma patient population is a “simpli cation of reality” (all patients different to each other), the robustness
of primary source and the conservativeness of the assumptions substantiate the validity of our ndings.

Abbreviations
AEs: adverse events; ALT/SLT: laser trabeculoplasty; CEAC: acceptability curve of cost-effectiveness; CI: con dence interval;
dB: decibel; DH: day hospital; EMGT: Early Manifest Glaucoma Trial; HRQOL: health-related quality of life; IOP: intraocular
pressure; ICER: incremental cost-effectiveness ratio; ISTAT: Italian Institute of Statistics; MD: mean deviation; MIGS: microinvasive glaucoma surgery; MS: market share; NHS: National Health Service; NICE: National Institute of Health Care and
Page 12/16

Excellence; OAG: open-angle glaucoma; POAG: primary open-angle glaucoma; QALY: quality-adjusted life years; RCT:
randomized clinical trial; TBS: trabecular bypass stent; US: United States; VF: visual eld; WTP: willingness to pay.

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Availability of data and material
Not applicable

Competing interests
Furneri G.: consulting fees from Glaukos for analysis conduction.
Fea A.M.: consulting fees from Glaukos, Ivantis, ELTSight, iSTAR, and EyeD; travel fees from Johnson and Johnson, Allergan,
and Sooft, outside the submitted work.

Funding
This analysis was nancially supported by Glaukos.

Authors' contributions
AMF and GF conceptualized the study. AMF and GF analysed data and developed the economic model.
GB reviewed the content of the economic analysis and approved it. AMF and GF drafted the rst version of the manuscript.
AMF, FC, SG, GB, GF, CC all contributed to the conception and re nement of the manuscript. GB reviewed the nal content of
the manuscript. All authors read and approved the nal manuscript.

Acknowledgements
The authors would like to thank Dr. Mario Sbordone and Dr. Luca Cesari for their assistance and contribution during the
conceptualization of the study.

Bibliography
1. International Agency for the Prevention of Blindness (IABP). Glaucoma [Internet]. Available:
http://www.iapb.org/knowledge/what-is-avoidable-blindness/glaucoma/. Accessed: December 2020.
2. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of glaucoma: A review. JAMA - Journal of the
American Medical Association. 2014. doi:10.1001/jama.2014.3192
Page 13/16

3. Conlon R, Saheb H, Ahmed IIK. Glaucoma treatment trends: a review. Canadian Journal of Ophthalmology. 2017.
doi:10.1016/j.jcjo.2016.07.013
4. (SOI) SOI. Glaucoma - L’importanza di una diagnosi precoce [Internet]. Available:
https://www.sedesoi.com/vademecum6.php. Accessed: December 2020.
5. Fea AM, Consolandi G, Zola M, Pignata G, Cannizzo P, Lavia C, et al. Micro-Bypass Implantation for Primary Open-Angle
Glaucoma Combined with Phacoemulsi cation : 4-Year Follow-Up. Hindawi Publishing Corporation; 2015;2015: 10–13.
doi:10.1155/2015/795357
6. Garg A, Gazzard G. Treatment choices for newly diagnosed primary open angle and ocular hypertension patients. Eye
(Basingstoke). 2020. doi:10.1038/s41433-019-0633-6
7. Lau JTF, Lee V, Fan D, Lau M, Michon J. Knowledge about cataract, glaucoma, and age related macular degeneration in
the Hong Kong Chinese population. Br J Ophthalmol. 2002;86: 1080–1084. doi:10.1136/bjo.86.10.1080
8. Friedman DS, Jampel HD, Lubomski LH, Kempen JH, Quigley H, Congdon N, et al. Surgical Strategies for Coexisting
Glaucoma and Cataract - An Evidence-based Update. Am Acad Ophthalmol. 2002;6420: 1902–1913.
9. Poley BJ, Lindstrom RL, Samuelson TW, Schulze R. Intraocular pressure reduction after phacoemulsi cation with
intraocular lens implantation in glaucomatous and nonglaucomatous eyes Evaluation of a causal relationship between
the natural lens and open-angle glaucoma. J Cart Refract Surg. ASCRS and ESCRS; 2009;35: 1946–1955.
doi:10.1016/j.jcrs.2009.05.061
10. Shrivastava A, Singh K. The effect of cataract extraction on intraocular pressure. Curr Opin Ophthalmol. 2010;21: 118–
122. doi:10.1097/ICU.0b013e3283360ac3
11. Ling JD, Bell NP. Role of Cataract Surgery in the Management of Glaucoma. Int Ophthalmol Clin. 2018;58: 87–100.
doi:10.1097/IIO.0000000000000234
12. Mansberger S, Gordon M, Jampel H, Bhorade A, Brandt JD, Wilson B, et al. Reduction in intraocular pressure after cataract
extraction: the Ocular Hypertension Treatment Study. Ophthalmology. 2012;119: 1826–183.
doi:doi:10.1016/j.ophtha.2012.02.050
13. European Glaucoma Society. Terminology and Guidelines for Glaucoma, 4th Edition - Chapter 3: Treatment principles and
options. Br J Ophthalmol. 2017;
14. Samuelson TW, Sarkisian SR, Lubeck DM, Stiles MC, Duh YJ, Romo EA, et al. Prospective, Randomized, Controlled Pivotal
Trial of an Ab Interno Implanted Trabecular Micro-Bypass in Primary Open-Angle Glaucoma and Cataract: Two-Year
Results. Ophthalmology. 2019; doi:10.1016/j.ophtha.2019.03.006
15. Schargel K, Belda J, Rial L. Long-Term IOP and Medication reduction with second-generation MIGS trabecular microbypass stents for OAG patients on one preoperative medication. Poster presented at: EGS 2018. 13th EGS Congress, 19-22
May, 2018, Florence, Italy.
16. Arriola-Villalobos P, Martinez-De-La-Casa JM, Diaz-Valle D, Morales-Fernandez L, Fernandez-Perez C, Garcia-Feijoo J.
Glaukos iStent inject® Trabecular Micro-Bypass Implantation Associated with Cataract Surgery in Patients with
Coexisting Cataract and Open-Angle Glaucoma or Ocular Hypertension: A Long-Term Study. J Ophthalmol. 2016;
doi:10.1155/2016/1056573
17. Fea AM, Belda JI, Rekas M, Jünemann A, Chang L, Pablo L, et al. Prospective unmasked randomized evaluation of the
iStent inject® versus two ocular hypotensive agents in patients with primary open-angle glaucoma. Clin Ophthalmol.
2014;8: 875–882. doi:10.2147/OPTH.S59932
18. Susanna Jr. R. Staging Glaucoma Patient: Why and How? Open Ophthalmol J. 2009;3: 59–64.
doi:10.2174/1874364100903010059
19. Traverso CE, Walt JG, Kelly SP, Hommer AH, Bron AM, Denis P, et al. Direct costs of glaucoma and severity of the disease:
A multinational long term study of resource utilisation in Europe. Br J Ophthalmol. 2005;89: 1245–1249.
doi:10.1136/bjo.2005.067355
20. Expert opinion. 2019.
Page 14/16

21. Olthoff CMG, Schouten JSAG, Van De Borne BW, Webers CAB. Noncompliance with ocular hypotensive treatment in
patients with glaucoma or ocular hypertension: An evidence-based review [Internet]. Ophthalmology. Elsevier Inc.; 2005.
pp. 953-961.e7. doi:10.1016/j.ophtha.2004.12.035
22. Nordstrom BL, Friedman DS, Mozaffari E, Quigley HA, Walker AM. Persistence and adherence with topical glaucoma
therapy. Am J Ophthalmol. 2005; doi:10.1016/j.ajo.2005.04.051
23. Samuelson TW, Katz LJ, Wells JM, Duh YJ, Giamporcaro JE. Randomized evaluation of the trabecular micro-bypass stent
with phacoemulsi cation in patients with glaucoma and cataract. Ophthalmology. 2011;
doi:10.1016/j.ophtha.2010.07.007
24. Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein M. Reduction of intraocular pressure and glaucoma
progression: Results from the Early Manifest Glaucoma Trial. Arch Ophthalmol. 2002; doi:10.1001/archopht.120.10.1268
25. Leske MC, Heijl A, Hussein M, Bengtsson B, Hyman L, Komaroff E. Factors for glaucoma progression and the effect of
treatment: The early manifest glaucoma trial. Arch Ophthalmol. 2003; doi:10.1001/archopht.121.1.48
26. National Collaborating Centre for Acute Care. Glaucoma. Diagnosis and managenement of chronic open angle glaucoma
and ocular hypertension. NICE. 2009. Available: https://www.ncbi.nlm.nih.gov/pubmed/21938863. Accessed: December
2020.
27. National Statistics Institute (ISTAT). Resident Population 01 January 2017. Available:
http://demo.istat.it/tvm2016/index.php?lingua=ita. Accessed: December 2020.
28. Italian Ministry of Health (2013a). Inpatient intervention tariffs. Italian Republic O cial Gazette. Chapter n. 23;
Supplement n. 8; 28 January 2013.
29. Region Umbria. Outpatient intervention tariffs. DGR 1698. 29/12/2011.
30. Region Veneto. Outpatient intervention tariffs. DGR 859. 21/06/2011.
31. Region Tuscany. Outpatient intervention tariffs. DGR 723. 04/08/2011.
32. Region Friuli Venezia-Giulia. Outpatient intervention tariffs. DGR 1971. 21/10/2016.
33. Region Molise. Outpatient intervention tariffs. DGR 31. 21/03/2013.
34. Italian Medicines Agency (AIFA). List of equivalent drugs. 15/10/2019. Available:
https://www.aifa.gov.it/documents/20142/825643/Lista_farmaci_equivalenti_Principio_Attivo_15.10.2019.pdf/68d24bfeff49-4aa2-d53c-6efbe7a02b76. Accessed: December 2020.
35. Italian Medicines Agency (AIFA). List of Class A drugs. 17/06/2019. Available: https://www.aifa.gov.it/liste-farmaci-a-h.
Accessed: December 2020.
36. Osservatorio Nazionale sull’Impiego dei Medicinali (OSMED). L’uso dei farmaci in Italia. 2018. Available:
https://www.aifa.gov.it/web/guest/-/rapporto-osmed-20-1. Accessed: December 2020.
37. Italian Ministry of Health (2013a). Outpatient intervention tariffs. Italian Republic O cial Gazette. Chapter n. 23;
Supplement n. 8; 28 January 2013.
38. Report Glaukos iStent Inject® Trabecular Micro-Bypass System (Data on le). 2019.
39. Glaukos market data. 2019.
40. Van Gestel A, Webers CA, Severens JL, Beckers HJ, Jansonius NM, Hendrikse F, et al. The long-term outcomes of four
alternative treatment strategies for primary open-angle glaucoma. Acta Ophthalmol. 2012;90: 20–31. doi:10.1111/j.17553768.2011.02318.x
41. Van Gestel A, Webers CAB, Beckers HJM, Van Dongen MCJM, Severens JL, Hendrikse F, et al. The relationship between
visual eld loss in glaucoma and health-related quality-of-life. Eye. Nature Publishing Group; 2010;24: 1759–1769.
doi:10.1038/eye.2010.133
42. Van Gestel A, Schouten JSAG, Beckers HJM, Severens JL, Hendrikse F, Webers CAB. The long term effectiveness and costeffectiveness of initiating treatment for ocular hypertension. Acta Ophthalmol. 2014;92: 513–523. doi:10.1111/aos.12328

Page 15/16

43. Varma R, Lee PP, Goldberg I, Kotak S. An assessment of the health and economic burdens of glaucoma. Am J Ophthalmol.
2011; doi:10.1016/j.ajo.2011.06.004
44. Covin YN, Laroche D, Olivier M. The Societal Costs of Blindness from Uncontrolled Glaucoma. Glaucoma Today. 2014; 7–
9.
45. Fea AM. Phacoemulsi cation versus phacoemulsi cation with micro-bypass stent implantation in primary open-angle
glaucoma. Randomized double-masked clinical trial. J Cataract Refract Surg. ASCRS and ESCRS; 2010;36: 407–412.
doi:10.1016/j.jcrs.2009.10.031
46. Fattore G. Proposta di linee guida per la valutazione economica degli interventi sanitari in Italia. PharmacoEconomics Italian Research Articles. 2009.
47. Fea AM, Ahmed IIK, Lavia C, Mittica P, Consolandi G, Motolese I, et al. Hydrus microstent compared to selective laser
trabeculoplasty in primary open angle glaucoma: one year results. Clin Exp Ophthalmol. Blackwell Publishing; 2017;45:
120–127. doi:10.1111/ceo.12805

Page 16/16

