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Purpose: To estimate the net cost effect associated with the real-world practice of repeated 
use of designated single-use medical devices (SUDs) versus their proper single use in 
cataract surgery in Greece.
Design: A cost-benefit analysis model was constructed in the form of a decision tree.
Methods: A digital expert panel was assembled in order to estimate the probabilities of intrao-
perative and postoperative complications associated with single and repeated use of SUDs. Unit 
costs for the management of each complication were obtained from the official Greek bulletins. 
A Monte Carlo-type sensitivity analysis was performed to assess the robustness of the results.
Results: Based on the probabilities of complications attained from the expert panel, repeated 
use of SUDs is associated with a higher chance of complications compared to single use, 
which results in higher cost of complication management. Under the healthcare sector 
perspective, the total expected cost per cataract surgery is 1,403.98€ (1,244.20€ the initial 
cost of cataract surgery plus 159.78€ the cost of adverse events) in the case of single use, 
while for repeated use the total cost is 1,486.29€ (1,146.86€ + 339.43€, respectively) and, 
thus, repeated use of SUDs in cataract surgery results in 82.31€ higher expected cost per 
patient compared to their single use. Moreover, the societal perspective analysis indicated 
even higher additional costs in the case of SUD reuse (108.24€).
Conclusion: Repeated use of SUDs in cataract surgery is not appropriate, it jeopardizes 
patient safety and carries a legal liability for the reuser. The present study, which is the first to 
attach a monetary value to the common yet questionable practice of SUD reuse, shows that it 
is not cost beneficial. Therefore, it is expected that the results will have implications in policy 
formulations to improve the delivery of cataract healthcare.
Keywords: cataract, cataract surgery, single-use devices, SUDs

Introduction
Cataract surgery is a common ophthalmic procedure with remarkably high success 
rates. While it significantly improves quality of life, it inevitably induces 
a significant financial burden for patients, their families, the society and the health 
care system. The current standard of care is the use of single-use devices (SUDs) in 
cataract surgery. SUDs share specific properties that allow mass production on one 
hand but are not resistant to aggressive physical or chemical retreatments, high 
temperatures and sterilization processes on the other.1 Even though SUDs are by 
definition intended for single use, an increasing number of such medical devices are 
being reprocessed and reused.

Reports by the European Commission,2 the Medicine and Healthcare Products 
Regulatory Agency,3 and the EUCOMED Industry Guide1 emphasize that reuse of 
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SUDs affects the safety and performance of SUDs, thus 
exposing patients and users to unnecessary risks such as 
cross-infection, endotoxin reaction, chemical burns, and 
sensitization. Reuse is also associated with significant 
legal implications for the user, who is held fully respon-
sible for the safety and effectiveness of reprocessed and 
reused SUDs.1–4

Despite the physical and legal risks, reuse of SUDs has 
been common practice in cataract surgery.5–10 Commonly 
reused SUDs include the phaco cassette with tip and 
sleeve, incisional knives, cannulas, cystotomes and left- 
over ophthalmic viscosurgical devices (OVDs).5–10 Phaco 
tip reuse not only decreases the efficiency of 
phacoemulsification,10 but has also been associated with 
dissemination of metallic foreign bodies from micro- 
breakages of the tip,8,9 as well as wound burns due to 
ineffective use of ultrasound energy and prolonged surgi-
cal time.10 Any cataract SUD reuse has also been linked to 
the development of the potentially blinding toxic anterior 
segment syndrome (TASS).5–7

Advocates of SUD reuse in cataract surgery are driven 
by the assumption that reuse would lower the primary cost 
of the procedure. Given that reuse is associated with 
a higher risk of intraoperative and postoperative complica-
tions, the secondary costs of such complications need to be 
accounted for before reaching the conclusion that reuse is 
cost-effective. The practice of SUD reuse in cataract sur-
gery is common practice both in the public and in the 
private sectors in Greece, though there are no exact esti-
mates. Patients are rarely made aware of the reuse. To 
address this issue, we performed a cost benefit analysis 
of single versus repeated use of cataract surgery SUDs in 
the healthcare setting of Greece in 2019.

Materials and Methods
The cost benefit method of analysis compares interven-
tions and their consequences by analyzing costs and ben-
efits in terms of monetary outcomes.11 This specific 
method was selected because it allows policy makers to 
attain a better estimate of the real-world impact of inter-
ventions. The two comparator interventions in the analysis 
were (a) single and (b) repeated use of SUDs in cataract 
surgery.

The base case scenario of the analysis was conducted 
under the healthcare sector perspective, which includes 
formal medical costs borne by third-party payers (ie insur-
ance agencies) or paid by patients as out-of-pocket 
expenses. Additionally, an alternative scenario analysis 

was conducted to examine the impact of SUD reuse 
under the societal perspective.

Regardless of SUD reuse, the cost estimation for each 
complication included the baseline cost of cataract surgery, 
accompanied by (wherever applicable) the cost of medica-
tion for its management, the cost of any additional 
required hospitalizations, as well as the cost of any post-
operative physician visits. In order to account for the cost 
of SUDs, acquirement of a new set of SUDs was incorpo-
rated in the single-use scenario, while sterilization of the 
SUDs set was incorporated in the reuse scenario. For the 
alternative scenario, lost productivity and cost of leisure 
time were taken into account, as well as patient transporta-
tion costs for physician visits.

A decision tree was constructed for the cost-benefit 
model. This method provides a visualization of the objective 
along with all the items of the model and makes quantifica-
tion of the decision problem easier.12 The analysis was 
performed using the Microsoft Excel 2016 software 
(Microsoft Corporation, Seattle, WA). The model was 
designed to incorporate the management cost of the main 
intraoperative and postoperative complications of cataract 
surgery. The vast majority of complications associated with 
SUD reuse occur intraoperatively or in the immediate post-
operative period. Thus, a 1-year time frame was selected for 
the health economics analysis of this study. Thus, no dis-
count rates were deemed necessary for the model.

The SUDs selected for the analysis were the ones that 
are most likely to be reused by ophthalmic surgeons in 
their practice, namely: incisional knives, left-over OVDs, 
phaco cassettes with tips and sleeves, cystotomes, and 
hydrodissection and anterior chamber cannulas. In order 
to simulate the real-world clinical practice of SUD reuse in 
Greece, where facilities that adopt the reuse route tend to 
reuse the whole set of the aforementioned SUDs, our 
analysis has focused on the economic impact of SUD 
reuse as a group rather than examining each one of them 
separately. For the purpose of this study, SUDs were 
considered to be re-sterilized by autoclave. In order to 
capture the minimum economic effect of SUD reuse, we 
have considered a single pattern of reuse.

Clinical Data
In Greece, there are no standard therapeutic protocols with 
respect to the detailed management of the complications 
used in the model. In order to capture the overall manage-
ment of each complication in the cost model as accurately 
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as possible, the research team consulted an ophthalmic 
surgeon expert in the field.

The complications were selected after an extensive 
review of the international literature and consultation 
with the cataract surgery expert, in order to include the 
ones for which the probability of occurrence is most likely 
affected by the repeated use of SUDs. Given the 1-year 
horizon of the model, complications that might occur after 
that time period were not included in the model. The 
complications that were selected for the model and com-
prised the main branches of the decision tree are presented 
in Table 1. Some of the primary complications develop 
into sub-branches, since they may be accompanied by 
specific concomitant secondary complications, which 
affect the management of the respective primary compli-
cation and, thus, the accompanying cost (Table 1). It 
should be noted that the occurrence of the concomitant 
secondary complications is related to cataract surgery 
alone and is not necessarily associated with single or 
repeated use of the selected SUDs. For example, the 
occurrence of a posterior capsule rent may be related to 
the reuse of the phaco cassette, tip and sleeve, but whether 
the nucleus drops or not is not related to the SUD reuse. 
We should note that the rate of endophthalmitis reported 
by the expert panel reflects the general practice in Greece 
of intracameral antibiotic use at the end of cataract sur-
gery, in adherence to the European Society for Cataract 
and Refractive Surgery (ESCRS) guidelines 
(recommendations).13

Digital Expert Panel
In Greece, no epidemiological data are available on the 
incidence of complications associated with cataract sur-
gery. Except for toxic anterior segment syndrome 
(TASS),14 an extensive literature review failed to identify 
any published incidence rates of complications in the case 
of reuse. Therefore, in order to obtain the necessary clin-
ical data for the cost model, a digital expert panel was 
assembled. The method of expert elicitation in economic 
evaluation is considered appropriate when the value in 
question is unknown.15 A variety of published studies 
utilize this method in the population of health economics 
models.16–18 The panel consisted of 12 senior ophthalmic 
surgeons, experts in cataract surgery. For this purpose, all 
experts were asked to answer a structured questionnaire 
that consisted of two groups of questions. The goal of the 

Table 1 List of Primary and Possible Concomitant Secondary 
Complications Included in the Model

Primary 
Complication

Possible 
Concomitant 
Secondary 
Complication

Additional 
Specifications

Posterior capsule 

rent

Nucleus drop Vitreous present in 

the anterior chamber

No vitreous present 

in the anterior 

chamber

No nucleus drop Vitreous present in 
the anterior chamber

No vitreous present 
in the anterior 

chamber

Acute 

endophthalmitis

Visual acuity better 

than light perception

Visual acuity no 

better than light 

perception

Chronic 

endophthalmitis

Nidus of infection in 

IOL or capsular bag

Nidus of infection 

not in IOL or 
capsular bag

Cornea tunnel 
infection

Resolution of 
infection with topical 

antibiotics only

Progression of 

infection despite 

medical therapy/need 
for a corneal patch 

graft

Toxic anterior 

segment syndrome 

(TASS)

Cornea melt

No cornea melt

Prolonged 

postoperative 
inflammation

None

Cystoid macular 
edema

Improvement after 3 
months

No improvement 
after 3 months

(Continued)
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first set of questions was to estimate the incidence of the 
selected primary complications separately for the single 
and the repeated use of SUDs in cataract surgery, while 

the second set of questions aimed at estimating the propor-
tion of the concomitant secondary complications that are 
associated with cataract surgery itself. Upon completion of 
data collection via the expert panel, incidence rates of each 
complication were estimated for SUD single use and 
reuse, respectively. These incidence rates were then used 
to estimate the relative risk (RR) of reuse vs single use as 
per the formula: RR= incidence rate reuse/incidence rate 
single use. It should be noted that the relative risk indi-
cates how different the incidence of each complication is 
when SUDs are reused compared to their single use and 
cannot directly be compared across complications.

Cost Data
The unit costs and outcomes for the resources utilized in 
the model were obtained from the respective official Greek 
bulletins. In particular, inpatient and outpatient medication 
costs were sourced from the Official Medication Price 
Bulletin published in 2019.19 Hospitalization cost estima-
tions were based on the official Greek DRG (Diagnosis 
Related Groups) system, adjusted for wages.20,21

As far as outpatient visits after cataract surgery are 
concerned, there is no corresponding official decree deter-
mining the cost of the visit for the third-party payer. 
Therefore, the cost of a doctor’s office visit, in the context 
of complication management, was calculated on the basis 
of the fee paid for afternoon clinic visits in public 
hospitals.22 In addition, the cost of spectacles was sourced 
from the relevant reimbursement fee paid by the Hellenic 
National Organization for Health Services Provision 
(EOPYY).23 Finally, costs of lost productivity and leisure 
time were estimated by utilizing the mean daily wage24 

and the minimum daily wage25 in Greece, respectively. 
Cost unit data and outcome analysis refer to 2019 prices 
in euros (€). Patient transportation cost for physician visits 
was assumed to be 5.00€.

This cost benefit model was based on the mean of the 
probabilities derived from the expert panel. As there is 
uncertainty regarding the validity of these values, 
a sensitivity analysis using a Monte Carlo-type model 
was undertaken for the base case scenario (healthcare 
sector perspective). In this model, simultaneous changes 
in the values for the probability of each complication are 
examined through a series of simulations.26 The sensitivity 
analysis was performed in Excel 2016 software, using the 
statistical tools included in the software’s add-ons. A total 
of 10,000 simulations were performed, generating random 

Table 1 (Continued). 

Primary 
Complication

Possible 
Concomitant 
Secondary 
Complication

Additional 
Specifications

Elevated intraocular 

pressure on the 

first 
postoperative day

None

Postoperative 
hypotony due to 

a Seidel-positive 

corneal wound

Brisk flow from main 
wound

Slow flow from main 
wound

Wound closure 
without surgical 

revision

Wound closure after 

surgical revision

Corneal edema in 

the immediate 

postoperative 
period

None

Corneal edema 
months to up to 

1 year after the 

procedure

None

Phaco wound burn Ability to suture the 

wound

Inability to suture 

the wound

Postoperative leakage 

from main wound, 
despite application of 

cyanoacrylate glue 

and bandage contact 
lens, requiring 

a corneal patch graft

No leakage from 

main wound 

postoperatively after 
application of 

cyanoacrylate glue 

and bandage contact 
lens

Retinal detachment None

Postoperative 
astigmatism

None
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values based on the Poisson distribution for both single 
and repeated use of SUDs.

Results
The monetary cost of cataract surgery was estimated based 
on the wage-adjusted Greek DRG system, the cost of 
intraoperative and postoperative medications and the cost 
of postoperative office visits. In the case of single use, the 
additional cost of SUDs, which was calculated to be 100.4€, 
was added to the cost of cataract surgery. On the other hand, 
in the case of repeated use, only the sterilization cost of 
SUDs was included in the cost estimate. A conservative 
approach was adopted, and, thus, we assumed that the 
SUDs were sterilized as a batch, resulting in a cost of 
sterilization per procedure equal to 3.06€.27 Therefore, 
when SUDs are reused, the total monetary cost of cataract 
surgery is estimated at 1,146.86€, while when SUDs are not 
reused, the total cost is estimated at 1,244.20€ (Table 2). It 
should be noted that the costs presented in Table 2 are 
unadjusted for the relative risk of each complication.

Based on the probabilities of complications attained 
from the expert panel, repeated use of SUDs is associated 
with a higher chance of complications compared to single 
use (Table 2). It is noteworthy that the relative risk (RR) is 
particularly high for TASS (RR: 23.727) followed by 
cornea tunnel infection (RR: 9.459) and acute endophthal-
mitis (RR: 7.204). Similar to the cost estimate of cataract 
surgery, costs of adverse events were also estimated based 
on the wage-adjusted Greek DRG system, the cost of 
relevant medications and the cost of any additional office 
visits (Table 2). The highest cost is observed for the 
management of chronic endophthalmitis, followed by cor-
nea tunnel infection and TASS.

Table 3 shows the expected additional cost of each 
complication per cataract surgery per patient. When 
SUDs are reused, the cost of each complication is higher 
due to its higher probability of occurrence compared to 
when SUDs are not reused. The greatest additional costs 
are seen in the cases of endophthalmitis, cornea tunnel 
infection, TASS, cystoid macular edema, corneal edema 
and phaco wound burn. The total additional cost per catar-
act surgery under a single-use policy was estimated at 
159.78€, and under a reuse policy at 339.43€.

Therefore, the total cost per cataract surgery is 
1,403.98€ (1,244.20€, the monetary cost of cataract sur-
gery, plus 159.78€ for the cost of adverse events) in the 
case of single use, while for repeated use the total cost is 

Table 2 Model Inputs

Input Values (€) Source

Cost data

Procedure/hospitalization 973.94 Greek DRG system 

(adjusted for wages)20,21

Medications 13.86 Official Medication Price 

Bulletin19

Postoperative visits 52 EOPYY22

SUDs 100.4 Manufacturer

Sterilization of SUDs per 

procedure

3.06 Landouzy et al(2015)27

Mean daily wage 29.01 Labour Institute GSEE24

Minimum daily wage 21.84 National Legislation25

Transfer expense 5.00 Assumption

Adverse Events Costs

Posterior Capsule Rent 2,281.28 Greek DRG system 
adjusted for wages, 

Medications, Additional 

postoperative visits19–22

Acute endophthalmitis 7,402.90

Chronic endophthalmitis 10,869.55

Cornea tunnel infection 8,424.06

Toxic anterior segment 

syndrome (TASS)

7,751.30

Prolonged postoperative 

inflammation

294.70

Cystoid macular edema 3,990.46

Elevated intraocular 

pressure on the first 

postoperative day

112.95

Postoperative hypotony 

due to a Seidel-positive 
corneal wound

771.88

Corneal edema in the 
immediate postoperative 

perioda

5,106.31

Corneal edema months 

to up to 1 year after the 
procedure

4,448.30

Phaco wound burn 2,902.71

Retinal detachment 2,047.80

Postoperative 

astigmatism

1,131.20b

(Continued)
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1,486.29€ (1,146.86€ + 339.43€, respectively). Thus, 
based on the results of the base case analysis, single use 
of SUDs results in a lower expected cost per cataract 
surgery per patient compared to reuse of SUDs. This is 
justified by the increased likelihood of complications in 
the case of reuse, which, in turn, leads to a higher expected 
additional cost. Consequently, single use of SUDs results 
in 82.31€ lower expected cost per patient compared to the 

repeated use of SUDs in cataract surgery. In the alternative 
scenario (societal perspective), total cost per cataract sur-
gery in the case of single use was 1,506.20€ (1,327.33€, 
the cost of cataract surgery, + 178.87€ for the cost of 
adverse events) while in the case of repeated use it was 
1,614.44€ (1,229.99€ + 384.45€ respectively), indicating 
a higher cost up to 108.24€. The expected additional cost 
per complication under the societal perspective is pre-
sented in Table 4.

Sensitivity Analysis
In each of the 10,000 Monte Carlo simulations, simul-
taneous changes in the probability variables (obtained 
from the expert panel) were performed and the differ-
ence between the total expected cost under a reuse ver-
sus a single use policy was calculated. According to the 
results of the sensitivity analysis, the mean difference 

Table 2 (Continued). 

Input Values (€) Source

Epidemiological Data Relative 
Risk 
(Reuse vs 
Single 
Use)

Source

Posterior Capsule Rent 1.070 Expert panel

Acute endophthalmitis 7.204

Chronic endophthalmitis 5.777

Cornea tunnel infection 9.459

Toxic anterior segment 
syndrome (TASS)

23.727

Prolonged postoperative 
inflammation

2.200

Cystoid macular edema 1.429

Elevated intraocular 

pressure on the first 
postoperative day

1.184

Postoperative hypotony 
due to a Seidel-positive 

corneal wound

2.766

Corneal edema in the 

immediate postoperative 
period

1.493

Corneal edema months 
to up to 1 year after the 

procedure

4.582

Phaco wound burn 3.510

Retinal detachment 1.112

Postoperative 

astigmatism

2.143

Notes: aThe cost of corneal edema in the immediate postoperative period includes 
the immediate treatment required as well as the cost of keratoplasty, weighted for 
the probability that the edema persists after 2 months. bThe cost of postoperative 
astigmatism includes additional cost for spectacles.23

Table 3 Expected Additional Cost of Each Complication per 
Cataract Surgery per Patient, Healthcare Sector Perspective

Complication Single 
Use (€)

Repeated 
Use (€)

None 0.00 0.00

Posterior Capsule Rent 16.26 17.40

Acute endophthalmitis 1.59 11.45

Chronic endophthalmitis 4.89 28.26

Cornea tunnel infection 0.80 7.60

Toxic anterior segment syndrome (TASS) 1.57 37.28

Prolonged postoperative inflammation 1.11 2.45

Cystoid macular edema 36.67 52.42

Elevated intraocular pressure on the first 

postoperative day

2.24 2.65

Postoperative hypotony due to a Seidel 

positive corneal wound

1.09 3.03

Corneal edema in the immediate 

postoperative period

62.49 93.32

Corneal edema months to up to 1 year 

after the procedure

7.43 34.05

Phaco wound burn 3.24 11.38

Retinal detachment 5.36 5.97

Postoperative astigmatism 15.01 32.18

Total 159.78 339.43
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amounts to 82.26€ (95% CI: 81.29–83.22) with a range 
from −100.53€ to 280.02€. (Table 5 and Figure 1). In 
95% of the simulations, the total expected cost of SUD 
reuse is higher than the total expected cost of SUD 
single use by at least 2.65€. In the remaining 5% of 
the simulations, the difference takes values from 
−100.53€ up to 2.61€. In particular, when the probabil-
ities of complications have very low values, the addi-
tional cost of adverse events per patient is low too. 
Therefore, in the remaining 5% of the 10,000 simula-
tions, the difference between single and repeated use is 
lower than 2.65€ and, in a proportion of these, the total 
expected cost of SUD single use exceeds the total 
expected cost of SUD reuse.

Table 4 Expected Additional Cost of Each Complication per 
Cataract Surgery per Patient, Societal Perspective

Complication Single 
Use (€)

Repeated 
Use (€)

None 0 0

Posterior Capsule Rent 19.23 20.57

Acute endophthalmitis 1.98 14.23

Chronic endophthalmitis 5.92 34.18

Cornea tunnel infection 0.97 9.15

Toxic anterior segment syndrome (TASS) 1.86 44.12

Prolonged postoperative inflammation 1.29 2.83

Cystoid macular edema 41.23 58.94

Elevated intraocular pressure on the first 

postoperative day

2.54 3.01

Postoperative hypotony due to a Seidel- 

positive corneal wound

1.37 3.78

Corneal edema due to endothelial cell 

loss in the immediate postoperative 

period

68.47 102.25

Corneal edema months to years after the 

procedure due to endothelial cell loss

8.02 36.77

Phaco wound burn 3.49 12.27

Retinal detachment 5.74 6.38

Postoperative astigmatism 16.78 35.96

Total 178.87 384.45

Table 5 Results from Sensitivity Analysis: Mean Expected 
Additional Cost of Each Complication per Cataract Surgery per 
Patient Under a Single-Use Policy, a Reuse Policy and Its 
Difference Expressed in Euros

Costs Reuse of 
SUDs

Single Use 
of SUDs

Difference 
(Reuse- 
Single 
Use)

Monetary cost of 
cataract surgerya

1,146.86 1,244.20 −97.34

Procedure/ 
hospitalization

973.94 973.94 0

Medications 13.86 13.86 0

Postoperative visits 156 156 0

SUDs - 100.4 −100.4

Sterilization of SUDs 

per procedure

3.06 - 3.06

Adverse Events 
Costsb

339.60 160.02 179.58

Posterior Capsule 

Rent

17.36 16.27 1.09

Acute endophthalmitis 11.42 1.53 9.89

Chronic 
endophthalmitis

28.27 4.97 23.31

Cornea tunnel 
infection

7.63 0.78 6.85

Toxic anterior segment 
syndrome (TASS)

37.42 1.58 35.84

Prolonged 
postoperative 

inflammation

2.44 1.12 1.32

Cystoid macular 

edema

52.46 36.72 15.74

Elevated intraocular 

pressure on the first 

postoperative day

2.65 2.24 0.41

Postoperative 

hypotony due to 
a Seidel-positive 

corneal wound

3.02 1.09 1.94

Corneal edema due to 

endothelial cell loss in 

the immediate 
postoperative period

93.44 62.74 30.69

(Continued)
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Discussion
The present study is the first to report a cost-benefit ana-
lysis on the single and repeated use of SUDs in cataract 
surgery. Based on our findings, it is evident that SUD 
reuse in cataract surgery is not cost-beneficial. At first 
glance, it may seem that reuse of SUDs is economically 
favorable since reprocessing has a substantially lower cost 
compared to the purchase of new SUDs. However, when 
all accompanying costs are inserted in the cost equation, 
the result is the opposite.

The incidence rates of cataract surgery complications 
for SUD single use, which derived from the expert panel, 
are in line with relevant published studies. In particular, 
the published incidence rate of endophthalmitis with the 
use of intracameral antibiotics,28,29 which is routinely 
done in Greece, is 0.012% and the incidence rate derived 
from the expert panel was 0.02%. For postoperative retinal 
detachment, the reported incidence rate is 0.30% at 4 
years30 and the panel’s estimate was 0.26%. Finally, the 
published incidence rate of postoperative cystoid macular 
edema in the case of SUD single use ranges from 0.1% to 
2.35%31,32 and the panel’s estimate was 1.22%. Regarding 
SUD reuse, published literature on the incidence rates of 
complications is scarce. Notably, only one study from 
India has been identified to investigate the impact of 
SUD reuse on the incidence of TASS.14 It estimated an 
incidence rate of 0.22%, while in our study it was 0.48%. 
However, these incidence rates are not comparable, since 
this published study does not discuss the exact pattern and 
type of reuse in terms of medical devices and disposables. 
To the extent of our knowledge, no other studies have been 
published on the incidence rate of cataract surgery com-
plications in the case of SUD reuse.

Based on the expert panel estimates, the likelihood of 
complications is higher when SUDs are reused compared 
to their single use, which leads to higher complication 
management costs. Consequently, the additional cost 
required to manage the complication, or, in other words, 
the negative benefit, outweighs the initial benefit provided 
by not purchasing new SUDs. In particular, when SUDs 
are reused there are savings of 97.34€ per cataract surgery, 
but also an additional cost of 179.65€ from managing the 
resultant complications. Therefore, instead of net savings, 
an additional burden of 82.31€, in fact, arises, under the 
healthcare sector perspective. Additionally, the societal 
perspective analysis, in which lost productivity and cost 
of leisure time were taken into consideration, indicated 
a higher cost of 108.24€ per cataract surgery in the case 
of the SUD reuse policy. The relative risk of adverse 
events associated with reuse varies from 1.070 for poster-
ior capsule rent to 23.727 for TASS (Table 2). For com-
plications in the lower end of this spectrum, the benefit of 
single use may not be easily perceived by surgeons in their 
everyday practice. Therefore, it is of utmost importance to 
assess the impact of adverse events associated with SUD 
reuse on the healthcare system as a whole rather than on 
a single center and/or surgeon so as to capture these 

Table 5 (Continued). 

Costs Reuse of 
SUDs

Single Use 
of SUDs

Difference 
(Reuse- 
Single 
Use)

Corneal edema 

months to up to 1 year 

after the procedure 
due to endothelial cell 

loss

34.06 7.45 26.60

Phaco wound burn 11.37 3.24 8.13

Retinal detachment 5.96 5.34 0.62

Postoperative 

astigmatism

32.10 14.95 17.15

Total cost of 
cataract surgery 
(95% CI)c

* 1,486.47 
(1,485.65 
to 
1,487.29)

** 
1,404.21 
(1,403.70 
to 
1,404.72)

*** 82.26 
(81.29 to 
83.22)

Range 1,349.58 to 

1,669.28

1,319.71 to 

1,512.17

−100.53 to 

280.02

Notes: aThis is the sum of the following subcosts: procedure/hospitalization, 
medications, postoperative visits, SUDs and their sterilization” bThis is the sum of 
the following adverse events’ subcosts: posterior capsule rent, acute endophthalmi-
tis, chronic endophthalmitis, cornea tunnel infection, toxic anterior segment syn-
drome, prolonged postoperative inflammation, cystoid macular edema, elevated 
intraocular pressure on the first postoperative day, postoperative hypotony due 
to a Seidel-positive corneal wound, corneal edema due to endothelial cell loss in the 
immediate postoperative period, corneal edema months to up to 1 year after the 
procedure due to endothelial cell loss, phaco wound burn, retinal detachment and 
postoperative astigmatism. cThis is defined as the monetary cost of cataract surgery 
in each case plus the cost of adverse events, as listed above. It is displayed as the 
mean values and its 95% confidence interval based on the results from the sensi-
tivity analysis. * Total cost of cataract surgery with SUD reuse = monetary cost of 
cataract surgery with SUD reuse + adverse events costs with SUDs reuse. ** Total 
cost of cataract surgery with SUD single use = monetary cost of cataract surgery 
with SUD single use + adverse events costs with SUD single use. *** Difference of 
total cost of cataract surgery between SUD reuse and single use = Total cost of 
cataract surgery with SUD reuse - Total cost of cataract surgery with SUD single 
use. The final results of the analysis are highlighted in bold. 
Abbreviations: SUD, single use device; CI, confidence interval.
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seemingly small differences in the risks and costs of 
complications.

Apart from the financial consequences and the patient 
safety issues associated with the single or the repeated use 
of SUDs, ethical concerns and medico-legal implications 
arise as well.33,34 Reuse of an SUD should not be per-
formed without patient awareness of such practice. In 
other words, SUD reuse should be included in the 
informed consent the patient signs prior to surgery.33 

From a legal standpoint, in Europe, the United States, 
Canada and Australia, liability for the safety and perfor-
mance of a reused SUD is assumed by the reuser (ie the 
hospital, clinic and/or health care provider) who chooses 
to use such a device in patient care.35,36 If the practice of 
SUD reuse is to be adopted, attention should be paid at the 
reprocessing methods used, which should include more 
than just the standard cleaning and sterilization that is 
commonly done. In fact, the World Health Organization 
advises that SUD reprocessing be performed by licensed 
reprocessors following certified procedures.37 The alterna-
tive to SUD reprocessing that could save cost and reduce 
the environmental waste associated with single use would 
be designated reusable devices with manufacturer stan-
dards as to the cleaning and resterilization of such devices. 
This would ensure the safety of the procedure, it would 
make cataract surgery more accessible in low per capita 
healthcare settings and it would reduce the carbon foot-
print associated with SUD waste.38

Our study bears some limitations that should be acknowl-
edged. Cost calculations are estimated from the third party 
payer and societal perspectives, while the cost borne by the 
patient in private settings is not included in the analysis. 
Similarly, indirect costs related to informal care (ie family/ 
friends who provide unpaid care to the patient) are also not 
incorporated in the analysis. Moreover, the present study does 
not incorporate the impact of cataract surgery and its compli-
cations on patient quality of life. In addition, our study 
assumes that SUDs are reused only once, which is 
a conservative estimate. In everyday practice, sterilization 
and reuse of SUDs might take place more than once, which 
may dramatically increase the incidence of adverse events and 
eventually the expected total cost of cataract surgery. Finally, 
this study does not take into account potential equipment fail-
ure due to SUD reuse, which would extend the duration of the 
procedure and limit the total daily case load of the operating 
room. Overall, the present analysis most likely underestimates 
the actual cost that arises from the repeated use of SUDs.

Conclusions
In conclusion, our study is the first to attach a monetary 
value to the common yet questionable practice of SUD 
reuse. Repeated use of SUDs in cataract surgery is not 
appropriate, it jeopardizes patient and staff safety and it 
carries a legal liability for the reuser. This study also shows 
that it is not cost beneficial. We, thus, expect that our results 

Figure 1 Schematic representation of the sensitivity analysis for the difference (in classes) of the total expected cost of cataract surgery when SUDs are reused minus the 
total expected cost of cataract surgery when SUDs are used only once. Values are presented in euros.
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will have an impact on policy formulations and influence 
hospital budget spending for the sector of cataract surgery.

Abbreviations
OVD, ophthalmic viscosurgical device; SUD, single-use 
device; TASS, toxic anterior segment syndrome.
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