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Purpose: To evaluate the cost-utility of immediate sequential versus delayed sequential bilateral cataract surgery (ISBCS vs DSBCS) 
in a real-world setting at a Thai government hospital.
Patients and Methods: In this prospective cohort study, eligible patients undergoing ISBCS or DSBCS followed a standardized 
surgical and postoperative protocol. In ISBCS, the second eye was treated as a new case with full instrument replacement. DSBCS 
followed the same procedure with a surgeon-determined interval between surgeries. Cost-utility analysis was conducted from a societal 
perspective, with cost-effectiveness defined as an incremental cost-effectiveness ratio (ICER) below Thailand’s willingness-to-pay 
threshold (160,000 THB per quality-adjusted life-year [~US$4600]). Sensitivity analyses (one-way and bootstrapping) tested the 
robustness of the results.
Results: Among 99 enrolled patients (45 ISBCS, 54 DSBCS), 89 were included in the analysis (44 ISBCS, 45 DSBCS) after 
excluding eight DSBCS patients and one ISBCS patient based on the study’s exclusion criteria. Compared to DSBCS, the ISBCS 
group was younger but similar in other baseline characteristics. No intraoperative complications occurred, and postoperative 
complication rates were comparable between groups. The cost-utility analysis, using a 3-month time horizon, identified ISBCS as 
the dominant strategy, with a cost saving of 3335 THB (~US$100) per patient and a slightly higher effectiveness. These findings were 
confirmed by sensitivity analyses.
Conclusion: ISBCS offers substantial cost savings, comparable safety, and a slight quality-of-life advantage over DSBCS, making it 
a cost-effective option for bilateral cataract surgery in Thailand.
Keywords: bilateral cataract surgery, economic evaluation, cost-utility analysis, ISBCS, DSBCS

Introduction
Cataracts are the leading cause of preventable blindness, affecting more than 65 million people globally. The estimated 
cost associated with the unmet need for cataract surgery is approximately US$7.0 billion.1 With an aging population, the 
demand for cataract treatment is expected to increase significantly, placing a substantial burden on healthcare systems 
and economic resources worldwide.2

Traditionally, bilateral cataracts are treated with delayed sequential bilateral cataract surgery (DSBCS), where each 
eye is operated on separately. However, waiting time for the second eye operation in DSBCS can lead to challenges such 
as anisometropia, reduced binocular vision, and an increased risk of falls.3–5 Moreover, frequent postoperative hospital 
visits may increase patient time and financial burdens, which could negatively impact satisfaction and quality of life.6–9 

By operating both eyes in the same session, immediate sequential bilateral cataract surgery (ISBCS) may address these 
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challenges. Several studies have shown promising benefits of this approach, including enhanced visual outcomes, faster 
recovery, fewer hospital visits, and reduced patient and healthcare provider costs.4,10–12

Prior research from developed countries has consistently shown the cost advantages of ISBCS compared to DSBCS 
from various perspectives.13–16 Notably, the recent BICAT-NL trial reported per-patient savings of EUR 388 in healthcare 
costs and EUR 403 from a societal perspective, further confirming the high cost-effectiveness of ISBCS across a wide 
range of willingness-to-pay thresholds.3

However, the applicability of these findings to low- and middle-income countries remains unclear due to significant 
differences in socioeconomic conditions and healthcare systems. Therefore, localized data is crucial for informing 
policymakers. This study aims to address this gap by providing a cost-utility analysis of ISBCS and DSBCS in a real- 
world setting at a Thai government hospital. The results will offer a more accurate evaluation of ISBCS’s effectiveness 
and feasibility within the specific context of Thailand and other developing countries.

Patients and Methods
The study was approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University (IRB 
number 0042/67), and was conducted in accordance with the principles outlined in the Declaration of Helsinki. All participants 
received a comprehensive explanation of the study and provided written informed consent prior to their enrollment.

Setting
This prospective cohort study was conducted at King Chulalongkorn Memorial Hospital (KCMH), a government referral 
tertiary hospital with medium-priced healthcare services. Therefore, the cost-effectiveness analysis results from KCMH 
are broadly applicable to the Thai healthcare system.

Patients undergoing phacoemulsification at the Department of Ophthalmology, KCMH, were consecutively enrolled 
between April and August 2024. Inclusion criteria were bilateral senile cataracts, age ≥18 years, and planned phacoe
mulsification. Exclusion criteria included cognitive or behavioral impairments, complicated cataracts (eg, traumatic, 
pathological, or with lens subluxation/dislocation), surgery gaps >12 weeks, prior intraocular surgery, need for complex 
procedures or general anesthesia, or refusal to participate.

All patients underwent a standardized surgical protocol, including a comprehensive preoperative assessment (slit- 
lamp examination, fundoscopy, fundus exam, and optical biometry), phacoemulsification under topical anesthesia via 
clear corneal incision, and implantation of a foldable intraocular lens (IOL). In ISBCS cases, the second eye was treated 
as a new case, with full replacement of instruments, drapes, and gowns. For DSBCS, both eyes followed the same 
procedure, with the interval determined by the surgeon’s schedule. Postoperative care included antibiotic and anti- 
inflammatory eye drops (separate bottles for ISBCS), with follow-up visits at 1 day, 1 week, 1 month, and 3 months, 
adjusted as needed.

Data Analysis
Data were analyzed using R Statistics for Mac OS (R version 4.4.1, Foundation for Statistical Computing). We used 
a t-test (mean ± SD) for normally distributed continuous variables and a Mann–Whitney U-test (median and IQR) for 
skewed data. Categorical variables were analyzed using frequency and Chi-square tests. A p-value < 0.05 was considered 
statistically significant.

We conducted a cost-utility analysis of ISBCS and DSBCS from a societal perspective, using a 3-month time horizon, 
which is considered a standard clinical recovery period of cataract surgery,17 adequate to capture common acute 
postoperative complications and assess early-stage quality-of-life differences between the two groups. The costs included 
direct medical costs (eg, examinations, surgery, medications), direct non-medical costs (eg, travel, food, caregiver fees), 
and indirect costs (eg, productivity loss based on Bangkok’s average daily wage). All costs are reported in Thai Baht 
(THB), with an exchange rate of approximately US$1 = 35 THB as of 2025.

Utility scores were measured using the Visual Function Questionnaire-Utility Index (VFQ-UI), which converts 
responses from 6 specific items (items 6, 11, 14, 18, 20, 25) of the National Eye Institute Visual Function 
Questionnaire-25 into utility values.18 Details of cost, utility calculations and assumptions are provided in Supplement 1.
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Cost-effectiveness was defined as the incremental cost-effectiveness ratio (ICER) falling below the Thai willingness- 
to-pay (WTP) threshold of 160,000 THB per quality-adjusted life year (QALY) gained (~US$4600).19 To test the 
robustness of the results, one-way sensitivity analyses were performed by varying key parameters within their 95% 
confidence intervals and beyond (stress testing). The uncertainty of the ICER was further assessed using non-parametric 
bootstrapping with 10,000 iterations. The resulting ICERs were plotted on a cost-effectiveness plane, where the vertical 
axis represented incremental costs, and the horizontal axis represented incremental QALYs of ISBCS compared to 
DSBCS. Additionally, a cost-effectiveness acceptability curve (CEAC) was constructed to illustrate the probability of 
ISBCS being cost-effective at different WTP thresholds.20

Sample Size
Sample size calculation was based on Glick’s formula for cost-effectiveness analysis.21 The standard deviation para
meters for cost and effectiveness of interventions were retrieved from the BICAT-NL study.3 A clinically and economic
ally meaningful difference in costs was defined as the equivalent of a 5-day wage for manual labor in Bangkok, estimated 
at 353 THB per day (Ministry of Labour, Thailand),22 totaling 1765 THB. A minimum of 30 participants per group was 
required to ensure statistical significance, with α = 0.05 and β = 0.2.

Results
A total of 99 participants were enrolled, 45 in ISBCS and 54 in DSBCS group. Eight participants from DSBCS group 
were excluded due to the interval between surgeries exceeding 12 weeks. One participant from the ISBCS group was 
excluded due to ICU admission caused by a severe systemic disease unrelated to the cataract surgery (acute hemodia
lysis), preventing the patient from attending ophthalmology OPD for month-3 follow-up. As a result, a total of 89 
participants were included in the final analysis (45 in DSBCS and 44 in ISBCS). Notably, no intraoperative complications 
were reported.

The ISBCS group was younger, but both groups were comparable across other baseline characteristics, including sex, 
education level, and home-to-hospital distance (Table 1).

Postoperative complications did not differ significantly between the ISBCS and DSBCS groups (Supplement 2). The 
most common event was transient ocular hypertension, occurring in approximately one-fifth of patients in both groups. 
A single case of cystoid macular edema was reported in the DSBCS group and resolved fully with topical anti- 
inflammatory therapy. Given the overall low and comparable complication rates, these events were not analyzed 
separately in the cost-utility model; all cases were included in the overall cohort analysis for cost and QALY estimation.

Table 2 showed that the total cost for ISBCS was significantly lower than DSBCS (27,728 THB vs 31,063 THB, p < 
0.001). This reduction was primarily driven by lower costs across components, including direct medical costs, food costs, 
travel costs, and indirect costs. While there were no statistically significant differences in utility values at any time points, the 
ISBCS group had a significantly higher QALY score (0.230 vs 0.225, p = 0.020), suggesting a modest quality-of-life benefit.

Table 1 Patient Demographics

Parameter DSBCS (n = 45) ISBCS (n = 44) P-value

Age (year) – Mean (SD) 69.7 (7.83) 65.4 (7.11) 0.008*
Sex – n (%) 0.560

Male 27 (60.0%) 30 (68.2%)

Female 18 (40.0%) 14 (31.8%)
Hospital-home distance (km) 20.0 [4.20; 32.0] 20.0 [1.15; 30.0] 0.444

Education level – n (%) 0.170

High school or Higher 39 (86.7%) 32 (72.7%)
Lower High School 6 (13.3%) 12 (27.3%)

Note: *Statistically significant. 
Abbreviations: DSBCS, delayed sequential bilateral cataract surgery; ISBCS, immediate sequential bilateral 
cataract surgery.
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The base-case cost-utility analysis in Table 3 revealed that ISBCS had a lower total cost (incremental cost saving of 
3335 THB) and a higher effectiveness (incremental effectiveness of 0.005 QALY) compared to DSBCS, making it 
a dominant strategy with an ICER of −667,000 THB.

The results of the one-way sensitivity analysis, presented in tornado diagrams (Figure 1), showed that the ICER was 
most sensitive to changes in QALY values, particularly for DSBCS. This highlights the substantial effect that minor 
changes in QALY can have when the difference in effectiveness is minimal. While cost parameters such as travel, 
indirect, and OPD costs also influenced the ICER, their effect was to a lesser extent. In all tested scenarios, all ICER 
values remained negative and well below the Thai WTP threshold of 160,000 THB per QALY, indicating that ISBCS 
remained cost-saving and economically dominant.

Additionally, to assess the influence of parameters beyond their 95% confidence intervals, a manual one-way 
sensitivity analysis of the ISBCS group was conducted and is presented in Table 4. It indicated that ISBCS remained 
cost-effective even with a 100% increase in individual cost components, including drug, outpatient department visit, 
travel, food, and indirect costs. Furthermore, ISBCS maintained cost-effectiveness when the second-eye reimbursement 
was reduced by 25% or even 50%. However, a 75% reduction in reimbursement rendered it non-cost-effective. Due to 
the modest difference in QALY gain between the two surgical approaches, the results were highly sensitive to changes in 
QALY. A decrease of just 5% was enough to render ISBCS less effective than DSBCS, making it unable to be considered 
an alternative.

The ICER scatterplot illustrates the distribution of 10,000 bootstrapped iterations, evaluating the incremental cost and 
the incremental effectiveness (ΔQALY) of ISBCS compared to DSBCS (Figure 2). Most iterations fall in the lower-right 
quadrant, demonstrating that ISBCS is both less costly and more effective than DSBCS, which establishes ISBCS as the 
dominant strategy.

The Cost-Effectiveness Acceptability Curve (CEAC) illustrates the probability of each approach being cost-effective 
at different WTP thresholds (Figure 3). ISBCS remains 100% cost-effective across all WTP values, while DSBCS 
consistently holds a 0% probability. At the WTP threshold of 160,000 THB per QALY in Thailand (dashed line), ISBCS 
remains the preferred strategy with a 100% probability of cost-effectiveness.

Table 2 Outcomes Related to Cost-Effectiveness Analysis for DSBCS and ISBCS

Parameter DSBCS ISBCS P-value

Hospital visit (times) 6.53 (0.84) 4.16 (0.53) <0.001*
Total cost (THB) – Mean (SD) 31,063.17 (4477.72) 27,728.15 (4249.81) <0.001*

Effectiveness
Utility value

The 1st interview 0.87 (0.09) 0.87 (0.10) 0.813

The 2nd interview 0.84 (0.10) 0.86 (0.10) 0.416

The 3rd interview 0.91 (0.04) 0.92 (0.04) 0.206
QALY 0.225 (0.011) 0.230 (0.009) 0.020*

Note: *Statistically significant. 
Abbreviations: DSBCS, delayed sequential bilateral cataract surgery; ISBCS, immediate sequential bilateral 
cataract surgery; QALY, quality-adjusted life-year.

Table 3 Incremental Cost-Effectiveness Ratio and Net Monetary Benefit of the Base Case

Group Incremental Cost (THB) Incremental Effectiveness (QALY) ICER (THB/QALY) Conclusion

DSBCS
ISBCS −3335 0.005 −667,000 Dominant

Abbreviations: ; DSBCS, delayed sequential bilateral cataract surgery; ICER, incremental cost-effectiveness ratio; ISBCS, immediate sequential 
bilateral cataract surgery; QALY, quality-adjusted life-year.
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Discussion
This study was designed to evaluate the cost-utility of ISBCS compared to DSBCS within a Thai healthcare context. Our 
findings indicate that ISBCS offers significant cost savings, comparable clinical outcomes, and a slight quality-of-life 
advantage, positioning it as a potentially preferable approach for bilateral cataract surgery.

Table 4 Stress Testing the Cost-Effectiveness Result of the ISBCS Group

Scenario Incremental  
Cost

Incremental  
Effectiveness

ICER

Drug cost increased 100% −2673 0.005 −534,600

OPD cost increased 100% −1012 0.005 −202,400

Travel cost increased 100% −1345 0.005 −269,000

Food cost increased 100% −2834 0.005 −567,200

(Continued)

Figure 1 Tornado diagram of one-way sensitivity analysis.
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The incidence of postoperative complications, such as ocular hypertension, corneal edema, and cystoid macular 
edema, showed no statistically significant differences between the ISBCS and DSBCS groups, aligning with findings 
from prior studies.3,23 Notably, no cases of endophthalmitis were observed in either group. While this study lacked the 

Table 4 (Continued). 

Scenario Incremental  
Cost

Incremental  
Effectiveness

ICER

Indirect cost increased 100% −1040 0.005 −208,000

Reimbursement for the second eye decrease 25% −1585 0.005 −317,000

Reimbursement for the second eye decrease 50% 165 0.005 33,000

Reimbursement for the second eye decrease 75% 1915 0.005 383,000

QALY decreased 5% −3335 −0.0065 513,077

QALY decreased 10% −3335 −0.018 185,278

QALY decreased 15% −3335 −0.0295 113,051

Abbreviations: ICER, incremental cost-effectiveness ratio; ISBCS, Immediate sequential bilateral cataract surgery; 
QALY, quality-adjusted life year.

Figure 2 Incremental cost-effectiveness ratio plane of cost-utility analysis.
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power to reliably assess rare outcomes such as endophthalmitis, the absence of cases in both groups suggests 
a comparable safety profile between ISBCS and DSBCS, supporting the feasibility of ISBCS as a safe alternative.

ISBCS demonstrated significantly lower total costs than DSBCS, with savings of 3335 THB (~US$100) from 
a societal perspective. These cost advantages stem from reductions in direct medical costs (eg, OPD visits), travel 
expenses, food costs, and indirect costs (eg, lost productivity). At KCMH, fixed costs - such as surgery, anesthesia, and 
surgeon fees - were standardized for each eye in both groups, so the cost difference was largely explained by fewer 
hospital visits with ISBCS (4.16 vs 6.53 for DSBCS, p < 0.001). The cost saving in our study was smaller than those 
reported in developed countries.3,14–16 This difference is likely attributable to several factors: firstly, lower direct non- 
medical costs in Thailand, such as those for OPD visits, patient travel, and food. Secondly, our calculation of productivity 
loss was based on the average wage for manual labor in Bangkok. This wage is relatively low compared to broader 
occupational averages or those in higher-income countries, which would contribute to a more conservative estimate of 
indirect cost savings in our analysis. In addition, we also observed that ISBCS shortened total operating-room (OR) time 
by about 6 minutes per patient for completing both eyes.24 We did not assign a monetary value to OR time in Thailand 
because a local cost-per-minute estimate is not available; however, in settings where OR time is costed, this time saving 
could translate into additional institutional savings (for example, cataract surgery OR time has been valued at approxi
mately US$11.24 per minute in a U.S. setting).25

Figure 3 Cost-effectiveness acceptability curve of cost-utility analysis.
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Extrapolating these findings to a national level, approximately 300,000 eyes undergo cataract surgery annually in 
Thailand, with around 150,000 eyes treated under the Universal Coverage Scheme (97% of these cases attributed to 
senile cataracts),26 and a similar number under other schemes, based on expert estimates. We assumed 300,000 eyes were 
operated on across 150,000 patients. If the adoption rate of ISBCS were 25%, 50%, and 75%, the cost-saving at 3335 
THB per patient could result in annual savings of roughly 125, 250, and 375 million THB, respectively. This significant 
economic benefit highlights ISBCS’s potential to improve healthcare efficiency, particularly in resource-constrained 
settings.

At 3 months post-operation, patient-reported outcomes were generally comparable between the ISBCS and DSBCS 
groups. However, ISBCS showed a modest quality-of-life benefit with a higher QALY score (0.230 vs 0.225, p = 0.020). 
This finding highlights the sensitivity of vision-specific measures like VFQ-UI in capturing subtle improvements in 
visual function, particularly during the period between the 1-week and 3-month postoperative visits, when full recovery 
is expected, making it appropriate for evaluating cataract surgery outcomes.

Despite the modest difference in QALY gain, which made the results highly sensitive to minor changes, the cost- 
effectiveness of ISBCS was confirmed as robust through both one-way and bootstrapping sensitivity analyses across most 
scenarios. Furthermore, the cost-effectiveness acceptability curve demonstrated a 100% probability of ISBCS being cost- 
effective at any WTP threshold.

However, despite its cost-effectiveness, financial barriers may impede ISBCS adoption. In the United States, for 
instance, surgeons and surgery centers often receive only 50% reimbursement for the second eye in ISBCS,27 with most 
financial benefits accruing to third-party payers.28 This irrationality creates a disincentive for surgeons and providers. In 
contrast, Thailand’s healthcare insurance fully reimburses both eyes, ensuring that economic benefits are equitably 
distributed among stakeholders, making financial concerns less of a barrier.

This study has several limitations. First, as an observational cohort study, there is potential for selection bias, and the 
younger age observed in the ISBCS group may represent a confounding factor. However, the age difference was 
relatively modest (65.4 vs 69.7), and baseline utility scores were comparable between groups, suggesting similar 
preoperative health status. Therefore, although statistically significant, this difference is unlikely to have a meaningful 
clinical impact on short-term recovery or patient-reported utility and substantially influenced our finding. Second, the 
3-month follow-up period may not fully capture long-term outcomes, such as sustained quality-of-life improvements or 
rare complications like endophthalmitis. A longer follow-up (eg, 12 months) could provide a more comprehensive 
assessment of cost-effectiveness. Third, postoperative refractive outcomes, particularly after second-eye surgery, were 
not specifically assessed. This may limit the ability to evaluate the potential advantage of DSBCS in refining IOL power 
for the second eye, as well as to detect subtle differences in visual acuity between groups. Fourth, the lack of 
standardization in IOL types may have influenced patient outcomes, as multifocal IOLs could potentially enhance 
quality of life compared to monofocal IOLs. Finally, the single-center design and small sample size (89 participants) 
limit the generalizability of our findings to other settings with differing cost structures or patient demographics.

In conclusion, ISBCS offers substantial cost savings, comparable safety, and a slight quality-of-life advantage over 
DSBCS, making it a cost-effective option for bilateral cataract surgery in Thailand. Its adoption could optimize resource 
use, particularly in high-volume or resource-constrained healthcare systems. However, successful implementation 
requires careful patient selection, robust postoperative care, and supportive reimbursement policies. Future research 
should prioritize larger, multicenter trials with extended follow-up periods to validate these findings and assess long-term 
outcomes.
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