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ABSTRACT

BACKGROUND
This study aimed to calculate one-year total costs of incisional glaucoma surgery and laser
therapy in a real-world clinical setting.
METHODS
We conducted a retrospective cohort study from July 2010 to March 2021 using the
Diagnosis Procedure Combination database. We included patients hospitalized for incisional
glaucoma surgery (trabeculectomy, trabeculotomy, tube shunt surgery, Ex-PRESS surgery, or
iStent implantation) or laser therapy (laser peripheral iridotomy, surgical iridectomy, laser
trabeculoplasty, cyclocryotherapy, or cyclophotocoagulation). The outcomes were total
costs, including costs of hospitalization, re-admissions, antiglaucoma drugs, ophthalmic
examinations, and outpatient visits for incisional glaucoma surgery and laser therapy within
one year.
RESULTS
We identified 49,202 eligible hospitalizations. The one-year median total cost was 707,497
yen [interquartile range: 546,887–944,664 yen]. The median total cost was the highest in
patients undergoing tube shunt surgery, followed by Ex-PRESS surgery, iStent implantation,
and trabeculectomy. The number and cost of postoperative outpatient visits and length of
hospital stay were higher in patients who underwent trabeculectomy and Ex-PRESS surgery
than in those after tube shunt surgery. The total costs of laser therapies were lower than
those of incisional glaucoma surgeries. The total cost was the highest in the 0–19 age group
(856,398 [649,419–1,258,844] yen).
CONCLUSIONS
Tube shunt surgery was the costliest in terms of total one-year costs. Trabeculectomy and
Ex-PRESS surgery were associated with long hospital stays and incurred high postoperative
costs. The costs of laser therapies were relatively low. However, cost-effectiveness of laser
therapies compared with incisional surgeries needs to be analyzed in future research.
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INTRODUCTION

laucoma is the leading cause of irreversible
blindness, affecting more than 70 million peo‐
ple worldwide [1]. The only effective treatment

of glaucoma is intraocular pressure–lowering therapy.
However, surgery is considered when medical treatment
is ineffective [2]. The number of glaucoma surgeries has
been reported to have increased by more than 200%
from 2011 to 2019 in Japan [3]. This increase has been
attributed to an increase in the number of advanced stage
patients in the Japanese aging society and reductions in
invasiveness due to advancements in surgical techniques.
Since the number of patients with glaucoma is expected
to increase worldwide by 74% in 2040 compared with
that in 2013 [4], the number of incisional glaucoma sur‐
geries and laser therapies will continue to increase in the
near future.

Since glaucoma-related procedures (incisional glau‐
coma surgery and laser therapy) are generally costlier
than medical treatment with antiglaucoma eyedrops [5],
estimating their costs is essential for appropriate distribu‐
tion of medical expenses. However, accurate data on the
cost of these procedures are lacking. A previous study has
roughly estimated the costs of various incisional surgeries
based on expected daily practices [6]. However, the costs
of most laser therapies remain unreported. Other previ‐
ous studies reported the total costs of glaucoma treat‐
ments, including incisional surgeries, laser therapies, and
medication. However, their data were either limited to
specific glaucoma types [7] or too old to reflect recent
technological progress in glaucoma procedures [8].
Although several randomized controlled trials calculated
the costs of some specific procedures based on claims
data [5, 9, 10], they did not cover most of the available
procedures.

Claims data are often used for cost analysis [11, 12].
The calculated costs based on claims data are relatively
accurate compared with rough estimations based on
expected daily practices [13]. However, to date, no
studies have attempted to comprehensively compare the
costs of incisional glaucoma surgeries and laser therapies
based on claims data. This study aimed to calculate the
healthcare costs within one year of incisional glaucoma
surgery and laser therapy in a real-world setting.

METHODS

DATA SOURCE
We conducted a retrospective cohort study from July

G
2010 to March 2021 using the Diagnosis Procedure
Combination database, which contains administrative
claims data from more than 1,200 hospitals in Japan. The
database contains information on patients’ age, sex, diag‐
noses, procedure codes, date of operation, and total costs
of admission [14]. Pre- and post-admission claims data
in outpatient clinics are also available from 22% of the
hospitals. A previous study showed the validity of
recorded diagnoses and procedures in the database [15].
This study was performed in accordance with the tenets
of the Declaration of Helsinki. The Institutional Review
Board of the University of Tokyo approved this study, and
the requirement for informed consent was waived owing
to the anonymous nature of data.

PATIENTS
We included patients hospitalized for incisional glau‐
coma surgery or laser therapy between July 2010 and
March 2021. Incisional glaucoma surgeries comprised
trabeculectomy; trabeculotomy; tube shunt surgery; Ex-
PRESS® (Alcon Laboratories, Fort Worth, TX, USA)
mini-shunt surgery (Ex-PRESS surgery); and iStent®
(Glaukos Corporation, Laguna Hills, CA, USA) implan‐
tation. The Ahmed® glaucoma valve (New World Medical
Inc., Rancho Cucamonga, CA, USA) and Baerveldt® glau‐
coma implant (Abbott Medical Optics, Abbott Park, IL,
USA) are used for tube shunt surgery in Japan. Laser
therapies included laser peripheral iridotomy, surgical
iridectomy, laser trabeculoplasty, cyclocryotherapy, and
cyclophotocoagulation. The reimbursement prices for
each procedure are listed in Supplementary Table 1.
Under the Japanese reimbursement scheme, iStent
implantation must be performed in combination with
cataract surgery. Therefore, the cost of iStent implanta‐
tion includes the technical fee for cataract surgery.

We excluded patients who underwent multiple types of
glaucoma procedures in a single hospitalization. When
multiple admissions were identified during the observa‐
tion period, we included only the first admission as an
eligible admission and regarded the following admissions
as re-admissions subsequent to the first eligible one. We
excluded patients without any data on postoperative
clinic visits because such patients may have been fol‐
lowed up for postoperative care at another clinic, and
their cost data were unavailable.

OUTCOMES
The primary outcome was total cost, including costs of
hospitalization; re-admissions; antiglaucoma drugs; oph‐
thalmic examinations; and outpatient visits for incisional
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glaucoma surgery and laser therapy within one year. The
secondary outcomes were itemized costs (breakdown of
the total costs), length of hospital stay, re-admission rate,
number of outpatient visits, follow-up period, and timing
of the last visit within 1 year. We stratified the outcomes
by age groups (0–19, 20–39, 40–59, 60–79, and ≥80 years).

STATISTICAL ANALYSIS
We calculated the itemized costs of hospitalizations, re-
admissions, antiglaucoma drugs, ophthalmic examina‐
tions, and outpatient visits within 1 year of hospitaliza‐
tion and summed them up to obtain the total costs.

Since claims data do not include information about
departments, visit fees for ophthalmologists were indis‐
tinguishable from those for other physicians, such as
internists. When patients visit ophthalmologists, particu‐
larly for postoperative glaucoma follow-up, they usually
undergo at least one ophthalmic examination or proce‐
dure, such as intraocular pressure measurement. To
exclude visit fees for other physicians, we included outpa‐
tient visit fees only when they were claimed on the same
day as any ophthalmic examinations or procedures.

Categorical variables are described as numbers and
percentages. Age is described as mean and standard devi‐
ation. Since cost data were not normally distributed, they
are described as medians and interquartile ranges. All
statistical analyses were performed using the statistical
programming language R version 4.0.2 (R Core Team,
Vienna, Austria).

RESULTS

A flowchart of the participant selection process is shown
in Fig. 1. We identified 49,202 eligible patients who had
undergone incisional glaucoma surgery and laser therapy.

The baseline patients’ characteristics are presented in
Table 1. The mean (±standard deviation) age of the
patients was 67.3 (±14.6) years. Trabeculectomy was per‐
formed in 46.6% of the patients. Surgery was performed
on both eyes in 9.7% of the patients. In addition to glau‐
coma surgery, cataract surgery was performed in 36.5%
of the patients.

The results are presented in Table 2. The 1-year
median total cost was 707,497 yen [interquartile range:
546,887–944,664 yen]. Hospitalization costs accounted
for 78% of the total cost. The median total cost was the
highest in patients undergoing tube shunt surgery
(922,219 yen), followed by Ex-PRESS surgery (811,332
yen), iStent implantation (785,354 yen), and trabeculec‐
tomy (697,008 yen) (Fig. 2). The total costs of laser thera‐
pies were lower than those of incisional glaucoma surger‐
ies and similar between laser therapies. The cost during
hospitalization was the highest for tube shunt surgery,
followed by Ex-PRESS surgery, trabeculectomy, and
trabeculotomy. In laser therapies, the cost during hospi‐
talization was lower, and the cost of antiglaucoma drugs
was higher for cyclodestructive procedures (cyclophoto‐
coagulation and cyclocryotherapy). The number of post‐
operative outpatient visits was 9 [5–13], and it tended to

Fig. 1 Patient selection
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be higher in filtering surgeries (trabeculectomy, Ex-
PRESS surgery, and tube shunt surgery) and cyclodes‐
tructive procedures. The patients who underwent iStent
implantation had the lowest number of visits (five visits).
The frequency and cost of re-admissions were the highest
for iStent implantation.

Table 3 shows the outcomes stratified by age group.
The total cost was the highest in the 0–19 age group
(856,398 [649,419–1,258,844] yen) (Fig. 3). Although
hospitalization costs and re-admission were the highest
for the 0–19 age group, the costs of antiglaucoma drugs
and examinations were the lowest. The 40–59 age group
had the highest cost of antiglaucoma drugs and examina‐
tions.

DISCUSSION

The current study evaluated one-year total costs of inci‐
sional glaucoma surgery and laser therapy. We found that
tube shunt surgery was the costliest incisional glaucoma
surgery in terms of one-year total costs. The reason for
the high costs of tube shunt surgery during hospitaliza‐

tion was its high reimbursement price. This high cost of
tube shunt surgery was consistent with a previous cost
analysis, which reported costs of $7,872 for trabeculec‐
tomy and $10,075 for tube shunt surgery [5].

Ex-PRESS surgery was the second most expensive sur‐
gery. A randomized controlled trial comparing between
surgical costs and one-year postoperative costs of Ex-
PRESS surgery and those of trabeculectomy reported that
postoperative costs did not significantly differ between
the two surgeries [10]. In contrast to this previous study,
the current study showed that the postoperative costs of
Ex-PRESS surgery were higher than those of trabeculec‐
tomy. We suggest that this discrepancy might have been
caused by schedules for postoperative outpatient visits.
Due to the nature of randomized controlled trials, post‐
operative outpatient visits and examinations in the previ‐
ous study were mainly scheduled based on trial protocols.
In contrast, the postoperative schedules in the current
study were devised based on clinical conditions.
Although several studies suggested that the efficacy and
safety were similar in terms of one-year outcomes [16,
17], statistically higher intraocular pressure was observed

Fig. 2 One-year total cost

The horizontal lines indicate the median, the bottom and top of the box indicate the first and third quartiles (Q1 and Q3), and the bottom and top of
the whisker indicate the minimum and maximum, respectively, without outliers. Outliers are defined as being less than Q1 − 1.5*IQR or greater
than Q3 + 1.5*IQR. The width of the gray area indicates the frequency.
LPI, laser peripheral iridotomy; LTP, laser trabeculoplasty; CPC, cyclophotocoagulation; JPY, Japanese yen; IQR, interquartile range
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in the Ex-PRESS group at earlier timings, such as 1 week,
2 weeks, 1 month, and 3 months [18, 19]. Higher intraoc‐
ular pressure at these earlier timings might have required
closer observation. In addition, more frequent failure and
reoperation after Ex-PRESS surgery than after trabecu‐
lectomy have been reported [20, 21]. We suggest that our
results reflected the clinical reality that Ex-PRESS surgery
required more effort for postoperative management than
trabeculectomy within one postoperative year.

iStent implantation had the third highest total cost.
Although its reimbursement price was also the third
highest, the cost during hospitalization was the lowest
among incisional surgeries. This discrepancy was caused
by the shorter length of hospital stay. The frequency and
cost of re-admission were highest for iStent implantation.
We suggest that this was because iStent implantation is
often performed in both eyes on subsequent days [22].

The total cost was similar between the laser therapies.
The cost of postoperative antiglaucoma drugs and the
number and cost of postoperative outpatient visits for
cyclodestructive procedures were higher than those for
other laser therapies. Cyclodestructive procedures are

often indicated for refractory eyes with uncontrolled pre‐
operative intraocular pressures [23]. Refractory eyes
often have uncontrolled intraocular pressures even after
the procedures and require multiple postoperative anti‐
glaucoma drugs [24].

The total cost of laser therapies is relatively lower than
that of incisional surgeries. This difference was mainly
due to the difference in hospitalization costs. The lower
costs of laser therapies during hospitalization resulted
from their lower reimbursement prices and shorter hos‐
pital stays. Although the total costs of laser therapies
were lower than those of incisional surgeries, the intraoc‐
ular pressure reduction in laser therapies could be usually
smaller than that in incisional surgeries [25]. To account
for this, cost-effectiveness analyses of incisional surgeries
and laser therapies are needed in future studies.

When stratified by age group, the total cost was the
highest in the 0–19 age group, which was mainly due to
the high costs during hospitalization. Pediatric surgeries
are usually performed under general anesthesia instead of
local anesthesia, and additional reimbursement is availa‐
ble for pediatric outpatient visits and hospitalizations.

Fig. 3 One-year total cost stratified by age group

The horizontal lines indicate the median, the bottom and top of the box indicate the first and third quartiles (Q1 and Q3), and the bottom and top of
the whisker indicate the minimum and maximum, respectively, without outliers. Outliers are defined as being less than Q1 − 1.5*IQR or greater
than Q3 + 1.5*IQR. The width of the gray area indicates the frequency.
JPY, Japanese yen; IQR, interquartile range
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The frequency and cost of re-admission were also high
in the 0–19 age group. Childhood glaucoma is usually
treated bilaterally [26] and often requires incisional sur‐
gery, because the safety of medication in children is not
well established. The costs of postoperative outpatient
treatment were low in the 0–19 age group. This can be
explained by the result that the percentage of bleb-related
surgeries that incur high postoperative costs was lower in
the 0–19 age group than those in the other age groups
(21.2% vs 58.0%, respectively, p < 0.001, chi-square test).
In addition, ophthalmic examinations, such as visual field
tests and postoperative outpatient procedures under local
anesthesia, are difficult to perform in children. The 40–59
age group had the highest cost of outpatient clinic visits,
antiglaucoma drugs, and examinations. This was proba‐
bly because most cases requiring surgery at this age are
severe and require strict intraocular pressure manage‐
ment to maintain visual function for the rest of life [27].

A previous study on the cost of incisional glaucoma
surgery roughly simulated surgery-related costs based on
US Medicare-allowable fees and expected clinical prac‐
tice [6]. However, the estimation was not accurate
because the costs of outpatient clinic visits and ophthal‐
mic examinations such as visual field tests were omitted
for simplicity. To overcome this limitation, we included
all possible direct cost drivers in the calculation. The
results of this study can be used for future cost-
effectiveness analyses.

This study has several limitations. First, we counted
outpatient visits and re-admissions only at hospitals
where the initial surgeries were performed. Thus, we
might have underestimated the postoperative costs. Sec‐
ond, the costs were calculated per patient rather than per
eye because it was impossible to separate the outpatient
costs for each eye. Third, we included only hospitals that
provide data on outpatient clinics. Therefore, the propor‐
tion of large-scale hospitals and academic hospitals was
higher than that in Japan. This may have resulted in an
increased proportion of severe cases and shorter follow-

up periods. Fourth, in cases where patients visited other
physicians and ophthalmologists on the same day, the
office visit cost for the other department was included in
this study. Fifth, only inpatient surgeries were included.
According to the National Database of Health Insurance
Claims and Specific Health Checkups of Japan Open
Data, the percentage of inpatient procedures was 70.5%
in patients undergoing incisional glaucoma surgeries and
3.6% in those receiving laser therapies in 2019 [28].
Therefore, the results of incisional surgeries would have
reflected the nationwide reality, whereas those of laser
therapies might have been biased to some extent. Finally,
some misclassifications and miscoding may be present in
the administrative database.

CONCLUSIONS

The one-year total costs of incisional glaucoma surgeries
and laser therapies in a real-world setting were assessed
in this study. Our results revealed that tube shunt surgery
was the most expensive procedure. Filtering surgeries in
which conjunctival blebs are constructed required long
hospital stays and incurred high postoperative costs.
Although the costs of laser therapies were relatively
low, their cost-effectiveness compared with incisional
surgeries needs further analysis. Our results would be
valuable information to assist in conducting future cost-
effectiveness analyses.
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