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Abstract

Background Laparoscopic cholecystectomy is a high-volume surgery that is an end-stage treatment for gallstones. There is little
understanding of the surgery’s effect on the gain in patients’ health relative to its cost. The objective of this study is to measure
health gain, cost and cost utility of elective laparoscopic cholecystectomy.

Methods Participants completed the EQ-5D(3L) pre-operatively and post-operatively. Quality adjusted life years attributable to
cholecystectomy were calculated by comparing health state utility values between the pre- and post-operative time points.
Laparoscopic cholecystectomy cost was calculated from a health system perspective and included hospital and specialists’ fees
(in 2016 Canadian dollars). Cost per QALY was calculated for the entire sample and demographic sub-groups.

Results The cohort consisted of 135 participants who completed surveys between February 2013 and June 2017. The response
rate among eligible patients was 50%. Assuming that health gain accrued to the participant for 25 years after cholecystectomy, the
mean gain in QALY's was 1.7430, corresponding to an average cost per QALY of $2102. Older patients, on average, had less gain
in QALY than younger patients.

Conclusion Laparoscopic cholecystectomies are inexpensive relative to the gains in health they provide patients. The gains in
health were not uniform across age categories. These results should provide health system planners confidence that incremental

increases in surgical capacity for elective cholecystectomies is beneficial.
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Background

Cholelithiasis, or gallstones, affects 10—15% of adults in de-
veloped countries.'” There are a number of risk factors for
gallstone formation including older age, being female, obesity
and a sedentary lifestyle." Cholecystectomy, or gallbladder
removal, is the end-stage treatment for cholelithiasis.
Cholecystectomies are a high-volume procedure for hospitals;
in fiscal year from April 1, 2014 to March 31, 2015, there
were 28,315 cholecystectomies performed in Canada, making
it the eighth most common surgical intervention. The estimat-
ed hospital costs to Canada’s public health insurance system
for those surgeries were $135 million.**

There is a limited amount of literature evaluating the value
of patients’ gain in health attributable to cholecystectomy rel-
ative to the surgery’s cost. A meta-analysis of two Norwegian
randomized control trials found that cholecystectomy was
cost-effective over conservative management for uncompli-
cated symptomatic gallstones at an incremental cost-
effectiveness ratio of £13,205 or $24,672 (all currencies
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shown as 2016 Canadian dollars).” A Canadian study com-
pared early cholecystectomy (surgery within 1 week of pre-
sentation), delayed cholecystectomy (surgery within 8§ to
12 weeks of presentation) and watchful waiting (ongoing
symptom monitoring); early cholecystectomy was found to
be the most cost-effective treatment pathway at almost
$7000 per case versus $8500 for delayed cholecystectomy.®
However, the evidence is ambiguous; a US economic evalua-
tion focused on older patients found otherwise—watchful
waiting was more cost-effective than surgical options among
older patients reporting tolerable symptoms due to increased
risk of complications.”

The objective of this study is to use preference-based mea-
sures of health, to estimate the cost-utility of cholecystectomy
among symptomatic patients. The analyses’ output is
expressed as cost per quality-adjusted life year (QALY). The
study takes advantage of a cohort of cholecystectomy patients
who have completed patient-reported outcomes (PROs) pre-
operatively and post-operatively.

Methods
Study Protocol

This study is based on a secondary analysis of a prospectively
recruited longitudinal cohort of elective cholecystectomy pa-
tients of 14 general and colorectal surgeons in Vancouver
Coastal Health authority (VCH) hospitals. All general and
colorectal surgeons in three hospitals were approached to par-
ticipate. Vancouver Coastal Health, in the province of British
Columbia, is responsible for funding hospital services to over
one million residents of the geographic region which includes
greater Vancouver and coast Garibaldi regions, Canada.®

Prospective participants were contacted by phone pre-
operatively by VCH. To be included, participants had to be
not permanently residing in a nursing home or long-term care
residence, 19 years of age or older, scheduled for surgery at
least 2 weeks from being enrolled on the surgical queue in
order to remove emergent cases, and able to respond with or
without assistance to survey questions in English.’

Participants complete a pre-operative survey consisting ofa
battery of PRO instruments. Six months post-operatively, par-
ticipants complete the same PROs. The PROs data are linked
to hospital discharge summaries; participants’ comorbidities
are identified from patients’ hospital discharge summaries.

This analysis is based on participants who completed their
post-operative surveys between February 2013 and July 2017.
Vancouver Coastal Health made an anonymized dataset avail-
able to the research team for this study’s analysis. The
University of British Columbia’s Behavioural Research
Ethics Board (BREB) approved the study.

Measures

All study participants complete EuroQoL’s EQ-5D(3L)'? pre-
operatively and post-operatively. This instrument measures an
individual’s general health in the domains of mobility, self-
care, usual activities, pain/discomfort, and anxiety/depression.
The individual ranks each domain based on the severity of
problems they experience.

Participants’ responses to the EQ-5D(3L) instrument are
used to determine participants’ health state'® at pre-operative
and post-operative survey points. Each participants’ health
state is linked to previously derived utility values.'""'* These
utility values represent a preference-based measure of health,
as measured by the EQ-5D(3L). Utility values for all health
states generated for the EQ-5D(3L) have been derived from a
representative sample of Canadians independent of this
study;'® the values range from —0.34 to 1. Values below 0
are considered worse than death, while a utility value of 1
represents perfect health. Considered over time, utility values
provide a means to calculate QALY's.'*

Demographic characteristics of the participants are summa-
rized with frequencies and percentages. Health state utility
values are summarized using mean, standard deviation, and
range statistics for the pre-operative and post-operative time
points. The significance of the difference in pre-operative and
post-operative utility values is determined through paired ¢
tests.

Calculating Quality Adjusted Life Year

This study adopts an approach to measuring cost-utility sim-
ilar to that of the United Kingdom’s National Health
Service.'>!® Figure 1 provides a visual depiction of an exam-
ple QALY calculation, where the shaded area is the gain in
health attributable to cholecystectomy. Pre-operative and post-
operative utility values are discounted at 3.5% per year to
devalue health gains over time'” for both the non-surgical
and surgical health states, respectively. The discount of 3.5%
annually is consistent with the United Kingdom’s National
Institute for Clinical Excellence recommendations.'”

For this study, two time periods are used to attribute the
health benefits of cholecystectomy. The first scenario assumes
that benefits accumulate for 25 years, reflecting the long-
lasting effects of cholecystectomy. The second scenario as-
sumes that gain in health accumulates until age 82, the life
expectancy of the average Canadian.'® While the two scenar-
ios extend longer than analyses assuming that benefits accrue
for 5 years,® the two scenarios are very plausible time horizons
for realizing health benefits due to cholecystectomy selected
in consultation with surgeons. QALY's are calculated as the
difference of utility values between post-operative health and
pre-operative health.'”
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Calculating Cost per QALY

This study adopts the perspective of the funder—the cost of
the cholecystectomy to the health system. Other approaches
may consider the economic loss attributable to reduction in
employment income, or privately-paid expenditures on relat-
ed medical expenses. While the perspective of the funder is
less sophisticated than considering patients’ costs, this anal-
ysis provides a ‘floor’ for examining the value of
cholecystectomy.

Cost per QALY is calculated as participants’ cholecystec-
tomy cost divided by participants’ QALY's attributable to the
gain in health. Patients’ cholecystectomy cost is based on two
pieces of patient-level data. First, the hospital cost is based on
the product of the participants’ case mix adjusted cost weight,
generated by the Canadian Institute for Health Information for
the population of hospitalizations, independent of this study,>°
and the hospital’s cost per weighted case. If they exist, the
costs of patients’ related readmissions within 30 days are in-
cluded. Second, fee-for-service billing codes associated with
the cholecystectomy (surgeon and anesthesiologist) are used
to determine specialist (consultant) cost. Fee-for-service bil-
lings include the pre-operative consultation, the surgery, and
hospital-based post-operative follow-up. The health system’s
cost is the sum of the hospital’s cost and the specialists’ fees.

Uncertainty in the estimated cost per QALY is quantified
by using non-parametric bootstrap sampling methods.?! For
each of the two scenarios, the cost per QALY is recalculated
for resampled patient data, and the empirical distribution of
cost per QALY was used to derive 95% confidence intervals.
This approach is used for the overall sample of participants
and among demographic subgroups. Two hundred bootstrap
samples are calculated for each cost per QALY statistic. The
cost per QALY statistics are compared to the often-cited
benchmark of cost per QALY of $50,000.22
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Results

The demographics of participants are summarized in Table 1.
The study cohort consisted of 135 participants, representing a
response rate of 50.5% of eligible patients. Participants were,
on average, 4 years older than non-participants (not shown),
though no other differences between participants and non-
participants were observed.

Almost three-quarters of the participants were female. The
numbers of participants in each age category were fairly even-
ly distributed. The participants had an average of one comor-
bidity. The average pre-operative utility value was 0.8394 and
the average post-operative value was 0.9066; the difference in
mean utility values was highly statistically significant

Table 1 Summary statistics of cholecystectomy study participants,
prior to their surgery and 6 months post-operatively

Characteristic N (%)
Count (N) 135
Sex
Males 36 (26.7%)
Females 99 (73.3%)
Age group
<50 42 (31.1%)
51-60 30 (22.2%)
61-70 41 (30.4%)
70+ 22 (16.3%)
Utility value
Pre-operative mean 0.8419
Std Dev/range 0.1330/(0.340, 1)
Post-operative mean 0.9080
Std Dev/range 0.1414/(0.340, 1)
Paired ¢ test P value <0.001
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(p <0.001), representing a significant gain in post-operative
health.

Table 2 summarizes participant’s health system cost, gain
in QALYs, and the cost per QALY based on gains in health
from cholecystectomy accumulating to participants for a du-
ration of 25 years. The average health system cost for partic-
ipant’s cholecystectomy was $3676, an amount lower than
cited in previous literature.”’

Under this scenario, the mean gain in QALY's was 1.7430
and the average cost per QALY was $2102. For the youngest
age categories, participant’s cost per QALY was less than
$1700. Gains in QALY's were observed to be smaller among
participants older than 70 years, contributing to a higher cost
per QALY among older participants. Literature examining
cholecystectomies in older adults have found higher odds of
mortality, complications, and non-routine discharge, as well as
longer length of stay;**** complex post-operative courses
may decrease the gains in health among older patients. The
large confidence intervals among the oldest participants show
that their gains in health may be more variable relative to age
groups of younger participants.

The results of Table 3 summarize participants’ cost per
QALY, based on the second scenario, where participants ac-
cumulate health benefits from cholecystectomy until age 82.
The cost per QALY was higher for males than for females,
reflecting that male participants in our sample tended to be
older than females. The results also show that the cost per
QALY increased to almost $10,000 for the oldest participants.

Discussion

Patients’ perspectives of the outcomes of their surgery are
becoming increasingly important; the results of this study fill
a gap in understanding the cost-utility of cholecystectomies—
findings that are particularly relevant to countries whose pub-
licly funded hospitals balance access to elective surgery with

Table 2
bootstrap methods

government restrictions on hospital sector spending growth
and wait times for elective (planned) surgery.*>~° The findings
will increase the knowledge base that policy-makers can draw
upon to understand the effectiveness of spending on elective
surgery.

This study found that cholecystectomy has a very low cost
per QALY for patients with symptomatic cholelithiasis.
Compared to the commonly cited cost-effectiveness bench-
mark of $50,000 per QALY, even the most conservative as-
sumptions, and among the oldest participants, the gains in
health relative to the surgery’s cost were very beneficial when
compared with benchmarks used to evaluate and approve new
drugs and devices.

This study reports that the average gain in utility value
among participants was 0.066. This value can be contrasted
against the minimally important difference (MID), a value
which represents the minimum change that a patient would
find to be important or meaningful.?”** Consistent with
threshold MID values of this instrument reported
elsewhere,?* the mean gain in utility among this study’s
participants exceeded the MID.

The subgroup analyses revealed interesting findings; pa-
tients older than 70 years experienced much more variability
in their gains in health. There are a number of plausible clin-
ical scenarios supporting the finding—older patients may
have not experienced significant gains in health owing to co-
morbid conditions or other post-surgical treatments which im-
pacted health status. Further, their surgical care may have been
delayed due to their comorbidities or their age, which may
have resulted in an unrecoverable deterioration in their overall
health. Alternatively, older patients may have experienced
non-routine discharges or in-hospital complications that af-
fected their post-operative health status which, in turn, limited
their gain in QALYs.

These results are broadly concordant with previous litera-
ture, which have reported that cholecystectomies were more
cost-effective than non-operative interventions like watchful

Cost per QALY, based on gains in health accumulating for 25 years after laparoscopic cholecystectomy. Confidence intervals are based on

Period of health gain Mean gain in QALYs (SD) Hospital and specialist cost ($) Cost per QALY ($) 95% confidence interval ($)
25 years
Overall 1.7430 (1.9068) 3663 2102 (1765, 2558)
Sex
Male 1.6914 (1.9196) 4115 2183 (1634, 3182)
Female 1.8850 (1.8907) 3500 2069 (1643, 2644)
Age category
<50 2.0958 (2.2147) 3474 1658 (1157, 2337)
51-60 2.2545 (1.9264) 3821 1695 (1231, 2490)
61-70 1.2206 (1.4552) 3410 2794 (1970, 4303)
70+ 1.3458 (1.7737) 4245 3155 (2042, 6187)
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Table 3
bootstrap methods

Cost per QALY, based on gains in health accumulating until age 82 after laparoscopic cholecystectomy. Confidence intervals are based on

Participant characteristic Mean gain in QALY's (SD)

Hospital and specialist cost ($)

Cost per QALY ($) 95% confidence interval ($)

Overall 1.7627 (2.1489) 3663
Sex
Male 1.5185 (1.7565) 4115
Female 1.8516 (2.2765) 3500
Age category
<50 2.8980 (2.8612) 3474
51-60 2.2603 (1.8727) 3821
61-70 0.9487 (1.0624) 3410
70+ 0.4339 (0.6438) 4245

2078 (1709, 2532)
2710 (1851, 4259)
1890 (1466, 2489)
1199 (864, 1683)
1690 (1222, 2414)
3595 (2615, 5505)
9784 (5722, 22,694)

waiting.® The results are also partially in accordance with
Parmar et al. who reported that cholecystectomies may not
be as cost-effective in older patients (greater than 65 years
old) due to increased risk of complications.’

Determining that cholecystectomy provides a significant
gain in health relative to its cost, among all subgroups, should
be reassuring to decision- and policy-makers. In a public
health care system, such as the setting of this study, consider-
ation of the health benefits derived from surgery relative to its
costs is an important consideration; the findings from this
study found that surgical management of cholelithiasis is a
good investment of public funding. As the government pro-
vides increased funding to hospitals to increase surgical ca-
pacity, the finding of this study may serve as an empirical
basis for evaluating incremental investments in increasing sur-
gical capacity. Additional research might clarify strategies for
optimizing gains in health among the oldest patients; factors
associated with smaller gains in health should be identified
and used in improving surgical pathways in this subgroup.

There were a number of limitations to this study. The par-
ticipants may not have been representative of the population
of cholecystectomy patients even though every effort was
made to ensure population-based recruitment and retention.
Participants scheduled for elective cholecystectomy tended
to be in good health pre-operatively which may undermine
the study’s generalizability, also criterion which excluded
non-English speakers may limit the generalizability of the
findings. Additionally, while this study assumed that health
devalued at 3.5% per year, when left untreated, the condition
may cause emergent health problems that are not reflected in
the rate of 3.5%. As a result, the cost utility of gall bladder
surgery may even be better than the results shown in these
analyses. Finally, this analysis presumed the perspective of
the health system as payer; in more holistic cost-utility studies,
broader measures of patient-borne and societal costs, such as
missed work or impact on family/care-givers, might further
improve the cost per QALY, leaving the estimates of this study
as the upper bound.
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Conclusion

Cholecystectomy for symptomatic cholelithiasis provides sig-
nificant health gains relative to its cost as measured by cost per
QALY, particularly among patients under 60 years of age.
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