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Abstract

INTRODUCTION—Our objective was to determine the probability threshold for recurrent

symptoms at which elective cholecystectomy compared to observation in older patients with

symptomatic cholelithiasis is the more effective and cost-effective option.

METHODS—We built a decision model of elective cholecystectomy vs. observation in patients

>65 presenting with initial episodes of symptomatic cholelithiasis that did not require initial

hospitalization or cholecystectomy. Probabilities for subsequent hospitalization, emergency

cholecystectomy, and perioperative complications were based on previously published

probabilities from a 5% national sample of Medicare patients. Costs were estimated from

Medicare reimbursements and from the Healthcare Cost and Utilization Project. Utilities (quality-

adjusted life years, QALYs) were obtained from established literature estimates.

RESULTS—Elective cholecystectomy compared to observation in all patients was associated

with lower effectiveness (−0.10 QALYs) and had an increased cost of $3,422.83 per patient at two

years follow-up. Elective cholecystectomy became the more effective option when the likelihood

for continued symptoms exceeded 45.3%. Elective cholecystectomy was both more effective and

less costly when the probability for continued symptoms exceeded 82.7%.

CONCLUSION—An individualized shared decision-making strategy based on these data can

increase elective cholecystectomy rates in patients at high risk for recurrent symptoms and

minimize unnecessary cholecystectomy for patients unlikely to benefit.
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INTRODUCTION

The prevalence of gallstones increases with age. Fifty-seven percent of women 70–79 years

have a history of cholecystectomy or sonographic evidence of gallstones.1, 2 In addition, the

development of symptoms and complications related to gallstones increase with age. In

older patients, who represent an expanding population in need of surgical care, gallstone

disease is the most common indication for abdominal surgery.3

Based on a 1992 National Institutes of Health Consensus Statement, elective laparoscopic

cholecystectomy is the recommended treatment for patients with symptomatic cholelithiasis

and few relative or absolute contraindications.4, 5 However, the decision to perform

cholecystectomy in older patients is complicated by the presence of decreased functional

reserve, associated medical comorbidities, and prior complicated surgical history. Therefore,

despite recommendations for cholecystectomy, previous data have demonstrated that

cholecystectomy rates in older patients with symptomatic gallstones are low.6–9 However,

the need for cholecystectomy in older patients undergoing observation is also low, ranging

from 1.2–30%.1, 8–12

Since the implementation of the Affordable Care Act, increased attention has been focused

on the adoption of more cost-effective treatment strategies, particularly for patients with

surgical disease.13 In this increasingly cost conscious environment and amidst an expanding

older patient population,14 cost-effectiveness analysis seeks to provide a solution for

allocating medical resources efficiently and achieve the best possible patient outcomes.

Cost-effectiveness analysis takes into account patient preferences for various health states,

conventional measures of outcomes including morbidity and mortality, and cost. These

patient preferences for various health states can then be used to determine quality-adjusted

life years (QALYs), a common metric that not only measures the burden of disease but also

balances the quality and quantity of life lived.

We used probability estimates from a prior study using Medicare claims data12 to devise a

decision model for patients older than 65 presenting with an initial episode of symptomatic

cholelithiasis not requiring initial hospitalization or cholecystectomy. The decision tree

model has two options: 1) perform early elective cholecystectomy in all patients or 2)

observe all patients. Our objective was to determine the threshold for probability of

recurrent symptoms at which elective cholecystectomy became the more effective and cost-

effective option for these patients.

MATERIALS AND METHODS

This study was determined to be exempt from review by the University of Texas Medical

Branch Institutional Review Board.

Base Case Decision Model

A schematic of our decision model is shown in Figure 1. Our base case was a patient >65

presenting with an episode of symptomatic cholelithiasis who did not require immediate

hospitalization or cholecystectomy. We developed a decision model for the initial treatment
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strategy including two treatment options: 1) early elective cholecystectomy in all patients or

2) observation in all patients.

Probabilities (Table 1)

Data from a previous study using a 5% sample of Medicare claims from 1995–2007 were

used to determine the probabilities for our model.12 This study identified over 117,000

patients with a diagnosis of symptomatic cholelithiasis. For the patients who did not undergo

initial elective cholecystectomy, the study recorded the observed percentages of patients

who experienced: 1) multiple emergency department (ED) or physician (MD) visits without

hospitalization, 2) emergent gallstone-related hospitalization, or 3) no gallstone-related

outpatient or inpatient visits in a two-year follow-up period. In addition, this analysis

reported the percentage of patients who experienced in-hospital morbidity and mortality

after emergent gallstone-related admission and, if cholecystectomy was performed,

postoperative morbidity and mortality. These observed percentages comprised the

probability estimates for our model. For the elective cholecystectomy group, we included

probabilities for postoperative morbidity and mortality obtained from the literature. For the

observation group, the following probabilities were included in the decision analysis: the

probability of continued symptoms, the probability of hospitalization given continued

symptoms, the probabilities of in-hospital morbidity and in-hospital mortality, the

probabilities of emergent cholecystectomy and morbidity/mortality following emergent

cholecystectomy.

Costs (Table 1)

Cost estimates were obtained from the Agency for Healthcare Research and Quality’s

Healthcare Cost and Utilization Project (HCUP) data as published on HCUPnet.15 HCUPnet

compiles data from HCUP’s Nationwide Inpatient Sample and provides vital statistical

hospital admissions data, stratifying mean annual procedural costs by patient and hospital

demographics and year. We used mean 2011 costs based on disease-related groups (DRGs)

for patients aged 65–84 for our study. For inpatient admissions with cholecystectomy, we

used DRG codes for open cholecystectomy without complications (416), open

cholecystectomy with minor complications (415), open cholecystectomy with major

complications (414), laparoscopic cholecystectomy without complications (419),

laparoscopic cholecystectomy with minor complications (418), and laparoscopic

cholecystectomy with major complications (417) for patients undergoing cholecystectomy.

For hospital admissions without cholecystectomy, we used DRGs for biliary tract admission

(446), biliary tract admission with minor complications (445), and biliary tract admission

with major complications (444). For patients undergoing inpatient cholecystectomy without

complications, we used the exact DRG costs for the respective procedure without

complications (416 and 419). Our model did not classify complications as major or minor.

Therefore, for patients who experienced complications, we calculated a weighted cost

average of minor and major complications based on the national distribution of major vs.

minor complications as available on HCUPnet.16 This was done for open and laparoscopic

cholecystectomy with complications as well as biliary tract admission with complications.

Patients undergoing elective cholecystectomy without complications were presumed to have

costs for an outpatient laparoscopic procedure, so we used Ambulatory Payment
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Classification code 0131 for level II laparoscopy, as established by the Centers for Medicare

and Medicare Services’ Hospital Outpatient Prospective Payment System.17 Additional

estimates of inpatient hospitalization were obtained from the Agency on Healthcare

Research and Quality’s Healthcare Cost and Utilization Project “Costs for Hospital Stays in

the United States, 2010.”18

Utilities (Quality-Adjusted Life Years)

Table 1 illustrates the utilities for our model. Utility weights were obtained from the Tufts

Medical Center Cost-Effectiveness Analysis (CEA) Registry,19 or, for data not available,

from previous observations in the published literature.20–24 The Tufts CEA Registry

provides over 14,000 utility measures that are established from a rigorous systematic

literature review. We used these data to derive quality-adjusted life years (QALYs) at two

years after the initial episode of symptomatic cholelithiasis for multiple health states. A

quality-adjusted life year is a measurement of quality of life and ranges from 0 (death or

worst health possible) to 1 (perfect quality of life) at one year. QALYs are the standard

measurement for utilities in decision analyses.25 All of the previously established QALYs

used for this study were calculated with a one-year time horizon. As a result, to account for

this study’s two year timeframe, the QALYs were multiplied by a factor of two, a method

that has been illustrated previously.25

An incremental cost-effectiveness ratio (ICER) was calculated as: (Costs of elective

cholecystectomy-costs of observation)/ (QALY of elective cholecystectomy-QALY of

observation). A decision is said to be absolutely dominated if it is both more costly and less

effective than an alternative decision; a decision is dominated if it is either more costly or

less effective than the alternative.

Model Assumptions

Our model assumes that only patients with disease of mild severity (not requiring initial or

urgent operation/hospital admission) are included. Patients were presumed to maintain a

constant quality of life in each disease state for the duration of the immediate two-year

period after initial diagnosis. The costs and complications of specific surgical interventions

and nonsurgical procedures, such as intraoperative cholangiogram, common bile duct

exploration, endoscopic retrograde cholangiopancreatography, and percutaneous

transhepatic cholecystostomy, were not considered. Initial outpatient clinic evaluation and/or

ED visit costs were deemed to be marginal and not included. Finally, our model also

assumes that background mortality for each treatment decision arm (elective

cholecystectomy vs. observation) is the same.

Sensitivity Analyses

Due to the potential for imprecision in cost estimates and the inherent variability of utilities,

additional one-way sensitivity analyses were performed for all input parameters using

estimates from prior published findings. For cholecystectomy costs, open cholecystectomy

charges with major complications were used as the upper limit; for hospital admissions,

biliary tract admissions with major complication costs were used. In addition, given the

heterogeneous nature of this patient population, a range of operative morbidity and mortality
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probabilities were also entered into the model based on findings from prior large

observational studies26–34 and one Cochrane review of randomized controlled trials.35

Finally, varying QALYs were imputed into model based on prior literature findings (Table

1).19–24 One-way threshold analyses were performed for key parameters to determine the

point at which the decision model results would change. All analyses were performed using

TreeAge Pro 2013 (Williamstown, MA).

RESULTS

Effectiveness and Cost Effectiveness (Table 2)

For the base case, observation was the more cost-effective approach. Elective

cholecystectomy in all patients was absolutely dominated, meaning that it was both more

costly (+$3,422.83) and also resulted in a marginally decreased quality of life at two years

(−0.10 QALYs) compared to observation. The ICER was $35,234/QALY, favoring

observation.

Threshold Analysis Based on Probability of Symptoms

We performed a threshold analysis in order to determine the probability of symptoms at

which elective cholecystectomy became more effective and more cost-effective. Elective

cholecystectomy became more effective when the probability for recurrent symptoms

exceeded 45.3% (Figure 2A). At this probability, elective cholecystectomy was still more

costly, with an additional cost of $2,191.67 for performing elective cholecystectomy over

observation. Elective cholecystectomy became the more cost-effective option overall when

the probability for continued symptoms exceeded 82.7% (Figure 2B).

Sensitivity Analyses (Table 3)

Our model was only sensitive to changes in the probability of continued symptoms after

observation and the QALYs of elective cholecystectomy at two years. For patients who

would hypothetically experience a significant improvement in QALY after elective

cholecystectomy at two years (1.94), elective cholecystectomy would become the more

effective approach but at an incremental cost of $3,422.83 (Figure 3). On sensitivity analysis

using the low and high range of estimates illustrated in Table 1, elective cholecystectomy

remained absolutely dominated for all other model parameters (costs, probabilities, and

QALYs).

DISCUSSION

For older patients presenting with mild biliary disease, if the likelihood for continuing

symptoms is greater than 45%, early elective cholecystectomy is the more effective

treatment option at an incremental cost of $2,191. Performing cholecystectomy in every

patient leads to an additional cost of $3,422, with a marginal decrease in QALY. As such,

observation is more effective and cost-effective for the average older patient whose

symptoms are tolerable. Elective cholecystectomy becomes the more cost-effective decision

for all patients only when the likelihood of continuing symptoms exceeds 82%.
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A prior qualitative study by McKneally et al. identified dramatic variations in patient

perspectives regarding the surgeon’s advice on elective cholecystectomy, ranging from

extreme suspicion to complete acquiescence.36 In addition, many patients indicated that fear

of the procedure guided their decision to avoid elective cholecystectomy, in some cases for

over twenty years. The study interviews also revealed that many patients harbored a

significant mistrust for the healthcare system in general.

This apparent patient anxiety of undergoing elective surgery coupled with the lack of

scientific evidence make the development of risk-prediction models paramount to improving

healthcare delivery for these patients. The shared decision-making process of when to

perform cholecystectomy for the older patient should be precise and evidence-based, but

little is known of the natural history of symptomatic cholelithiasis for these patients. This

decision is even more difficult in older patients, in whom coexisting chronic illness

increases operative risk while simultaneously decreasing the likelihood of gallstone related

complications due to progression and death from these other illnesses. A prior study by

Quintana et al. using RAND appropriateness methodology attempted to determine what

factors should be considered when modeling the decision to perform elective

cholecystectomy.37 Expert panelist opinion and an extensive literature review yielded the

conclusion that the benefits of elective cholecystectomy are generally uncertain for these

older patients who have multiple comorbidities. This study also fell short of qualifying the

precise risks and benefits of cholecystectomy vs. observation in an older population with

mild biliary disease.

Our decision model provides a probability for recurrent symptoms at which early elective

cholecystectomy is both effective and cost-effective in the average older patient with mild

biliary disease. In a previous study evaluating the natural history of older patients with

untreated symptomatic cholelithiasis (no cholecystectomy) we derived a prognostic

nomogram which reliably identified approximately 10% of older patients with incident

symptomatic gallstones who had over a >40% 2-year risk of developing gallstone-related

complications and an additional 50% of patients with less than 10% 2-year risk.12 This

nomogram is based on readily identifiable preoperative characteristics including gender,

comorbid illness, initial presentation to the emergency department, and presence of

complicated biliary disease such as gallstone pancreatitis or choledocholithiasis. These cases

represent high-risk populations and, for this subpopulation of older patients, early elective

cholecystectomy is likely the more effective and less costly option, as their likelihood for

recurrent symptoms is high.

This prior study provides readily identifiable characteristics that practitioners may use to

calculate a precise probability estimate at which patients may experience recurrent

symptoms. This probability estimate, coupled with the findings from our decision analysis,

can be used to provide individual risk assessment, decreasing patient anxiety and balancing

the risks of undergoing elective cholecystectomy with the potential risk of developing future

biliary complications. These data allow practitioners to provide patients with specific

information that is currently not easily accessible at the time of consultation, allowing for

more informed decision making. For instance, for some older patients who may wish to

avoid surgery, a risk >40% may not seem worrisome, while to others, this risk may be
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untenable. The decision of when to undergo cholecystectomy will thereby ultimately be a

balance of the probability estimates our data provide and unique patient preferences.

Our model was derived to address a very specific clinical question for a marginal population

of older patients in whom the benefits of cholecystectomy may be uncertain, and our

findings should be taken in this specific context. The cohort from which probabilities were

derived excluded patients in whom elective cholecystectomy was performed within 2.5

months of initial presentation with symptomatic cholelithiasis. As such, it should be made

clear that even in a patient with lower risk of developing complications in whom symptoms

are adversely impacting quality of life and surgery is reasonable risk, cholecystectomy

should be offered.

Our study has several limitations. We did not assess the impact of adjunctive measures such

as endoscopic retrograde cholangiogram and percutaneous transhepatic cholangiography

that may alter a patient’s treatment course. In addition, our model makes many other

assumptions (as listed previously) that may have potentially affected our study results. The

use of QALYs in our model can be subjective and may vary widely amongst patients, but we

performed additional sensitivity analyses using varying QALYs. We also used cost

estimates from the perspective a third party payer and these costs may also vary. By

including sensitivity analyses with varying costs we also hoped to mitigate the effects of

cost variation on our study findings. As a result, the findings of our study may not always be

applicable to each individual patient and practice decisions should be tailored to each

clinical circumstance. For instance, our decision model is not applicable to patients who

have obvious indications for cholecystectomy or patients who may clearly be observed

safely.

CONCLUSION

Our findings suggest that older patients with mild biliary disease benefit from early elective

cholecystectomy when there is a high suspicion for recurrent illness. These data can be used

to guide shared decision-making in older patients presenting with symptomatic

cholelithiasis. Treatment decisions should be individualized on a case-by-case basis and

shared with each patient. This data driven, patient-centered approach has the potential to

streamline the decision-making process for individual older adults while improving

outcomes at the population level for all.
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Figure 1.
Cost-effectiveness decision tree for a patient older than 65 presenting with mild

symptomatic cholelithiasis. Only patients with mild symptoms not requiring early

cholecystectomy or hospitalization were considered for the model.
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Figure 2.
Figure 2A. Sensitivity analysis, probability for continued symptoms after initial

presentation of mild biliary disease. When the probability for continued symptoms exceeded

0.45, early elective cholecystectomy became the more effective option.

Figure 2B. Sensitivity analysis, probability for continued symptoms after initial presentation

of mild biliary disease. When the probability for continued symptoms exceeded 0.83, early

elective cholecystectomy became the less costly option.
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Figure 3.
Sensitivity analysis, quality-adjusted life years for elective cholecystectomy at two years

after initial presentation of mild biliary disease. When the quality-adjusted life years for

elective cholecystectomy exceeded 1.94, early elective cholecystectomy became the more

effective option.
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Table 1

Summary of Probabilities, Costs and Utilities.

Variable Base Low High

Probabilities26, 27, 29–33

Elective Cholecystectomy

 Morbidity 0.105 0 1

 Mortality 0.0004 0 1

Observed Patients

Continued Symptoms 0.243 0 1

Hospital Admission Given Symptoms 0.457 0 1

 Hospital Morbidity 0.565 0 1

 Hospital Mortality 0.0614 0 1

 Emergent Cholecystectomy 0.830

  Morbidity 0.268 0 1

  Mortality 0.012 0 1

Costs16, 18

Outpatient Elective Cholecystectomy, No Complications $3,487 $1,957 $9,826

Elective Cholecystectomy With Complications $16,433 $13,240 $27,200

Hospital Admission for Biliary Tract Disease, No Complications $6,273 $6,273 $12,786

Hospital Admission for Biliary Tract Disease, With Complications $10,203 $8,553 $12,786

Hospital Admission with Emergent Cholecystectomy, No Complications $10,033 $9,826 $11,525

Hospital Admission with Emergent Cholecystectomy, With Complications $16,433 $13,240 $27,200

Continuing Symptoms 0 N/A N/A

Utilities

Quality-Adjusted Life Years (QALY) at Two Years19–24

Elective Cholecystectomy 1.82 1.6 2.0

Continued Symptoms 1.3 0.8 1.6

Complications of Emergency Cholecystectomy 1.54 1.0 1.6

Hospital Admission 1.54 1.3 1.9

Hospital Admission with Complications 1.36 1.0 1.6
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Table 3

Sensitivity Analyses, One-way Threshold Analyses for Effectiveness and Cost-Effectivenessa

Value Range Effectiveness Threshold
(Incremental cost) Cost-Effectiveness Threshold

Probabilities

Continued Symptoms if Observed 0 – 1 0.45 ($2,192) 0.83

Utilities [Quality-Adjusted Life Years (QALY) at Two Years]

Elective Cholecystectomy* 1.6–2.0 1.94 ($3,423) N/A

a
Observation was the more cost-effective option for all older patients with mild biliary disease. Shown are values for model parameters at which

model results changed. For instance, when the probability for continued symptoms exceeded 0.45 or the QALY for elective cholecystectomy
exceeded 1.94, elective cholecystectomy became the more effective option. The model was insensitive to variations in other parameters.
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