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Introduction
Endoscopic retrograde cholangiography pancrea-
tography (ERCP) is the standard of care in the 
management of choledocholithiasis. Different 
techniques have been developed including balloon 
sphincteroplasty, mechanical lithotripsy, and stent 
insertion for stone dissolution.1 Overall, ductal 
clearance rates with traditional ERCP range from 

87% to 100%.2–5 Difficult bile duct stones, how-
ever, often require multiple ERCP sessions, 
increasing the risk for procedure-related adverse 
events, patient inconvenience, and cost. Single-
operator cholangioscopy with electrohydraulic 
lithotripsy (SOC-EHL) has recently gained wide-
spread adoption in the management of difficult 
stones with the advent of improved cholangioscopy 
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Abstract
Background and Aims: Single-operator cholangioscopy-assisted electrohydraulic lithotripsy 
(SOC-EHL) is effective and safe in difficult choledocholithiasis. The optimal timing of SOC-
EHL use, however, in refractory stones has not been elucidated. The following aims to 
determine the most cost-effective timing of SOC-EHL introduction in the management of 
choledocholithiasis.
Methods: A cost-effectiveness model was developed assessing three strategies with a 
progressively delayed introduction of SOC-EHL. Probability estimates of patient pathways 
were obtained from a systematic review. The unit of effectiveness is complete ductal 
clearance without need for surgery. Cost is expressed in 2018 US dollars and stem from 
outpatient US databases.
Results: The three strategies achieved comparable ductal clearance rates ranging from  
97.3% to 99.7%. The least expensive strategy is to perform SOC-EHL during the first 
endoscopic retrograde cholangiography pancreatography (ERCP) (SOC-1: 18,506$). The 
strategy of postponing the use of SOC-EHL to the third ERCP (SOC-3) is more expensive 
(US$18,895) but is 2% more effective. (0.9967). SOC-EHL during the second ERCP in the model 
(SOC-2) is the least cost-effective. Sensitivity analyses show altered conclusions according 
to the cost of SOC-EHL, effectiveness of conventional ERCP, and altered willingness-to-pay 
(WTP) thresholds with early SOC-1 being the most optimal approach below a WTP cut-off of 
US$20,295.
Conclusions: Early utilization of SOC-EHL (SOC-1) in difficult choledocholithiasis may be 
the least costly strategy with an effectiveness approximating those achieved with a delayed 
approach where one or more conventional ERCP(s) are reattempted prior to SOC-EHL 
introduction.
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technology and high clinical success.6 Several 
expert societies have advocated for the use of SOC-
EHL with failure of conventional ERCP.7,8 In 
addition, compared with mechanical lithotripsy, 
SOC-EHL appears to be cost-effective.9

Nevertheless, due to the high up-front cost of 
SOC-EHL, most institutions have adopted a step-
up approach to difficult stones starting with tradi-
tional ERCP and only proceeding to SOC-EHL 
following multiple failed ERCP. This strategy is 
largely based on data supporting the role of plastic 
stent insertion and stone dissolution with high 
rates of ductal clearance on repeat ERCPs.10 The 
optimal timing of SOC-EHL introduction in  
the management algorithm remains unclear. A 
delayed approach allows for the possibility of 
clearing the stones without the need for SOC-
EHL. This option, however, is likely associated 
with more procedures and patient inconvenience, 
with the potential for higher cumulative rates of 
adverse events and its associated costs. Early 
introduction of SOC-EHL, on the other hand, 
may be accompanied with fewer procedures and 
greater patient satisfaction, but its adoption is 
often limited due to the greater up-front costs. We 
thus aimed to determine the most cost-effective 
timing of SOC-EHL utilization in the endoscopic 
management of difficult common bile duct stones.

Methods

Model design
A decision tree was used to model the clinical 
successes and failures of three different strategies 
in managing patients with difficult biliary stones 
with ERCP and SOC-EHL. This type of analysis 
was chosen to ascertain simultaneously the  
effectiveness and costs of competing strategies. 
Difficult biliary stones are defined as choledocho-
lithiasis with failure of complete ductal clearance 
using conventional ERCP methods including 
sphincterotomy with balloon or basket stone 
extraction with or without sphincteroplasty and 
mechanical lithotripsy. As such, every patient 
included in the model is presumed to have failed 
ductal clearance with an initial, elective ERCP. 
The numbering of ERCPs in our decision tree, 
therefore, does not include this initial failed pro-
cedure. The model thus outlines three possible 
strategies of EHL-SOC (SOC-1, SOC-2, SOC-3).  
The first strategy (SOC-1) introduces SOC-EHL 
immediately at the first ERCP. The second option 

(SOC-2) introduces SOC-EHL at the second 
ERCP for incomplete ductal clearance. The final 
option (SOC-3) introduces SOC-EHL during 
the third ERCP for persistent choledocholithiasis. 
A plastic biliary stent is presumed to be inserted 
with each failed procedure. For all three strate-
gies, if ductal clearance is not achieved following 
SOC-EHL, a second SOC-EHL session is subse-
quently carried out. Surgery is considered as a 
final option if ductal clearance is not achieved 
after two ERCP with SOC-EHL. Patients are fol-
lowed for adverse events following each endo-
scopic session over a 6-month time horizon. 
Death is not considered in the model due to the 
extremely low rates of mortality attributable to 
choledocholithiasis without cholangitis. The soft-
ware TreeAge Suite 2018 (Williamstown, MA, 
USA)11 was used for construction of the model 
(Figure 1) and for the cost-effectiveness analysis.

Probability and cost assumptions
Probabilities for failure and complications at each 
step were obtained from a systematic review of 
literature from January 1980 to December 2018 
using MEDLINE, EMBASE, and ISI Web of 
knowledge. The selection of articles utilized a 
highly sensitive search strategy to identify cita-
tions with a combination of MeSH headings 
adapted to each database and text words related 
to (1) cholangioscopy or lithotripsy, (2) Spyglass®, 
electrohydraulic lithotripsy. Recursive searches 
and cross-referencing were also carried out using 
a “similar articles” function; furthermore, hand 
searches of articles were also performed. All fully 
reported published studies were included. For 
costs, a third-party perspective was adopted 
including only direct costs. Our model was 
designed to be representative of the national costs 
in the American health care system. Physician 
fees were provided by the Centers for Medicare 
and Medicaid services.12 These fees are national 
averages according to types of visits and medical 
specialties in the United States. Equipment costs 
for SOC-EHL were provided by the Endoscopy 
purchasing department of a US hospital13 for 
Spyglass® (Boston Scientific Inc., Marlborough, 
MA, USA14). Costs for the cholangioscopy and 
lithotripsy generators were amortized over their 
anticipated lifespan and determined as an indi-
vidual cost per use (which is added to the single 
use of the rest of the equipment). The lifespan of 
both the cholangioscopy and lithotripsy genera-
tors were estimated to be 5 years, as per the 
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manufacturer, with an estimated 50 cases/year. 
The cost of the generator per use was therefore 
calculated by dividing the total cost of the genera-
tor by 250 cases (50 cases/year × 5 years). Stent 
prices and facility fees for ERCP were obtained 
from Boston Scientific Inc. (Marlborough, MA, 
USA).14 The cost of surgery and adverse events 
with their respective hospitalization costs and 
lengths of stay were computed using weighted 
national data from the American National 
Inpatient Sample (NIS)15 which gathers more 
than 7 million discharges collected from almost 
5,000 hospitals in 47 American states. The NIS 
has been extensively used in previous cost-effec-
tiveness analyses16–19 and its weighted methodol-
ogy ensures that it is representative of the national 
health care costs from all types of insurances in 
the United States. The cost of surgery was based 
on the adult inpatient records registered under 
ICD-10 codes: K80.42 calculus of bile duct with 
acute cholecystitis without obstruction, K80.44 
calculus of bile duct with chronic cholecystitis 
without obstruction, and K80.50 calculus of bile 
duct without cholangitis or cholecystitis without 
obstruction. Adverse event costs were ascertained 
from adult hospitalizations recorded in the NIS 

that included K83.0 cholangitis, K92.2 gastroin-
testinal hemorrhage, unspecified, and K85.9 
acute pancreatitis, unspecified. The weights asso-
ciated with each of these three codes varied 
according to the probability estimates obtained 
from the literature review.

The US consumer price index for medical care ser-
vices from the Bureau of Labor Statistics20 was used, 
when necessary, to express all costs in 2018 US$.

Cost-effectiveness analysis
The unit of effectiveness was defined as complete 
ductal clearance without the need for surgery over 
the 6-month time horizon. The total cumulative 
representative costs were computed for each path 
in the tree, thus each terminal node computes the 
average individual total cost per patient treated at 
the end of the 6-month time horizon. Results are 
reported as cost, effectiveness, cost-effectiveness 
ratio, net monetary benefit, and incremental cost-
effectiveness ratios. The willingness-to-pay (WTP) 
was fixed a priori at US$50,00016–18,21 with a poste-
riori sensitivity analysis to assess how varying this 
threshold altered the results.

Figure 1. Structure of the model.
Willingness-to-pay is fixed at US$50,000.
ERCP, endoscopic retrograde cholangio-pancreatography; SOC-1 - SOC-EHL used at initial step; SOC-2 - SOC-EHL use 
postponed at second step; SOC-3- SOC-EHL use postponed at third step; SOC-EHL, Single-operator cholangioscopy-
assisted electrohydraulic lithotripsy.
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Sensitivity analysis
Deterministic sensitivity analysis was performed on 
all 50 variables of the model. The value of  
each parameter was varied inside its respective pre-
fixed ranges, whereas other input variables 
remained unchanged. Probabilistic sensitivity anal-
ysis explored further but simultaneously the impact 
of variability across all model parameters. One hun-
dred thousand simulations generated by the model 
using different values of variables were run as part 
of the Monte-Carlo analysis and are summarized 
with a cost-effectiveness acceptability curve and 
scatterplot graph. The reporting of our results is 
in accordance with the standards put forth in  
the Consolidated Health Economic Evaluation 
Reporting Standards Statements.22 Ethics approval 
or consent was not required given the use of prior 
public cost data with no patient identifiers.

Results
The systematic review yielded 1870 articles 
(PRISMA diagram, Figure 2). After abstract 
screening, 59 articles were included that addressed 
the management of patients with difficult bile 
duct stones having failed prior ERCP. A total of 
24 articles were used in the analysis with data 
abstracted from their full text.10,23–45

Tables 1 and 2 list the cost and probability input 
variables entered in the model, with their respec-
tive ranges. Cost variables are associated with β-
distributions and probabilities with γ-distributions. 
All three strategies cost approximately US$20,000 
per treatment (Table 3). The three strategies 
achieved clinically comparable effectiveness rates 
ranging from 97.3% to 99.7%. The least expen-
sive strategy is to perform SOC-EHL during the 

Figure 2. PRISMA flow diagram.
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Table 1. Length of stay and cost data used in the model.

Category Description Baseline 
value

Lower 
bound

Upper 
bound

Source

Equipment Basket 112 78 146 13

Equipment CRE balloon 213 149 277 13

Equipment Electrohydraulic Lithotripsy probe 429 300 558 13

Equipment Electrohydraulic lithotripsy generator 62 43 81 13

Equipment Cholangioscopy generator 435 304 566 13

Equipment Retrieval balloon 115 80 150 13

Equipment SOC-EHL 2450 1715 3185 13

Equipment Sphincterotome 149 104 194 13

Equipment Wire 341 238 444 13

Equipment ERCP facility 4294 3005 5583 14

Equipment Plastic stent 105 73 137 14

Hospitalization Per diem for cholangitis 14,060 9842 18,278 15

Hospitalization Per diem for gastrointestinal bleeding 10,311 7217 13,405 15

Hospitalization Per diem for pancreatitis 8390 5873 10,907 15

Hospitalization Per diem for surgery 12,392 8674 16,110 15

Physician fees ERCP remove duct calculi 386 270 502 12

Physician fees ERCP lithotripsy calculi 458 320 596 12

Physician fees Endoscopic pancreatoscopy 126 88 164 12

Physician fees ERCP duct stent placement 489 342 636 12

Physician fees ERCP remove foreign body duct 399 279 519 12

Physician fees ERCP stent exchange with dilatation 510 357 663 12

Physician fees ERCP duct dilatation 401 280 522 12

Physician fees Choledochotomy 1396 977 1815 12

Physician fees Anastomosis 2581 1806 3356 12

Physician fees Initial hospital care 103 72 134 8

Physician fees Subsequent hospital inpatient care 40 28 52 8

Physician fees Office consultation 69 48 90 8

Physician fees Inpatient consultation 50 35 65 8

Physician fees Anethesia for ERCP 255 178 332 8

Physician fees Anesthesia for surgery 288 201 375 8

Length of stay Cholangitis 4.6 3 6 11

Length of stay Gastrointestinal bleeding 4.2 2 6 11

Length of stay Pancreatitis 4 2 6 11

Length of stay Surgery 3.8 2 5 11

All costs are expressed in 2018US$. Length of stay is in days.
ERCP, endoscopic retrograde cholangio-pancreatography; SOC-EHL, single-operator cholangioscopy-assisted 
electrohydraulic lithotripsy.
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first ERCP (SOC-1: 18,506$). The strategy of 
postponing the use of SOC-EHL at the third 
ERCP (SOC-3) is more expensive (US$18,895) 
but presents the highest measure of effectiveness 
(0.9967) among the three options. The strategy 
of introducing SOC-EHL during the second 

ERCP in the model (SOC-2) was the most costly 
and was economically dominated by SOC-3.

The deterministic sensitivity analysis is shown in 
Figure 3 and Table 4 and demonstrates that if the 
cost of SOC-EHL decreases below US$1,732, 

Table 2. Probabilities used in the model.

Category Description Baseline 
value

Lower bound Upper bound Source

Complication 1 
(see Figure 1)

Overall 
occurrence

0.065 0.04 0.09 41

Complication 1 
(composition)

Proportion of 
cholangitis

0.21 0.14 0.28 41

Complication 1 
(composition)

Proportion of 
gastrointestinal 
bleeding

0.16 0.11 0.21 41

Complication 1 
(composition)

Proportion of 
pancreatitis

0.63 0.44 0.82 41

Complication 2 
(see Figure 1)

Overall 
occurrence

0.067 0.04 0.09 23–24,27–30,32–33,35–38

Complication 2 
(composition)

Proportion of 
cholangitis

0.44 0.3 0.58 23–24,27–30,32–33,35–38

Complication 2 
(composition)

Proportion of 
gastrointestinal 
bleeding

0.35 0.24 0.46 23–24,27–30,32–33,35–38

Complication 2 
(composition)

Proportion of 
pancreatitis

0.21 0.14 0.28 23–24,27–30,32–33,35–38

Complication 3 
(see Figure 1)

Overall 
occurrence

0.061 0.04 0.08  18–21,23,31,34

Complication 3 
(composition)

Proportion of 
cholangitis

0.25 0.17 0.33  18–21,23,31,34

Complication 3 
(composition)

Proportion of 
gastrointestinal 
bleeding

0.38 0.26 0.5  18–21,23,31,34

Complication 3 
(composition)

Proportion of 
pancreatitis

0.37 0.25 0.49  18–21,23,31,34

Success rate N1 (see Figure 1) 0.66 0.46 0.86 18–40

Success rate N2 (see Figure 1) 0.64 0.44 0.84 18–40

Success rate N3 (see Figure 1) 0.77 0.53 1 18–40

Success rate N4 (see Figure 1) 0.88 0.61 1 18–40

All costs are expressed in 2018US$.
ERCP, endoscopic retrograde cholangio-pancreatography; SOC-EHL, single-operator cholangioscopy-assisted 
electrohydraulic lithotripsy.
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Table 3. CEA report.

Strategy Cost Incremental 
cost

Effectiveness Incremental 
effectiveness

Cost-
effectiveness 
ratio

Net Monetary 
benefit

Incremental 
cost-
effectiveness 
ratio

 

SOC-1 18,506 0.9735 19,009 30,171 Undominated

SOC-3 18,895 390 0.9967 0.0232 18,957 30,942 16,784 Undominated

SOC-2 19,240 734 0.9909 0.0174 19,417 30,304 42,313 Absolutely 
dominated

Willingness-to-pay is fixed at US$50,000.
All costs are expressed in 2018US$.
CEA: cost effectiveness analysis
SOC-EHL, single-operator cholangioscopy-assisted electrohydraulic lithotripsy.
SOC-1: SOC-EHL used at initial step; SOC-2: SOC-EHL use postponed at second step; SOC-3: SOC-EHL use postponed at third step.

SOC-1 becomes optimal (the most acceptable 
strategy with a fixed WTP of US$50,000). The 
cost-effectiveness acceptability curve generated 
by the probabilistic sensitivity analysis (Figure 4) 
shows that SOC-2 is always dominated by SOC-3.  
The strategy or choice when comparing SOC-1 
with SOC-3 varies depending on the threshold 
value adopted for the WTP. SOC-3 is chosen  
in 65% of these simulations (inside plausible  
scenarios) versus 35% for SOC-1 at the base- 
case analysis WTP value of US$50,000. The 

scatterplot comparing SOC-1 with SOC-3 shows 
the dispersion of the Monte-Carlo simulations of 
SOC-1 cases compared with SOC-3 (Figure 5 
included in appendix). When the WTP threshold 
drops below US$20,295, SOC-1 becomes the 
approach most often chosen.

Discussion
SOC-EHL is a major advancement in the tech-
nique of ERCP. Its ease of use and well-established 

Figure 3. Tornado diagram: incremental cost-effectiveness ratio (SOC-1 versus SOC-3).
Willingness-to-pay is fixed at US$50,000. All costs are expressed in 2018US$.
ICER, Incremental cost-effectiveness ratio; SOC-1: Single-operator cholangioscopy-assisted electrohydraulic lithotripsy 
(SOC-EHL) used at initial step; SOC-2: SOC-EHL use postponed at second step; SOC-3: SOC-EHL use postponed at third 
step. (a) p _N1 (see Table 2 and Figure 1). (b) p _N3 (see Table 2 and Figure 1), (c) p _N2 (see Table 2 and Figure 1),
(d) Equipment cost: SOC-EHL (See Table 1), (e) p _N4 (see Table 2 and Figure 1), (f) Facility cost of ERCP (See Table 1), (g) 
Overall complication rate at C2 (see Table 2 and Figure 1), (h) Overall complication rate at C3 (see Table 2 and Figure 1), (i) 
Physician fees for endoscopic retrograde cholangio-pancreatography (ERCP) stent exchange with dilatation (See Table 1), 
(j) Physician fees for ERCP lithotripsy calculi (See Table 1), (k) Proportion of cholangitis in complication C2 (see Table 2 and 
Figure 1), (l) Cost of electrohydraulic lithotripsy probe (See Table 1).
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effectiveness have made it a popular modality in 
the management of patients with difficult bile duct 
stones.7 Although shown to be cost-effective and 
advocated by expert societies in the management 
of difficult stones, most centers will defer the use 
of SOC-EHL until at least one or two failures with 
conventional ERCP given the high up-front cost 
of SOC-EHL, extensive experience with mechani-
cal lithotripsy, and high ductal clearance rates 
with repeated ERCP following stent-induced 
stone dissolution. Using the Belgium health care 
model, Deprez et al.9 have recently demonstrated 
that SOC-EHL is cost-effective when compared 
with traditional ERCP with mechanical litho-
tripsy. The optimal timing of SOC-EHL intro-
duction in the algorithm of endoscopic difficult 
stone management, however, has not been 

elucidated, and guidelines remain equivocal or 
silent in addressing this important aspect.7,46 To 
our knowledge, the current analysis is the first to 
specifically study the timing of SOC-EHL in the 
endoscopic management of difficult stones based 
on considerations of cost-effectiveness. Our results 
show that early use of SOC-EHL (SOC-1) is  
the least expensive strategy with an ICER of 
US$16,784 (i.e. per additional successfully treated 
patient) while delaying SOC-EHL to the third 
procedure after two failed ERCP (SOC-3) is the 
most effective. Interestingly, delaying SOC-EHL 
to the second ERCP (SOC-2 approach) was 
dominated, making it the least cost-effective strat-
egy as it is comparatively not cheap enough for the 
additional effectiveness it achieves when com-
pared with SOC-3.

Table 4. Relevant values highlighted by the one-way sensitivity analysis.

Variables Baseline value 
in the model

Below this 
value

Above this 
value

 

Cost of the SOC-EHL 
scope, in US$

2450 1732 SOC-1 becomes 
optimal*

2813 SOC-3 dominates 
both SOC-1 and 
SOC-2

Success rate of 
conventional ERCP after 
ERCP at the initial step 
(SOC-1 and SOC-2 arms)

0.65 0.69 SOC-3 dominates 
both SOC-1 and 
SOC-2

Success rate of 
conventional ERCP after 
first failure of ERCP 
(SOC-3 arm)

0.64 0.56 SOC-2 is 
no more 
dominated

0.73 SOC-3 dominates 
both SOC-1 and 
SOC-2

Success rate of the 
combination ERCP+SOC-
EHL after first failure 
of combination of 
ERCP+SOC-EHL (all 
arms)

0.77 0.74 SOC-3 
dominates both 
SOC-1 and 
SOC-2

0.91 SOC-2 is no more 
dominated, and 
SOC-1 is optimal

Success rate of 
the combination 
ERCP+SOC-EHL at 
the last step and after 
failure of combination 
of ERCP+SOC-EHL (all 
arms)

0.88 0.74 SOC-3 
dominates both 
SOC-1 and 
SOC-2

0.94 SOC-2 is no more 
dominated, and 
SOC-1 is optimal

*SOC-1 is both less effective and less expensive but with an ICER below the willingness-to-pay (whereas SOC-3 exceeds 
the willingness-to-pay).
ERCP, endoscopic retrograde cholangio-pancreatography; SOC-EHL, single-operator cholangioscopy-assisted 
electrohydraulic lithotripsy (Spyglass®, Boston Scientific Inc., Marlborough, MA, USA).15

Willingness-to-pay is fixed at US$50,000.
SOC-1: SOC-EHL used at initial step; SOC-2: SOC-EHL use postponed at second step; SOC-3: SOC-EHL use postponed at 
third step.
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When comparing SOC-1 with SOC-3, there is 
no clear-cut dominant strategy. SOC-1 is less 
costly while SOC-3 is 2% more effective. This 
small difference in effectiveness is explained by 
two more attempts at stone extraction prior to 
SOC-EHL. As clinicians, it is important to real-
ize that the 2% increase in success rate does not 
account for a patient’s quality of life, which was 
not measured in our model due to a paucity of 
data on the topic and the short time horizon of 
the medical condition, as has been discussed pre-
viously.42 Causes of altered quality of life can 
include recurrent visits for invasive instrumenta-
tion and persistence of an obstructive stone with 
its associated complications, such as cholangitis. 
Had QALYs been used as unit of effectiveness, 
this would likely have increased the cost-effec-
tiveness of SOC-1 due to the need for fewer 
re-interventions.

Nevertheless, the most cost-effective strategy in 
our analysis between SOC-1 and SOC-3 largely 
depends on the cost of the SOC-EHL equipment 
and WTP threshold adopted by a decision taker. 
Although the cost of cholangioscopy in our base-
case analysis was set at 2,450$, which is represent-
ative of the current US market, dropping 
SOC-EHL costs below US$1,732 make SOC-1 
the optimal strategy for the pre-set WTP of 
US$50,000. In terms of WTP, although there is 
no single accepted WTP threshold,47–49 a 
US$50,000 cut-off was used in our base-case 
analysis similarly to prior endoscopic cost-effec-
tiveness studies addressing acute disease pro-
cesses.16–18,21 In probabilistic sensitivity analysis, a 
lower WTP threshold of US$20,000 favors the 
SOC-1 approach, whereas greater thresholds 
favor the increased effectiveness yet at an increased 
cost attributable to the repeated attempts strategy 

Figure 4. Cost-effectiveness acceptability curve.
SOC-EHL, single-operator cholangioscopy-assisted electrohydraulic lithotripsy.
SOC-1: SOC-EHL used at initial step; SOC-2: SOC-EHL use postponed at second step; SOC-3: SOC-EHL use postponed at 
third step.



Therapeutic Advances in Gastroenterology 14

10 journals.sagepub.com/home/tag

(SOC-3). Overall, it appears that early SOC-1 is 
the preferred strategy in clinical practice, given 
that it is the least costly while being associated 
with the fewest procedures with a minimal 
decrease in effectiveness when compared with 
delaying SOC-EHL to the third ERCP (SOC-3). 
Our results will hopefully assist budget managers 
and clinicians in adopting a cost-effective approach 
to this clinical problem, keeping in mind current 
cost restraints in the dispensation of medical care.

One limitation of our study is the lack of con-
trolled data, putting the model assumptions at 
risk for overestimation of clinical success and 
under-reporting of associated complications 
among included studies. Extensive sensitivity 
analyses were performed in an effort to minimize 
the effects of these shortcomings. As aforemen-
tioned, quality of life data were not used for our 
analysis due to a lack of data on the topic. 
Additionally, we did not consider laser lithotripsy 
of bile duct stones, because of its rarer adoption 
in North American endoscopy units. However, 
the extensive variations of costs of SOC-EHL 
equipment in our sensitivity analysis likely 
account for the effectiveness and cost ranges of 
laser lithotripsy.

In conclusion, this cost-effective analysis shows 
that early introduction of SOC-EHL is the least 
expensive strategy with a surgery-free stone clear-
ance that clinically approximates its later intro-
duction following repeated conventional ERCP 
attempts. Sensitivity analyses characterized the 
variability of our conclusions based on alterations 
in cost and probability assumptions. Decision 
makers will need to individualize their choices 
based on local resources and expertise. Data from 
high-quality prospective randomized trials are 
ideally needed to confirm these findings.
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