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Abstract
Background and Aims—Capsule endoscopy (CE) and double balloon enteroscopy (DBE) allow
complete small bowel examination but consume additional healthcare resources. A cost-
minimization analysis determined the optimal initial management strategy for obscure occult
gastrointestinal bleeding (OGIB).

Methods—We compared 5 strategies: initial small bowel follow through, enteroclysis, push
enteroscopy (PE), CE, or DBE. Incorporation of multiple tests was allowed with costs taken from a
third-party payer perspective. We modeled medically refractory disease with two separate model
endpoints where treatment or definitive diagnosis was necessary and where visual diagnosis was
sufficient to suspend testing. Sensitivity analyses included variations in parameter estimates, Monte
Carlo simulation, and structural variations in the model in which DBE was not available as an initial
strategy.

Results—When treatment or definitive diagnosis was necessary, the optimal strategy was initial
DBE at a cost of $3,824. An initial CE strategy costs an incremental $440. CE was preferred when
DBE exceeded $1,849 or when the sensitivity of DBE dropped below 68%. If DBE were unavailable
as an initial test CE was preferred to PE unless CE exceeded $1,190, capsule retention was greater
than 3%, or 64% of lesions were within reach of PE. When visual diagnosis was sufficient, initial
CE was preferred.

Conclusions—For OGIB, initial DBE may be the least expensive strategy when treatment or
definitive diagnosis is necessary and initial CE may be preferred when visual identification is
sufficient. In settings where DBE is not available as an initial test, initial CE may be the preferred
strategy.

Correspondence should be addressed to: Ma Somsouk, M.D., University of California, San Francisco, 513 Parnassus Avenue, Box 0538,
San Francisco, CA 94143, phone: 415.310.7054, e-mail: ma.somsouk@ucsf.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.
Disclosures
John M. Inadomi and Ian M. Gralnek are consultants to Given Imaging, Ltd.

NIH Public Access
Author Manuscript
Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 June 1.

Published in final edited form as:
Clin Gastroenterol Hepatol. 2008 June ; 6(6): 661–670. doi:10.1016/j.cgh.2008.02.033.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



BACKGROUND
Obscure gastrointestinal bleeding (OGIB) is defined as persistent or recurrent gastrointestinal
bleeding in the setting of a negative standard endoscopic evaluation (e.g.,
esophagogastroduodenoscopy and ileocolonoscopy). OGIB may be either overt or occult
hemorrhage, and is most often due to small bowel lesions.1–4 OGIB is associated with
increased medical expenditures and resource utilization, including prolonged hospitalizations
and procedures.5, 6

Investigating occult OGIB involves identification of the underlying lesion(s) and may include
directed therapy. Non-invasive modalities include traditional radiographic studies, such as
small bowel follow through (SBFT) and enteroclysis (EN). SBFT and EN are often utilized as
the test to exclude luminal mass lesions (e.g., tumors) but cannot detect flat lesions (e.g.,
vascular, inflammatory).7,8 The advent of push enteroscopy in the early 1990’s allowed
extended, but incomplete examination of the small bowel. New technologies, such as capsule
endoscopy (CE) and double balloon enteroscopy (DBE) allow full examination of the small
bowel but consume additional time and costs. It is unclear how these technologies should be
incorporated into current clinical practice.

The least costly approach to evaluate occult OGIB remains uncertain. Therefore, we performed
this study to compare the economic impact of competing strategies for the diagnosis and
management of OGIB.

METHODS
In general, evaluation of occult OGIB requires the use of multiple tests performed in a
sequential manner. The clinical scenario was limited to occult OGIB because the management
differs from overt OGIB, which may require more frequent hospitalizations and use of
angiography. In order to mimic this process for occult OGIB, we created a model in which we
examined different initial tests but allowed use of additional tests if required for diagnostic or
therapeutic purposes. Since each strategy could utilize one or eventually all available tests, the
overall diagnostic and therapeutic yield is similar between strategies. Therefore, this study was
designed as a cost-minimization analysis to determine the optimal, or least costly, strategy for
patients with occult OGIB in whom endoscopy and ileocolonoscopy are negative.

We evaluated two scenarios with unique model endpoints. One scenario assumed that
endoscopic or surgical management was necessary. Evaluation was pursued until the lesion(s)
were treated or biopsied for histopathological diagnosis. We considered an alternative scenario
in which endoscopic or surgical intervention was not necessary to control hemorrhage; in this
case visual diagnosis of a lesion was deemed sufficient to direct medical therapy. Finally, we
recognized that DBE is not widely available in most practice settings and capacity to conduct
this test may be limited to referral centers. We therefore created a third model in which DBE
would not be available as an initial diagnostic test but could be pursued as a secondary test if
the primary diagnostic modality failed to reveal a small bowel bleeding source.

Literature Review
To assess key variables, we searched the MEDLINE database using the terms gastrointestinal
hemorrhage [MeSH] AND (obscure [kw] OR unknown [kw]). Limiting the search to the
English language and clinical trials or comparative and evaluation studies yielded 90 studies.
Model inputs were based on studies that reported the diagnostic yield of CE or DBE and if
applicable, comparison to another modality. We excluded small studies (less than 20 patients),
pediatric studies, and those not pertaining to obscure bleeding e.g. chronic diarrhea or Crohn’s
disease. Since these studies did not incorporate a true gold standard, determination of diagnostic
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yield based on comparative strategies offered the best data. Among studies with obscure
bleeding, most studies included both overt and occult bleeding although some studies did not
specify the patient presentation. Where available, we extracted outcomes specific to occult
bleeding understanding that data limitations would be reflected in the range used for the
sensitivity analysis. If no data existed for a specific transition, author consensus (MS, IMG,
JMI) for the parameter estimate was utilized in the base-case scenario.

Decision Analytic Model
Patients—Using a decision analysis software (TreeAge Pro Suite 2006 Release 0.3,
Williamstown, MA), we evaluated a hypothetical cohort of patients who had experienced
recurrent and refractory occult gastrointestinal bleeding and in whom upper endoscopy and
ileocolonoscopy were negative. Both endoscopy and ileocolonoscopy were assumed to
effectively exclude lesions within the reach of either endoscope. Therefore, lesions modeled
were defined to be located distal to the reach of an upper endoscopy and proximal to the terminal
ileum.

Model Endpoint: Therapy or Definitive Diagnosis of Lesion
In the first scenario the goal of all competing strategies was management of the bleeding source
including therapy or histological diagnosis of the lesion. For bleeding vascular ectasias or ulcers
this implied application of endoscopic or surgical therapy, while for neoplastic or inflammatory
lesions this implied biopsy of the lesion. In this model, visual identification of the lesion by
CE, SBFT or EN was not sufficient to suspend further testing. Based on published data it was
assumed that among subjects with OGIB, 30% would have no identifiable lesion,2, 9–14 and
15% of lesions that were identified and treated would experience recurrent bleeding. It was
assumed that 100% of missed lesions would have recurrent bleeding.

Test Characteristics of Strategies Modeled and Prevalence of Small Bowel
Lesions—Figure 1 shows a simplified schematic of the decision model. The 5 strategies
modeled included initial evaluation with SBFT, EN, PE, CE, or DBE. Etiologies of OGIB were
divided into four categories (base-case values): vascular ectasia (35%), ulcer or inflammatory
lesions (25%), neoplasia (10%), and no identifiable lesion (30%) (Table 1).2, 10, 11, 13–15
The sensitivity of radiographic studies, SBFT and EN, was dependent upon the type of lesion.
7, 8, 16, 17 We estimated that EN identified 40% of ulcers and neoplasias, but was not able to
identify flat mucosal lesions i.e. vascular ectasias. Similarly, SBFT identified 20% of ulcers/
neoplasias but also did not identify flat mucosal lesions. The sensitivity of CE was estimated
to be 75% for all small bowel mucosal lesions.10, 13, 18, 19 It was assumed that PE and DBE
were able to detect 90% of lesions within the reach of the scope.18 However, the diagnostic
yield of DBE and PE was dependent on the extent of small bowel evaluated. That is, despite
equal sensitivity, PE has a lower diagnostic yield given its limited examination of the small
bowel relative to DBE. Procedural complications such as capsule retention and DBE
perforation have been described and were modeled at 1% and 0.5%, respectively.20–22

The small bowel was divided into three anatomic segments. Prior studies suggest that PE
examines the small bowel to approximately 100 cm beyond the ligament of Treitz.23, 24
Lesions up to this point were defined as “proximal.” Based on literature comparing PE to CE,
60% of lesions were assumed to be distributed within the reach of PE. 9–12, 25, 26 Despite
reports of successful antegrade DBE extending to the colon, retrograde DBE is frequently
required to complete the small bowel examination.22 The antegrade DBE has been reported
to have an average insertion length of 250 – 350 cm beyond the pylorus.2, 15, 21 Therefore
we assumed that an antegrade DBE was able to extend examination beyond a PE to the distal
jejunum; however, the remainder of the small bowel required further evaluation with a
retrograde DBE. Lesions located in the ileum requiring retrograde DBE to visualize were
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considered “distal.” The small intestine beyond the reach of PE, but within reach of the
antegrade DBE was defined to be the “intervening segment.” The proportion of lesions beyond
the reach of PE was divided equally between the intervening and distal segments.

Competing Strategies
1. SBFT: SBFT categorized lesion location into distal or non-distal lesions. If initial SBFT
identified a distal lesion, a retrograde DBE examination was performed, followed by antegrade
DBE if no lesions were identified (Figure 1). SBFT identification of a lesion in any other
segment prompted a PE, followed by antegrade DBE if PE was negative. If antegrade DBE
was negative, India ink was submucosally injected to mark the distal extent of examination
and a retrograde DBE was performed. No further studies were necessary if the retrograde DBE
identified a lesion since appropriate therapy or biopsy could be performed. Failure to reach the
India ink marker in the absence of a lesion was defined as an incomplete DBE examination.
2, 15, 21, 22 Incomplete DBE examination prompted an intra-operative enteroscopy (IOE).
IOE resulted in either diagnosis of a lesion, or failure to identify a lesion. In the latter case, no
additional tests were performed and the subject was defined as having no identifiable lesion.
In the case where no lesions were noted on the initial SBFT, CE was performed. Distal lesions
on CE led to retrograde DBE, followed by antegrade DBE if retrograde examination was
negative. Non-distal lesions prompted a PE. If PE failed to identify the lesion the DBE protocol
was followed as described above.

2. EN: The algorithm for EN is identical to SBFT.

3. PE: PE was assumed to extend 100 cm distal to the ligament of Treitz.23, 24 If PE diagnosed
a lesion, no further studies were necessary since appropriate therapy or biopsy could be
performed. A negative PE led to CE. A distal lesion on CE prompted a retrograde DBE;
otherwise an antegrade DBE was performed. The algorithm following retrograde and antegrade
DBE are described above.

4. CE: If initial CE identified a distal lesion, a retrograde DBE was performed. Non-distal
lesions were examined with a PE. If the CE failed to identify a lesion or if PE did not identify
a lesion, an antegrade DBE was performed. The protocol following DBE is described above.

5. DBE: Subjects in this strategy were initially evaluated with an antegrade DBE. No further
studies were performed if the antegrade DBE identified a lesion. The protocol following
antegrade DBE is described above. The exception to the protocol follows an incomplete DBE,
which in this strategy led to CE. Negative CE led to an IOE. IOE resulted in either diagnosis
of a lesion, or failure to identify a lesion. In the latter case, no additional tests were performed
and the subject was defined as having no identifiable lesion.

Costs
Costs, not charges, were the basis for inputs used in this analysis (Table 1). A third-party payer
perspective was utilized, where costs included direct cost of care for delivery of services that
were derived from published literature and 2006 data from the Center for Medicare and
Medicaid Services (CMS). Inpatient resource utilization was based on diagnosis-related groups
and Current Procedural Terminology codes, whereas outpatient data were based on ambulatory
payment classification and Current Procedural Terminology codes. The cost of antegrade or
retrograde DBE was estimated by using the Common Procedural Terminology code designated
for small bowel enteroscopy (44376) and was based on the reimbursement from CMS.
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Model Assumptions
1. Upper endoscopy and ileocolonoscopy effectively excluded lesions within the reach

of these endoscopic evaluations. All lesions were assumed to be in the small bowel.

2. All subjects were candidates for all tests

3. Specificity was not modeled due to the paucity of published literature evaluating the
false positive rates of various diagnostic modalities.

Sensitivity Analysis
One-Way and Two-Way Sensitivity Analysis—All assumptions for the model were
varied over a wide range of values in a series of one-way sensitivity analyses (Table 1, Table
2). We analyzed a range of costs and probability estimates that exceeded the published ranges
from the literature. In the absence of published literature, baseline rates were set at extreme
values with adjustment by consensus from the authors. We evaluated the impact of sensitivity
analysis on the incremental costs between strategies. Variables that affected preferences for a
strategy were combined in two-way sensitivity analyses.

Monte Carlo Simulation—Monte Carlo simulation creates a multi-way sensitivity analysis.
The base-case decision tree was repeatedly analyzed using inputs with appropriate distributions
to determine the proportion of runs each strategy was identified as the least costly initial
strategy. The following variables were used in the simulation: costs and sensitivity of tests;
rate of procedural complications; incomplete DBE rate; and distribution of lesions. Table 1
and Table 2 illustrate the distribution of the inputs for the Monte Carlo simulation, which can
be described as an expected value with a maximum and minimum value. Each simulation
performed included 100,000 trials.

Alternative Model Structure: DBE Not Available as an Initial Strategy—In order to
reflect the fact that DBE is not widely available in clinical practice we modified the model
structure to exclude the strategy using DBE as an initial test. In this analysis, however, DBE
was considered to be available if other initial tests were negative or DBE was required to
provide therapeutic or diagnostic intervention. Sensitivity analysis, including Monte Carlo
simulation, was performed to evaluate the preference for alternative strategies. We utilized
therapy and histological diagnosis as the model endpoint in this model structure.

Model Endpoint: Lesion Identification without Endoscopic Intervention
Our first scenario was a cohort of patients with refractory occult OGIB. Therefore, the goal of
the model was endoscopic treatment or biopsy of lesions and included the potential for IOE in
all strategies. The “therapy or histological diagnosis” endpoint contrasts clinically from many
subjects who present with OGIB who do not require blood transfusions or hospitalization and
are rarely referred for IOE. In order to model a cohort with lower disease severity, the model
was truncated with lesion identification being the desired clinical endpoint. In this model,
identification of a lesion by CE, SBFT or EN was deemed adequate to direct medical therapy
and endoscopic therapy was not required. Furthermore, the extent of evaluation was limited to
DBE rather than extending it to IOE.

RESULTS
Model Endpoint: Therapy or Definitive Diagnosis of Lesion

In the evaluation of subjects with OGIB, the least costly strategy was initial DBE with a cost
of $3,824 (Table 2). Initial CE cost an incremental $440, while SBFT and EN cost an additional

Somsouk et al. Page 5

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



$488 and $508 relative to DBE. The cost of a strategy utilizing initial PE was most expensive
with an incremental cost of $585 relative to DBE.

Sensitivity Analysis
One-Way Sensitivity Analysis—The strategy employing initial DBE examination was
sensitive to the cost and test characteristic for DBE. Figure 2a is a tornado diagram depicting
the effect on cost by varying each of the examined variables. Only two variables affect the
preference for DBE: cost of DBE and sensitivity of DBE. CE became the preferred strategy
when the cost of antegrade or retrograde DBE exceeded $1,849 (Figure 2b) or when the
sensitivity of DBE dropped below 68% (Figure 2c). When the cost of DBE exceeded $2,473,
PE became a viable initial strategy. Variations in other assumptions, including the sensitivity
of CE, costs, and complications related to CE did not change the order of preferred strategies.

Two-Way Sensitivity Analysis—Figure 3a depicts a two-way sensitivity analysis varying
the sensitivity of CE and the cost of DBE. Assuming a 90% sensitivity for CE, CE became a
viable alternative when the cost of DBE exceeded $1,650. However, CE was no longer a viable
strategy once the sensitivity fell below 66%. PE became a viable alternative when DBE costs
exceeded $1950. Varying the cost of CE with the cost of DBE, Figure 3b reveals that CE was
not a viable strategy whenever CE costs exceeded $875 or when the cost of DBE was less than
$975. PE was only viable when the cost of DBE exceeded $2,000 and the cost of CE exceeded
$600.

Monte Carlo Simulation—The Monte Carlo simulation demonstrated that when therapy or
histological diagnosis was the model endpoint, DBE was the preferred initial strategy in 77%
of trials (Figure 5a). Initial CE was preferred in 9% of the simulated trials, while PE was
preferred in 8%. EN and SBFT was preferred in a combined 6% of trials.

Alternative Model Structure: No Available DBE—If DBE was not available as the initial
diagnostic test, CE was the preferred strategy. Preference for CE was sensitive to the cost of
CE with a threshold of $1,190 (Figure 4a) and a 3% capsule retention rate, above which PE
became the preferred strategy. Furthermore, PE became the preferred strategy if over 64% of
the lesions were located within the reach of PE (Figure 4b). Variation in other inputs did not
change the order of preferred strategies including the sensitivity of CE, primarily because
variation in this variable affected all strategies. Monte Carlo simulation revealed that if DBE
were unavailable, CE was the preferred strategy in 45% of the trials (Figure 5b) while PE was
preferred in 24%. EN and SBFT were preferred in 16% and 15% of simulated trials,
respectively.

Model Endpoint: Lesion Identification without Endoscopic Intervention
Changing the model structure to lesion identification as the endpoint, CE was the least costly
strategy at $1,826 per subject evaluated for OGIB (Table 3). The radiographic tests, EN and
SBFT, followed as preferred strategies and DBE and PE as least preferred strategies. DBE was
preferred when the cost of CE exceeded $936 or when the cost of DBE was less than $716.
DBE was also preferred when the sensitivity of CE was less than 63%, when capsule retention
rates exceeded 1.8%, or when more than 78% of lesions were located in the proximal segment
of the small bowel (Table 4). Preference for SBFT was achieved when its sensitivity for non-
flat lesions exceeded 35% while preference for EN occurred when its cost was less than $190
or when the sensitivity for non-flat lesions exceeded 50%. PE was only preferred when its cost
dropped below $409. Increases in the prevalence of non-flat lesions, such as the probability of
neoplasia greater than 16% or probability of ulcer greater than 31%, resulted in a preference
for EN as the initial test.
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DISCUSSION
Occult OGIB remains a diagnostic challenge. New technologies such as CE and DBE allow
examination of the entire small bowel. It is unclear how these new diagnostic and therapeutic
strategies should be incorporated into our current armamentarium. This cost-minimization
analysis suggests that the optimal strategy to manage patients with occult OGIB depends on
whether endoscopic or surgical intervention is required versus visual diagnosis of lesions. For
patients in whom endoscopic or surgical intervention is necessary, a strategy that employs DBE
as the initial test may be optimal. However, if only visual diagnosis of a lesion is necessary, a
strategy employing initial CE is preferred. Additionally, it is recognized that capacity for
performance of DBE in most practice settings is insufficient to allow it to be conducted in every
patient with OGIB. In this case, CE appears to be the optimal initial test.

Despite the increased interest in CE and DBE in the evaluation of OGIB, few studies address
the optimal initial testing strategy. Lewis and Goldfarb argued for initial CE evaluation of
OGIB based upon clinical reasoning and lower medical costs.5 A recent meta-analysis found
that CE offered a superior diagnostic yield when compared to PE, SBFT, and EN;27, 28
however, neither study provided comparison with DBE. To date, there are few comparative
studies between CE and DBE. One study of 35 patients reported superior performance with
CE while a case series of four subjects described missed lesions with CE subsequently found
on DBE.19, 29 Several articles have noted the need for an economic analysis of CE and DBE
in the evaluation of OGIB.29–31 This cost-minimization analysis illustrates that either CE or
DBE may constitute economically sound initial testing strategies. The preferred initial test
depends upon the patient presentation and whether endoscopic or surgical therapy is required.
Most likely these are complementary procedures for use in this patient population.

A major limitation of this analysis stems from the type of data available in published literature.
Although IOE and DBE may be considered gold standards, both tests have not been routinely
applied to all subjects in published case series. Therefore, the data are fragmented with
individual test characteristics and few studies employ simultaneous testing strategies. Studies
that compared multiple diagnostic tests were preferentially used for inputs in the base-case
scenarios. The diagnostic yield of various strategies in the literature is partly confounded by
the indication for that testing strategy. That is, there is inherently greater yield associated with
tests such as DBE given that subjects referred for such studies often have been refractory to
conventional therapy. In contrast, the diagnostic yield of CE may be biased towards lower
performance since the pretest probability of disease is typically lower than among subjects
referred for DBE. Furthermore, it should be noted that the distribution of lesion type is
dependent upon the patient demographics. It is known that patients with renal failure will have
more vascular ectasias as their source of OGIB.32, 33 Several studies have also suggested that
the diagnostic yield is dependent on timing of the diagnostic test such that administration of a
diagnostic test early in the course of disease offered higher yield than delayed testing.34 Our
model assumed a static lesion that was unaffected by the order of testing. Because of these
shortcomings in the literature, we used sensitivity analyses to test a wide range of inputs.

Our cost-analysis was limited to a third-party payer perspective, although there are additional
relevant perspectives. For example, the cost to the endoscopist and their capacity to deliver
care was not evaluated. In the case of DBE, incomplete upper DBE examinations warrant
performing the retrograde procedure another day; it is not uncommon that the antegrade
procedure takes 90 minutes while the retrograde procedure is an additional 70 minutes.15,
21, 22 The willingness of endoscopists to provide DBE will likely depend on reimbursement;
if greater revenue can be generated per unit time from performance of other procedures it is
unlikely that DBE capacity will meet demand. Specifically, if current reimbursement for DBE
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remains at $875, the amount reimbursed by CMS for small bowel enteroscopy, it is unlikely
that DBE will gain wide adoption into clinical practice.

Future studies should include concomitant testing of patients with CE and DBE, which will
allow better understanding of the diagnostic yields of these new tests. Additionally, the national
capacity for DBE has not been evaluated. Because of the initial capital investment, the steep
learning curve associated with the procedure, and issues related to provider reimbursement
relative to time consumption of the procedure, DBE may not be widely available in clinical
gastroenterology practice. Beyond the direct health care costs, opportunity costs incurred by
the gastroenterologist as well as potential costs to patients required to endure longer waits in
the queue should be identified in order to provide more accurate overall health care costs.

In conclusion, a strategy using initial DBE to evaluate occult OGIB after negative endoscopy
and ileocolonoscopy appears to be least costly if the goal of testing is treatment or definitive
diagnosis. However, initial CE is preferred if the capacity of DBE is insufficient to meet
demand or if the cost of either antegrade or retrograde DBE exceeds $1,849 or if the sensitivity
of DBE is less than 68%. Alternatively, if the goal is limited to visual identification, initial CE
may be preferred. Given the current reimbursement for DBE relative to its prolonged procedure
time, the fixed cost of capital investment, and the technical skill required to perform the
procedure, DBE capacity will likely remain low. It is therefore likely that CE will be viewed
as a viable initial test in the evaluation of OGIB.
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Figure 1.
Simplified model excluding complications of five competing strategies for diagnosing and
managing OGIB when therapy or definitive diagnosis was intended.
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Figure 2.
Figure 2a. One-way sensitivity analyses. Tornado diagram for therapy or histological diagnosis
as model endpoint depicts the effect on costs by varying each of the examined variables. DBE
is preferred unless a threshold is identified (black line). Preference for CE occurs when cost
of DBE exceeds $1,849 and PE preferred when DBE cost exceeds $2,473. CE was preferred
when sensitivity of DBE was less than 68%. Only variables displaying a change in preferred
strategy or that were considered clinically important parameters are depicted. DBE: double
balloon enteroscopy; CE: capsule endoscopy; PE: push enteroscopy
Figure 2b. Sensitivity analysis on the cost of DBE. Using a model with the goal of endoscopic
therapy or definitive diagnosis, preference for DBE was sensitive to the cost of DBE. When
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either antegrade or retrograde DBE cost exceeded $1,849, CE became the preferred initial
strategy (dotted vertical line – left).
Figure 2c. Sensitivity analysis on the sensitivity of DBE. Using a model with the goal of
endoscopic therapy or definitive diagnosis, preference for DBE changed to CE when DBE
identified less than 68% of lesion.
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Figure 3.
Figure 3a. Two-way sensitivity analysis varying DBE cost and sensitivity of CE. At optimal
CE performance (sensitivity > 90%), CE was preferred as long as the cost of DBE exceeded
$1,650. However, CE was no longer a viable strategy once its sensitivity fell below 66%.
Figure 3b. Two-way sensitivity analysis varying DBE cost and CE cost. CE was not a viable
strategy whenever CE costs exceeded $875 or when the cost of DBE was less than $975. PE
became viable when cost of DBE exceeded $2,000 and cost of CE exceeded $600.
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Figure 4.
Figure 4a. Sensitivity analysis on the cost of CE. Using a model where DBE was unavailable
as an initial strategy, preference for CE was sensitive to the cost of CE. When CE cost exceeded
$1,190, PE became the preferred strategy (dotted vertical line).
Figure 4b. Sensitivity analysis of the proportion of lesions located proximally. Using a model
where DBE was unavailable as an initial strategy, preference for CE was sensitive to the
proportion of lesions located proximally, which is defined as within the reach of a PE. When
the proportion of proximal lesions exceeded 64%, then PE became the preferred strategy
(dotted vertical line).
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Figure 5.
Figure 5a. Preferred initial testing strategy when therapy or definitive diagnosis is the model
endpoint. Using a Monte Carlo simulation of 100,000 trials, 77% of trials favored DBE as the
initial diagnostic strategy. CE was preferred in 9% of simulated trials, while PE was preferred
as the initial test in 8%. EN and SBFT accounted for 6% of total trials.
Figure 5b. Preferred initial testing strategy when therapy or definitive diagnosis is the model
endpoint and DBE is not available as an initial strategy. Using a Monte Carlo simulation of
100,000 trials, 45% of trials favored CE as the initial diagnostic strategy. PE was preferred in
24% of simulated trials, while EN and SBFT were preferred as the initial test in 16% and 15%
of trials respectively.
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Table 1
Clinical Estimates and Cost Inputs

Variable Base Case Rangea Reference

Prevalence of Lesionb 2, 9–16, 21, 22, 25, 26, 35,36

  Vascular ectasia 0.35 0.10 – 0.65

  Ulcer 0.25 0.05 – 0.55

  Neoplasia 0.10 0.05 – 0.40

  No lesion 0.30 0 – 0.50

Test Sensitivityc

  EN for ulcer/neoplasm 0.40 0 – 0.80 7, 8, 16

  EN for AVM 0

  SBFT for ulcer/neoplasm 0.20 0 – 0.50 16, 17, 37, 38

  SBFT for AVM 0

  PE for lesion within reach 0.90 0.70 – 1.0 9–12, 18, 25, 26, 35, 36

  CE 0.75 0.50 – 1.0 9–12, 16–19, 25, 26, 34–36

  DBE 0.90 0.50 – 1.0 2, 14, 15, 19, 22, 39

  IOE 0.90 0.70 – 1.0 21, 34, 40, 41

Distribution of Lesionsd

  Proximal lesion 0.60 0 – 1.0 9–12, 25, 26, 35, 36

Complications

  DBE incompletion rate 0.35 0.15 – 0.75 2, 22

  Rebleeding after treatment 0.15 0.05 – 0.50 14, 42–44

  DBE perforation 0.005 0.001 – 0.01 21, 22

  Capsule retention 0.01 0.001 – 0.05 10, 20, 45

Cost, $e

  Biopsy 135

  SBFT 164 150 – 750

  EN 225 100 – 500

  PE 875 500 – 2000

  CE 750 250 – 1500

  DBE 875 500 – 3000

  IOEf 2,000 1000 – 5000

  GIBg, DRG 175 8,691 5000 – 20000

  Perforation, DRG 149 22,471

AVM: arteriovenous malformation; CE: capsule endoscopy; DBE: double balloon enteroscopy; DRG: diagnosis related groups; EN: enteroclysis; GIB:
gastrointestinal bleeding; IOE: intraoperative enteroscopy; PE: push enteroscopy; SBFT: small bowel follow through

a
Range used in Monte Carlo simulation and sensitivity analysis.

b
Prevalence of lesions were derived from CE and DBE studies.

c
Sensitivity of tests were derived from CE and DBE studies in comparison other diagnostic studies.
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d
Distribution of lesions were derived from comparative studies between CE and PE.

e
Data from the Center for Medicare and Medicaid Services 2006.

f
Author’s consensus.

g
Median 2005 Medicare reimbursement based on AHRQ http://hcupnet.ahrq.gov/
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Table 2
Cost-Minimization Analysis with Therapy or Definitive Diagnosis as Model Endpoint

Rank Strategy Value, $ Incremental Cost, $

1 DBE 3,824 0

2 CE 4,263 440

3 SBFT 4,311 488

4 EN 4,331 508

5 PE 4,408 585
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Table 3
Cost-Minimization Analysis with Lesion Identification as Model Endpoint

Rank Strategy Value $ Incremental Cost

1 CE 1,826 0

2 EN 1,860 35

3 SBFT 1,894 69

4 DBE 1,948 122

5 PE 2,291 466
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Table 4
Sensitivity Analysis with Lesion Identification as Model Endpoint

Variable Threshold Preference for CE Changes to

CE cost > $936 DBE

CE sensitivity < 63% DBE

DBE cost < $716 DBE

EN sensitivity for   ulcer/neoplasm > 50% EN

SBFT sensitivity for   ulcer/neoplasm > 35% SBFT

EN cost < 190 EN

PE cost < 409 PE

Capsule Retention > 1.8% DBE

Proportion of lesion   located proximally > 78% DBE
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