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Abstract

Study objective—Acute upper gastrointestinal (GI) hemorrhage is a common presentation in

hospital-based emergency departments (EDs). A novel diagnostic approach is to use video capsule

endoscopy to directly visualize the upper GI tract and identify bleeding. Our objective was to

evaluate and compare the relative costs and benefits of video capsule endoscopy compared to

other strategies in low to moderate risk ED patients with acute upper GI hemorrhage.

Methods—We constructed a model using standard decision analysis software to examine the

cost-effectiveness of four available strategies for a base-case patient who presents to the ED with

either mild or moderate risk scenarios (by Glasgow-Blatchford Score) for requiring invasive

hemostatic intervention (i.e., endoscopic, surgical, etc.) The four available diagnostic strategies

were (1) direct imaging with video capsule endoscopy performed in the ED, (2) risk stratification

using the Glasgow-Blatchford score, (3) nasogastric tube placement and, finally, (4) an admit-all

strategy.

Results—In the low-risk scenario, video capsule endoscopy was preferred strategy (cost $5,691,

14.69 QALYs) and more cost effective than the remaining strategies including nasogastric tube

strategy (cost $8,159, 14.69 QALYs), risk stratification strategy (cost $10,695, 14.69 QALYs) and

admit-all strategy (cost $22,766, 14.68 QALYs). In the moderate risk scenario, video capsule

endoscopy continued to be preferred strategy (cost $9,190, 14.56 QALYs) compared to

nasogastric tube (cost $9,487, 14.58 QALYs, ICER $15,891) and more cost effective than admit-

all strategy (cost, $22,584, 14.54 QALYs.)

Conclusion—Video capsule endoscopy may be cost-effective for low and moderate risk patients

presenting to the ED with acute upper GI hemorrhage.
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INTRODUCTION

Acute upper gastrointestinal (GI) hemorrhage, clinically manifesting as hematemesis,

melena or a combination of both, is a common presentation in hospital-based emergency

departments (EDs) in the U.S. and around the world. According to data from the Healthcare

Cost and Utilization Project, there were 863,000 U.S. hospital admissions for GI

hemorrhage in 2008, which included both upper and lower GI bleeding.1 The mean length of

stay for patients discharged from the hospital with a diagnosis of GI hemorrhage is 4.5 days

and the mean hospital charges are $26,210 per admission. Acute upper GI hemorrhage is a

particularly severe manifestation of GI hemorrhage and is associated with a mortality rate

ranging from 15 to 20%.2

One reason that care for patients with acute upper GI hemorrhage is challenging is that ED

physicians do not have the ability to rule out active upper bleeding. As a result, many

patients with an ultimately benign clinical course are admitted to the hospital and incur

considerable costs. Without an ED-based endoscopy, alternative ways to risk-stratify

patients with signs of upper GI hemorrhage include placing a nasogastric (nasogastric) tube,

which is uniformly uncomfortable and disliked by patients 3, to identify fresh or coffee

grounds blood, or, using clinical decision rules (CDRs), such as the Rockall Risk Score and

Glasgow-Blatchford Score, or, simply admitting everyone for endoscopy. A novel approach

is to use video capsule endoscopy in the ED to directly visualize the upper GI tract and

identify presence or absence of blood. In three prior ED-based pilot studies, video capsule

endoscopy has demonstrated excellent patient tolerance and high sensitivity for detecting

acute upper GI hemorrhage.4-6

Given the duration needed and the cost necessary to compare all four strategies in a

traditional clinical study, we performed a cost-effectiveness analysis (CEA). Our objective

was to evaluate and compare the relative costs and benefits of using video capsule

endoscopy compared to other strategies in ED patients for presenting with acute upper GI

hemorrhage.

Methods

Overview

Our model examined the cost-effectiveness of strategies to evaluate a 65 year-old patient

who presents to the ED with suspected hematemesis from an upper GI bleed. Age 65 years

was chosen because that is the mean age of patients presenting to the ED with upper GI

bleeds with a moderate to high risk of hemorrhage (Glasgow-Blatchford score >0) which

represents over 90% of all patients with suspected upper GI bleeds.7-10 We tested two

scenarios with mild and moderate risks of requiring invasive hemostasis intervention (i.e,

endoscopic, surgical, etc.) Our model assumed that the suspected upper GI bleed requires
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further evaluation and that the four diagnostic strategies were available: (1) direct imaging

with video capsule endoscopy performed in the ED, (2) risk stratification using the

Glasgow-Blatchford score, (3) nasogastric tube placement and finally, (4) an admit-all

strategy in which every patient suspected of an upper GI hemorrhage is admitted to hospital.

For each strategy, test characteristics were incorporated to identify whether a high risk

lesion (a lesion requiring invasive hemostatic intervention) was present on subsequent

traditional endoscopy.

Model Structure and Scenarios

We constructed our model using standard decision analysis software (TreeAge 2013,

Williamstown, MA) commonly used to evaluate decision models and perform sensitivity

analyses (Figure 1a). The model estimated costs, quality adjusted life years (QALYs) and

incremental cost-effectiveness ratios (ICERs) for a one year time horizon using a societal

perspective. We used a standard willingness-to-pay (WTP) threshold of $50,000 per QALY

to compare with the ICERs from each strategy.11,12 The optimal value for a WTP threshold

is still uncertain, but some advocates have suggested an increase to a $100,000/QALY

threshold.11 However, since there is no current consensus, we used the more conservative

$50,000/QALY threshold to evaluate our results.11 This study did not constitute human

subjects’ research and was exempt from institutional review board review.

Patients who underwent evaluation with video capsule endoscopy could either have a

hemorrhage present or not. If bleeding was suspected after use of the video capsule

endoscopy, all patients were assumed to be admitted to the hospital and had a traditional

upper endoscopy performed. For patients with a true positive hemorrhage, a potential re-

bleed and second endoscopy could occur to evaluate for a source of the bleed and to attempt

to control any hemorrhage. A second re-bleed could occur, but at that point, the patient

would be taken to surgery for a duodenal or gastric suture. If not controlled, they were

assumed to die. Potential outcomes included complications from surgery, endoscopy,

nasogastric tube and video capsule endoscopy. Patients with a false negative interpretation

of the video capsule endoscopy and who were discharged home could either die, re-bleed

and return to the ED, or have the bleeding spontaneously stop without any clinical sequelae

without necessitating a return to the hospital. Patients that presented to the ED with a

suspected re-bleed then experience the admission outcomes as seen in the true positive

branches of our model (Figure 1b).

Patients without a hemorrhage had both true negative and false positive outcomes. Those

with a true negative and no hemorrhage could either have a complication from the video

capsule endoscopy or no complication and subsequent discharge. Those with a false positive

and who were admitted to the hospital had a subsequent endoscopy to identify that there was

no bleeding source (Figure 1c). Possible outcomes included complications from either the

endoscopy or video capsule endoscopy, or no complications at all.

Risk stratification with Glasgow-Blatchford score resulted in no ED endoscopic testing and

admission of the patient if indicated. We assumed that all patients with a Glasgow-

Blatchford score of zero were discharged home. In the nasogastric tube branches of our

model, patients suspected of having a hemorrhage had a nasogastric tube placed in the ED to
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evaluate for fresh or coffee grounds blood. If not present, the patient was discharged home

and if present, the patient was admitted to the hospital. Lastly, the admit-all strategy was

based upon clinician gestalt and all patients with a suspected upper GI hemorrhage were

admitted to the hospital for evaluation and subsequent upper endoscopy. Patients allocated

to the risk stratification, nasogastric and admit-all strategies had the same potential

admission outcomes, false negative outcomes and false positive outcomes as patients

allocated to the video capsule endoscopy strategy.

Model Parameters/Input Parameters

Clinical Probabilities—Probabilities and clinically-plausible ranges were obtained from

published studies and when necessary, assumptions were made (Table 1). When available,

multiple studies were combined to determine mean probabilities for particular events. In the

base-case scenario, patients had a Glasgow-Blatchford score of zero with a risk of

hemorrhage requiring intervention of 3.4%.13 The additional scenarios tested included a

moderate (26.5%) risk of hemorrhage requiring intervention.13 We did not include a test

case with a high (89%) risk of hemorrhage because we presumed these patients would all

need admission and traditional endoscopy as an inpatient. In the real world, very few high-

risk patients will be safe for ED discharge to home no matter what the initial diagnostic test

shows.

Diagnostic Test Assumptions—Video capsule endoscopy had a sensitivity of

identifying a hemorrhage of 0.78 and a specificity of 0.92.4,14 nasogastric tube placement

had a sensitivity of 0.45 and a specificity of 0.72.15-17Risk stratification for all patients using

a Glasgow-Blatchford score had a sensitivity of 0.99 and a specificity of 0.30.10,13 For the

admit-all strategy, while not a diagnostic test, we assumed that the process of admitting a

patient was a surrogate for a test and those appropriately admitted (those with a hemorrhage)

had the same probability as those requiring intervention for their hemorrhage.

Clinical Probabilities—Complications were assumed to occur at a rate of 0.2%, 0.1% and

0.01% for endoscopy, nasogastric tube placement and video capsule endoscopy,

respectively.18,19 Although small, we assumed a rate of death following a discharge despite

the patient bleeding of 0.1%.7,10,20 The probability of re-bleeding after initial hemostasis

was 12% and of these patients, there was a 30.6% probability of re-bleeding.8 Patients who

re-bled for a second time will have surgery to perform a duodenal or gastric suture and there

is a risk of mortality from the procedure of 4%.21

Costs—We used 2012 Medicare data for diagnosis related groups (DRGs) and relative

value units (RVUs) as surrogates for facility and professional costs, respectively (Table 2).

Professional costs were based on the 2012 National Physician FeStudy objective: Acute

upper gastrointestinal (GI) hemorrhage is a common presentation in hospital-based

emergency departments (EDs). A novel diagnostic approach is to use video capsule

endoscopy to directly visualize the upper GI tract and identify bleeding. Our objective was

to evaluate and compare the relative costs and benefits of video capsule endoscopy

compared to other strategies in low to moderate risk ED patients with acute upper GI

hemorrhage.
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Methods: We constructed a model using standard decision analysis software to examine the

cost-effectiveness of four available strategies for a base-case patient who presents to the ED

with either mild or moderate risk scenarios (by Glasgow-Blatchford Score) for requiring

invasive hemostatic intervention (i.e., endoscopic, surgical, etc.) The four available

diagnostic strategies were (1) direct imaging with video capsule endoscopy performed in the

ED, (2) risk stratification using the Glasgow-Blatchford score, (3) nasogastric tube

placement and, finally, (4) an admit-all strategy.

Results: In the low-risk scenario, video capsule endoscopy was preferred strategy (cost

$5,691, 14.69 QALYs) and dominated all of remaining strategies including nasogastric tube

strategy (cost $8,159, 14.69 QALYs), risk stratification strategy (cost $10,695, 14.69

QALYs) and admit-all strategy (cost $22,766, 14.68 QALYs). In the moderate risk scenario,

video capsule endoscopy continued to be preferred strategy (cost $9,190, 14.56 QALYs) and

dominated admit-all strategy (cost, $22,584, 14.54 QALYs) but no longer dominated

nasogastric tube (cost $9,487, 14.58 QALYs, ICER $15,891).

Conclusion: Video capsule endoscopy may be cost-effective for low and moderate risk

patients presenting to the ED with acute upper GI hemorrhage.e Schedule for outpatient

treatment as well as the mean length of stay for inpatient treatment. Current Procedural

Terminology (CPT) code 99222 (initial hospital care) was used for hospital day one and

CPT code 99232 (subsequent hospital care) was used for each subsequent complete or

partial hospital day.22 CPT code 99285 was used for an ED visit.22 We assumed that

complications were one standard deviation beyond the mean charges and mortality was two

standard deviations beyond mean charges.23 The following DRGs were used for patients

with a GI bleed: 377 (GI Hemorrhage with major complication or co-morbidity (MCC)) and

379 (GI Hemorrhage wo CC/MCC). For patients with false positive admissions, we used

DRG 384 (Uncomplicated peptic ulcer w/o MCC). Since DRGs bundle facility costs, we

added professional costs into existing DRGs. For each endoscopy CPT code 43235 was used

($148). Surgery used CPT code 44602 ($1,396) and capsule endoscopy used CPT code

91111 ($765). Additionally, although equipment is already bundled in the DRG, we added

an additional cost for the video capsule endoscopy equipment of $700 so that we could

evaluate how the cost of the equipment would affect decision-making.

Life Expectancy and Disutilities—To determine QALYs, life expectancies and utilities

were input into the model (Table 3). The initial life expectancy estimate was obtained from

the National Vital Statistics report for 65 year-old patients across all races, ethnicities and

genders.24 Since life expectancy represents years that have not yet been lived and exist only

in the future, we employed a standard discount rate of 3% to account for the present value of

the remaining life years.25

Health states were assigned utilities to reflect their corresponding qualities of life. Normal

states of health were assigned a value of 1 while death was assigned a value of 0. Disease

states ranged in value between 0 and 1 depending upon qualities of life and could either

temporarily or permanently reduce quality of life. To reflect disruption of normal life

activities, we used a disutility to reflect a decrement in normal quality of life. Short-term

disutilities reflect temporary disruption of quality of life (e.g. treatment of a fracture) and are
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reflected in a subtraction from the overall QALY whereas a long-term disutility represents a

permanent change in quality of life (e.g. chronic illness) and are multiplied by the overall

quality of life. Given the paucity of literature on the pertinent short-term disutilities, we

made assumptions of their values and ran wide sensitivity analyses to assess the robustness

of our assumptions on model results. Short-term disutilities were calculated by subtracting

the utility from a perfect state of health and dividing by the number of periods in one year

for which the patient was affected. For example, we assumed that the utility for a nasogastric

tube placement was 0.6, so the disutility is 0.4. We assumed that this would affect the

patient for 1 week, so we divided 0.4 by 52 periods and calculated a short-term disutility of

0.008. Additional short-term disutilities were calculated for complication from endoscopy

(0.25), complication from nasogastric tube placement (0.04), complication from video

capsule endoscopy (0.01), false negative discharge despite a GI bleed (0.15), post-surgical

complication (0.3) and GI bleed (0.02).

Sensitivity Analyses

We performed one-way sensitivity analyses using incremental cost-effectiveness ratios

(ICER) for all variables in the model in order to evaluate their effect on the decision

strategy. Using all variables that altered the decision strategy, two-way sensitivity analyses

were conducted to evaluate for potential interaction amongst the variables. We also used

probabilistic sensitivity analyses and Monte Carlo Simulation to evaluate the uncertainty

caused by parameter assumptions on the model decision strategies.26,27 Monte Carlo

simulation creates samples from predetermined probability distributions from probability

distributions to assess how a specific assumption affects model output. We ran 1,000

simulations using a validated random number generator with beta distributions given the

uncertainty for each variable.28 Input parameters for the distributions came from existing

studies.

Both cost-effective and dominant strategies are reported. “Cost-effective” and “dominant”

are terms that are applied to the relationship of different strategies. Strategies that are not

“dominant” over each-other can be “cost-effective” if the ICER is below the WTP threshold,

$50,000/QALY in this study. For example, a strategy that yields a higher cost and higher

number of QALYs can be “cost-effective”. A dominant strategy is one in which it is both

less costly and more effective (i.e. a higher number of QALYs). A preferred strategy is one

in which more than one strategy is cost-effective, but the ICER is lower for the respective

strategy.

Results

Main Results

In the base-case scenario with a low-risk by Glasgow-Blatchford score of requiring

intervention, video capsule endoscopy had a cost of $5,691 and an effectiveness of 14.69

QALYs (Table 4) and dominated all of the remaining strategies including the nasogastric

tube strategy (cost of $8,159 and effectiveness of 14.69 QALYs), the risk stratification

strategy (cost of $10,695 and 14.69 QALYs) and the admit-all strategy (cost of $22,766 and

14.68 QALYs). In the moderate risk group, video capsule endoscopy continued to be the
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preferred strategy (cost of $9,190 and 14.56 QALYs) but no longer dominated nasogastric

tube (cost of $9,487 and 14.58 QALYs with an ICER of $15,891). However, the admit-all

strategy was dominated (cost of $22,584 and 14.54 QALYs).

Sensitivity Analyses

One-way sensitivity analyses were performed across all input variables to evaluate their

direct effects on the decision strategies and the degrees to which each independent variable

had to be modified in order to change the decision strategy (Table 5). Results of the one-way

sensitivity analyses are presented by probability of need for intervention following an upper

GI hemorrhage (low, moderate and high risk for intervention). The decision strategy

changes at a probability threshold of 31% for a hemorrhage requiring intervention. Below

31%, video capsule endoscopy is preferred and above this, nasogastric tube is dominant.

Low-Risk—In the low-risk patient, video capsule endoscopy is the dominant strategy.

However, when the probability of mortality from surgery is above 9%, video capsule

endoscopy goes from the dominant strategy to the preferred strategy. For the specificity of

nasogastric tube, video capsule endoscopy is the dominant strategy until 85% then

nasogastric tube is the preferred strategy. Lastly, when evaluating the disutility of

nasogastric tube placement, video capsule endoscopy is preferred until 0.0015 and then

video capsule endoscopy is dominant.

Moderate-Risk—In the moderate risk patient, video capsule endoscopy is preferred when

the cost of a GI bleed admission is below $19,912 and above this threshold, nasogastric tube

is dominant. For a false positive admission in which no intervenable hemorrhage is

identified, the nasogastric tube strategy is preferred until $18,413 and then video capsule

endoscopy is preferred. For the cost of video capsule endoscopy professional fees, video

capsule endoscopy is preferred until $1,062 above which nasogastric tube is dominant. For

the added societal cost of the video capsule endoscopy equipment, video capsule endoscopy

is preferred until $896 and then nasogastric tube is dominant. Evaluating clinical

probabilities and test characteristics, video capsule endoscopy is dominant until a probability

of mortality from a false negative discharge of 1.6% and above this, is the preferred strategy.

For the mortality following surgery, video capsule endoscopy is preferred until 2.4% and

then dominant. If patients re-bleed and return to the ED above 5%, video capsule endoscopy

is the preferred strategy. If the sensitivity of nasogastric tube for detecting hemorrhage is

above 38%, video capsule endoscopy is preferred and if the sensitivity of video capsule

endoscopy is above 86%, nasogastric tube is dominant. If the specificity of nasogastric is

above 74%, nasogastric is dominant and if the sensitivity of video capsule endoscopy is

above 91%, video capsule endoscopy is preferred. Evaluating the age of patients, video

capsule endoscopy is preferred until age 80 and above this, video capsule endoscopy is

dominant. The only disutility to affect the decision strategy was nasogastric tube placement

and above a disutility of 0.027 QALYs, video capsule endoscopy switches from preferred to

the dominant strategy.

Variables with no effect on decision strategy—Numerous variables did not have an

effect on the strategy regardless of level of risk for intervention (Table 6). For costs, these
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variables include the costs for the admission for a GI bleed with complication, the ED visit,

an endoscopy complication with and without a GI bleed, the endoscopy procedure, the

mortality, a nasogastric tube complication, the surgery, a surgery complication and a video

capsule endoscopy complication. For clinical probabilities and test characteristics, the

variables that did not have an effect included the probability of complication from

endoscopy, the nasogastric tube insertion and the video capsule endoscopy, the probability

of first and second re-bleed and the probability of surgery complication. The test

characteristics that did not have an effect on decision strategy included the sensitivity and

specificity of risk stratification. When evaluating the discount rate, the tested ranges did not

affect the decision strategy. Lastly, multiple disutilities and their test ranges affected the

decision model. The tested disutilities included those for admission to the hospital,

complication from endoscopy, nasogastric tube and video capsule endoscopy, false negative

and discharge from the ED, GI bleed and post-surgical complication.

Two-Way Sensitivity Analyses

Two-way sensitivity analyses were conducted using the clinical probability and test

characteristic variables identified in the one-way sensitivity analyses as having an effect on

the decision strategy using a WTP of $50,000/QALY. Two non-linear relationships were

identified with the probability of hemorrhage: mortality from discharge and mortality from

surgery. First, as the probability of hemorrhage increases, there is a non-linear increase in

the threshold to switch from video capsule endoscopy to nasogastric. Second, as the

probability of hemorrhage increases, there is a non-linear decrease in the threshold to switch

from video capsule endoscopy to nasogastric for probability of mortality from surgery

(Figure 2a and 2b).

Probabilistic Sensitivity Analysis

Results of a 1,000 replication Monte Carlo simulation for a Glasgow-Blatchford score of 0

demonstrated that the video capsule endoscopy strategy had a mean cost of $5,643 (95% CI

$4,052.23, $9,435.88) and mean effectiveness of 14.69 QALYs (95% CI 14.68, 14.7), risk

stratification strategy with a mean cost of $16,382 (95% CI $16,298, $16,483) and mean

effectiveness of 14.69 QALYs (95% CI 14.67, 14.70), the nasogastric strategy had a mean

cost of $8,277.79 (95% CI of $7,176, $9,401) and a mean effectiveness of 14.69 (95% CI

14.68, 14.70) and the admit-all strategy had a mean cost of $22,767 (95% CI $22,737,

$22,790) with a mean effectiveness of 14.68 QALYs (95% CI 14.67, 14.69). For a Glasgow-

Blatchford score of 1-5, the video capsule endoscopy strategy had a mean cost of $9,124

(95% CI $7,412, $12,165) with a mean effectiveness of 14.57 QALYs (95% CI 14.53, 14.6).

The nasogastric strategy had a mean cost of $9,544.7 ($8,707, $10,455) and mean

effectiveness of 14.58 QALYS (14.56, 14.61) and admit-all strategy had a mean cost of

$22,589 (95% CI $22,408, $22,771) with mean effectiveness of 14.54 QALYs (95% CI

14.5, 14.57). A figure depicting the simulations for patients with a moderate risk of

hemorrhage is shown in Figure 3.
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DISCUSSION

In this study, we explored the cost-effectiveness of various ED-based approaches to risk-

stratify patients with signs and symptoms of acute upper GI hemorrhage and found that

using video capsule endoscopy was the dominant strategy for both low-risk and moderate-

risk populations. This finding is primarily driven by the favorable test characteristics of

video capsule endoscopy compared to the other strategies, where many patients without

need for intervention can be safely discharged home without incurring the costs and

potential complications associated with a hospital admission.

Video capsule endoscopy is a new strategy that is not currently used in EDs but has the

potential to change the management paradigm of acute upper GI hemorrhage in the ED.

Advantages of video capsule endoscopy include patient tolerance of the procedure, the

ability to obtain immediate results (using the Real-Time Viewer at the patient’s bedside)29,

and the ability to avoid the risks of hospitalization and esophagogastroduodenoscopy which

requires conscious sedation.18 Because video capsule endoscopy is not currently available in

EDs and is not standard practice, barriers to adoption may include the cost of the equipment,

training ED physicians to read it – or establishing a secure infrastructure to transmit images

to on-call GI specialists, and the time required to use video capsule endoscopy in a busy ED.

Developing a decision-analytic model is an important step prior to initiating a larger study

and prior to widespread implementation of this technology. Our model shows that video

capsule endoscopy is cost-effective for low to moderate risk patients despite increased

upfront costs compared to using clinical decision rules or using nasogastric tubes because

use of video capsule endoscopy in the ED can potentially lead to more patients being safely

discharged from the ED. The hospital admission is the single most expensive decision made

by an emergency physician. In 2011, 236,000 patients received an

esophagogastroduodenoscopy in the hospital with an average hospital stay of 4 days costing

$23,549 per patient.1 By comparison, the national average Medicare fee for the video

capsule endoscopy is $750 per patient.

We do not know if the results of video capsule endoscopy will impact admission decisions

in a real-world setting. Further studies with larger sample sizes will be needed to confirm the

sensitivity of the test for both the presence of fresh and/or coffee ground blood and for

detecting high-risk bleeding lesions. Video capsule endoscopy has not been tested as a

means to guide clinical decisions compared to standard of care. In addition, in a prior study,

physicians did not discharge patients from the ED despite a reassuring traditional

esophagogastroduodenoscopy and, likewise, physicians may not choose to discharge a

patient after a reassuring video capsule endoscopy.30 Finally, the video capsule endoscopy

also does not replace the need for traditional esophagogastroduodenoscopy when hemostasis

or biopsy is needed.

In the low risk patients, defined by a Glasgow-Blatchford score of zero, video capsule

endoscopy was shown to be the preferred method of risk-stratification. Using clinical

decision rules as a strategy to discharge low-risk patients has been validated in the United

Kingdom.7 However, survey studies have shown that there is very poor uptake by US
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physicians of this rule and some limitations to its use in US settings.10,14,31 As a result, the

Blatchford score has demonstrated limited impact on clinical care. In addition, the low

specificity of the Blatchford score means that most patients with suspected upper GI

hemorrhage are typically still admitted. Finally, an endoscopic view (using traditional

esophagogastroduodenoscopy) of patients who qualify as very low risk may still be desired

by physicians and patients.

The nasogastric tube is notorious for being the single most disliked procedure by ED

patients.3 By contrast, the video capsule endoscopy was well-tolerated by 96% of ED

patients.14 In addition to being well-tolerated, the use of video capsule endoscopy could

allow videos to be transmitted electronically to an off-site gastroenterologist when advanced

interpretation is needed. This feature of video capsule endoscopy could be beneficial in rural

EDs or in community hospitals that do not have gastroenterology services immediately

available. Similar to other diagnostic modalities such as radiography, electrocardiogram and

ultrasound, a video capsule endoscopy could be initially interpreted by emergency

physicians but then formally read by GI specialists while emergency physicians develop

comfort with the procedure and the interpretation. A potential scenario is that emergency

physicians provide a “wet read” regarding the presence or absence of fresh blood while

gastroenterology physicians provide an interpretation to more detailed endpoints.

There were several limitations to our study. First and most importantly, this was a decision

model that used assumptions from published data; however, the model used clinical

estimates where published data were not directly available. Some assumptions were based

on studies with varying sample populations, particularly studies of video capsule endoscopy

in the ED. Since our analyses used risk percentages and test characteristics that were based

on studies with varying degrees of uncertainty in the form of their confidence intervals, To

minimize the effect of this uncertainty, we used sensitivity analyses (one-way, two-way and

probabilistic sensitivity analyses) to attempt to adjust for this uncertainty. In particular we

used probabilistic sensitivity analysis to adjust for the relative imprecision of the estimates

for sensitivity and specificity of video capsule endoscopy. However, not all of the variables

had data to be able to use in the probabilistic sensitivity analysis limiting our understanding

of the effect of uncertainty on our estimates. We also restricted the analysis and admission

decisions specifically to upper GI hemorrhages. In clinical practice, patients presenting with

upper GI hemorrhages may be admitted to the hospital for other reasons (i.e. individual or

system preferences) that are not directly related to the hemorrhage itself such as concerning

symptoms, or concurrent active or co-morbid disease. In addition, there is limited available

literature that describes the risk of death or serious negative outcome for a missed GI bleed

in a patient discharged from the Emergency Department which may have resulted in cost

being primary driver of model. In addition, for our model, the assumption that high-risk

patients would be discharged from the ED is clinically highly unlikely so we elected to

exclude this scenario from our analysis. The use of decision modeling may also not reflect

actual clinical decisions by providers due to differences in risk tolerance, local standards of

care, and the availability of video capsule endoscopy testing. Charge was obtained from

Medicare charge databases for DRGs and CPT codes and served as a proxy for hospital and

physician costs. These data are reflective of care provided to disabled patients and those

above 65 years-old. Our base-case scenario involved a 65 year-old patient and the costs used
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may not be an exact reflection of the actual costs for each of these patients. Lastly,

alternative data sources may serve as a better proxy for patient-specific conditions and costs.

In conclusion, there is a need for new diagnostic methods for upper GI hemorrhage without

having a specialist at the bedside. Many investigators have sought a better way to risk

stratify patients with suspected upper GI hemorrhage both with and without an

esophagogastroduodenoscopy. 32-36 We have shown that video capsule endoscopy may be

cost-effective for low and moderate risk patients presenting to the ED with acute upper GI

hemorrhage. The high sensitivity of video capsule endoscopy makes this test a promising

target for future studies including a randomized controlled trial comparing its use to standard

of care. Future studies will determine the utility of video capsule endoscopy to safely guide

clinical decision making and determine how the use of video capsule endoscopy compares

with the current standard of care in the acute ED setting.
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Figure 1a.
Model Schematic
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Figure 1b.
Admission Outcomes
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Figure 1c.
False Positive Outcomes
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Figure 1d.
False Negative Outcomes
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Figure 2a.
Sensitivity Analysis
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Figure 2b.
Sensitivity Analysis
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Figure 3.
Probability of Sensitivity Analysis
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Table 1

Base-Case Estimates of Probabilities and Range of Values Used in Sensitivity Analyses

Variable Base-Case Estimate Range Reference

Complication from EGD 0.002 0.0002 – 0.01
Sharma (2007),
Ginzburg (2007)
Zubarik, 1994

Complication from NG tube
placement 0.001 0.0001 – 0.006

Gough
(1986)…Aronchich
(1984)

Complication from VCE 0.0001 0 – 0.014 Li, 2008
De Franchis, 2008

Hemorrhage Risk

•  Low

•   Moderate

•  High

0.034
0.27
0.89

0 - 1 Blatchford (2000)

Mortality following
discharge for False Negative 0.001 0 – 0.03

Stanley (2009)
Courtney, 2004
Chandra, 2012

Mortality from Surgery 0.04 0 – 0.25 Kuwubara. J Clin Med
Res. 2011

Re-bleed after initial
bleeding stops 0.12 0 – 0.3 Jairath, 2012

Re-bleed #2 after first
rebleed stops 0.306 0.1 – 0.5 Jairath, 2012

Re-bleed and Return to ED 0.2 0 – 0.3 Assumption

Sensitivity: NG tube 0.45 0.3 – 0.6 Aljebreen (2004),
Cuellar (1990), Witting (2004))

Sensitivity: Risk
Stratification Low Risk
(GBS=0)

0.99 0.7 - 1

Blatchford (2000)
Chandra (2012)
Courtney, 2004
Chandra, 2012

Sensitivity: VCE 0.78 0.7 – 0.9 Rubin (2010)
Meltzer (2013)

Specificity: NG tube 0.72 0.5 – 0.9 Aljebreen (2004),
Cuellar (1990), Witting (2004)

Specificity: Risk
Stratification Low Risk
(GBS=0)

0.32 0.1 – .5

Blatchford (2000)
Chandra (2012)
Courtney, 2004
Chandra, 2012

Specificity: VCE 0.92 0.7 - 1 Rubin (2010)
Meltzer (2013)

EGD, esophagogastroduodenoscopy; GBS, Glasgow-Blatchford bleeding score; NG, nasogastric; VCE, video capsule endoscopy;
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Table 2

Cost estimates of the facility & professional fees used in decision model of the video capsule.

Variable Facility
Fees

Professional
Fees

Total Base-
Case Estimate
($)

Range($) CPT &
DRG
Codes

Reference

Admit but no
bleed found

20,132 314.79 20,447 10,000
-30,000

99222-3,
384

PPRVU2012,
AORV29

Admission for
GI Bleed

15,287 268 15,555 10,000 –
30,000

99222-3,
379

PPRVU2012,
AORV29

Admission for a
GI bleed and
complication
from EGD

26,865 268 27,134 20,000 –
40,000

99222-3,
379

PPRVU2012,
AORV29

Admission with
Surgical
Complication

72,587 500 73,087 50.000 –
100.000

99222-3,
377

PPRVU2012,
AORV29

Admission with
VCE
Complication

26,865 268 27,134 20,000 –
40,000

99222-3,
379

PPRVU2012,
AORV29

Admission
without a GI
bleed found
and
complication
from EGD

34,500 315 34,815 30,000 –
40,000

99222-3,
384

PPRVU2012,
AORV29

Complication
from NG tube

34,815 315 35,129 20,000 –
40,000

99222-3,
384

PPRVU2012,
AORV29

ED Visit 2,000 168 2,168 500 -4,000 99285 Assumption,
PPRVU2012

Endoscopy - 148 148 50-500 43235 PPRVU2012

Mortality 108,874 500 109,375 50,000 –
200,000

Surgery after
2nd Rebleed

1,396 1,396 500 –
2,500

44602 PPRVU2012

VCE Performed - 766 766 250 –
1,500

91111 PPRVU2012

VCE Equipment - - 700 250 –
1,500

N/A Assumption

CPT, Current Procedural terminology; DRG, Diagnosis Related Group; ED, emergency department; EGD, esophagogastruoduodenoscopy; GI,
gastrointestinal; NG, nasogastric; VCE, video capsule endoscopy;
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Table 3

Assumptions for Utility Calculations

Variable Base Case
Estimate

Range Reference

Age (in years) 65 20 – 80 31

Discount Rate 3% 2 – 4% 22

Short Term Disutility for
Complication from EGD

0.25 0.1 – 0.5 Assumption

Short Term Disutility for
Complication from NG
Tube Placement

0.04 0 – 0.1 Assumption

Short Term Disutility for
Complication from
Surgical Complication

0.3 0.1 – 0.5 Assumption

31Short Term Disutility
for Complication from
VCE Complication

0.01 0 – 0.1 Assumption

Short Term Disutility for
False Negative
Discharge

0.15 0.1 – 0.3 Assumption

Short Term Disutility for
Hospital Admission for
GI Bleed

0.02 0 – 0.05 Tengs (2000),
Sanderock (2002)

Short Term Disutility for
Hospital Admission
without GI Bleed

0.01 0 – 0.05 Ward (2012)

Short Term Disutility for
NG Tube Placement

0.008 0 – 0.05 Assumption

Utility of GI Bleed
(Active)

0.77 0.7 – 0.9 Gerson

EGD, esophagogastruoduodenoscopy; GI, gastrointestinal; NG, nasogastric; VCE, video capsule endoscopy.
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Table 4

Base-case results of a 65 year-old presenting to the Emergency Department with unexplained hematemesis.

Strategy Total Cost
($)

Total
Effectiveness
(QALYs)

Incremental
Cost ($)

Incremental
Effectiveness
(QALYs)

Incremental
C/E Ratio,
ICER ($/QALY)

Dominance

Low Risk

VCE $5,690.65 14.69

NG Tube $8,159.47 14.69 $2,468.82 −0.01 −$379,852.46 (Dominated)

Risk
Stratification

$16,385.75 14.69 $10,695.10 −0.01 −
$1,283,894.59

(Dominated)

Admit All $22,766.39 14.68 $17,075.73 −0.01 −
$1,462,307.88

(Dominated)

Moderate Risk

VCE $9,190.04 14.56

NG Tube $9,486.55 14.58 $296.51 0.02 $15,891.13

Admit All $22,584.67 14.54 $13,098.12 −0.04 −$294,524.27 (Dominated)

EGD, esophagogastruoduodenoscopy; GI, gastrointestinal; NG, nasogastric; ICER, Incremental Cost-Effectiveness Ratio; LP, Lumbar Puncture;
QALY, quality adjusted life year; VCE, video capsule endoscopy.
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Table 5

Sensitivity analysis.

Sensitivity Analysis Range Probability of Hemorrhage & Intervention

Base-Case
Assumption Low High

Low Risk
(Glasgow-
Blatchford
score 0)

Mod. Risk
(Glasgow-
Blatchford
score 1-5)

High Risk
(Glasgow-
Blatchford
score ≥6)

Cost

Admit for GI
Bleed $15,556 $10,000 $30,000 VCE

nasogastric
dom. ≥
$19,912

NG

Admit and No
Bleed Found $20,448 $10,000 $30,000 VCE VCE pref. ≥

$18,413 NG

Cost of VCE
Professional
Services

$766 $250 $1,500 VCE
nasogastric
dom. ≥
$1,062

NG

Cost of VCE
Equipment $600 $250 $1,500 VCE nasogastric

dom. ≥ $896 NG

Clinical Probabilities & Test Characteristics

Mortality from
Discharge 0.001 0% 3% VCE

VCE dom
until 1.6%
then pref.

NG dom.
until 2.1%
then pref.

Mortality from
Surgery 4.1% 0% 25%

VCE dom
until 9%
then pref.

VCE pref
until 2.4%
then dom.

NG pref
until 1.7%
then dom.

Hemorrhage
Requiring
Intervention

27% 0% 100% <----------≥31% NG dominant---------->

Re-bleed &
Return to ER 20% 0% 30% VCE VCE pref. ≥

5% NG

Sensitivity: NG 45% 30% 60% VCE VCE pref. ≥
38% NG

Sensitivity: VCE 78% 70% 90% VCE NG dom. ≥
86% NG

Specificity: NG 72% 50% 90% NG pref ≥
85%

NG dom. ≥
74% NG

Specificity: VCE 92% 80% 100% VCE VCE pref. ≥
91% NG

Utility

Age of Patient 65 20 80 VCE VCE dom ≥
80 NG

Disutility: NG
Tube
Placement

0.008 0 0.05
VCE pref
until .0015
then dom.

VCE pref
until .027
then dom.

NG
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Table 6

Variables with no effect on decision strategy.

Sensitivity Analysis Range

Base-Case
Assumption Low High

Cost

Admit for GI Bleed with
Complication $27,134 $20,000 $40,000

ED Visit $2,168 $500 $4,000

EGD Complication in Patient with GI
Bleed $27,134 $20,000 $40,000

EGD Complication in Patient with
no GI Bleed $34,815 $30,000 $40,000

EGD $148 $50 $500

Mortality $109,375 $50,000 $200,000

NG Complication $35,129 $30,000 $40,000

Surgery $1,396 $500 $2,500

Surgery Complication $73,087 $50,000 $100,000

VCE Complication $27,134 $20,000 $40,000

Clinical Probabilities & Test Characteristics

Complication from EGD 0.2% 0% 1%

Complication from NG tube 0.1% 0% 0.6%

Complication from VCE 0.01% 0% 1.4%

Re-bleed 11.9% 0% 50%

Re-bleed #2 30.6% 10% 50%

Sensitivity: Risk Stratification 99% 25% 75%

Specificity: Risk Stratification 32% 10% 50%

Surgery Complication 10.5% 0% 30%

Utilities

Discount Rate 3% 2% 4%

Disutility: Admit 0.01 0 0.05

Disutility: Complication from EGD 0.25 0.1 0.5

Disutility: Complication from NG
Tube 0.04 0 0.1

Disutility: Complication from VCE 0.01 0 0.1

Disutility: False Negative and
Discharge 0.15 0.1 0.3

Disutility: GI Bleed 0.02 0 0.05

Disutility: Post-Surgical
Complication 0.3 0.1 0.5
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