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Abstract
BACKGROUND—Second-look endoscopy after initial therapeutic endoscopy for bleeding
peptic ulcer disease (PUD) may decrease the risk of rebleeding; however, it is not recommended
routinely. Understanding conditions under which second-look endoscopy is beneficial might be
useful for clinical decision making.

METHODS—Using a decision model, literature-based probabilities, and Medicare
reimbursement costs, we compared routine second-look endoscopy to no second-look endoscopy.
We measured rebleeding, need for surgery, hospital mortality, and costs, and calculated the cost to
avoid each outcome, expressed as the number needed to treat (NNT), along with the cost per
outcome prevented.

RESULTS—In the base case, routine second-look endoscopy reduced rebleeding from 16% to
10% (NNT=16) but had no effect on other outcomes. The cost to prevent one case of rebleeding
was nearly $13,000. Threshold analysis revealed a rebleeding threshold of 31% to neutralize the
cost difference between routine second-look endoscopy and no routine second-look endoscopy. If
routine second-look endoscopy were 100% effective in preventing rebleeding, then the rebleeding
threshold for cost neutrality would be 17.5%. When rebleeding risks after the index endoscopy
and second-look endoscopy were simultaneously considered, the cost per bleed prevented ranged
from a cost savings of $165 when the respective risks were 25% and 5%, to a cost of nearly
$33,000 when the risks were 20% and 15%.

CONCLUSION—The results suggest that routine second-look endoscopy is not indicated
following therapeutic endoscopy for bleeding PUD. However, if rebleeding risk is 31% or greater,
then routine second-look endoscopy reduces this risk at no additional cost.
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INTRODUCTION
A “second-look” endoscopy refers to the performance of an upper endoscopy usually within
16-24 hours of an index endoscopy that successfully treats a bleeding peptic ulcer containing
high-risk stigmata such as active bleeding or a visible vessel.1 Second-look endoscopy is
performed despite the absence of clinical evidence of continued bleeding or rebleeding to
identify and treat persistent high-risk stigmata with the goal of preventing rebleeding and its
downstream events, including comorbid complications, the need for surgery, and bleeding-
related mortality.

The basis for second-look endoscopy stems from several randomized trials and meta-
analyses of the trials. The clinical trials show a variable reduction in rebleeding from 0% to
24%, an inconsistent effect on the need for surgery, and no reduction in mortality.2-9 Four
meta-analyses of varying subsets of the trials show a mean absolute risk reduction of 8% for
rebleeding, and no effect on bleed-related surgery and mortality.10-13 On the basis of this
body of evidence, recently updated guidelines state that second-look endoscopy is not
routinely recommended following initial successful therapeutic endoscopy. The guideline
statement reflects an overall recommendation based on cumulative evidence. However, it
does not identify conditions under which second-look endoscopy should be considered or
performed. Intuitively, these conditions would include a high risk of rebleeding following
the index endoscopy and high effectiveness of the second-look procedure. Given the clinical
heterogeneity of this issue, we sought to identify probabilistic conditions under which
second-look endoscopy should at least be considered.

MATERIALS AND METHODS
We used decision analysis to create a decision tree, assign probabilities and costs, determine
the optimal strategy, and test the stability of the results through use of sensitivity analysis.
Figure 1 displays the tree and clinical strategy, the only decision for which is whether to
perform a second-look endoscopy. If a second-look endoscopy is performed, therapeutic
methods may or may not be used, and an endoscopic complication may or may not occur
(only perforation and endoscopy-induced hemorrhage were considered). If there is no
complication, further ulcer bleeding may or may not occur. If rebleeding occurs, it may stop
on its own or after another endoscopy, or if bleeding continues, surgical management of the
bleeding occurs. If a complication occurs (only perforation and hemorrhage were
considered) or if bleeding continues after a second therapeutic endoscopy, patients are
managed surgically where they either die peri-operatively or survive with or without post-
operative complications. On the other hand, if no second-look endoscopy is performed,
patients may or may not rebleed. If rebleeding occurs, a second endoscopy, which may be
diagnostic or therapeutic, is performed. The remainder of the subtree in the lower half of the
figure is identical to that in that upper half. The model does not consider the effects of minor
endoscopic complications, comorbid events that result from episodes of recurrent bleeding,
or the adjunctive use of therapy with proton pump inhibitors, which have been shown to
decrease the risk of recurrent bleeding from high-risk ulcer stigmata independently of
therapeutic endoscopy.14

The study population is one with high-risk ulcer bleeding and initial successful therapeutic
endoscopy with hemostasis. The perspective is that of the health care system, for which all
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direct costs (but no indirect costs) are considered.15 The primary outcomes are rebleeding,
the need for surgery, mortality, cost, and the cost to prevent one case of rebleeding;
secondary outcomes include endoscopic and surgical complications.

We used the published literature to obtain probabilities of rebleeding following initial
hemostasis; reapplication of therapeutic endoscopy for non-bleeding, high-risk stigmata, and
for rebleeding; rebleeding following a second therapeutic endoscopy for no bleeding and for
bleeding; and major complications following therapeutic endoscopy. We assumed a base
case mortality risk of 5%, and surgical survival with and without complications of 10% and
85%, respectively (Table 1). Base case costs or reimbursements were obtained from the
Center for Medicare and Medicaid Services or the published literature for diagnostic and
therapeutic endoscopy, surgery, and death (Table 1).

We performed one-way sensitivity analysis on all variables, the ranges for which were
determined by the authors a priori based on judgment. Clinically relevant two-way
sensitivity analyses were performed as well. As part of the sensitivity analyses, we
considered the difference between the risk of rebleeding after index therapeutic endoscopy
and the risk of bleeding after second-look endoscopy, and did so at different levels of
effectiveness of the second-look endoscopy strategy. For this analysis, we assumed an
absolute risk difference of at least 5% in favor of the second-look endoscopy strategy, and as
high as 20%. We reported those outcomes that favor second-look endoscopy and calculated
the cost per bleed prevented at different levels of rebleeding risk and effectiveness of the
second-look endoscopy strategy. The model was developed using TreeAge Pro2010 by
TreeAge Software (Williamstown, MA). The primary decision analyses were performed in
TreeAge Pro2010. Additional analyses were preformed in Microsoft Excel by (Microsoft,
Inc., Redmond, WA).

RESULTS
Base Case and Threshold Analyses

In the base case, a second-look endoscopy reduced the risk of rebleeding after the index
therapeutic endoscopy from 16% to 10%. However, all other outcomes favored forgoing a
second look, which resulted in fewer complications, less surgery, lower mortality and lower
costs, although the clinical magnitude of the differences for all outcomes was small (Table
2). The 6% absolute difference in rebleeding translates into a number needed to treat – in
this case, the number of persons who undergo a second-look endoscopy - of 16 to prevent
one case of rebleeding, and at a cost per case prevented of $12,950.

A threshold analysis for rebleeding following an index endoscopy revealed that the only
outcome benefiting from a second-look endoscopy was rebleeding, as long as the risk of
rebleeding exceeded 10%, though the amount of benefit was potentially negligible. The cost
threshold for rebleeding was 31%, meaning that rebleeding after the index endoscopy had to
exceed 31% to favor doing a second look endoscopy from a cost perspective (Table 3). For
surgery, surgical complications and mortality, the index rebleeding threshold had to exceed
29% to favor doing a second-look endoscopy for these three outcomes. For endoscopic
complications, there was no rebleeding threshold that favored performing second-look
endoscopy. For rebleeding following second-look endoscopy, which was 10% in the base
case, the only outcomes that benefited from a second-look endoscopy was rebleeding as
long as the risk of rebleeding following a second-look endoscopy was less than 16%; the
magnitude of the benefit was potentially negligible, depending on how much less than 16%
the risk was. For the second-look strategy to benefit the need for surgery, surgical
complications, and hospital mortality, the risk of rebleeding after a second-look endoscopy
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must be 4% or lower. There were no rebleeding thresholds for endoscopic complications and
cost that favored performing second-look endoscopy.

Sensitivity Analysis
In sensitivity analysis, we considered simultaneously the two rebleeding risks, specifically,
rebleeding after the index endoscopy and after second-look endoscopy (Table 4). When
differences between the two risks were small, only rebleeding favored second-look
endoscopy, with the magnitude of benefit dependent on the difference between the two
rebleeding risks. As the risk for rebleeding after the index endoscopy increases, other
outcomes, including the need for surgery and mortality, favor second-look endoscopy,
although this also depends on the effectiveness of the second-look endoscopy.

The corresponding costs per case of rebleeding prevented range from nearly $33,000 when
the risk of rebleeding after second-look endoscopy is 15% and the difference between the
two rebleeding risks is small to a small cost savings when the risk of rebleeding after
second-look endoscopy is low and the difference between the two risks is large (Table 4).

DISCUSSION
The main finding of this analysis is that routine second-look endoscopy of initially
successful treatment of high-risk acute upper GI non-variceal bleeding is unnecessary. Our
results suggest that the absolute risk reduction for rebleeding is small and, in the current era
of high-dose intravenous PPI therapy, may be non-existent. Further, the cost to prevent one
rebleeding episode is nearly $13,000, and may be even higher depending on the true
magnitude of effect. These findings support current guideline recommendations that routine
second-look endoscopy is not warranted.

In sensitivity analysis, we found that two scenarios tended to favor consideration of second-
look endoscopy, one of which is a high-risk for rebleeding following the index therapeutic
endoscopy. In the base case, the risk of rebleeding is 16%, while second-look endoscopy
reduces the risk to 10%, a modest benefit with a number needed to treat of 16. When the risk
of rebleeding is 31% or higher, however, second-look endoscopy adds no cost or is cost-
saving. For surgery and mortality, the corresponding rebleeding threshold is 29%.

The other scenario favoring a second-look endoscopy is a high level of effectiveness for the
second-look procedure itself. With a rebleeding risk of 16% and a reduction in the risk for
rebleeding following the second-look procedure to 4% or less, a second-look endoscopy is
favored for all outcomes, although the absolute benefit is small.

Our findings are consistent with those of Spiegel and colleagues,17 who compared the cost-
effectiveness of four strategies: 1) repeat endoscopy only for evidence of rebleeding; 2) use
intravenous PPIs after initial hemostasis and repeat endoscopy only for rebleeding; 3)
second-look endoscopy for everyone, and; 4) selective second-look endoscopy for high-risk
patients only, with the Baylor Bleeding Score18 used to determine high-risk. In this analysis,
the baseline risk of rebleeding was 18.8% following initial hemostasis, 13.2% with
intravenous PPI therapy, and 11% with second-look endoscopy. The selective second-look
strategy was both most effective and least costly, with a cost per case of rebleeding
prevented of $7,262 and number needed to treat of 10. The intravenous PPI strategy required
50% fewer endoscopy than the other strategies, and became the dominant strategy when the
risk of rebleeding was less than 9%.17

This current study has at least two important limitations that require comment. First, while
we obtained probabilities from the randomized trials of routine second-look endoscopy,
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most of these trials pre-date the use of therapy with intravenous proton pump inhibitors. It is
possible that the probability of rebleeding following initial therapeutic endoscopy from those
trials is higher than the risk of rebleeding in current clinical practice. In the analysis by
Spiegel and colleagues, the rebleeding risk was 13.2% and 18.8% with and without
intravenous PPI, respectively. In randomized trials and meta-analyses of the trials, the risk
of rebleeding in patients with endoscopically treated high-risk bleeding ranges from 5.9% to
22.8%,14, 19-22 with at least one trial showing no difference between standard and intensive
regimens.19 However, in a recent randomized controlled trial from China just 3% of patients
in the high-dose group rebled as compared to 16% in the standard-dose group, a difference
that was statistically significant and clinically important, although the generalizability to
other ethnic and racial groups is uncertain.23 In this analysis, the base case probability for
risk of rebleeding was 16%, and was10% with second-look endoscopy, point estimates that
are within the range of these recent studies. In sensitivity analysis, we assumed an absolute
risk difference in favor of second look endoscopy of at least 5%. However, if current
rebleeding risk is truly lower than those in the second-look endoscopy trials, then the lower
baseline of rebleeding would reduce or possibly even eliminate any risk reduction due to
second-look endoscopy.

A second limitation of this analysis is that we did not consider any additional risks or costs
resulting from the effect of rebleeding on comorbidity. Since rebleeding episodes may result
in new comorbid conditions (e.g., aspiration pneumonia, stroke, myocardial infarction, renal
failure) or exacerbate pre-existing ones (e.g., congestive heart failure, renal insufficiency),
there may be more value to preventing an episode of rebleeding than this analysis suggests.
Related to this issue is the fact that we did not consider the effect of second-look endoscopy
on length of hospital stay. Second-look endoscopy alone would not prolong hospital stay. If
anything, it might provide reassurance of a low-risk of rebleeding, in which case earlier
hospital discharge might occur, with a reduction in total cost.

There are essentially two reasons to consider performing a second-look endoscopy. One
reason is when the index exam is incomplete, either because of obscuring intraluminal
contents such as blood and blood clots or because of endoscopist uncertainty about the
technical efficacy of the applied hemostatic techniques. These circumstances, however, may
be considered peripheral, if not separate, from a true second look endoscopy, which is more
properly elective and technically should not include an index endoscopy that is either
diagnostically or therapeutically incomplete. The second reason is more germane to this
issue: the risk of rebleeding is high enough to warrant the repeat endoscopy. Risk factors for
rebleeding include a large initial bleeding episode as evidenced by shock or hypotension at
baseline, a large ulcer (2 cm or larger), comorbid disease, fresh blood in the stomach, active
bleeding at the time of index endoscopy, and ulcers on the high lesser curve or posterior wall
of the duodenal bulb,16, 24 which are locations where therapeutic endoscopy may be
technically challenging.

In conclusion, our results support the practice of forgoing routine second-look endoscopy
following therapeutic endoscopy for bleeding peptic ulcer disease. However, if the risk for
rebleeding after the index procedure is considered high, then a second-look endoscopy
reduces this risk. In the current analysis, when the risk of rebleeding was 31% or greater, the
additional procedure added no cost or was cost saving. Subsequent research should consider
second-look endoscopy in patients at highest risk for rebleeding, either by clinical criteria or
by scoring system, who receive either high-dose or standard-dose intravenous PPI therapy
following successful hemostasis.
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Figure 1.
Decision Tree for “Second-Look” Endoscopy
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Table 1

Base Case Probabilities & Costs

Variable Probability (range) Sources

Rebleeding following initial hemostasis 16% (5-30%) 3, 4, 6, 8, 9, 11,
24-26

Re-application of T-EGD (no bleeding) 35% (20-50%)

Rebleeding after 2nd T-EGD (no bleeding) 10% (0-50%) 4, 11

Re-application of T-EGD (bleeding) 40% (10-70%) 27

Continued bleeding after 2nd T-EGD (bleeding) 15% (0-50%) Expert opinion

Major complication after T-EGD 1% (0-4%) 27

Major complication after D-EGD 0.5% (0-2%) 28

Survive surgery without complications 85% (60-100%) Expert opinion

Survive surgery with complications 10% (0-20%) Expert opinion

Peri-operative mortality 5% (0-20%) Expert opinion

Cost (range)

Diagnostic (D-) EGD $732 ($300 - $1500) Medicine
reimbursed

Therapeutic (T-) EGD $868 ($400 - $1,500) Medicine
reimbursed

Hospital (no rebleeding) $3,780 ($2,000 - $7,000) 29

Hospital (rebleeding) $6,080 ($4,000 - $10,000) 29

Surgery (perf/bleed) $3,850 ($2,000 - $8,000) Medicine
reimbursed

Surgical complication $11,600 (47000-$20,000) Medicine
reimbursed

Death $250,000 ($0 - $500,000) Expert opinion
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Table 2

Base Case Results

Outcomes 2nd Look No 2nd Look

Rebleeding 10% 16%

Surgery 3.1% 1.7%

Endoscopic complications 0.7% 0.2%

Surgical complications 0.3% 0.2%

Hospital mortality 0.15% 0.08%

Costs $5,376 $4,599

Number needed to scope to prevent one case of rebleeding = 16 Cost per case of rebleeding prevented = $12,950
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Table 3

Sensitivity Threshold Analysis

Rebleeding following index T-EGD
16% (range 5%-30%)

Rebleeding following 2nd Look
Endoscopy

10% (0-50%)

Outcomes 2nd Look Threshold 2nd Look Threshold

Rebleeding Yes 10% Yes 16%

Surgery No 29% No 4%

Surgical
complications No 29% No 4%

Hospital mortality No 29% No 4%

Cost No 31% No ----------

Endoscopic
complications No ---------- No ----------
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Table 4

Sensitivity Analysis: Risks of Rebleeding

Absolute Difference in Risks of Rebleeding (Index – 2nd LE)

Rebleeding after 2nd

look endoscopy
5% 10% 15% 20%

5% Rebleeding
$14,700

Rebleeding
$4,790

Rebleeding
$1,486
Surgery

Mortality
Complications

All outcomes
favor 2nd look

($165 )

10% Rebleeding
$16,560

Rebleeding
$5,720

Rebleeding
$2,107

Rebleeding
$300

Surgery
Mortality

Complications

15% Rebleeding
$32,840

Rebleeding
$6,660

Rebleeding
$2,733

Rebleeding
$770
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