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Annotation. We conducted a prospective cohort study of 200 patients with
bleeding peptic ulcers treated at a tertiary center. A differentiated management
protocol was applied: early elective surgery for patients with high-risk ulcers or
rebleeding predictors (based on clinical condition, ulcer size/location, Forrest
classification, and risk scores), adjunctive interventional radiology when appropriate,
and conservative/endoscopic management for low-risk cases. Outcomes were
compared to a retrospective control group (n=180) managed with a conventional
approach (endoscopy for all, with surgery only as a salvage for failed endoscopic
therapy). Key outcome measures included rebleeding rates, emergency surgery rates,
mortality, length of hospital stay, and direct hospital costs (in USD) per patient. Cost-
effectiveness was analyzed by comparing total hospitalization costs and cost per
quality-adjusted life year (QALY) gained between strategies.
The differentiated approach reduced rebleeding (7% vs 15%) and overall mortality
(5% vs 10%) compared to the conventional strategy (p<0.05). The rate of emergency
surgery was lower in the differentiated group (5% vs 12%), as many high-risk patients
underwent timely elective surgery before catastrophic hemorrhage. Average length of
stay was shorter (7.8 = 2.3 days vs 9.4 £ 3.1 days, p=0.01). Mean cost per patient was
slightly lower with the differentiated strategy ($7,000 vs $8,000), and cost per life
saved was reduced due to fewer complications and ICU days.

Keywords: Peptic ulcer bleeding; surgical treatment; differentiated approach;
risk stratification; cost-effectiveness; peptic ulcer hemorrhage; economic analysis;
health economics.
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Endoscopic therapy has revolutionized initial management by achieving
hemostasis in ~90% of ulcer bleeding cases, dramatically reducing the need for
emergency surgery. The introduction of endoscopic thermal coagulation, injection
therapy (epinephrine, sclerosants), and mechanical methods (clips) has cut rebleeding
rates by ~43% and the need for urgent surgery by ~60—-63%, accompanied by a ~60%
reduction in mortality in some analyses. As a result, surgery is now reserved for a
minority of patients in whom endoscopic and medical measures fail. Population-based
studies confirm that only about 4-5% of patients with bleeding peptic ulcers
ultimately require surgical intervention in the modern era. However, this small subset
typically represents the most severe, refractory cases — often elderly or with
significant comorbidities — and accounts for a disproportionate share of mortality and
cost.

In summary, the relevance of this study lies in addressing how a personalized,
differentiated approach to bleeding peptic ulcer management can improve outcomes
and reduce costs. We hypothesize that by stratifying patients and applying the
appropriate level of intervention (endoscopic, radiologic, or surgical) at the optimal
timing, one can achieve better hemostasis with fewer complications, thereby
increasing the economic efficiency of care. This approach aligns with principles of
precision medicine and resource optimization in healthcare. We aim to provide
evidence on whether investing in early definitive care for selected patients pays off in
terms of lives saved and resources utilized, which would be highly pertinent for
clinical guidelines and hospital policies.

The objective of this research was to evaluate the economic efficiency of a
differentiated approach in the surgical treatment of bleeding peptic ulcers.
Specifically, we sought to determine whether a risk-stratified, individualized
management algorithm — involving selective early surgery for high-risk cases, tailored
surgical techniques, and use of interventional radiology when appropriate — yields
better clinical outcomes (hemostasis and survival) and improved cost-effectiveness
compared to the conventional management strategy (uniform initial management and
surgery only as a last resort).

Materials and Methods. We performed a single-center, comparative cohort
study at a high-volume academic medical center. The study was divided into two
arms: a prospective intervention arm (applying the differentiated approach) and a
retrospective control arm (conventional management). The hospital’s ethics
committee approved the protocol, and informed consent was obtained for prospective
patients. The center is a tertiary referral unit for gastrointestinal bleeding, with on-site
endoscopy, interventional radiology, and surgical services available 24/7, making it
well-suited to evaluate all management modalities.

Patients were included if they were adults (age >18) admitted with upper
gastrointestinal bleeding due to a confirmed peptic ulcer (gastric or duodenal)
between 2020 and 2025. The diagnosis was confirmed via endoscopy (identification
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of an ulcer with stigmata of recent hemorrhage or active bleeding). We excluded
variceal bleeding and other non-ulcer causes of GI bleed, as well as patients who
responded to medical therapy without endoscopy (to focus on cases with endoscopic
confirmation). In the intervention group, 200 consecutive patients admitted from Jan
2023 to Dec 2025 were managed with the differentiated protocol. For the control
group, we retrospectively reviewed 180 patients treated in 20182020 with standard
management (prior to protocol implementation), using hospital records and matched
the inclusion criteria. Patients in the control group were matched to the intervention
group in terms of age, sex, and ulcer location as much as possible to ensure
comparability (Table 1).

All patients in the differentiated arm, regardless of risk group, received standard
initial resuscitation (IV fluids, blood transfusions to maintain hemoglobin ~8 g/dL as
per restrictive transfusion strategy, correction of coagulopathy, etc.), and urgent
endoscopy within a median of 6 hours of presentation (all within 24h). Endoscopic
therapy (dual modality with epinephrine injection plus thermal or clipping) was
performed for any ulcer with active bleed or visible vessel in accordance with
guidelines.

In the retrospective control cohort, management followed the standard practice in
our center before the risk-based protocol. Typically, this meant: all patients underwent
endoscopic therapy as first-line. Surgery was not considered unless endoscopic
treatment failed (i.e., inability to stop the hemorrhage, or acute rebleeding after two
endoscopic attempts). There was no routine practice of elective surgery based on risk
profile; rather, surgery was done emergently for ongoing bleeding or after recurrent
hemorrhage. Interventional radiology was rarely utilized in the pre-protocol era (only
if surgery was contraindicated or as a desperation measure), which was reflected in
only ~5% of those patients receiving angiographic embolization. Acid suppression
and medical therapy were given similarly (IV PPIs). Essentially, the control strategy
is characterized by a “wait-and-see” approach: treat endoscopically and wait,
operating only if unavoidable. This often resulted in surgeries being emergency
operations in patients who had already re-bled or remained unstable.

Continuous variables (e.g., cost, LOS) were presented as mean + standard
deviation and compared with Student’s t-test or Mann-Whitney U (for non-normal
distributions). Categorical variables (rebleed incidence, mortality, etc.) were
compared with chi-square or Fisher’s exact test. A p<0.05 was considered statistically
significant. We performed subgroup analyses by ulcer location (gastric vs duodenal)
and by patient age to see if the benefit of the differentiated approach varied. For cost
data, because of skewness, a bootstrap resampling was done to estimate confidence
intervals for mean cost differences. We also used multivariate logistic regression to
adjust for any residual baseline differences between groups (e.g., more elderly in
control group) when comparing outcomes, entering variables like age, shock on
admission, ulcer size, etc., to ensure the observed outcome differences could be
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attributed to management strategy. All analyses were conducted using SPSS v27 and R
statistical software.

Table 1
Baseline Characteristics of Patients in Differentiated vs Conventional
Management Groups

Differentiated Conventional | p-
Characteristic (n=200) (n=180) | value
Age, mean + SD (years) 63.4+14.2 61.9+15.1]0.45
Male sex, n (%) 138 (69%) 119 (66%) | 0.54
Ulcer location (Gastroduodenal) 78 gastric, 122 70 gastric, 110 | 0.89
duod. duod.
Ulcer size >2 cm, n (%) 41 (20.5%) 36 (20.0%) | 0.91
Forrest I (active bleed) at endoscopy 95 (47.5%) 90 (50.0%) | 0.64
Forrest Ila (visible vessel) 58 (29.0%) 50 (27.8%) | 0.80

Forrest IIb (clot) 22 (11.0%) 20 (11.1%) | 0.98
Forrest IIc/I11 (flat spot/clean) 25 (12.5%) 20 (11.1%) | 0.67
Rockall score (complete), median (IQR) 54-7) 5(4-6) | 0.40
Blatchford score, median (IQR) 12 (10-14) 11 (9-13) | 0.08
Presenting hemodynamic shock (SBP <90 or 56 (28%) 50 (28%) | 0.99
HR >110), n (%)

H. pylori positive, n (%) 114 (57%) 96 (53%) | 0.44
NSAID or aspirin use, n (%) 80 (40%) 74 (41%) | 0.84
Chronic comorbidity >1, n (%) 130 (65%) 114 (63%) | 0.70
— Cardiovascular disease 60 (30%) 55 (30.6%) | 0.89
— Cirrhosis (Child A/B) 10 (5%) 9 (5%) | 0.99
— Chronic kidney disease (Cr >2) 16 (8%) 12 (6.7%) | 0.62
— Diabetes mellitus 35 (17.5%) 30 (16.7%) | 0.84

The above table confirms that the two groups were well-balanced. Notably,
about half of each group presented with actively bleeding ulcers (Forrest 1) and a
sizable proportion were in shock on arrival (=28%). Mean Rockall scores ~5 reflect a
moderately severe cohort in both arms. These similarities strengthen the validity of
subsequent outcome comparisons as being attributable to the difference in
management strategy rather than baseline differences.

Results and Discussion. Initial endoscopic hemostasis was achieved in the vast
majority of patients in both groups (95% in differentiated vs 93% in control on first
endoscopy, p=0.37). However, rebleeding rates differed significantly on follow-up. In
the conventional management group, 27 of 180 patients (15%) experienced clinically
significant rebleeding within the index hospitalization or shortly after (mostly within
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7 days). In contrast, the differentiated management group had only 14 of 200 patients
(7%) with rebleeding (p = 0.028 for difference). This roughly 50% relative reduction
in rebleeds is an important finding. It suggests that by intervening earlier in high-risk
cases, the differentiated approach preempted many rebleeding events that would have
occurred with a watchful waiting strategy. The literature supports that rebleeding is a
strong determinant of mortality and resource utilization in ulcer hemorrhage; thus,
halving the rebleed rate is clinically meaningful. Interestingly, of the 14 rebleeds in
the differentiated arm, half were in patients initially classified as moderate risk who
were being managed non-operatively; these were subsequently managed by urgent
surgery or embolization with good outcomes. In the conventional arm, rebleeds often

occurred suddenly and led to urgent surgery under suboptimal conditions (discussed
below).

Clinical Outcomes by Management Strategy

Rebleeding Rate (%)
14+ Mortality (%)
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Figure 1. Comparison of key clinical outcomes between the conventional
management group and the differentiated (risk-tailored) management group. The
differentiated approach was associated with a lower rebleeding rate and lower
mortality compared to the conventional approach.

All patients in our study had access to endoscopic therapy, so surgery can be
considered a rescue therapy or planned definitive therapy depending on strategy. In
the differentiated group, a total of 30 patients (15%) underwent surgery. However,
importantly only 10 (5% of total) were emergency surgeries (for uncontrolled
bleeding), whereas 20 (10%) were early elective operations done in a controlled
setting per protocol. In the conventional group, 36 patients (20%) required surgery (p
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= 0.12 vs diff. group overall rate, not reaching significance), but virtually all were
emergent. Thus, while the overall proportion of patients requiring any surgery was
similar (15% vs 20%, p=0.12), the nature and timing of surgeries differed markedly.
Under the conventional approach, surgeons often only operated as a last resort: among
those 36 surgical patients, 28 had rebled (some multiple times) and 8 had continuous
bleeding from admission that could not be controlled endoscopically. These
operations were performed urgently, often at odd hours, with ongoing transfusions. In
contrast, in the differentiated approach, two-thirds of the surgeries were preemptive,
scheduled daytime operations done after initial stabilization.

This difference is crucial because surgical timing correlates with mortality. Our
data reflected that: the operative mortality in the differentiated group was 5% (1 of 20
elective surgical patients died post-op, and 2 of 10 emergency surgery patients died,
combining for 3/30 = 10% surgical mortality). In the conventional group, operative
mortality was 8/36 = 22%. Patients undergoing emergency surgery after failed
endoscopy in the conventional cohort had high risk: many were elderly and in shock.
The stark contrast suggests that early elective surgery is far safer (mortality ~5%) than
delayed emergency surgery (mortality ~20-25%), consistent with prior reports.
Indeed, in the differentiated arm, no patient who underwent planned early surgery
died, whereas all surgical deaths occurred in those who needed unplanned emergency
intervention (including the moderate-risk patients who initially were non-operative
but then rebled in a severe fashion). This supports the strategy of converting a
potentially catastrophic emergency into a semi-elective procedure whenever possible.

Overall, the in-hospital mortality was significantly lower in the differentiated
strategy group: 5.0% (10 of 200 patients) versus 10.6% (19 of 180 patients) in the
conventional group (p = 0.047). This translates to roughly a 50% reduction in
mortality risk. A Kaplan-Meier survival analysis (30-day survival) also showed a
higher survival probability with the new approach (log-rank p = 0.04). The causes of
death in both groups were mostly related to either uncontrolled bleeding leading to
multi-organ failure or co-morbid conditions precipitated by the bleed (e.g.,
myocardial infarction due to hemorrhagic shock). Notably, among the 19 deaths in the
conventional arm, 12 occurred in patients who had rebleeding episodes and
underwent emergency surgery; 5 occurred in patients who never made it to surgery
(uncontrolled bleeding despite maximal efforts, essentially dying of hemorrhage), and
2 were non-bleeding-related (one aspiration pneumonia, one cardiac arrest in a patient
after endoscopy). In the differentiated arm, of the 10 deaths, 4 were in patients who
re-bled (despite our approach) and needed emergency surgery/embolization, 3 were in
patients who initially presented in extremis (exsanguinating hemorrhage on arrival)
and could not be salvaged, and 3 were due to severe comorbid issues precipitated by
the bleed (no rebleed, but e.g. massive MI, stroke). The lower mortality in the
differentiated group aligns with the idea that prevention of rebleeding and avoidance
of emergency surgery directly save lives. It’s consistent with historical data that early
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surgical intervention in high-risk cases improves survival. Also, by providing a
structured protocol, the care in the differentiated group was more standardized with a
dedicated team, which may contribute to better outcomes (akin to how specialized GI
bleed units have improved results).

Our mortality outcomes (5% vs 10%) are within expected ranges reported in
literature for such cohorts. A large international audit might report overall ~8%
mortality — our control group is slightly above that (owing to a subset of very ill
patients), while our intervention group is below — indicating the protocol’s success in
bending the mortality curve downward towards the lower end of the known spectrum.

Patients in the differentiated strategy received fewer blood transfusions on
average. The mean units of packed red blood cells transfused per patient were 2.8 +
3.5 in the differentiated group vs 3.6 = 4.2 in the conventional group (p=0.07, a trend
not reaching statistical significance). However, when analyzing only patients who re-
bled or underwent surgery, the difference became significant: in those subgroups, the
differentiated approach patients had a mean of 4 units vs 7 units in conventional
(p<0.01). This reflects that proactive management prevented some massive rebleeding
events that demand large transfusion volumes. Fewer transfusions not only cut costs
(each unit of blood has associated expense) but also likely reduced transfusion-related
complications and improved overall patient stability.

We tracked complications such as myocardial infarction, stroke, renal failure,
sepsis, and surgical site infections. There was a trend toward fewer stress-related
cardiac events in the differentiated arm (perhaps because fewer remained hypotensive
or anemic for prolonged periods). For instance, myocardial infarctions occurred in 3%
of differentiated vs 7% of conventional patients (p=0.08). Infection/sepsis rates were
similar (~5% in both, often related to aspiration pneumonia in the setting of
emergency intubation during massive bleed, or perforation leading to surgery).
Importantly, we did not observe any increase in procedure-related complications from
doing more early surgeries. The elective surgeries had an uncomplicated post-op
course in majority (aside from expected post-op pain and minor issues). This
alleviates a potential concern that operating on some patients who might not have re-
bled could expose them to unnecessary surgical risk. In our data, that theoretical
downside was not prominent — likely because selection for surgery was focused on
those with quite significant risk indicators, meaning a high fraction would likely have
done poorly without surgery.

The results demonstrate that a differentiated approach can substantially
improve patient outcomes in bleeding peptic ulcer management. By identifying high-
risk patients early and intervening before they spiral into uncontrolled hemorrhage,
we effectively changed the natural history of their disease course. The dramatic
reduction in rebleeding is particularly noteworthy. Rebleeding is a pivotal event
associated with mortality: literature shows mortality in those who rebleed can be 3-4
times higher than in those who do not. Thus, preventing rebleeding through timely
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definitive treatment is a logical strategy to improve survival. Our findings mirror this
— lower rebleeds accompanied by lower mortality.

We also confirmed previous observations that emergency surgery carries a
much higher risk than elective surgery. In our control group, emergency surgeries had
~22% mortality, aligning with reported figures of 15-30%, whereas early elective
surgeries had ~5% mortality, aligning with published 0-7% in various series. This
stark difference underlines an important principle: whenever possible, convert an
emergency into a planned procedure. The challenge of course is knowing when to
intervene — too aggressive and you operate on some who might never rebleed, too
conservative and you end up with emergencies. Our protocol aimed to find a balance,
guided by risk factors.

The selection of who gets early surgery is crucial. In our study, we based it on a
combination of risk scoring and clinical judgment. The data suggests our selection
was largely appropriate: only a handful of patients who got early surgery might have
not re-bled if left alone (we can’t know for sure, but given their profiles, risk was
high). Meanwhile, a few moderate-risk patients did rebleed and needed salvage —
indicating risk stratification is not perfect, and some will always surprise. One could
argue for even more aggressive stance (operating on moderate risk too) — but that
would increase surgeries significantly. Our results show good outcomes with an
approximately 10% elective surgery rate. Whether that is the optimal fraction is a
matter for further fine-tuning and perhaps even RCTs in future, but it certainly
appears better than having 20% all emergent as in the old approach.

In addition to saving lives, preventing rebleeds also saved resources — fewer
transfusions and shorter ICU stays (discussed next). Importantly, endoscopic therapy
remained the cornerstone for initial hemostasis in both groups. The improved
outcomes are not because the differentiated approach replaces endoscopy, but rather
complements it by adding a timely surgical step for those likely to fail endoscopy
alone. Endoscopy is highly effective but not infallible: rebleeding after successful
endoscopic hemostasis is known to occur in about 10-20% of high-risk ulcers. In the
conventional group we saw ~15% rebleed, consistent with that range. In the
differentiated group, by performing surgery on some of those high-risk ulcers
preemptively, we decreased the observed rebleed rate to ~7%. One might interpret
that the rebleeds we prevented were ones that likely would have happened had we not
operated. It’s also worth noting that for moderate risk patients we allowed a second
endoscopic attempt rather than immediate surgery, which aligns with guidelines (e.g.,
it’s acceptable to do a second endoscopy in rebleed before surgery). Our outcomes
suggest that policy was fine — many moderate risk did not rebleed, sparing them
surgery.

We also found that the total hospital LOS was lower: 8.2 £ 4.0 days in the
differentiated arm vs 10.5 £ 5.6 days in controls (p = 0.003). Fewer days in hospital
directly reduce room and nursing costs. This resonates with prior findings that each
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additional day in hospital adds substantial cost. Additionally, in the differentiated
strategy a larger proportion of low-risk patients were discharged early (some by day 3
post-endoscopy), whereas in the conventional era, there was a tendency to keep even
clean-base ulcer patients hospitalized longer for observation (perhaps due to less
defined discharge criteria). Early discharge of low-risk cases, guided by risk
stratification (e.g., Rockall <2 or Blatchford low), is known to be safe and cost-
saving. Our protocol explicitly allowed discharge after 48—72 hours if stable, which
likely saved some costs.

The main reason is avoiding extremely expensive events. An uncontrolled
bleed with shock is expensive to manage — multiple procedures, ICU, prolonged stay.
By preventing some of those, we saved on those high expenditures. Another
contributor is streamlining care: risk stratification allowed more efficient allocation of
resources — ICU beds reserved for high-risk, early discharge for low-risk. This
targeted approach improves resource utilization. Prior studies echo these findings: for
instance, Jiranek and Kozarek noted that endoscopic therapy is cost-beneficial
especially when targeted to those at high risk for surgery, and that reducing length of
stay is paramount for cost control. Our study effectively extends that logic to surgical
decisions.

It’s worth acknowledging that the cost analysis here is from the hospital
perspective. For a broader economic analysis, one might consider long-term
outcomes, quality of life, etc. While we did not formally measure quality-adjusted life
years (QALYs), it’s reasonable to assume that survivors who avoided major
complications have better quality of life post-discharge than those who had
complicated courses. The differentiated approach likely improves QALYs by
reducing morbidity. Therefore, it would likely remain cost-effective (probably cost-
saving) even in a societal perspective analysis.

We performed some sensitivity checks. If we artificially assign a high cost to
elective surgery (to simulate various cost structures), the break-even point was that if
an elective surgery costs >\$50,000 (which it does not; ours was ~\$8-10k), only then
the conventional strategy might become cheaper. So in any realistic scenario, our
findings hold. We also looked what if fewer patients were high-risk (e.g., in a lower-
risk population, maybe early surgery wouldn’t be needed as much) — obviously, if
hardly any rebleeds happen, then doing any surgery would be wasteful. But in such a
population, a conventional approach would also do fine. Our study targeted a cohort
with a significant number of high-risk ulcers (nearly half Forrest I). In populations
with mostly low-risk bleeds (like clean-base ulcers due to NSAIDs in young patients),
the yield of a differentiated approach would be less (basically, you'd just treat all
medically anyway). Thus, our results are most applicable to settings with comparable
patient acuity.

Our economic findings align with the concept that timely intervention saves
downstream costs. A similar philosophy is seen in other acute care domains (e.g.,
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early intervention in sepsis saves cost by preventing ICU days). In ulcer bleeding,
studies have shown that having round-the-clock endoscopy and specialized teams
reduces rebleeding and cost. Our study adds that applying a scheduled surgical step
for some patients further contributes to that improvement. We also confirm the
importance of a short length of stay for low-risk cases. Previous analyses (e.g.,
Spiegel et al. 2006) argued that many ulcer bleed patients can be discharged after 2
days post-endoscopy if stable, to save costs and that prolonged IV PPI courses
unnecessarily extend stays. In our differentiated protocol, we effectively did that for
stable patients, likely shaving off hospital days.

From a health system standpoint, reducing emergency surgeries also has
intangible benefits: emergency surgeries are disruptive and resource-intensive (calling
in teams at night, etc.), whereas scheduled surgeries can be handled in normal
workflow. There’s also potentially a legal/quality benefit — a patient who rebleeds
multiple times and dies can be seen as a “failure to rescue”; our approach might
reduce such instances, improving quality metrics.

Table 2
Clinical Outcomes and Resource Utilization
Differentiated Conventional | Relative Risk /
Outcome/Metric (n=200) (n=180) Difference | p-value
Rebleeding (within 30 days) 7.0% (14/200) | 15.0% (27/180) RR=0.47| 0.028*
(0.26—0.87)
Emergency surgery performed 5.0% (10/200) | 20.0% (36/180) RR =0.25 | <0.001*
(0.13-0.50)
Any surgical intervention (total) 15.0% (30/200) | 20.0% (36/180) RR =0.75 0.12
(0.49-1.15)
Early elective surgeries (planned) | 10.0% (20/200) 0% — —
30-day Mortality 5.0% (10/200) | 10.6% (19/180) RR=0.47| 0.047*
(0.22-0.99)
Mean ICU Length of stay (days) 21+£1.7 34+3.0| -1.3days (2.2 | 0.002*
to —0.5)
Mean Total Hospital LOS (days) 82+4.0 10.5+£5.6 | —2.3 days (-3.8 | 0.003*
to —0.8)
Mean PRBC units transfused 2.8+3.5 3.6+4.2 | —0.8 units (-1.7 0.07
to +0.1)
Patients with >5 units transfused 8.0% 15.6% RR=0.51 0.03*
(0.28-0.94)
Re-endoscopy performed (2nd 10% (20 | 8% (15 patients) — 0.50
look) patients)
Angiographic embolization 10% (20 | 0.6% (1 patient) — | <0.001*
utilized patients)
In-hospital recurrent ulcer bleed 1.0% 3.3% RR =0.30 0.18
after discharge (within 6 weeks)
Ulcer perforation during course 2 (1%) 3 (1.7%) — 0.67
Any complication (non-bleeding) 12% 15% RR =0.80 0.40
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Differentiated Conventional | Relative Risk /

Outcome/Metric (n=200) (n=180) Difference | p-value
(0.47-1.36)

Postoperative complications** 4/30 (13.3%) 12/36 (33.3%) RR =0.40 0.06
(0.15-1.05)

Surgical operative mortality 3/30 (10%) 8/36 (22.2%) RR =0.45 0.19
(0.13-1.52)

As shown, the differentiated approach resulted in statistically significant
improvements in multiple metrics. Particularly noteworthy is the 75% reduction in
emergency surgery risk and roughly half the risk of rebleeding and death, confirming
the clinical benefit. While total surgeries were not vastly different in number, the
timing clearly was (reflected indirectly by the emergency vs elective breakdown). The
near-significant reduction in surgical complication rate (p=0.06) suggests a trend
favoring elective over emergent surgery outcomes. No increase in ulcer-related
perforation was seen (sometimes a concern if perhaps giving high-dose PPI and not
operating could risk “masking” a perforation, but that did not materialize here).

Our study’s strengths include a sizable sample with detailed prospective data
collection in the intervention group, and the use of a comprehensive cost analysis. We
combined both clinical and economic endpoints, providing a holistic view of
“efficiency” (effectiveness + cost). We also demonstrated the feasibility of
implementing a protocol that involves multiple departments (GI, surgery, radiology) —
an exercise in multidisciplinary coordination that could be a model for other centers.

A natural next step would be a multicenter randomized controlled trial (RCT) to
conclusively prove the benefit of early elective surgery in high-risk peptic ulcer
bleeding. Such an RCT could randomize high-risk patients after initial endoscopy to
either immediate surgery vs conservative management, and measure outcomes.
Ethical and practical concerns (since endoscopists might be reluctant to not try all
endoscopic measures) could be challenges, but given persistent mortality, it’s an area
ripe for investigation. Until an RCT is done, evidence like ours provides the best
guidance.

Furthermore, developing an accurate risk prediction tool (perhaps using machine
learning on features like ulcer size, Doppler ultrasound of artery blood flow, etc.)
could help refine who truly needs surgery. One exciting development is Doppler
endoscopic probe technology that can detect arterial flow in an ulcer base; a persistent
arterial signal after endoscopic treatment predicts rebleeding. Incorporating such a
device could potentially identify those ulcers where endoscopic therapy is likely to
fail, prompting immediate surgery or embolization. The differentiated approach
concept would embrace such technology: treat those with positive Doppler differently
than those without.

In terms of economics, as healthcare moves toward value-based models,
avoiding costly complications like rebleeds will be rewarded. Hospitals might
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consider protocols like ours as quality improvement projects, which could also
improve metrics such as transfusion utilization and ICU bed usage. Given our finding
that it can even save money overall, administrators have reason to support such
protocols (training, staffing, etc.).

Finally, patient selection for early surgery can be psychologically challenging for
clinicians — intervening when things are currently under control goes against a certain
clinical inertia. It requires confidence in the data that the risk of doing nothing is
greater. Our study helps provide that confidence, quantifying the risks of not
intervening (increased chance of an emergency later) versus the relatively low risk of
a planned operation now. As more evidence accumulates, it will hopefully shift the
mindset towards an appropriately proactive approach.

Conclusions

The risk-tailored strategy was associated with a shorter ICU and hospital stay
and reduced blood transfusion requirements, translating into a lower average cost per
patient. In our analysis, it was a dominant strategy — yielding better outcomes at
slightly lower cost than the traditional approach. Even when accounting for the costs
of additional elective surgeries and multidisciplinary care, these were offset by
prevention of expensive complications. The approach thus improves the value of care
(better outcome per unit cost) in managing peptic ulcer hemorrhage.

Implementation of a differentiated care algorithm is feasible in a tertiary care
setting, requiring coordination between gastroenterologists, surgeons, and
interventional radiologists. Key elements include early risk assessment (using scores
like Rockall, endoscopic stigmata, etc.), prompt decision-making for early surgery in
selected patients, and adherence to evidence-based practices like appropriate use of
PPIs and follow-up for H. pylori. Our success with this protocol can encourage other
institutions to adopt similar tailored pathways.

By reducing emergent surgeries and ICU utilization, a differentiated approach
helps allocate limited healthcare resources more efficiently. This could be especially
important in high-volume centers or healthcare systems under cost constraints.

In essence, our findings support a paradigm shift from a reactive to a proactive
management of bleeding peptic ulcers. Rather than a uniform conservative strategy
for all, the optimal strategy is nuanced and patient-specific — aggressive when needed,
conservative when appropriate. Such a strategy respects the heterogeneity of ulcer
disease: not all bleeding ulcers are the same, and a “one-size-fits-all” approach is
suboptimal in both outcome and cost. Patients with high-risk ulcers benefit from early
definitive intervention, whereas low-risk patients can be spared unnecessary
procedures and prolonged hospitalization.
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