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Abstract
After encountering a unique patient case, we revisit the updated literature on stress ulcer prophylaxis with
more updated studies. A 47-year-old male came to the hospital and was found to have acute cholecystitis.
After undergoing urgent cholecystectomy, the patient developed melena and a 6 mg/dL drop from 12.5 g/dL
to 6.5 g/dL in hemoglobin. He was found to have a gastric ulcer and was started on a proton pump inhibitor,
which posed the question of whether or not stress ulcer prophylaxis was indicated. Therefore, the
pathophysiology of stress ulcer prophylaxis is refreshed, discussing the various mechanisms through which
stress ulcers form in a clinical context. Then, the main risk factors and indications for stress ulcer
prophylaxis are defined based on current literature, further investigating whether or not stress ulcer
prophylaxis has shown benefit and protection in various patient groups. Additionally, this review discusses
the adverse effects of stress ulcer prophylaxis, including dysbiosis, community-acquired pneumonia,
nutritional deficiencies, drug interactions, and fractures. Finally, inappropriate stress ulcer prophylaxis and
contributing factors to overutilization are discussed, and alternative approaches to prevent stress ulcer
formation are covered, including early enteral nutrition. Overall, there are mixed conclusions on the
effectiveness of stress ulcer prophylaxis in noncritical patients. There are many adverse effects and
unnecessary costs associated with inappropriate administration, and many studies have found that it should
be reserved for specific clinical indications.
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Introduction
For background, stress ulcers have been an area of controversy for many years. They can present with
abdominal pain in addition to having evidence of an upper gastrointestinal bleed. More specifically, this is
when there is vomiting of blood, known as hematemesis, or dark, tarry, black stool, known as melena.
Depending on the severity of the stress ulcer, there may also be changes in the patient's hemoglobin, also
known as blood levels, as there are varying degrees of bleeding. This subsequently can cause changes in the
patient's hemodynamics. 

Stress ulcers can develop after events such as shock, sepsis, burns, and trauma and typically occur in
hospitalized patients. Early stress ulcers generally form in the proximal stomach within hours. Few ulcers
eventually lead to clinical bleeding. Late stress ulcers, which develop after multiple days of hospitalization,
are more distal in the stomach and erode deeper into the gastric mucosa [1,2].

The pathophysiology in the clinical scenarios mentioned before involves luminal acid and ischemia, which
is inadequate blood supply. Additionally, gastric mucosal barrier dysfunction contributes to stress ulcers [3].
More specifically, shock and sepsis can lead to increases in uremic toxins, increased bile salt reflux, and
compromised blood flow, which ultimately breaks down the stomach’s protective glycoprotein mucous
layer [4,5]. Similarly, the actual production of the protective stomach mucosa is decreased in the setting of
shock, sepsis, and trauma [6,7]. Another potential physiological mechanism leading to stress ulcers is acid
hypersecretion due to excess gastrin hormone stimulation from parietal cells, which are the stomach's
epithelial cells [8,9]. This has been noted in particular with patients who have had traumatic head injuries.

Stress ulcer prophylaxis (SUP) is indicated in certain patients as defined by the American Society of Health
System Pharmacists (ASHP), requiring at least one major risk factor or two minor risk factors. This patient
population is defined as patients admitted to an ICU with coagulopathy, multiple traumas, >48 hours of
mechanical ventilation, gastrointestinal bleeding (GIB) within the past year, sepsis, hepatic or renal
transplant, > one week in the ICU, occult GIB for >6 days, >250 mg of steroid therapy daily, to name a few
risk factors [10]. However, many studies have highlighted that the main risk factors for significant stress
ulcer bleeding are mechanical ventilation for over 48 hours and coagulopathies, including platelets less than
50x109/L, international normalized ratio (INR) over 1.5, or partial thromboplastin time (PTT) over two times
the control [5,11-15]. Potential additional conditions associated with stress ulcers are a previous history of
peptic ulcer disease, gastroesophageal reflux disease, chronic nonsteroidal anti-inflammatory drug use,
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Zollinger-Ellison syndrome, or brain or spinal cord injury [16].

This case led to the debate of whether or not SUP was indicated in this clinical scenario, so we performed an
updated review of the recent literature involving SUP regarding use, adherence, adverse effects, and cost.

Case Presentation
A male in his mid-40s with a history of type II diabetes, obesity, poorly controlled coronary artery disease,
peripheral vascular disease, and hypertension is admitted to the hospital with right upper quadrant
abdominal (RUQ) pain, fever, and chills. His home medications include lisinopril, simvastatin, metformin,
and baby aspirin. Abdominal ultrasound revealed a thick-walled gallbladder with stones and pericholecystic
fluid but no biliary ductal dilation. Unfortunately, since this was an old case, no ultrasound image was
available upon chart review. Labs were notable for leukocytosis with left shift, hyperbilirubinemia (total
bilirubin of 5.6 mg/dL and direct bilirubin of 4.4 mg/dL), and elevated transaminases (aspartate
transaminase (AST) of 215 mg/dL and alanine transaminase (ALT)of 290 mg/dL). The coagulation studies
were normal. The patient was diagnosed with acute cholecystitis and observed for 24 hours, but he
continued to have severe pain. He subsequently underwent an urgent cholecystectomy. On postoperative
day 3, the patient reported melena. Stat labs were drawn and were notable for hemoglobin of 10.0 g/dL from
hemoglobin of 12.5 g/dL on admission. A second 20-gauge IV was placed, and the surgery and
gastroenterology teams were notified. After further melena, the patient's blood pressure was 80/50
mmHg. Repeat hemoglobin was 6.5 g/dL, so the patient was transfused with two units of cross-matched
packed red blood cells. Based on the patient's history and presentation, a drug-induced ulcer was felt to be
less likely. He was transferred to the ICU for monitoring and urgent endoscopy. He was given pantoprazole
80 mg IV bolus, followed by pantoprazole IV infusion. He was intubated for the endoscopic procedure for
airway protection. An endoscopy revealed a 1.0-1.5 cm ulcer with a visible vessel in the distal gastric antrum
actively bleeding. The rest of the gastric mucosa and gastroesophageal junction were normal, and
Helicobacter pylori testing was negative. The ulcer was treated with 2 cc of 1:10,000 epinephrine injection
and bipolar electrocautery. The bleeding appeared to have stopped, and he was extubated post procedure.
The patient’s hemoglobin remained stable at 8 g/dL and was placed on PPI twice daily with no further signs
of recurrent bleeding (Table 1).

Test Name Patient Value Reference Range

Total Bilirubin 5.6 mg/dL 0.2 and 1.3 mg/dL

Direct Bilirubin 4.4 mg/dL <0.3 mg/dL

Aspartate Transferase 215 mg/dL <40 U/L

Alanine Transaminase 290 mg/dL <40 U/L

Admission Hemoglobin 12.5 g/dL 14-18 g/dL

Repeat Hemoglobin 1 10.0 g/dL 14-18 g/dL

Repeat Hemoglobin 2 6.5 g/dL 14-18 g/dL

Final Hemoglobin 8 g/dL 14-18 g/dL

TABLE 1: Patient Laboratory Values

Discussion
In terms of stress ulcer complications, patients who are not critically ill have a stress ulcer bleeding rate of
<1% [4,17,18], while in critically ill patients, the rate of ulcer-related bleeding varies from 5-25% [4]. In some
studies, non-ICU patients who received SUP experienced a slight decrease in GIB [17,19,20]. A subgroup
analysis found significant reductions in clinically significant bleeding with SUP in neurosurgical patients
but not in surgical or medical ICU patients with risk factors [21].

Furthermore, studies concluded that neither proton-pump inhibitors nor histamine 2 receptor antagonists
significantly reduced bleeding in patients with low to moderate GIB risk [22]. Similarly, hemodynamically
stable patients on anticoagulation failed to have lower rates of stress ulcers when on acid-suppressive
therapy [18]. Ogasawara et al. evaluated the rate of SUP administration before and after establishing a
prophylaxis criteria checklist. While the incidence of GIB before and after implementing the checklist
remained to be 4%, the proportion of SUP administration decreased 62%, demonstrating no increase in GIB
with a decrease in SUP [23].
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Whether or not there is a decreased risk of GIB with SUP, the number needed to treat (NNT) to prevent one
nosocomial GIB was 770, reflecting the questionable requirement for unnecessary prophylaxis [11,12,17].
Therefore, it is important to highlight that routine SUP in the clinical setting is not indicated in most
patients because of insignificant benefits, added-on costs, and risks of adverse effects such as infection,
nutritional deficiency, fractures, and reduced drug efficacy.

Specifically, SUP decreases the acidity of the stomach, potentially leading to impaired destruction of
microorganisms, which therefore culminates in bacterial overgrowth [24]. Additionally, SUP can cause
patients to develop dysbiosis, where the beneficial gastrointestinal microbe signaling is lost. This paves the
way for pro-inflammatory cytokine release and immune dysregulation [25]. Particularly, prophylaxis can
make patients susceptible to Clostridium difficile, community-acquired pneumonia from microaspiration, or
spontaneous bacterial peritonitis in cirrhotic patients [20,24,26]. These side effects are associated with
higher mortality, prolonged hospitalization, and increased cost [25]. On the contrary, a recent meta-analysis
of randomized control trials found no significant difference in the incidence of pneumonia, C. difficile, or
mortality in patients on SUP [21,27].

Additionally, PPIs competitively inhibit cytochrome CYP2C19, leading to a potential impact on the efficacy
of certain drugs [10].

In terms of nutritional deficiency, the previously mentioned bacterial overgrowth can lead to
overconsumption of cobalamin, placing patients at risk for vitamin B12 deficiency. Similarly, by the same
mechanism of bacterial overgrowth and consumption, there is reduced iron and magnesium
absorption [24,28].

The long-term use of proton pump inhibitors (PPIs) may also lead to a slightly increased risk of fracture [29].
The possible theories to explain this association are increased secretions of histamine and secondary
hyperparathyroidism because of hypergastrinemia [30]. Hypergastrinemia can occur from prolonged PPI
because of parietal cell hypertrophy and enterochromaffin-like cell hyperplasia through rebound acid
hypersecretion [24]. Moreover, there is potential for decreased calcium absorption and direct inhibition of
osteoclasts in bone resorption from PPI, increasing the risk of osteoporosis [31].

There is an overall lack of clear benefits of SUP in non-ICU patients. This is reflected in excess spending as
patients are given unindicated SUP, which should be limited to patients at high risk for clinical bleeding [32].
A retrospective study found that 54% of non-ICU patients were discharged home on anti-secretory therapy,
despite none of them meeting evidence-based criteria for SUP: a very unnecessary additional expenditure
from SUP overutilization [33]. In parallel, a separate study found that 51.9% of patients who downgraded
from the ICU were maintained on SUP, even though there were no indications for its use, increasing risks
that were previously mentioned [34-36].

SUP overuse could be in part because of a lack of awareness of clinical guidelines as a multicenter study in
China found that 46% of their surgical and perioperative physicians were unaware of their SUP
guidelines [37]. Similarly, an observational study of an inpatient surgical ward found that 48% of SUP did not
follow ASHP criteria and was therefore an excess cost [22,38]. Similarly, a prospective study in Palestine
found that only 16.7% of patients were appropriately prescribed SUP according to ASHP guidelines, a
suboptimal practice that was comparably found in Iran [39,40].

To better address potential GIB in the hospital setting, early enteral nutrition has been found to be
protective, and it avoids dysbiosis in the gut [25]. More specifically, changing SUP from intravenous to
enteral within 72 hours has been found to be a safer and more cost-effective SUP method, which can be
further studied as an alternative to current practices [22,41].

Conclusions
In conclusion, there are mixed studies on the effectiveness of SUP in non-ICU patients. Many studies have
found that SUP should be reserved for patients with specific indications, that is, ventilated patients for more
than 48 hours with associated coagulopathies. Nevertheless, it has been shown that there are many
complications and costs associated with inappropriate SUP administration, which needs to be further
protocolized.
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