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Abstract
Background: Stress-induced gastrointestinal bleeding (SIGB) frequently occurs in critically ill patients, posing significant clinical challenges. SIGB not only prolongs ICU stays but also escalates mortality rates and healthcare costs. Gastric acidity has been identified as a pivotal risk factor for SIGB. Consequently, acid-suppressing agents, such as proton pump inhibitors (PPIs) and histamine-2-receptor blockers (H2Bs), have become standard prophylactic treatments. Objectives: This comprehensive review article aims to explore the effectiveness of PPIs, H2B as for stress ulcer prophylaxis and determine the benefits and the risks of stress ulcer prophylaxis among critically ill patients. Conclusions: PPIs and H2Bs continue to be recognized as effective agents, their selection should be guided by individual patient risk factors. The evolving landscape of ICU support therapies, coupled with the potential adverse effects of acid-suppressive drugs, necessitates a nuanced approach in clinical decision-making.
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2. Introduction:
Stress-related mucosal damage occurs frequently in critically ill patients, which can progress to overt or clinically important gastrointestinal bleeding. CIGB has been reported to increase the length of ICU stay, mortality, and cost [1].
The occurrence of GIB is multifactorial and gastric acidity was identified as one of the significant risk factors [2].
Thus, antacids and acid-suppressing agents were proposed to be prescribed for critically ill patients. However, not all cases of GI bleedings could be prevented by acid suppressants [3].
Nowadays stress ulcer prophylaxis (SUP) has been considered as the standard of care in critically ill patients with risk factors for GIB, for which proton pump inhibitors (PPIs) and histamine-2-receptor blockers(H2B) have been commonly recognized as effective [4].
However, guideline recommendations concerning the alternative drugs for SUP remain conflicting. The updated Surviving Sepsis Campaign suggested using a PPI rather than an H2B in patients at high risk of GIB [5].
As the development of support therapy in ICU (i.e., fluid resuscitation and enteral feeding), the incidence of GIB is lower than before, providing us an opportunity to reassess the effectiveness of SUP agents [6]. Moreover, observational studies have reported substantial increases in nosocomial pneumonia and Clostridium difficile infection with the use of acid-suppressive drugs, raising concern that harms may outweigh benefits [7].
Since the publication of the last network meta-analysis, several trials have been published, so we therefore will conduct an updated systematic review and meta-analysis on the potential benefits and harms of gastrointestinal bleeding prophylaxis with PPIs, H2B in critically ill patients.
This comprehensive review article aims to explore the effectiveness of PPIs, H2B as for stress ulcer prophylaxis and determine the benefits and the risks of stress ulcer prophylaxis among critically ill patients.
3. Stress ulceration:
Stress is a risk factor for different disorders, ranging from mental disorders to gastrointestinal illness. Although stress is a largely used word and a vital aspect in our usual practice. The stress is defined as a response to severe requirements on the body that cause a defect of homeostasis through psychological or physical stimuli [8]. 
Stressors can cause disturbances of the gastrointestinal defense mechanism and cause peptic injury, by direct physical stress (inflammation, infection, surgery, radiation, carcinogen factors exposure, etc.) or indirect physiologic stress (burns or life threatening physical conditions) [9].
A relationship between gastrointestinal injury and exposure to severe physiologic stress, which result in disruption of homeostasis of the gastrointestinal mucosa through gastric hypoperfusion and elevating gastric acid secretion, is well established [10].
Stress-related mucosal damage in critically ill patients:
The syndrome of stress ulcer of the gastrointestinal tract was first explained by Lucas et al at 1971 who named this ‘stress related erosive syndrome’. Since then, numerous terms have been used to define stress related mucosal damage, including stress ulceration, stress erosions, stress ulcers, stress gastritis, erosive gastritis, hemorrhagic gastritis, and stress related mucosal disease (SRMD). SRMD is clearly seen in the areas of acid secretion of the gastric mucosa (i.e, the fundus and corpus), which are common in the duodenal bulb or antrum [11].
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Table 1: Stress ulcer in Critically Ill Patients [12].
	Stress ulcer
	Incidence rate %

	Endoscopically evident any damage
Occult bleeding
Clinically Overt bleeding
Clinically significant bleeding
	74-100
15-50
5-25
0.6-5



Stress Related Injury (SRI):
The outcomes of most studies report that 75% to 100% of patients in ICU have gastric mucosal changes within hours after admission and that samples of gastric aspirate test for blood are positive in approximately 35% to 100% of admitted patients, but occult blood in the gastric aspirate does not point to impending bleeding [13].
If major hemorrhage happens, this will be commonly caused by a separate ulceration pathology rather than from widespread SRI and those erosions are not deep, thus perforated viscus related complications are not the rule (Figure 1) [14].
[image: ]
[bookmark: _Toc46229996][bookmark: _Toc382133450]Figure 1: Mechanism of mucosal tissue damage in: (A) stress related injury and (B) stress ulcer [15].
Stress Ulcers and peptic ulcer:
A small percent of outpatients with peptic ulcers develop complications (eg, bleeding, perforation, obstruction) needing hospital admission. On the other side, stress ulcers result in gastrointestinal bleeding and are usually not accompanied with abdominal pain (Figure 2). Clinical bleeding often occurs between the 3rd and 7th days after critical care unit admission [16].

	
	

	(A)
	(B)


[bookmark: _Toc46229997][bookmark: _Toc382133451]Figure 2: Photographs by endoscopic of mucosal tissue damage: (A) stress related injury and (B) stress ulcer (Tryba and Cook, 1997).
4. 
5. Risk Factors of Stress Ulceration:
The incidence of stress-related GI bleeding when these risk factors were present was 3.7% vs 0.1% in patients with no risk factors. Subsequent studies have identified other risk factors associated with clinically important GI bleeding in critically ill patients (Table 2) [16].



Table 2: Independent predictors of clinically important gastrointestinal bleeding in critically ill patients [16].
	Major risk factors (prophylaxis recommended)

	Positive pressure ventilation > 48 hours, including extracorporeal life support Coagulopathy (platelet count < 50 × 109/L, international normalized ratio > 1.5, activate partial thromboplastin time > 2 times normal).
History of gastrointestinal ulceration or bleeding within past year
Acute traumatic brain or spinal cord injury
Major thermal injury (≥ 35% of total body surface area)

	Minor risk factors (prophylaxis recommended if ≥ 2 minor criteria are present

	Sepsis
Intensive care unit stay > 1 week
Occult gastrointestinal bleeding for ≥ 6 days
Glucocorticoid therapy (> 250 mg of hydrocortisone or the equivalent)
Use of antiplatelet or nonsteroidal anti-inflammatory agents
Renal failure or renal replacement therapy
Hepatic failure
History of peptic ulcer disease
Extracorporeal life support
Organ transplantation



Mechanical Ventilation:
Respiratory failure needing mechanical ventilation for more than 48 h has been independently related to SRMD. The gastrointestinal tract is at increased risk for ischemic changes in patients with mechanical ventilation because mechanical ventilation may predispose hemodynamic instability leading to hypoperfusion; the strongest predictors of bleeding in critically ill patients remain respiratory failure needing mechanical ventilation for prolonged duration [17].
Coagulopathy:
Prolonged INR more than 1.5 or aPTT more than 2.0 time the control value, platelet count less than 50, 000 /cmm [18].
History of gastrointestinal bleeding or peptic ulcer:
Peptic ulcer is predisposed by Certain medications as non-steroidal anti-inflammatory drugs (NSAIDs), Coxibs, Rofecoxib, antiplatelet agents (clopidogrel/ ticlopidine\ acetylsalicylic acid (ASA) 100 mg/day), Anticoagulants can increase luminal acid secretion and lead to multiple erosive lesions [19].

Acute Traumatic Brain Injury (TBI):
Traumatic brain injury patients have shown the probable existence of Cushing’s ulcers and the incidence of hemorrhagic ulcers is 12.5%. Severe TBI and Glasgow Coma Scale scores (GCS) of less than 9 point have been related to increase gastric acid production and GIB exceeding 17 percent [20].
E-sepsis:
Sepsis is life-threatening organ dysfunction caused by a dysregulated host response to infection Sepsis and septic shock are major healthcare problems [5].
Intensive care unit stay > 1 week:
When patients are admitted to the intensive care unit (ICU), the risk of SRMD increases after critical illness such as trauma, surgery or organ transplant. Within one day of hospitalization, endoscopic evidence of stress ulcers was documented in 75 percent to 100 percent of ICU patients [21]
Glucocorticoid therapy: 
Corticosteroids may be implemented in the treatment of severe multiple sclerosis, myasthenia gravis, COPD and meningoencephalititis. High dose corticosteroid use (>250 mg/day of hydrocortisone or equivalent daily) in ICU patients is a risk factor for stress ulcer [22].
Renal failure:
A creatinine clearance rate less than 40 ml per minute, oliguria (less than400ml of urine per day), serum creatinine level more than 2.8mg per decilitre [16].
Acute hepatic dysfunction:
Any two of the following; a serum aspartate aminotransferase concentration greater than 500 u/l, a serum bilirubin level greater than 8.8 mg/dl, a serum albumin concentration less than 35 g per liter, and clinical manifestation of hepatic coma [23]
Intracerebral Hemorrhage (ICH):
It is reported that the incidence of clinical significance of GI hemorrhage related to stress ulcer after acute ICH is 30% of the patients and it is manifested by hemorrhagic emesis,coffee ground emesis, gastric aspirates, melena or hematochezia [24].
6. [bookmark: _Toc31725351]Pathogenesis of SRMD:
[bookmark: _Toc31725352]The pathogenesis of stress ulcer depends on many concepts and incompletely clear, it may be explained by loss of host defense system in presence of mucosal ischemia, and aggravate by gastric acid [11].
Gastric Mucosal Defense System (GMDS): 
The gastrointestinal tract is protected from harmful factors like gastric acid, bile acids, and pepsin by an intricate defense system known as GMDS. This system includes components such as mucus barriers, membrane properties of cells, rapid cell repair, mucosal bicarbonate production, and various peptides and hormones that promote gastric protection [25].
Role of Mucus Barrier: 
The extracellular mucus barrier plays a crucial role in maintaining a neutral pH on the gastric epithelium surface. This prevents the damaging effects of pepsin and other noxious substances by creating a protective layer [26].
Cellular Contribution: 
Surface epithelial cells in the stomach contribute to GMDS by preventing acid and pepsin backflow, releasing protective substances like prostaglandins and heat shock proteins, and promoting epithelial cell restitution and regeneration [25].
Cellular Renewal: 
The repair of damaged gastric tissue involves cellular renewal, where stem cells divide into specialized progenitor cells that differentiate into functional epithelial cells. This process is essential for the healing of the gastric lining [11].
Alkaline Tide: 
The secretion of bicarbonate ions (HCO3−) by parietal cells helps maintain a neutral surface pH and protect against acid. This process, known as alkaline tide, is crucial for gastric defense [27].
Mucosal Blood Supply: 
A sufficient blood supply to the gastric mucosa is vital for delivering oxygen, nutrients, and bicarbonate. Vasodilators and neurohumoral factors play a role in regulating mucosal blood flow [11].
Prostaglandins: 
Prostaglandins, particularly PGE2 and PGI2, are important in protecting the gastric mucosa by stimulating bicarbonate production, enhancing mucosal blood supply, promoting cell repair, and suppressing harmful processes [28].
Stress-Related Mucosal Damage (SRMD): 
SRMD is primarily caused by gastrointestinal hypoperfusion, which occurs in critically ill patients due to conditions like hemorrhage or hypovolemic shock. Reduced blood flow leads to mucosal damage, impaired defense mechanisms, and increased susceptibility to bacterial invasion, potentially resulting in multiple organ failure and death [11].

Reactive Oxygen Species: 
Inflammatory cytokines and reactive oxygen species released during hypoperfusion further contribute to mucosal damage by causing oxidative stress and cellular damage [28].
7. Prophylaxis and Treatment
Prophylaxis
The goal of stress ulcer prophylaxis in critically ill patients is to avoid clinically important bleeding, which requires transfused blood, endoscopic hemostasis and surgical interventional. And to decrease the stress ulcer complications as shock and ulcer perforation. The most reliable practical guidelines available on stress ulcer prophylaxis were published in 1999, are The American Society of Health System Pharmacists (ASHP) guidelines. These guidelines explain evidence-based recommendations for the practice of SUP in critically ill patients as in (Table 3) Stress ulcer risk stratification, retrieved from the ASHP guidelines, divided adult critically ill patients into two categories: critically ill patients with high risk factors and critically ill patients with very high risk factors [29].
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Table 3: The recommendation for SUP in critically ill patients [29].
	patients
	Treatment recommendation

	Critical patient with one of the following risk factors:
-Coagulopathy (i.e. platelet count of < 50 000 mm3, INR of 1.5)
-Ventilated patient for greater than 2 day
-Past history of GI bleeding within 1y of hospitalization
-GCS of ≤ 10
-Burns > 35% of BSA
-Partial hepatectomy
-Multiple trauma (injury severity score of ≥ 16)
-Organ transplantation (kidney,liver)
-Spinal cord injury
-Hepatic dysfunction
	Prophylaxis recommended

	Critical patient with ≥ 2 of the following risk factors:
-SIRS,
-ICU admission > 7day
-Occult bleeding lasting at least 6 day
-High dose corticosteroid use (> 250 mg/d of hydrocortisone)
	Prophylaxis recommended



The recommendations for prophylaxis was relied on the risk factors for clinically significant bleeding. As for the ASHP guidelines, SUP is not recommended for non critically ill patients with less than two risk factors for clinically important bleeding (Grube and May, 2007).
A. Histamine2-Receptor Antagonists:
Histamine, secreted from enterochromaffin like cells and mast cells, binds the H2 receptor on the basolateral membrane of the parietal cell. This activates adenylyl cyclase, elevating the cAMP levels of intracellular, and ultimately activates the proton pump on the luminal membrane. H2RAs are medications that reversibly and competitively inhibit the binding of histamine to the H2 receptor. Medications in this class (cimetidine, ranitidine, famotidine, nizatidine) differ in their potency for the H2 receptor, metabolism, and bioavailability. cimetidine is the least potent, nazatidine and ranitidine are moderate in potency, and famotidine is the most potent. That potency does not equate efficacy, and therefore one cannot necessarily extrapolate efficacy from degree of potency. Pharmacokinetic studies in patients show varying oral bioavailability to each of these medications. H2RAs are metabolized in the liver. Due to extensive renal tubular secretion, dose adjustment is recommended in patients with impaired renal function [30, 31].
1. Cimetidine:
Cimetidine was the first H2RAs and has a well established safety profile. Drug to drug interactions, which happen frequently more than with other H2RAs are the major concern with cimetidine use [30].
2. Ranitidine:
[bookmark: _Toc382133366]Ranitidine has 5–12 times more potent than cimetidine as anti-secretory, but there is no evidence of its superiority to cimetidine for the inhibition of stress ulcer formation. Ranitidine is usually well tolerated, but it can cause neurologic manifestation, involving restlessness and agitation, in critically ill patients given the usual doses [31].
3. Famotidine:
Famotidine is the most potent H2RAs available. It is 8 –10 times more antsecretory potency than ranitidine. Twice daily dose of administration (20 mg q12h) maintains the pH > 4 for 24 hours, and higher doses (50 mg q24h) can sustain pH at this level for most of the day [31].

B. Proton Pump Inhibitors:
PPIs are benzimidazoles that combine with the proton pump, supprissing the last step of gastric acid production in a dose related effect. Medications in this group involve omeprazole, esomeprazole, lansoprazole, pantoprazole, and rabeprazole. After drug administration, the weak base prodrug is transported by circulation to the parietal cell where it penetrates the membrane and accumulates in the acidic medium of the canaliculi [32].
1. Omeprazole:
Omeprazole was the first PPI approved by FDA. A single morning dose of omeprazole in healthy peoples maintains intragastric pH at ≥5 for most of the day. After 15-24 h, acid starts to return to be secreted again into the gastric lumen,and it will be eliminated during three days [32].

2. Esomeprazole:
Esomeprazole, is the most recently PPIs approved by FDA. It is metabolized via hepatic port and CYP2C19 enzyme, the most important element of the CYP system [32].
3. Lansoprazole:
Lansoprazole was the 2nd PPI approved by FDA. It is well tolerated, and its side effects are similar to those of other PPIs. The most common side effects are diarrhea and headache [32].
4. Rabeprazole:
Rabeprazole was the 3rd PPI available. It has a rapid onset of H +, K +-ATPase suppression. Similar to pantoprazole, it has a minimal effect on the CYP enzyme system with no drug-to-drug interactions [33].
5. Pantoprazole:
Pantoprazole was the fourth PPI approved by FDA. It has the least liability for drug-to-drug interactions of the PPIs. It is proved that pantoprazole may have pharmacologic profile lead to prolonged duration of anti-secretory effect [30].
C. Sucralfate:
Sucralfate is a complex salt of aluminum hydroxide and sucrose sulfate. By acid effect, the tablet form dissolves into sucrose sulfate and an aluminum salt creating a viscous suspension that covers normal and abnormal gastric mucosa. There are many advantages in use of sucralfate in prophylaxis of SRMD. Sucralfate suppresses pepsin release, stimulates prostaglandin secretion, and enhances mucosal blood flow. Sucralfate also increases mucus and HCO3− secretion through non-prostaglandin mediated pathways and has the ability to induce EGF and mucosal regeneration [34].
D. Enteral nutrition (EN):
Enteral nutrition has been recommended as a therapeutic option for prophylaxis of stress ulcer. Major advantages of enteral nutrition involve acid neutralization, as most products generated from EN are more alkaline in relation to the gastric pH, increasing in mucosal blood flow, provision of a direct source of mucosal energy, stimulation of PG production, and enhancing immunity of gastric mucosa [35].
Treatment of Active Stress-Ulcer Bleeding:
Stress ulcers present a risk of clinically important bleeding known upper gastrointestinal bleeding (UGIB), which is related to hemodynamic changes, such as tachycardia, hypotension, respiratory distress, leads to anemia or neccessite for blood transfusion. Clinically important bleeding happens in accounting for 1% to 4% of ICU patients [36].
· Causes of UGIB and differential diagnosis (DD):
Stress ulcer and bleeding Peptic ulcer are the most common cause of UGIB, approximately 31%-67% of all cases, followed by erosive disease, bleeding variceal, esophagitis, Mallory-Weis and neoplasm as in Table 4. About 2%-8% of cases, uncommon causes such as angiodysplasia, gastric antral vascular ectasia, hemophilia and vasoenteric fistula have been found [37].
[bookmark: _Toc382133371][bookmark: _Toc46229932]
Table 4: Cause of UGIB [38].
	Cause
	%

	Peptic ulcer, Stress ulcer
	31-67

	Erosive disease
	7-31

	Bleeding variceal 
	4-20

	Mallory Weis tears 
	4-8

	Oesophagitis
	3-12

	Malignancies
	2-8

	Other
	2-8

	None
	3-19



Bleeding stress ulcer remains the most common cause of acute UGI bleeding in critically ill patients, approximately 1.5% to 8.5% reported incidence of overt gastrointestinal bleeding [13].
· Diagnosis of UGI Bleeding:
Stress ulcer diagnosis can be indicated when there is clinically significant bleeding in critically ill patients. Occult blood or overt blood may be detected in nasogastric tube aspirates, hematemesis or melena may be found, but not all patients show gross bleeding. Stress ulcer may not be suspected until more signs of massive bleeding become manifested. In patients, development of hemodynamic changes result in more than 20 mm Hg decrease in systolic blood pressure (BP), orthostatic hypotension with more than 10mmHg decrease in systolic (BP), more than 20 g/L (> 2 g/dL) decline in hemoglobin level, or more than 20 increase in heart rate p\min are supportive of clinically significant stress ulcer. Final diagnosis is achieved by esophago-gastroduodenoscopy. The majority of deaths don't directly caused by exsanguination, but are associated with poor tolerance of massive GI bleeding and subsequent shock or aspiration [39].
· Endoscopic Management:
Immediate assessment and early resuscitation is of major importance in patients with stress ulcer bleeding. Early resuscitation as I.V fluids, oxygen supplement, coagulopathy correction, and blood transfusion if indicated. Use of prokinetics, PPIs or H2RAs before endoscopy has become a usual trend in these patients. Administration of PPI and prokinetics should however not delay endoscopy [40].
Very early endoscopy (< 12 h) has shown to exhibil extra advantage in form of reduction of rebleeding, ICU stays, transfused blood and blood-related products, surgery need and mortality rate, in comparison with delayed endoscopy (within 24 h) [41].
In SRMD, patients with active bleeding ulcers are at high risk of complications and rebleeding, therefore require urgent endoscopic intervention (Figure 3). When endoscopic therapy is not suitable or difficult to control or define bleeding mucosal lesions, more aggressive therapies are indicated as angiographic and surgical interventions if clinically significant stress-related GI bleeding persists [42].
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Figure 3: Ulcer with visible vessel (A) and Ulcer with visible vessel after hemoclip placement (B) [43].

Patients do not require endoscopic intervention, who with low risk critaria. Endoscopic indicators of rebleeding risk in patients with UP GI bleeding as in Table 5. Indicate that early endoscopy is effective and safe for risk patients, and may be delayed in some patients, with suspected GIT perforation or acute ischemic heart disease [44].
[bookmark: _Toc382133372][bookmark: _Toc46229933]
Table 5: Indicators of high risk of Rebleeding or Mortalities in Patients with Non-variceal UGIB [44].
	Endoscopic
• Active bleeding
• Non bleeding visible vessel 
• The size of ulcer more than 2 cm
• Site of ulcers located on posterior lesser gastric curvature or
posterior duodenal wall

	Clinical
• Elderly above 65 y
• Shock\hypotension
• Poor medical condition
• Comorbid diseases
• Low hemoglobin level
• Melena
• blood transfusion needing
• Fresh bleeding from rectum examination, hematemsis, or Bleeding by nasogastric aspirate
• SIRS
• Increase urea level, creatinine level, or liver enzymes
concentrations
• APACHE score ≥ 11 point



Future Directions and Challenges:
The future of stress ulcer prophylaxis involves personalized medicine by identifying patient-specific risk factors and genetic variations influencing drug responses. Exploring alternative therapies like mucosal protectants and probiotics is promising. Advanced monitoring techniques such as continuous pH monitoring and biomarker assessments should be developed. Cost-effectiveness studies are crucial. Investigating long-term effects of acid-suppressive drugs is necessary. Collaborative multicenter trials are essential for robust evidence.
Limitations and Challenges:
Limitations include heterogeneity among studies, potential publication bias, and evolving clinical practices. Lack of standardized outcome definitions complicates comparisons. Ethical concerns surround drug allocation. Awareness of adverse effects and overuse is growing. Resource constraints may impede personalized medicine and advanced monitoring implementation. Addressing these challenges is vital for progress in stress ulcer prophylaxis.
8. Conclusion:
PPIs, compared with H2B may significantly lower the risk of clinically important gastrointestinal bleeding in critically ill patients with high risk of nosocomial pneumonia, but no difference in ICU mortality, or length of ICU stay. Also, rigorous research is welcome on current gastrointestinal bleeding rates hypothesized to be lower in today’s practice, potentially reduced recently by optimal resuscitation and early enteral nutrition, which would increase the number needed to prophylaxis to prevent a bleed, and correspondingly, increase the cost per event averted.
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