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Abstract
Peptic ulcer disease (PUD) 

is a common condition that 
both primary care providers and 
gastroenterologists encounter. 
Symptoms of peptic ulcer disease 
are variable and may include 
abdominal pain, nausea, vomiting, 
weight loss and bleeding or 
perforation with complicated 
disease. Identifying the risk 
factors and mechanisms that 
lead to the development of PUD 
helps to understand the approach 
behind diagnostic and treatment 
strategies.

Defi niti on and Epidemiology
Peptic ulcers are acid-induced 

lesions found in the stomach and 
duodenum characterized by denuded 
mucosa with the defect extending 
into the submucosa or muscularis 
propria.1 Lesions that do not reach this 
depth are called erosions (Figure 1). 
In the United States, the prevalence 
of self-reported physician-diagnosed 
peptic ulcer disease was 10% in 1990, 
and the approximate incidence is 
about 500,000 new cases per a year.2, 3 
Overall, however, the risk of mortality 
and need for hospitalizations due to 
PUD has been decreasing worldwide. 
This is most likely secondary to a 
decline in Helicobacter pylori (H. pylori) 
infections due to treatment and 
improved hygiene.4, 5 Increased use 
of prescription and over-the-counter 
acid-suppressing medications and 
greater caution with non-steroidal 
anti-infl ammatory drugs (NSAIDs) 

may account partially for this trend as 
well.5, 6 

Eti ology and Pathophysiology 
The main risk factors for PUD 

are H. pylori and NSAID use, however 
not all individuals infected with H. 
pylori or taking NSAIDs develop 
PUD.1, 7 Almost half of the world’s 
population is colonized by H. pylori. 

8 The organism is usually acquired in 
childhood and persists until treated. 
Risk factors for acquiring the infection 
include a lower socioeconomic 
status and unsanitary conditions or 
crowding. The prevalence of H. pylori 
is higher in developing countries and 
more common in certain ethnicities. 
In the last fi ve years in the United 
States, there has been a decline in 
the prevalence of H.pylori in all ages. 
Yet, there are differences based on 
ethnicity with rates of infection that 
are over 60% in Mexican Americans 
versus 30% in the non-Hispanic white 
population.9 

H. pylori causes an infl ammatory 
response with neutrophils, 
lymphocytes, plasma cells, and 
macrophages within the mucosal 
layer and causes epithelial cell 
degeneration and injury. Gastritis is 
usually more severe in the antrum, 
with little or no infl ammation in the 
corpus. All patients found to have 
peptic ulcers should be tested for H. 
pylori. There are both invasive and 
noninvasive methods for testing that 
are summarized in Table 1. Of all the 
noninvasive methods, the urea breath 
test and stool antigen tests are the 
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most feasible and are more accurate than serologic testing.10 
Although invasive, endoscopy allows for biopsy and includes 
a variety of methods for testing such as histology, culture, 
or rapid urease test. All methods other than serology are 
affected by use of acid-suppressing medications such as 
proton pump inhibitors and may produce false negatives.  

NSAIDs are widely used for a variety of conditions to 
help reduce pain and inflammation; however, many users 
develop gastrointestinal side effects. NSAIDs account for 
over 90% of all ulcers and approximately 25% of NSAID 
users will develop peptic ulcer disease.11 Aspirin users are 
also twice as likely to develop peptic ulcers as the general 
population.12, 13 Others develop a milder degree of topical 
injury, which is seen as mucosal hemorrhages and erosions 
and are referred to as NSAID gastropathy. These multiple 
small erosions are usually located in the antrum but may 
also be seen in the body.  

NSAIDs induce mucosal injury by several mechanisms. 
The majority of NSAIDs are weak acids and become 
protonated and cross lipid membranes to enter epithelial 
cells when exposed to acidic gastric juice (pH 2). In the 
epithelial cell (pH 7.4), the NSAID ionizes and releases 
its H+ and cannot cross the lipid membrane and thus 
becomes trapped. This leads to uncoupling of oxidative 
phosphorylation, leading to decreased mitochondrial energy 
production, reduced cellular integrity, and increased cellular 
permeability. This can result in a topical injury and rapid 
epithelial cell death, superficial hemorrhage, and erosions.14

Figure 1. Peptic erosions and ulcers in the stomach and duodenum. 
a. small erosions in the gastric antrum. Mucosal breaks with focal 
hemorrhage are identified by the arrows.   B. Benign peptic ulcer in 
the body of the stomach (arrow).   C. Duodenal erosions identified 
by focal areas of adherent exudate (arrows).   D. Duodenal ulcer. The 
mucosal defect has depth and the margin is identified by the arrow. The 
surrounding mucosa is edematous. 

Table 1. Diagnostic Tests for H. pylori

The other major mechanism by which NSAIDs 
cause mucosal injury is by inhibition of cyclooxygenase-1 
(COX-1), which is responsible for prostaglandin synthesis. 
Prostaglandins increase secretion of bicarbonate and 
mucous, increase mucosal blood flow, and inhibit cell 
proliferation to maintain the mucosal barrier.5 Aspirin 
acetylates cyclooxygenase and irreversibly inhibits the 
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enzyme, whereas NSAIDs inhibit the enzyme reversibly 
in a concentration-dependent manner. Among these 
pathophysiologic responses, reduction in blood flow is 
thought to be the primary mechanism responsible for 
NSAIDs-induced injury.14 

Two isoforms of COX exist: COX-1 is primarily 
responsible for prostaglandin synthesis in the GI tract, 
whereas COX-2 is responsible for prostaglandin synthesis at 
sites of inflammation. NSAIDs such as ibuprofen, naproxen, 
aspirin, and indomethacin inhibit both COX-1 and COX-2 
and are classified as non-selective. COX-2 specific NSAIDs 
such as celocoxib or rofecoxib inhibit COX-2 without 
inhibiting COX-1, making them potentially safer in the 
GI tract. Endoscopic studies of patients taking COX-2 
inhibitors have demonstrated lower incidences of ulceration 
of approximately 3-5% when compared to traditional 
NSAIDs which have a 20-40% incidence. However, COX-
2 selective NSAIDs have been shown to increase risk of 
cardiac disease and many have been taken off the market. 

Those who are at highest risk for NSAID-induced 
ulcers are patients with a history of peptic ulcers or 
hemorrhage, those concomitantly using steroids or 
anticoagulants, anyone over the age of 65 and those taking 

high doses or combinations of more than one NSAID 
(including low dose aspirin). If these patients need 
multiple agents, they should be started on treatment to 
prevent ulcers. Furthermore, using medications such as 
selective serotonin-reuptake inhibitors, corticosteroids, 
aldosterone antagonists, or anticoagulants increases the 
risk of bleeding.15 Older age and a greater number of 
comorbidities also affect the clinical course of patients with 
H. pylori and NSAIDs.16, 17 Interaction between H. pylori and 
NSAIDs is controversial but current American College of 
Gastroenterology guidelines recommend testing and treating 
for H. pylori if an individual is to start long-term NSAIDs 
and testing could be considered in those taking long term 
low dose aspirin as well.5, 18

About a fifth of PUD cases are not related to H. 
pylori, NSAIDs or aspirin, but the accuracy of this value
has been challenged due to false negative H. pylori testing 
or accidental (or underreported) NSAID ingestion.19,20  

This idiopathic PUD may be due to an imbalance 
between factors that contribute to mucosal integrity and 
aggressive insults, including a hypersecretory status. Other 
etiologies for PUD include ischemia causing stress ulcers, 
medications (steroids, alendronate, potassium chloride, and 

Figure 2. Multiple treatment regimens for H. pylori can be considered and the standard treatment duration is 14 days. The doses of the drugs used 
are: proton pump inhibitor (PPI, standard or double dose), clarithromycin 500 mg BID, amoxicillin 1 gm BID, bismuth subsalicylate 300 mg QID, 
metronidazole 500 mg TID, tetracycline 500 mg QID, levofloxacin 500 mg QD, rifabutin 300 mg QD.  
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chemotherapeutic agents), viral infections (CMV, HSV), 
gastric bypass surgery, metabolic disturbances, radiotherapy, 
histamine, eosinophilic infiltration, and basophilia.5, 21 

Diagnosis
Diagnosis begins with clinical suspicion when patients 

present with symptoms such as epigastric abdominal pain, 
burning, post-prandial fullness, or early satiety.1 Classically, 
patients with duodenal ulcers complain of worsening 
abdominal pain on an empty stomach and describe hunger 
or abdominal pain two to three hours after meals or at 
night. In contrast, patients with gastric ulcers report nausea, 
vomiting, weight loss and post-prandial abdominal pain. 
Elderly patients are often minimally symptomatic and 
some patients with untreated PUD may have intermittent 
symptoms due to spontaneous healing and then relapse due 
to persistence of risk factors, such as continued NSAIDs use 
or H. pylori infection.5

If clinical symptoms suggest possible peptic ulcer 
disease and no alarm symptoms are noted, empiric 
treatment with anti-secretory therapy can be started. 
Furthermore, since H. pylori is a common cause of PUD, 
a test and treat strategy with a non-invasive test for H. 
pylori (stool antigen or urea breath test) is recommended 
in patients less than 55 years of age without alarm features, 
in geographic regions were gastric cancer is uncommon 
and the prevalence of H. pylori is greater than 20%.22 In 
older patients and those with alarm symptoms, endoscopy 
is recommended to establish a diagnosis. Alarm symptoms 
include GI bleeding, weight loss, early satiety, dysphagia or 
odynophagia, family history of upper GI malignancy, iron 
deficiency anemia or new upper GI symptoms in patients 
older than 55.23 Esophagogastroduodenoscopy (EGD) or 
upper endoscopy is the gold standard for the diagnosis 
of PUD. It is can be used to detect H. pylori with gastric 
biopsies and can also rule out malignancy. 

Treatment
Treatment is usually directed at identifying the factors 

that lead to PUD. For H. pylori-associated PUD, eradication 
alone will lead to ulcer healing and prevent further mucosal 
injury. However, due to rising antibiotic resistance in H. 
pylori, treatment has become more difficult (Figure 2). 
First line therapy for H. pylori eradication includes a proton 
pump inhibitor (PPI), clarithromycin and amoxicillin or 
metronidazole (for penicillin-allergic patients) for seven 
to 14 days.24 PPIs work synergistically with antibiotics to 
eradicate H. pylori.25 Due to increasing antibiotic resistance, 
the efficacy of triple therapy has fallen below 70% in many 
countries. 24 As susceptibility testing is often not available 

in clinical practice, clarithromycin-based regimens should 
be avoided when local clarithromycin resistance rates are 
greater than 15%.24 Clarithromycin resistance rates are 
high (>20%) across the United States.26 When using 
clarithromycin-based triple therapy, eradication rates can 
be increased with use of high dose PPI and by extending 
the duration of treatment from seven to 14 days.5 For areas 
with high clarithromycin resistance, bismuth-containing 
quadruple therapy with a PPI, bismuth, tetracycline and a 
nitroimidazole (metronidazole or tinidazole) for 14 days or 
PPI, clarithromycin, amoxicillin, and a nitroimidazole for 
14 days is the preferred as first line treatment.18 There have 
been issues with the cost and availability of tetracycline and 
the data have been mixed on whether doxycycline can be 
substituted. The regimens discussed above yield eradication 
rates greater than 90%.5

All patients treated for H. pylori, should be tested to 
confirm eradication at least four weeks after completing 
therapy. Second line therapy should be prescribed if a 
first line regimen fails (Figure 2) and should not include 
repeating metronidazole or clarithromycin.18 Furthermore, 
susceptibility testing should be considered after two 
treatment failures or after one treatment failure when 
endoscopy is performed (for other reasons such as follow 
up of gastric ulcer). If culture for H. pylori is not available 
to evaluate for resistance or after three recommended 
treatments have failed, rifabutin-based triple therapy (PPI, 
rifabutin, and amoxicillin) for 10 days can be considered. 
If symptoms do not improve after H. pylori eradication, 
endoscopy should be pursued if not already performed. 

In NSAID- or aspirin-associated PUD, ulcers heal 
more than 85% of the time with 6-8 weeks of PPI therapy 
if the offending agent is discontinued. Ulcer healing is 
still attainable but delayed with continued NSAIDs use. 
Anti-secretory therapy can be started for prevention of 
PUD in patients on aspirin. Although PPIs, H2 blockers, 
sucralfate, and misoprostol can all be considered to treat 
NSAID-associated PUD, PPIs are far more effective than 
other agents.25 Sucralfate is effective for treating NSAID-
associated duodenal ulcers but not for the treatment or 
prevention of NSAID-associated gastric ulcers. In addition 
to its poor efficacy, misoprostol is often limited by its 
side effect profile, which includes gastrointestinal upset 
and abortifacient reactions. In cases of refractory ulcers, 
both drug compliance with PPI use and inadvertent use 
of NSAIDs should be explored.27 All gastric ulcers require 
repeat endoscopy in six to eight weeks to evaluate for 
healing. If a gastric ulcer is not healed, biopsies must 
be taken at time of repeat endoscopy to rule out gastric 
cancer. For refractory ulcers, doubling the PPI dose can be 
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recommended for six to eight weeks, although the evidence 
supporting this is weak. Furthermore, evaluating for 
false-negative H. pylori testing (via serology), malignancies, 
infections, Crohn’s disease, vasculitis, upper abdominal 
radiotherapy, cocaine use, and Zollinger-Ellison syndrome 
should be considered for ulcers that have been treated 
appropriately and have not healed.5

Complications
The complications of PUD include unabated 

symptoms, bleeding, perforation, penetration, gastric outlet 
obstruction, and gastric malignancy (adenocarcinoma 
and MALT lymphoma). Bleeding is the most common 
complication and occurs in about 15-20% of patients. 
PUD accounts for a large proportion (about 40-60%) 
of acute upper GI bleeding.28 Upper GI bleeding is an 
emergency which requires patients to be evaluated and 
triaged immediately. Alerting a GI consultant early in the 
evaluation of a bleeding patient is helpful to coordinate 
care for critically ill patients. The Glasgow-Blatchford score 
and Rockall scores have been used for risk stratification.29 
Appropriate resuscitation with IV fluids and blood 
products to maintain a goal hemoglobin above 7 is vital in 
management.30

Intravenous PPI therapy should be started on all 
patients considered to have an upper GI bleed immediately 
on presentation, as IV PPIs reduce the risk of finding 
high-risk stigmata during endoscopy and in accordance, re-
bleeding risk and need for surgery as well.25 They work by 
increasing intra-gastric pH, encouraging platelet aggregation 
and providing clot stability. Prokinetic agents such as 
erythromycin or metoclopramide can also be considered 
to improve endoscopic visualization and diagnostic yield.31 
Early endoscopy which is ideally performed within 24 hours 
provides both prognostic and therapeutic results. After 
endoscopy, it is recommended to either start or continue 
PPI (IV if high-risk stigmata of bleeding are found). Studies 
have shown that IV PPI given twice daily is as efficacious 
as a continuous PPI drip32, 33 with significant cost savings. 
Recurrent bleeding is associated with high mortality and 
may require repeat endoscopy, angiographic embolization by 
interventional radiology, or surgery. 

If patients have coagulopathy due to warfarin, reversal 
agents such as vitamin K, fresh frozen plasma (FFP), 
prothrombin complex concentrates (PCC) or recombinant 
factor VIIa should be considered as a part of management. 
These agents need to be used judiciously however, as they 
can have adverse effects. For instance, high doses of vitamin 
K can cause prolongation of the time to achieve therapeutic 
warfarin levels after bleeding stops and therapeutic 

anticoagulation needs to be restarted (e.g., in the setting of 
mechanical heart valves). FFP has a risk of causing volume 
overload and recombinant factor VIIa has an increased risk 
of thrombosis and is expensive. Novel oral anticoagulants 
(NOACs) are being used more commonly and these agents 
cannot be reversed with vitamin K. Compared to warfarin, 
the NOACs rivaroxaban and dabigatran increase the risk 
of GI bleeding although apixaban does not seem to have 
an increased risk of GI bleeding.34 Activated charcoal can 
be given within four hours of ingestion to treat a NOAC 
overdose. Hemodialysis and idarucizumab can be used 
for life-threatening bleeding associated with dabigatran.5 
Anticoagulant and antiplatelet agents can be restarted once 
hemostasis has been achieved with the timing dependent 
on the urgency to restore anticoagulation. Patients on 
dual antiplatelet therapy after placement of drug-eluting 
stents should avoid stopping both agents, as they are at 
high risk for in-stent thrombosis. For patients on aspirin 
for cardiovascular disease, aspirin should be resumed 
soon (between one to three days, within seven days) after 
hemostasis is achieved.31 For patients with a high risk of 
thrombosis (such as mechanical mitral valve) bridging 
with low molecular weight heparin is recommended while 
warfarin levels are sub-therapeutic. 

Perforation is the next most common complication 
of PUD, occurring in 2-10% of peptic ulcers, and 
can present as sudden severe abdominal pain with 
hemodynamic instability or shock.35 Physical exam findings 
may include initially hyperactive bowel sounds that can 
diminish and progress to a rigid abdomen with rebound, 
suggesting peritonitis. The presence of free air on imaging 
is supportive of this diagnosis and endoscopy should be 
avoided in this setting. Surgery is usually the treatment of 
choice for a perforated peptic ulcer.3 In patients who are 
poor surgical candidates and with perforation for more than 
24 hours that is contained (based on water soluble contrast 
studies), medical treatment with nasogastric (NG) suction, 
IV fluids, antibiotics and acid suppression is an option. 
Penetrating ulcers can also erode into nearby organs such as 
pancreas, liver, bile duct, or colon. 

Gastric outlet obstruction (GOO) is another 
complication of PUD and can present with early satiety, 
bloating, weight loss, indigestion, nausea and vomiting. 
On physical exam, a succussion splash may be heard 
due to trapped air and fluid in the stomach. Ulcers that 
manifest with GOO are often located in the pyloric channel 
or duodenal bulb. Medical therapy usually involves NG 
suction and anti-secretory therapy. Endoscopic balloon 
dilation of pylorus or surgery are options to relieve chronic 
obstruction.35
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Conclusion 
PUD is a disease with decreasing clinical burden due 

to the decline in H. pylori infections, as well as increased 
accessibility to anti-secretory therapy and more judicious 
use of NSAIDs. However, due to its continued high lifetime 
prevalence and varied clinical presentation, recognition 
and appropriate management of PUD are key to avoid and 
minimize significant complications. Testing and treating H. 
pylori as well as limiting mucosal injury caused by NSAIDs 
(via concurrent PPI prophylaxis or choosing COX-2 
selective NSAIDs if available) are the strategies to consider 
when evaluating PUD. Resuscitation, anti-secretory therapy, 
endoscopy and management of antithrombotic agents are 
the key steps in treatment of PUD bleeding, which is the 
most common complication.
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