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Abstract

Chronic renal failure patients receiving hemodialysis and continuous ambulatory peritoneal
dialysis often encounter gastrointestinal troubles over their long treatment period. Helicobacter
pylori infection has close association with development of peptic ulcer, gastric cancer and gastric
lymphoma, and is thought to be one of the major risk factors for gastrointestinal troubles in
dialysis patients. However, it is unclear whether H. pylori infection is directly associated with
progression of renal dysfunction and prognosis of chronic renal failure patients. Recent consensus
shows that the prevalence of H. pylori infection in chronic renal failure patients is significantly
lower than in subjects with normal renal function. In the natural history of H. pylori infection in
hemodialysis patients, the prevalence of infection decreases as dialysis periods progressed, in
particular within the first four years after the start of treatment. However, the chance of natural
eradication becomes rare for patients receiving dialysis treatment for a long time. Moreover,
chronic renal failure patients with H. pylori infection have a higher incidence of gastroduodenal
diseases, and therefore, are recommended to receive eradication therapies, especially for those
receiving treatment for a long time and with higher risks of complication. Intensive endoscopic
check-ups for the prevention of gastrointestinal events and the discovery of peptic ulcer and
neoplastic diseases at an early phase may be required.
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Chronic renal failure (CRF) patients receiving hemodialysis treatment consist of more than
1.1 million people in the world, and the size of this population is expanding at a rate of 7%
per year according to the progress in medical and dialysis machine technique (1). Although
heart failure, angina pectoris, hypertension, parathyroid-related disease, amyloidosis, renal
anemia and infection are well known to occur by receiving hemodialysis and continuous
ambulatory peritoneal dialysis (CAPD) for long periods (2), those patients also often suffer
from gastrointestinal troubles including peptic ulcer, hemorrhage, abdominal symptoms,
constipation, diarrhea, ileus, and perforation (3-12).
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Helicobacter pylori is a spiral-shaped, microaerophilic Gram-negative flagellate bacterium
that was isolated in 1983 from gastric biopsy specimens of patients with chronic gastritis
(13). The gastric mucosa of approximately 50% of the world's population is infected with H.
pylori, and the infection levels exceed 70% in some developing areas (14,15). Helicobacter
pylori infection plays a crucial role in the development of gastrointestinal diseases, such as
peptic ulcer, gastric hyperplastic polyps, gastric adenoma, gastric cancer, and gastric mucosa
associated-lymphoid tissue lymphoma, both in individuals with normal renal function and in
chronic renal failure patients receiving hemodialysis and CAPD (Tables 1 and 2) (4-
9,16,18-32,34,36-45,47-60).

Patients with chronic renal failure often have gastrointestinal symptoms caused not only by
H. pylori infection, but also by high urea levels, decline of gastrointestinal motility, amyloid
protein deposition (59,60), and decreased sensory disturbance. Therefore, the quality of life
in patients with chronic real failure is usually poor, which affects their nutrition status
leading to the development of malnutrition, which is a potent predictor of morbidity and
mortality. Moreover, patients with chronic renal failure may have higher risks of gastric
mucosal damages compared with individuals with normal renal function because of systemic
and/or local chronic circulatory failure (61,62), hypergastrinemia (32), high ammonia levels
(55), and enhanced inflammation. Especially, 25-75% of those patients suffer from a
number of gastrointestinal lesions and complications including gastric erosions, peptic
ulcers, angiodysplasia and gastrointestinal bleeding (3-12,17).

It is unclear about the actual condition of gastroduodenal diseases in hemodialysis and
CAPD patients related with H. pylori infection, because previous reports have controversial
results due to small sample size and short observation periods. In this review article, we
therefore initially reviewed the association between H. pylori infection and chronic renal
failure, the natural history of H. pylori infection according to the treatment periods, and then
summarize the H. pylori eradication therapy for chronic renal failure patients.

Helicobacter pylori infection in patients receiving hemodialysis and CAPD

Helicobacter pylori infection has an influence on intake of proton pump inhibitors (PPI) and
antibiotics and eradication therapy of H. pylori. The prevalence of H. pylori infection in
chronic renal failure patients receiving CAPD or hemodialysis was shown to be equal or
lower compared to subjects with normal renal function in various different geographic
populations irrespective to presence/absence of gastric symptoms (4-9,16,18-32,34,36—
45,47-60) (Table 1). Recently, in the investigation of 539 Japanese hemodialysis patients
with treatment periods of mean 8.4 + 0.3 years, the prevalence of H. pylori infection was
reported to be 48.6% ([95% ClI: 44.3-52.9%]), which was significantly lower than in
dyspepsia patients with normal renal function (78.5% [74.1-82.4%], 314/400, P < 0.001)
and individuals with normal renal function receiving annual health exams (69.4% [60.3—
77.5%], 84/121, P < 0.001) (48). Moreover, the prevalence of H. pylori infection in
hemodialysis patients is significantly lower (27.5%) compared with non-hemodialysis
chronic renal failure patients (56.0%) (36), and the prevalence in individuals with normal
renal function is similar with patients receiving hemodialysis treatment for less than 1-year
period (48). These data suggest that hemodialysis treatment, but not uremia by chronic renal
failure itself, plays a role in the lower prevalence of H. pylori infection. The start of
hemodialysis treatment is thought trigger the decrease in the prevalence of H. pylori
infection.

Previously, eight studies showed significantly lower prevalence of H. pylori infection in
patients receiving hemodialysis (8/36 studies, 22.2%) (20,21,25,36,38,48,53,57) compared
with controls and one study has found a significantly lower prevalence of H. pylori infection
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in patients receiving CAPD (1/5 studies, 20.0%) (21); whereas only one study reported that
Iranian hemodialysis patients (63.0%) and chronic renal failure patients (66.2%) had
significantly higher prevalence of H. pylori infection compared with normal individuals
(27.5%) (Table 1) (9). However, since the prevalence of H. pylori infection in the Iranian
population is reported to be more than 60% in other reports (63,64), further studies are
required to clarify this discrepancy in the Iranian population. In a combined analysis using
previous reports (4-9,16,18-32,34,36-45,48-60), the prevalence of H. pylori infection in
patients receiving chronic hemodialysis and CAPD are 43.9% ([95% CI: 42.2-45.6%)],
1435/3 272) and 34.8% ([29.6-40.2%], 113/325), respectively, which is significantly lower
than in individuals with normal renal function both with and without gastrointestinal
symptoms (49.8% [48.0-51.7%], 1476/2961, P < 0.001).

There is variation in H. pylori infection rates among different countries. It may, therefore, be
better to evaluate the infection rate in various countries. In East Asian countries, the
prevalence of H. pylori infection in patients receiving chronic hemodialysis is 44.5% ([95%
Cl: 41.5-47.6%], 474/1065), which is significantly lower than in individuals with normal
renal function (54.0% [50.9-57.1%], 560/1038, P < 0.001). On the other hand, because the
prevalence of H. pylori in other areas, such as Europe, Middle East, and South Asia has a
wide variation, it is difficult to evaluate the prevalence of H. pylori infection in those areas.

The prevalence of H. pylori infection in patients receiving a kidney transplant was 39.0%
([33.9-44.2%], 143/367) (Table 2). Kidney transplant patients with sufficient renal function
at present also have a lower H. pylori infection rate, as well as hemodialysis and CAPD
patients. This may be explained by a situation in which most patients received hemodialysis
and/or CAPD anytime before kidney transplantation.

The evaluation of an association between H. pylori infection and causes of chronic renal
failure is limited. The prevalence in patients whose chronic renal failure was caused by
diabetic nephropathy (60.1%) is reported to be significantly higher than that in chronic
glomerulonephritis patients (46.1%) irrespective of the decreased immune system of
diabetes patients (48). This suggests that disorders of the immune system, such as severe
diabetic nephropathy, does not lose the maintenance of H. pylori infection.

Treatment periods of hemodialysis and H. pylori infection

Only a few reports have evaluated the relationship between H. pylori infection and dialysis
treatment periods, and the mean dialysis duration in H. pylori-positive patients was
significantly shorter than in uninfected patients (28,29,36,41,48). Munoz de Bustillo et al.
(28) reported that mean hemodialysis periods in H. pylori negative patients receiving
dialysis was 66.5 months, which was significantly longer than in positive patients (24.7
months). Nakajima et al. (36) reported that the prevalence of H. pylori infection markedly
decreases when the treatment duration is two years or more. Recently, when the treatment
period of hemodialysis and the H. pylori infection rate were simply measured at one time in
a hospital, the infection rate was reported to gradually decrease according to dialysis
treatment periods until four years after starting hemodialysis followed by a plateau (Table 3)
(48). The prevalence of H. pylori infection is inversely associated with treatment periods of
hemodialysis and the decreasing pattern is characteristic (Table 3). However, there are no
data on the relationship between H. pylori infection and the time course of CAPD treatment
periods.

The follow-up survey of H. pylori infection

To investigate whether H. pylori infection was actually eradicated after beginning
hemodialysis treatment, a follow-up survey using the same dialysis patients with H. pylori
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infection is required. When the natural history of H. pylori infection was investigated using
more than 300 patients for a 4 year-follow up survey, although nobody received eradication
therapy, the prevalence of H. pylori infection was reported to be 51.6% at first year, 42.9%
two years later, and 38.3% four years later, indicating that the infection rate gradually
decreased during dialysis treatment (Table 3). In other words, 26.7% of dialysis patients
naturally cured H. pylori infection over four years. Patients who received hemodialysis and
CAPD are expected to eradicate H. pylori not only naturally but also by environmental
improvement and H. pylori eradication.

The mechanisms of lower prevalence of H. pylori infection in hemodialysis
and CAPD patients

There are at least three explanations as to why dialysis patients have low prevalence of H.
pylori infection: (i) Patients receiving dialysis have higher levels of pro-inflammatory
cytokines, including interleukin (IL)-1pB, IL-6, IL-8 and tumor necrosis factor (TNF)-a, from
activated inflammatory cells infiltrating the gastric mucosa (65). As a result, gastric atrophy
progresses, accompanied by increased pH, and finally H. pylori are not able to live in gastric
mucosa (66). (ii) Blood urea levels as well as urea nitrogen levels in gastric secretions are
higher in dialysis patients than in patients with normal renal function, and high urea levels
may inhibit H. pylori growth in the stomach (67). (iii) H. pylori infection might be cured
upon antibiotic treatment, both because antibiotics are commonly used during the initial
treatment periods and most dialysis patients had many chances of bacterial infection during
the treatment, and because antibiotic concentrations are higher and more prolonged in
patients with renal failure than in individuals with normal renal function. Importantly, there
was no significant difference in the prevalence of H. pylori infection between patients with
normal renal function and patients receiving less than one year of dialysis treatment (48).
Therefore, urea concentration and antibiotic usage are unlikely to be contributors in
decreasing the prevalence of infection. One possible explanation for decreased H. pylori
prevalence is therefore up-regulation of pro-inflammatory cytokine resulting from dialysis
enhanced severe inflammation of gastric mucosa, and progression to gastric atrophy.
However, further studies to investigate the histopathology of gastric inflammation and
atrophy are necessary.

Necessity of H. pylori eradication therapy for chronic renal failure patients

The prevalence of peptic ulcer in hemodialysis and CAPD patients with H. pylori infection
is higher than in individuals with normal renal function (9). Moreover, the incidence of
tumor death is 2—4 times higher in dialysis patients than in the general population, and it is
known that the most frequently detected malignant tumor is gastric cancer (68).

For hemodialysis and CAPD patients, one of the severe gastroduodenal events is a
hemorrhage from gastroduodenal lesions. Because most chronic renal failure patients
receive anti-coagulant drugs and/or anti-platelet drugs for prevention of hypertension and
brain infarction, and thus anti-coagulant drugs, such as heparin sodium, are usually used
during hemodialysis treatment, hemorrhage from gastroduodenal lesions easily occurs in
such patients and often causes fatal blood loss. Moreover, gastric mucosa is known to be
fragile in hemodialysis and CAPD patients. Therefore, to prevent hemorrhage from
gastrointestinal diseases, intragastric pH in patients receiving hemodialysis and CAPD
should be kept at a higher level by doses of acid inhibitory drugs (e.g. proton pump
inhibitors) and by limiting doses of anticoagulant drugs.

One important question is whether H. pylori eradication therapies are necessary for H.
pylori-infected hemodialysis and CAPD patients to prevent gastroduodenal disease
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development. As described above, more than one-third of the patients receiving
approximately four years of dialysis treatment have naturally cured H. pylori infections,
especially in hemodialysis patients (48). However, the frequency of peptic ulcer in patients
receiving dialysis treatment is known to be higher in H. pylori infected patients than in
uninfected patients, as observed in patients with normal renal function (48). We therefore
recommend eradication therapies for H. pylori-infected hemodialysis patients and for
patients receiving hemodialysis treatment. Moreover, it is better to eradicate at an early time
for patients with a higher risk of disease development, such as past history of peptic ulcer
and/or gastroduodenal hemorrhage, usage of several kinds of anticoagulants and non-
steroidal anti-inflammatory drugs (NSAIDs, Fig. 1).

Present condition otH. pylori eradication therapy for patients with chronic
renal failure

One of the merits for H. pylori eradication therapy in hemodialysis and CAPD patients is
that they keep a high plasma concentration of PPI and antibiotics even with low doses of
drugs, although overdose of drugs must be carefully checked. On the other hand, one of the
demerits for H. pylori eradication therapy in hemodialysis and CAPD patients is that there is
a possibility that those patients are often infected with antibiotic-resistant strains since they
have many occurrences of antibiotic intake due to an impaired immune system. In fact,
36.4% of patients with end-stage renal disease are reported to have clarithromycin-resistant
strains, which is significantly higher than in non-uremic controls (15.2%) (69).

As summarized in Table 4 (4,28,31,32,35,38,46,70-75), each eradication regimen
previously reported use of different PPIs (omeprazole, lansopprazole, esomeprazole) and/or
antibiotics (clarithromycin, amoxicillin and metronidazole), and variation of the duration of
treatment from 7 days to more than 3 weeks. However, there is no significant difference in
the overall cure rates among the different studies listed. In multivariate analysis for
eradication failure (age, gender, endoscopic findings, dialysis therapy, and previous
eradication treatment), only history of previous treatment remained (38). This suggests that
antibiotic resistance influences eradication success/failure, as observed in healthy non-
dialysis patients. However, there are currently no data on antibiotic-resistant strains in
eradication studies with dialysis patients (Table 4).

Antibiotics are known to have the possibility to progress renal dysfunction. Sheu et al. (74)
reported that among chronic renal failure non-dialysis patients, those in the lansoprazole—
clarithromycin—-metronidazole regimen had a lower risk of acute renal failure than those in
the lansoprazole—clarithromycin—amoxicillin regimen (2% vs. 18%, P < 0.05; relative risk,
0.128, 95%CIl, 0.016-0.979). Because amoxicillin is mainly excreted from the kidney, toxic
effects of amoxicillin on renal function in patients with chronic renal failure have been
reported in various studies (76,77). However, most previous reports showed no severe
adverse effects of amoxicillin in hemodialysis patients who received eradication therapy
containing amoxicillin (4,28,31,32,35,38,70,71). Moreover, since PPI and antibiotics are
removed by hemodialysis, plasma concentration of PPI and antibiotics is expected to
decrease to a concentration that is less than effective. Therefore, it is necessary to set an
optimal dosing plan in hemodialysis patients to increase cure rate and to use antibiotics more
safely by using established pharmacological methods, such as monitored concentration.

Most patients who received eradication therapy were prevented from recurrence of peptic
ulcer and had decreased risk of gastric cancer development (78-80). With eradication
therapy in patients treated for early gastric cancer by endoscopic mucosal resection, the odds
ratio for metachronous gastric cancer decreased significantly [0.353 (95% CI 0.161-0.775;
P =0.009)] (79). Patients who received hemodialysis often encountered gastric mucosal
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injuries, such as gastric erosion and gastric ulcer, irrespective to H. pylori infection due to
NSAID intake and arteriosclerosis. Therefore, for patients receiving hemodialysis and
CAPD, the most important benefit is the prevention of gastric cancer development.

CONCLUSION

Chronic renal failure patients receiving hemodialysis and CAPD have a low prevalence of
H. pylori infection. More than one-third (36.2%) of patients receiving less than four years'
dialysis had naturally cured H. pylori infection within the four-year observation period.
However, because chronic renal failure patients have a higher risk of gastroduodenal
disorders, it is recommended that all hemodialysis and CAPD patients receive endoscopic
check-ups to reduce the chance of developing peptic ulcers. Moreover, patients with H.
pylori infection should receive eradication therapy to prevent peptic ulcer and hemorrhage.
The clinical protocol for a detailed endoscopic check-up and eradication therapy for dialysis
patients should be evaluated in future studies.
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FIG. 1.
The schema of natural history of Helicobacter pylori infection in hemodialysis patients and
treatment strategy.
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TABLE 3

Changes in Helicobacter pylori infection rate at the beginning, two years later, and 4 years later among total
patients, chronic glomerulonephritis (CGN) patients, and patients with diabetes and others (48)

Total CGN Diabetes Others

Beginning  51.7% 48.8% ga00° 48.8%
2yearslater 40 90,@ 413%  47.2% 46.5%

4years later 3g30,2 382%  416%  32.6%

Others included lupus nephritis, polycystic kidney, chronic pyelonephritis and nephrosclerosis.
% <0.05 (vs. Beginning);

bP < 0.05 (vs. CGN and others groups).
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