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 Percutaneous Endoscopic Gastrostomy (PEG) tubes have been increasingly utilized 
in recent decades accompanying the rise in prevalence of disorders that require long-term non-
oral enteral feeding such as Cerebrovascular accident (CVA), head and neck cancer and most 
notably advanced dementia.1,2 The population of patients with dementia is expected to increase 
worldwide due to shifts in aging demographics leading to an estimate of 81 million people with 
this condition by 2040.3 

 A commonly encountered challenge in adults with advanced dementia is the 
development of difficulty with mastication and swallowing leading to weight loss, malnutrition 
and risk of aspiration pneumonia.4,5 One long-term intervention to manage such malnutrition 
and risk of aspiration is the provision of enteral feeding through a percutaneous endoscopic 
gastrostomy (PEG) tube given the proposed nutritional, medication administration, and quality 
of life benefits.6 However such benefits are controversial given lack of randomized controlled 
data as well as conflicting evidence regarding the prevalence of complications of PEG tubes 
compared to the actual benefit received with respect to morbidity and mortality from malnutrition 
and dysphagia. Multiple studies have revealed that PEG tubes in nursing home residents with 
advanced dementia do not in fact improve survival, nor prevent or help heal decubitus ulcers 
in this group of patients.7-10 Additionally, risks of aspiration are not eliminated by PEG tube 
placement.11,12 Finally, PEG tube insertion is associated with procedure-related complications 
such as bleeding, wound infection, aspiration events, tube leakage and dislodgment, buried-
bumper syndrome, necrotizing fasciitis and peritonitis.1,13-15 Of note, certain factors have been 
shown to predict the occurrence of complications following PEG insertion including low body 
mass index, malignancy, low serum albumin and neurologic diseases.16

 To date, data informing PEG tube placement in adults with advanced dementia el-
derly is based off of retrospective studies, case series and reviews. A systematic review in 
1999 explored the impact of enteral nutrition in patients with advanced dementia and found 
no improvements in the rates of aspiration, pressures sores or mortality and concluded that 
enteral feeding in patients with dementia should be strongly discouraged.17 Furthermore, it had 
been shown that patients with dementia have increased mortality and aspiration events fol-
lowing PEG tube placement compared to other populations of patients with swallowing disor-
ders.18,19 A systematic review in 2001 showed that there was no evidence of increased survival 
in patients receiving enteral tube feeding while none of the studies examined Quality of Life 
(QoL).20 This group recommended caution in decisions regarding enteral nutrition and PEG 
placement in patients with dementia given the lack of data supporting clinical benefit. More 
recently, a Cochrane review from 2009 reported no decrease in mortality among adults with 
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advanced dementia given enteral feeding and concluded that there is insufficient evidence to recommend enteral tube feeding in 
such patients.21 In this review, no randomized controlled trials were identified; however 7 observational studies were analyzed. Fi-
nally, another recent systematic review from 2014 showed no improved long-term survival in patients with advanced dementia who 
underwent PEG tube insertion secondary to dysphagia compared to comparable patients without PEG placement.22 

 Unpublished data from our group examined the role PEG tube placement in patients with dementia and found a significant 
increase in short-term and long term mortality at 1, 6 and 12 months, and increased re-admission rate, compared with patients whom 
had PEG tubes placed for indications other than advanced dementia. Another study by Sanders, et al. found higher mortality rates at 
1 month and 1 year following PEG tube insertion in adults with dementia.23 

 The European Society of Parenteral and Enteral Nutrition (ESPEN)24 recommend the use of short-term enteral tube nutri-
tion in patients with mild or moderate dementia if malnutrition is predominantly the cause of a reversible condition. Reversible 
conditions include secondary concurrent illnesses such as depression, infection, sedative medications, or poor oral health. ESPEN 
does not recommend the use of enteral tube feeding in the terminal phase of dementia, although acknowledge decisions are unique 
for each patient and should take into consideration each person’s prognosis and values.

 While the practice of PEG tube placement and use for patients with advanced dementia has longstanding precedent and 
is still widespread given the aforementioned theoretical benefits, there is currently insufficient evidence to recommend that enteral 
tube feeding is beneficial in this population. Furthermore, there is growing data which suggests that PEG tubes are associated with 
increased morbidity and mortality in adults with advanced dementia further swinging the pendulum away from their use. Thus, 
while decisions regarding PEG tube insertion must be made on an individualized basis incorporating patient values and preferences, 
caution should be taken before proceeding with this intervention that carries with it significant risk without clearly matched benefit.
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ABSTRACT

 Ursodeoxycholic Acid (UDCA) is widely used for the treatment of cholestatic liver 
diseases. Major mechanisms of this action are protection of cholangiocytes against cytotoxicity 
of hydrophobic bile acids, stimulation of hepatobiliary secretion, and protection of hepatocytes 
against bile acid induced apoptosis. UDCA has also been shown to modulate mitochondrial 
transmembrane potential and prevent increases in mitochondrial Reactive Oxygen Species 
(ROS) production. Moreover, UDCA has been shown to have a chemopreventive role in mouse 
models of colon cancer and in patients with primary sclerosing cholangitis and concomitant In-
flammatory Bowel Disease (IBD), low dose UDCA lowers the risk of IBD-associated colorec-
tal neoplasia. Our studies suggest that oral UDCA may protect against DNA damage induced by 
hydrophobic bile acids such as Deoxycholic acid (DCA) in the metaplastic mucosa of patients 
with Barrett’s esophagus. We have found that DCA induces carcinogenic DNA damage in Bar-
rett’s metaplasia. UDCA which counters the DNA damaging effects of DCA therefore might 
have a role as a chemopreventive agent in Barrett’s metaplasia. Future clinical studies on the 
use of UDCA for chemoprevention in patients with Barrett’s esophagus should be considered. 

KEYWORDS: Esophagus; Hepatocytes; Ursodeoxycholic acid; Chemopreventive.

ABBREVIATIONS: UDCA: Ursodeoxycholic Acid; ROS: Reactive Oxygen Species; IBD: In-
flammatory Bowel Disease; DCA: Deoxycholic acid; FDA: Food and Drug Administration; 
PBC: Primary Biliary Cirrhosis; GR: Glucocorticoid Receptor; TGF: Transforming Growth 
Factor; AOM: Azoxymethane; PPIs: Proton Pump Inhibitors.

INTRODUCTION

 Ursodeoxycholic acid (UDCA; 3α,7β-dihydroxy-5β-cholanic acid) was first identified 
by Olof Hammarsten, an academic biochemist from Sweden, in the gall bladders of Polar bears 
and several other arctic mammals, which were brought to him by Swedish and Danish explorers 
in 1900-1901.1 Hammarsten isolated the previously unknown bile acid from the gallbladder of 
the Polar bear naming it “Ursochoeinsaure”.1 Twenty-five years later, Shodawas able to crys-
talize this bile acid from a commercial preparation of Black bear bile and renamed it UDCA.1 

UDCA, a major primary bile acid in Black bears, has been used in Chinese traditional medicine 
for the treatment of biliary stone disease and liver disease.1,2 In human bile, UDCA is present in 
low concentrations comprising about 1-3% of the total bile acid pool and it is thought that this 
small percentage of UDCA in human bile arises from bacterial conversion of chenodexoycholic 
acid.1,2 Unlike Black bears in which UDCA is a primary bile acid, UDCA is a secondary bile 
acid in humans. Currently, UDCA is US Food and Drug Administration (FDA) approved to 
treat patients with Primary Biliary Cirrhosis (PBC) that have abnormal liver tests.2 Although 
UDCA has been used for the treatment of cholestatic hepatopathies beyond PBC, no studies 
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have clearly demonstrated a survival benefit in these other con-
ditions.2

POTENTIAL MECHANISMS FOR UDCA THERAPEUTIC EF-
FECTS IN CHOLESTASIS

 The precise mechanisms whereby UDCA improves 
liver function are continuing to be revealed. Three major mecha-
nisms of action of UDCA have been proposed: 1) protection of 
cholangiocytes against toxic effects of hydrophobic bile acids, 
2) stimulation of bile acid secretion by the biliary system, and 
3) anti-apoptotic effects on hepatocytes that are exposed to hy-
drophobic bile acids.3 One way in which UDCA has been shown 
to protect cholangiocytes against bile acid toxicity in cholestasis 
is to positively modulate ductular bile flow by regulating he-
patocellular transporters that are involved in bile formation.4 A 
common feature in cholestasis is the endocytosis of canalicular 
export pumps that normally are involved in generating the flow 
of bile. The internalization of these export pumps therefore de-
creases bile flow and impairs biliary output of choleretic causing 
compounds.4 UDCA has been shown to prevent the endocytic 
internalization of these canalicular transporters thus enhancing 
bile flow and preserving the integrity of cholangiocytes.4 More 
recently studies suggest that stabilization of the “biliary HCO3−
umbrella” may be a crucial mechanism of action of UDCA in 
cholestatic liver diseases.2 The “biliary HCO3 − umbrella” allows 
for the maintenance of an alkaline pH near the apical surface of 
the hepatocytes and cholangiocytes which prevents toxic, pro-
tonated, glycine-conjugated bile acids from penetrating the cell 
membrane.2 UDCA has been shown to stimulate biliary HCO3 
− secretion allowing for the stabilization of the “umbrella”.2 
UDCA has also been described to act as a Glucocorticoid Re-
ceptor (GR) agonist leading to GR activation, nuclear transloca-
tion, and promoter binding in the absence of any glucocorticoid 
hormone.5 Interaction of UDCA with the GR has been linked to 
its anti-apoptotic effect in Transforming Growth Factor (TGF)-
β1-induced apoptosis of primary rat hepatocytes.6 

 In recent years, experimental data have shown that 
UDCA not only exerts cytoprotective effects through inhibiting 
apoptosis but also acts as an antioxidant.7,8 It has been shown 
that UDCA modulates mitochondrial transmembrane potential 
and prevents increases in mitochondrial reactive oxygen spe-
cies (ROS) production.7 In an animal model of indomethacin-in-
duced ileitis, UDCA was found to protect against indomethacin-
induced mucosal ulceration, intestinal permeability and ROS 
generation.8 It is effects such as these that have led to investiga-
tions into the chemopreventive potential of UDCA in carcino-
genesis.

POTENTIAL MECHANISMS FOR UDCA CHEMOPREVENTIVE 
EFFECTS

 UDCA can protect against injuries caused by hydro-
phobic bile acids such as deoxycholic acid (DCA) and might 

even protect against cancers whose development can involve ex-
posure to hydrophobic bile acids such as colon cancer.9 In animal 
models, UDCA has been shown to prevent colon cancer induced 
by Azoxymethane (AOM) and by N-methylnitrosourea.10,11 In a 
recent meta-analysis of patients with primary sclerosing chol-
angitis and concomitant Inflammatory Bowel Disease (IBD), 
it appears that low dose UDCA (8-15 mg/kg/day) lowers the 
risk of IBD-associated colorectal neoplasia (colon cancer and/
or high grade dysplasia).12 One potential mechanism for the 
chemoprotective effect of UDCA on colon cancer maybe due 
to a reduction in the concentrations of secondary bile acids in 
the colon.13,14 Other potential mechanisms include altering cell 
signaling pathways that have been linked to colon carcinogen-
esis. For example, UDCA has been shown to block alterations 
in protein kinase C isoform expression and to reduce activity 
and expression levels of group II phospholipase A2 expression 
which are involved in AOM-induced colon carcinogenesis in 
animal models.15,16 In humans, alterations in both of these signal-
ing pathways have been linked with the formation of adenomas 
and colorectal cancers.17-19 As noted above, UDCA also acts as 
an antioxidant by stabilizing the mitochondrial membrane and 
reducing the generation of oxidative radicals, which can induce 
DNA damage in the cell and perhaps lead to carcinogenesis.

POTENTIAL CHEMOPREVENTIVE EFFECTS OF UDCA IN BAR-
RETT’S ESOPHAGUS

 Barrett’s esophagus, the condition in which a meta-
plastic columnar epithelium predisposed to malignancy replaces 
squamous epithelium of the distal esophagus, is the major risk 
factor for esophageal adenocarcinoma. The primary strategy 
for cancer prevention in patients with Barrett’s esophagus has 
been to treat the underlying GERD with Proton Pump Inhibitors 
(PPIs), and to perform endoscopic surveillance for dysplasia.20 
Although the use of PPI s has been extremely effective for de-
creasing gastric acid production and healing reflux esophagitis, 
the incidence of esophageal adenocarcinoma continues to in-
crease despite the widespread use of PPIs.21 This finding suggests 
that substances in refluxed gastric juice other than acid, such 
as bile acids, might have an important role in carcinogenesis in 
Barrett’s esophagus. In fact, patients with Barrett’s esophagus 
frequently reflux bile acids into the esophagus in concentrations 
<200 µM.22,23 Thus an effective chemopreventive agent that re-
duces bile reflux-induced damage would be extremely beneficial 
for patients with Barrett’s esophagus. There are emerging data 
that suggest that UDCA might be one such agent for patients 
with Barrett’s esophagus.

 In earlier studies, we found that treatment of Barrett’s 
epithelial cells in vitro with 250 µM DCA caused the produc-
tion of ROS leading to the induction of DNA damage and also 
caused activation of the NF-κB pathway, which prevented DCA-
induced apoptosis.24 In contrast, treatment of Barrett’s epithelial 
cells with 250 µM UDCA did not cause ROS production, DNA 
damage, or activation of the NF-κB pathway.24 In light of these 
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findings, we designed a translational study using oral UDCA 
treatment in patients with Barrett’s esophagus to explore a role 
in protecting the metaplastic mucosa from the damaging effects 
of DCA exposure.25 In this study, patients with non-dysplastic 
Barrett’s esophagus (specialized intestinal metaplasia involving 
>2 cm of the distal esophagus) were treated with PPIs (omepra-
zole 20 mg twice a day) for at least 4 week before undergoing 
upper endoscopy. During endoscopy, biopsies of Barrett’s meta-
plasia were taken before and after perfusion of the distal esopha-
gus with 10 cc of 250 µM DCA or 10 cc of 250 µM UDCA for 5 
minutes. The selection of DCA or UDCA for the perfusion was 
randomly assigned using a sealed envelope strategy. Patients re-
turned one year later and underwent endoscopy with biopsies 
before and after perfusion of the esophagus with the bile acid not 
used during the first endoscopy. After the second endoscopy, pa-
tients were placed on oral UDCA (10 mg/kg) for 8 weeks. After 
the 8 week UDCA course, a final endoscopy with biopsies was 
done before and after the esophagus was perfused with 250 µM 
of DCA. Biopsies were evaluated for DNA damage and NF-κB 
activation by performing Western blotting for phospho-H2AX 
and phospho-p65, respectively. 

 Twenty-one patients completed the study. We found that 
esophageal perfusion with DCA caused a significant increase in 
DNA damage and in NF-κB activation. After the patients were 
treated with 8 weeks of oral UDCA, esophageal perfusion with 
DCA did not cause DNA damage or NF-κB activation. These 
results suggest that treatment with oral UDCA protects against 
DNA damage-induced by hydrophobic bile acids such as DCA 
in the metaplastic mucosa of patients with Barrett’s esophagus.

 One way in which oral UDCA may protect against 
DNA damage induced by hydrophobic bile acids is to decrease 
concentrations of toxic bile acids like DCA in refluxed gastric 
juice by increasing its concentration in gastric juice. In fact, the 
oral dose of UDCA (10 mg/kg) that we used in our study has 
been shown to replace the hydrophobic bile acids to comprise 
40-50% of the bile salt pool.26 Using Barrett’s epithelial cells in 
vitro, we found that simply mixing equimolar concentrations of 
DCA and UDCA did not prevent DNA damage, however. Rath-
er, Barrett’s cells had to be pretreated with UDCA in order to 
observe a reduction in DCA-induced DNA damage suggesting 
that UDCA treatment must upregulate a protective factor in the 
Barrett’s cells. In subsequent experiments, we found that UDCA 
activated signaling via the Nrf2 pathway causing the upregu-
lation of the antioxidants catalase and glutathione peroxidase 
(GPX) 1 in the Barrett’s cells. In our biopsy tissues of Barrett’s 
metaplasia taken from patients treated with oral UDCA, we 
also found upregulation of catalase and GPX1. Moreover, we 
found that the DNA damage induced by DCA included DNA 
double strand breaks, the most deleterious form of DNA damage 
because these lesions can cause genomic instability contribut-
ing to carcinogenesis.27 In fact, agents that induce DNA double 
strand breaks are considered carcinogens,28,29 thus hydrophobic 
bile acids like DCA can be considered carcinogens in Barrett’s 

metaplasia. Therefore, UDCA which counters the DNA damag-
ing effects of DCA might have a role as a chemopreventive agent 
in Barrett’s esophagus. 

 To our knowledge, there has been only one other study 
exploring the chemopreventive role of UDCA combined with 
PPIs in Barrett’s esophagus.30 This study examined inflamma-
tion, dysplasia, proliferation, differentiation, p53 and p16 abnor-
malities and found no effects of this therapeutic combination on 
any of these indices.30 In contrast, our study examined mecha-
nisms and markers whereby UDCA protects against oxidative 
DNA damage, a read-out not used in the aforementioned study.

CONCLUSION

 In the past three decade, a lot of progress has been made 
in understanding the mechanisms underlying UDCA therapeutic 
effects in treating patients with cholestatic liver disorders. More 
recently, attention has turned to understanding the mechanisms 
underlying UDCA’s chemopreventive effects in colon carcino-
genesis and even more recent, mechanisms involved in protect-
ing against bile acid-induced oxidative injury in Barrett’s esoph-
agus. Perhaps clinical trials of UDCA for chemoprevention in 
patients with Barrett’s esophagus will be in our future. 
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ABSTRACT

Objectives: Infection with Hepatitis B Virus (HBV) is an important cause of chronic liver dis-
ease in children. Perinatal transmission accounts for the majority of infections. We examined 
the effects of Tenofovir Disoproxil Fumarate (TDF) on pediatric patients with perinatally ac-
quired Chronic Hepatitis B (CHB).
Methods: We retrospectively analyzed the data on pediatric patients with perinatally acquired 
CHB treated with TDF over a 72-week period.
Results: 55 cases were analyzed of which 26 were treated. Fourteen (54%) had immune ac-
tive hepatitis and 12(46%) were in the immune tolerant phase. In both groups, no difference in 
inflammation or fibrosis was found on baseline liver biopsy. Mean HBV DNA level at baseline 
was 9 log10 copies/mL. Levels declined to 5.9 log10 copies/mL at 40 weeks of therapy and were 
undetectable in 19/26(73%) of the patients by week 72. Alanine aminotransferase (ALT) levels 
normalized by 32 weeks in the immune active hepatitis group. No breakthrough elevations 
were seen in either group. Overall, 11(42%) and 9(35%) of the patients had Hepatitis B e anti-
gen (HBeAg) clearance and Hepatitis B e antibody (anti-HBe) seroconversion respectively by 
72 weeks of treatment.
Conclusion: TDF is an effective therapy in pediatric patients with perinatally acquired CHB in 
both immune active hepatitis and immune tolerant phase patients. Response to treatment did 
not seem to be affected by baseline ALT levels and liver histopathology findings.

KEYWORDS: Hepatitis B virus; Chronic hepatitis B; Tenofovir disoproxil fumarate; Perinatal 
transmission; Pediatrics.

ABBREVIATIONS: HBV: Hepatitis B Virus; TDF: Tenofovir Disoproxil Fumarate; CHB: 
Chronic Hepatitis B; ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; anti-HBe: 
Hepatitis B e antibody; PCR: Polymerase Chain Reaction; SEM: Standard Error of the Mean.

INTRODUCTION

 Hepatitis B Virus (HBV) is an important worldwide cause of chronic liver disease in 
children. In endemic areas, perinatal transmission accounts for the majority of infections. After 
exposure, the risk of developing chronic hepatitis B (CHB) is highest during the first year of life 
(80-90%) and in children infected before the age of 6 years (30-50%).1 During childhood CHB 
is usually asymptomatic, which has led to the recommendation not to treat perinatally acquired 
CHB. But once adulthood is reached, the end result can be cirrhosis (3-5%), hepatocellular 
carcinoma (0.01-0.03%) and increased mortality (15-25%).1,2 A search for means to prevent this 
progression is important.

 As persistent HBV replication is directly related to disease progression and complica-
tions,3,4 it may be reasonable to commence early preventative measures. Evidence from adult 
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studies demonstrates that effective viral suppression slows dis-
ease progression,5,6 promotes histological regression and may 
lead to reversal of cirrhosis.7

 Tenofovir Disoproxil Fumarate (TDF), a nucleotide 
analogue, is approved for the treatment of CHB in the United 
States. A randomized controlled trial showed that TDF treatment 
was safe and well tolerated in adolescents with a low incidence 
of adverse events, and with no resistant HBV mutations.8 TDF 
has not been assessed in pediatrics patients with perinatally ac-
quired CHB. We examined the effects of TDF given to children 
and adolescent patients with perinatally acquired CHB over a 
72-week period.

METHODS

Study Design

 A retrospective chart review was performed of patients 
evaluated at the Digestive Diseases and Nutrition Center of the 
Women & Children’s Hospital of Buffalo between January of 
2006 and September of 2013 who were diagnosed with CHB 
infection. The study was approved by the Children and Youth 
Institutional Review Board.

Study Population

 Data from pediatric patients ages birth to 21 years of 
any gender and race with a diagnosis of CHB infection were 
analyzed. The majority of patients were immigrants or interna-
tional adoptees from Southeast Asia and Africa residing in the 
United States. Patients were required to have a history consis-
tent with perinatally acquired CHB, were not immunized against 
HBV, were treatment naïve and had hepatitis B surface antigen 
(HBsAg) positive serology for at least six months prior to treat-
ment. Inclusion criteria included hepatitis B e antigen (HBeAg) 
positive serology, hepatitis B e antibody (anti-HBe) and hepatitis 
B surface antibody (anti-HBs) negative serology, elevated HBV 
DNA viral load (>105 copies/mL) measured by quantitative real 
time Polymerase Chain Reaction (PCR) and a liver biopsy prior 
to treatment. An upper limit of normal for alanine aminotransfer-
ase (ALT) was defined as >40 U/L. Patients were characterized 
as having immune active hepatitis (ALT >40 U/L) or being in 
the immune tolerant phase (ALT <40 U/L). Patients were ex-
cluded from the study if they were co-infected with hepatitis C 
virus or another hepatotropic virus or were taking medications 
considered to be hepatotoxic. Other recorded data included HBV 
genotype and baseline liver histopathologic findings.

Treatment and Follow-up Outline

 Patients were required to have completed at least a 72-
week course of therapy with a standard 300 mg daily dose of 
TDF. If patients were unable to swallow pills, an 8 mg/kg/day 
dose of TDF (40 mg/scoop of powder, maximum dose 300 mg/
day) was prescribed. Serology, ALT and HBV DNA levels were 

recorded at baseline, week 4 and 8 after starting TDF and every 
8 weeks thereafter until week 72. HBV DNA was measured us-
ing the COBAS AmpliPrep/TaqMan HBV Test (Roche Molecu-
lar Systems, Inc, CA, USA) with a lower limit of detection of 
<116 copies/mL.

End Points

 The primary end point was an HBV DNA level below 
the lower limit of detection by 72 weeks of treatment. Response 
was compared between patients who had immune active hepa-
titis and those who were in the immune tolerant phase. Second-
ary end points included a normal ALT serum level, HBeAg and 
HBsAg clearance and antibody seroconversion by the end of the 
study. 

Statistical Analysis

 Statistical analysis was performed using GraphPad 
Prism Software, version 6.0 (GraphPad Inc., La Jolla, CA, 
USA). Conventional descriptive statistics were performed for 
continuous variables and a student t-test was used to compare 
the two groups. Categorical values were compared using Chi-
square test. A P value of <0.05 was considered statistically sig-
nificant. Results are expressed as Mean values±Standard Error 
of the Mean (SEM). To determine serum viral load changes, 
HBV DNA measured in copies/mL was expressed logarithmi-
cally.

Results

Patient Characteristics

 A total of 55 cases were analyzed of which 26 were 
treated with TDF for at least 72 weeks (Figure 1). Of these, 
14(54%) had immune active hepatitis and 12(46%) were in the 
immune tolerant phase. Most of the patients were of Asian race 
(73%) infected with genotype C HBV (69%). Other demograph-
ic and baseline laboratory characteristics are shown in Table 1.

Baseline Histopathology

 All treated patients had a liver biopsy prior to starting 
therapy with TDF. A single pathologist from our institution ana-
lyzed the biopsies. Batts-Ludwig scoring system was used for 
histological assessment.9 Overall, patients showed a mean in-
flammatory score of 1.28 (range 1-3) and a mean fibrosis score 
of 0.8 (range 0-2). When compared there was no difference in 
the mean inflammatory or fibrosis scores between those who had 
immune active hepatitis or those in the immune tolerant phase 
(P=0.17). 

Virologic Response

 Patients showed a mean serum HBV DNA level of 9 
log10 copies/mL before starting therapy with TDF. At week 40, 
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Immune Active Hepatitis (n=14) Immune Tolerant Phase (n=12) Total (n=26) P value

Years of age, mean (range) 12.6 
(2-18)

14.5 
(9-19)

13.5 
(2-19)

N/S

Sex, n(%) N/S

Male 6(43) 6(50) 12(46)

Female 8(57) 6(50) 14(54)

Race, n(%)* N/S

Asian 8(57) 11(92) 19(73)

White 1(7) 0(0) 1(4)

                  Black 5(36) 1(8) 6(23)

HBV Genotype, n(%) N/S

A 1(7) 0(0) 1(4)

B 1(7) 0(0) 1(4)

C 7(50) 11(92) 18(69)

D 3(21) 0(0) 3(12)

E 2(14) 1(8) 3(12)

Baseline serum ALT, U/L† <0.05

Mean±SEM 86.9±10.2 24.3±2.1 58.0±8.3

(range) (43-173) (12-36) (12-173)

Baseline HBV DNA
log10 copiel/mL

N/S

Mean±SEM 9.03±0.09 8.96±0.06 9.01±0.06

(range) (8.78-9.09) (8.80-9.69) (8.78-9.91)

Baseline Serology N/S

HBsAg positive, n(%) 14(100) 12(100) 26(100)

HBeAg positive, n(%) 14(100) 12(100) 26(100)

Baseline Histology‡ N/S

Mean inflammatory score 1.6 1.1 1.28

(range) (1-3) (1-2) (1-3)

Mean fibrosis score 1 0.7 0.8

(range) (0-2) (0-1) (0-2)

Page 96

Figure 1: Patient distribution.

Table 1: Demographics and Baseline Characteristics.
Abbreviations: n: Number; N/S: Not Significant; SEM: Standard Error of Mean; U/L: Units/Liter.
*Race was self-reported by patient.
†ALT above or below upper limit of normal (40 U/L).
‡ Based on Batts-Ludwig scoring system
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the overall mean HBV DNA level decline was 5.9 log10 copies/
mL. Individual group analysis demonstrated that the mean HBV 
DNA level in the immune active hepatitis group was reduced 
by a mean of 6.7 log10 copies/mL at 40 weeks compared to 5.1 
log10 copies/mL in the immune tolerant phase group. By week 
72, 19/26(73%) of patients had HBV DNA levels below the low-
er limit of detection, 11(42%) from the immune active hepatitis 
group and 8(31%) from the immune tolerant phase group. There 
was no difference in virologic response between the two study 
groups (P=0.61) (Figure 2).

Biochemical Response

 At baseline, patients in the immune active hepati-
tis group showed a mean ALT value of 86.9 U/L. As precon-
ditioned, mean ALT values were within the normal range in 
the immune tolerant phase group. During the first 32 weeks of 
therapy, ALT values in 8/14(57%) patients with immune active 

hepatitis reached normal levels. By 72 weeks, all patients with 
immune active hepatitis achieved normal ALT levels (Figure 3). 
No breakthrough ALT elevations were seen in the immune ac-
tive hepatitis or immune tolerant phase patients.

Serologic Response

 All patients were HBeAg positive and anti-HBe nega-
tive prior to starting TDF therapy. Across both treatment groups, 
HBeAg clearance was seen in 42% of patients and anti-HBe se-
roconversion occurred in 35%. None of the patients had HBsAg 
clearance or anti-HBs seroconversion.

DISCUSSION

 Data from this 72-week retrospective analysis in chil-
dren and adolescents with perinatally acquired CHB suggests 
that TDF therapy is effective in decreasing HBV DNA serum 

Figure 2: Virologic response. Mean reduction and comparison in HBV DNA levels (log10 copies/mL) between im-
mune active hepatitis and immune tolerant phase patients over a 72-week treatment period with TDF.

Figure 3: Biochemical response. Mean ALT (U/L) reduction and normalization in immune active hepatitis patients.
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levels. This effect was seen in all patients whether they had el-
evated or normal ALT levels at the beginning of therapy. Similar 
to our results, Murray, et al. found that TDF antiviral efficacy 
was high regardless of baseline ALT values.8 However, we were 
able to assess baseline liver histology and found no difference 
in either inflammation or fibrosis between patients who had nor-
mal ALT levels and those who had elevated ALT levels. This 
is an important observation as it calls into question the notion 
of “immune tolerance” as the immune tolerant phase group had 
as much histologically demonstrated hepatic inflammation and 
fibrosis, as did the immune active hepatitis group. In this study 
we were able to compare virologic response between these two 
groups of patients. The fact that there was no difference in either 
histology or outcomes suggests that assignment of children to 
one of the two groups with the intent of deciding whether or not 
treatment is indicated is of no clinical value.

 The rate of ALT normalization was high in patients with 
immune active hepatitis and no breakthrough elevations were 
seen in either group during the study period. Patients studied in 
this analysis all had a high viral load and were HBeAg positive 
at baseline. A 3-year study that analyzed TDF monotherapy on 
adult patients with CHB showed that it was effective in lower-
ing and maintaining normal levels of ALT, whether they were 
HBeAg positive or negative.10 Gordon, et al. demonstrated that 
the rate of ALT normalization was rapid in adults regardless of 
baseline viral load.11 In pediatrics, our findings suggest that TDF 
was effective in lowering ALT levels in patients with a high viral 
load at the beginning of therapy. Whether baseline HBeAg status 
is a determining factor for biochemical response is unknown. It 
is known, however, that viral load is a risk factor for the devel-
opment of complications associated with HBV infection, such as 
hepatocellular carcinoma12 and that lowering the viral load is a 
desirable goal.

 The overall rate of serologic response during this 72-
week analysis showed that a considerable number of patients 
had HBeAg clearance and anti-HBe seroconversion. This sug-
gests enhanced immunologic activity against HBV that might 
coincide with TDF induced reduction in HBV DNA levels. Dur-
ing the analyzed period, no patients had HBsAg clearance or se-
roconversion, signaling elimination of virus. It is known that the 
HBV DNA is sequestered in the nucleus of the host hepatocyte 
as covalently closed circular DNA (cccDNA) where it is difficult 
but not impossible to eliminate.13 It appears that TDF suppresses 
viral replication, but additional therapy may be needed to cure 
the infection. 

 Our single center study offers new and important in-
formation. For instance, we were able to assess TDF response 
in pediatric patients infected with HBV genotype C, one of the 
most common forms encountered in the United States,14 as well 
as in patients as young as 2 years of age. Our study does not an-
swer several related questions about perinatally acquired HBV. 
First, does viral suppression indeed affect the long-term progres-
sion of the disease, improving outcome? Follow up studies are 

needed to answer this question. Second, for whom should we 
consider TDF treatment? Given that there area certain number of 
cases of perinatally acquired HBV that will seroconvert to anti-
HBs positivity each year, is it possible to identify these individu-
als and avoid treating them? How long should we treat? Is this 
an entity that requires indefinite treatment to keep the infection 
in check? Is there truly a difference between immune active and 
immune tolerant phases?

 Our study population was predominantly refugees from 
Southeast Asia and Africa and as such there was usually a lan-
guage and cultural barrier to overcome. In addition TDF therapy 
was offered only as option. This accounts for the high dropout 
rate (55 subjects identified but 26 completing 72 weeks of ther-
apy). Long-term follow up studies are warranted to confirm our 
observations and to begin to answer the questions, which our 
study raises. Although all patients had a liver biopsy prior to 
starting therapy, no end of treatment biopsy was performed to 
assess histologic response.

 We conclude that TDF effectively decreases HBV load 
in children with perinatally acquired CHB, whether they have 
immune active hepatitis or are in the immune tolerant phase. 
TDF also normalizes ALT, promotes HBeAg clearance, and an-
ti-HBe seroconversion. We question the relevance of designat-
ing groups such as immune active hepatitis and immune toler-
ant phase based on beginning of therapy ALT values since both 
groups had similar levels of circulating HBV, liver inflammation 
and fibrosis and, response to TDF treatment.
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ABSTRACT

Background/Aims: Until a few years back, evaluation of small bowel pathology was unsatisfac-
tory because of the inability to completely visualize the small bowel mucosa with the available 
endoscopic and radiological techniques. Since the advent of capsule endoscopy at the begin-
ning of the millennium it became the gold standard for the diagnosis of most diseases of the 
small intestine. At present capsule endoscopy still have some limitations; it lacks the ability to 
obtain tissue biopsy or provide endoscopic treatment and cannot be controlled remotely. But 
the near future foreshadows capsules that can perform drug delivery and tissue sampling. Al-
though, capsule endoscopy is considered a simple, safe, and a non-invasive reliable technique, 
retention of the capsule is the main complication of the procedure.
Patients and Methods: This study was conducted to assess the indications, findings, and com-
plications of CE among patients with suspected small bowel lesions. It also studies the effect 
of small bowel transit time on the diagnostic yield of the capsular endoscopy and the effect of 
gastric transit time on complete small bowel examination. 
A total of 119 patients with suspected small bowel disease received CE examination at the de-
partment of gastroenterology of Ibn-sina and Fedail Hospitals in Sudan, during the period from 
January 2010 to June 2011. 
Conclusion: Capsule endoscopy is a very useful diagnostic tool, especially in the presence of 
a strong suspicion of small bowel pathology. The duration of small bowel transit time during 
capsule endoscopy does not affect its diagnostic yield. The latter is affected by the underlying 
indication. Capsule retention was the main complication and in 10% the capsule examination 
was not complete as the capsule did not reach the ileocecal valve. The gastric transit time was 
not associated with complete examination rate. Repeating the capsule endoscopy in patients 
with a previously negative capsule examination and a high suspicion of small bowel pathology 
may reveal additional finding in the majority of patients.

KEYWORDS: Patients; Disease; Capsule endoscopy.

ABBREVIATIONS: CD: Crohn’s Disease; SPSS: Statistical Package for Social Sciences; GVHD: 
Graft Versus Host Disease; GISTs: Gastrointestinal stromal tumors.

INTRODUCTION

 Examination of the small bowel lesions represents a great challenge for gastroenterol-
ogist due to its length and inaccessibility using natural orifices. It is the only part of the gastro-
intestinal tract that is not accessible by non-surgical endoscopy. On the other hand, radiological 
techniques are relatively insensitive for diminutive, flat infiltrative or inflammatory lesions of 
the small bowel.1-3

 As currently available diagnostic methods are far from satisfactory results regarding 
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diagnostic yields, patient comfort and technical ease. The video 
capsular endoscopy has been developed to allow direct exami-
nation of this inaccessible part of the gastrointestinal track in a 
safe, non-invasive and well-tolerated manner making it superior 
to the conventional methods, with minimal limitations in the 
presence of small bowel strictures or obstruction.4

 Capsule endoscopy is mainly indicated for the evalua-
tion of SB diseases, particularly for the diagnosis of OGIB. CE 
can be used in a variety of conditions including Crohn’s Dis-
ease (CD), malabsorption, chronic diarrhea, and evaluation of 
refractory iron deficiency anemia, abdominal pain, polyposis 
syndromes, celiac disease, and detection of small bowel tumors. 
Graft Versus Host Disease (GVHD) is a rare additional indica-
tion.

 The main risk of CE is capsular retention. The rate of 
capsule retention varies widely; depending almost on the clini-
cal indications for CE, and ranges from 0% in healthy subjects, 
to 1.5% in patients with OGIB, to 5% in patients with suspected 
Chron’s disease5 and 21% in patients with intestinal obstruc-
tion.6 Therefore, CE is contraindicated in patients with known 
strictures or swallowing disorders.

 Currently used capsular endoscopy lack the ability to 
obtain tissue biopsy or provide endoscopic treatment. But the 
near future foreshadows capsules able to pass actively through 
the whole gastrointestinal track, to retrieve views from all or-
gans and to reform drug delivery and tissue sampling.7-9

 The quality of a CE study was found to be largely de-
pendent upon capsular transit time through the stomach and 
small bowel. In capsular endoscopic procedure, capsule does not 
always reach the cecum within battery life in 20-25% of cases.10 
Long gastric transit time has been associated with failure of CE 
to reach the cecum. Positioning the patient in lateral decubitus 
and placement of CE in duodenum using endoscope are some of 
the methods tried to reduce gastric time.11

 This study was conducted to assess the indications, 
findings, and complications of CE among these patients. It was 
done to assess the diagnostic yield of the capsule endoscopy and 
the complications that may occur in such patients. And to evalu-
ate the effect of small bowel transit time on the diagnostic yield 
of the capsule endoscopy and assess whether longer gastric tran-
sit time would decrease the rate of complete examination of the 
small bowel.

METHODOLOGY

 We analysed the clinical experience of the MiRo CE 
in 119 patients with suspected small bowel diseases in the de-
partment of gastroenterology at ibn-sina and Fedail Hospitals in 
Sudan, during the period from January 2010 to June 2011. It is 
a retrospective and prospective study – the data of the patients 
underwent capsule taken either from the hospital records or from 

the patients performing capsule endoscopy.

STATISTICAL ANALYSIS

 The data was analyzed with Statistical Package for So-
cial Sciences (SPSS). The small bowel transit time of all patients 
was subdivided to 3 group analyzed to compare the diagnostic 
yield, P value less than 0.05 was consider as significant. 

RESULTS

 One hundred nineteen patients, 69 male and 50 female 
were enrolled. The main indication for capsule endoscopy was 
OGIB, the CE identified the cause of bleeding in 39 of the 61 
patients (63.9%) presented with obscure GI bleeding and An-
giodysplasia was the main finding in such patients comprising 
31.1%. Other indications for CE were small bowel diarrhea in 
21 patients (17.6%), evaluation of Crohn’s disease in 5 patients 
(4.2), chronic abdominal pain in 18 patients (17.6%), non-re-
sponding celiac disease in 3 patients (2.5%) and 4 patients pre-
sented with suspicion of small bowel malignancy (Table 1). 

 In our study angiodysplasia constitute 31.1%, malig-
nancy 3.3%, inflammatory bowel disease 6.6% in addition to 
14.8% diagnosed as ulcers and erosions.1.6% with worms and 
1.6% with Celiac disease. Gastrointestinal tumors were identi-
fied in 9 patients (7.6%). Of those, two patients were examined 
for OGIB, the other seven patients were examined for non-
bleeding indications. The types of tumors diagnosed included 
two Gastrointestinal stromal tumors (GISTs), three carcinoids, 
one adenocarcinoma, one gastric lymphoma and the histopathol-
ogy was not available for two patients.

 Capsule endoscopy was indicated in twenty one pa-
tients presenting with small bowel diarrhea. Of those a young 
28 years old female presenting with alopecia, onchyodystrophy 
and small bowel diarrhea was diagnosed as Cronkhite – Canada 
syndrome based on CE finding together with the high clinical 
suspicion of her treating doctor. The CE revealed multiple jeju-
num and ileum polyps with a prominent big ampulla of vater.

 In another young patient presenting with small bowel 
diarrhea and fever, colonoscopy showed cecal and descending 
colonic lesions, but the histopathology was not conclusive. To-
gether with the terminal ilial lesions revealed by CE, tubercu-
losis was suspected. The patient responded well to antitubercu-
lous.

 Gastric and small bowel transit time are defined as time 
interval between the first the last pictures taken in corresponding 
gastrointestinal tract. The mean small bowel transit time was 5 
h 18 min. The duration of the small bowel transit time did not 
affect the diagnostic yield of the capsule endoscopy. The latter 
was affected by the underlying indication. The diagnostic yield 
for small bowel diarrhea, OGIB, and chronic abdominal pain 
were 80%, 63% and 50% respectively. (Table 2) (Chart 1)
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Diagnosis

TotalIndication for capsular 
endoscopy Normal Angiodys-

plasia

Inflamma-
tory bowel 

disease

Celiac 
dis-
ease

Tumours Worms Ulcers/erosions Others

OGIB

Count 22 19 4 1 2 1 9 3 61

% within 
Indication for capsular 

endoscopy
36.1% 31.1% 6.6% 1.6% 3.3% 1.6% 14.8% 4.9% 100.0%

IBD

Count 1 0 4 0 0 0 0 0 5

% within 
Indication for capsular 

endoscopy
20.0% .0% 80.0% .0% .0% .0% .0% .0% 100.0%

Chronic  
abdominal pain

Count 9 2 0 3 0 0 4 0 18

% within 
Indication for capsular 

endoscopy
50.0% 11.1% .0% 16.7% .0% .0% 22.2% .0% 100.0%

Small bowel 
diarrhea

Count 4 0 5 5 3 2 0 2 21

% within 
Indication for capsular 

endoscopy
19.0% .0% 23.8% 23.8% 14.3% 9.5% .0% 9.5% 100.0%

Non responding 
celiac disease

Count 1 0 0 1 1 0 0 0 3

% within 
Indication for capsular 

endoscopy
33.3% .0% .0% 33.3% 33.3% .0% .0% .0% 100.0%

Suspicion of 
small bowel 

tumour

Count 1 0 0 0 3 0 0 0 4

% within 
Indication for capsular 

endoscopy
25.0% .0% .0% .0% 75.0% .0% .0% .0% 100.0%

Others,specify

Count 3 0 1 0 0 0 0 3 7

% within 
Indication for capsular 

endoscopy
42.9% .0% 14.3% .0% .0% .0% .0% 42.9% 100.0%

Total

Count 41 21 14 10 9 3 13 8 119

% within 
Indication for capsular 

endoscopy
34.5% 17.6% 11.8% 8.4% 7.6% 2.5% 10.9% 6.7% 100.0%

Table 1: Indication for capsular endoscopy and diagnosis cross tabulation.

Chart 1: Cross tabulation: Small bowel transit time and diagnosis.
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 Complications occurred in 5.8% of the patients under-
going capsule endoscopy and capsule retention was the main 
complication. Retention is defined as a capsule remaining in the 
gastrointestinal for longer than two weeks.

 In 10% of patients the capsule examination was not 
complete as the capsule did not reach the ileocecal valve. The 
gastric transit time was not associated with complete examina-
tion rate. The gastric transit time ranged from 4 minutes to 9 
hours. In 5/7 patients (71.4%) the gastric transit time was less 
than 90 minutes and in the remaining 2 patients it was more than 
90 minutes (Table 3).

DISCUSSION

 CE has a good diagnostic yield in patients with obscure 

gastrointestinal bleeding which has been reported from 38% up 
to 93 %.12 The first clinical trial by Lewis and Swain in 2001 
compared capsule endoscopy to push enteroscopy in patients 
with OGIB. In which twenty patients with OGIB received both 
capsule endoscopy and push enteroscopy. A site of bleeding was 
found in 55% of patients using capsule endoscopy compared to 
30% for push enterscopy (p=NS).13 In our study, CE demonstrat-
ed the cause of bleeding in 39 of the 61 patients (63.9%) with 
obscure GI bleeding. Compared to 73.9% from a study done by 
Eroy O, et al. in which angiodysplasia comprises 53%, malig-
nancy 6.3% and inflammatory disease 6.3% of the total number 
of patients presenting with OGIB.4

 In our study the tumors were 7.6% cases,9 In a study 
by Gena M, et al. of 562 patients, 50 patients (8.9%) were diag-
nosed with small bowel tumors. The types of tumor diagnosed 
by capsule endoscopy included 8 adenocarcinomas (1.4%), 10 
carcinoids (1.8%), 4 gastrointestinal stromal tumors (0.7%), 5 
lymphomas (0.9%), 3 inflammatory polyps, 1 lymphangioma, 1 
lymphangioectasia,1 hemangioma, 1 hamartoma, and 1 tubular 
adenoma. Of the tumors diagnosed, 48% were malignant and the 
pathology results were not available for 10 patients.14 It was also 
observed by Gena M, et al. that 9 of 67 patients (13%) younger 
than age 50 years who underwent capsule endoscopy for obscure 
bleeding had small bowel tumors. In our study 8 of the 9 patient 
diagnosed with small bowel tumors were above 55 years of age 
with the exception of 35 years old non responder celiac disease 
who was diagnosed as gastric lymphoma.
 
 In our study Capsule endoscopy was indicated in 21 pa-
tients presenting with small bowel diarrhea, one of those patient 
suspected to have tuberculosis and treated accordingly. A study 
done by Dinesh K. Bhargava conclude that even though target 

Small bowel transit 
time

Diagnosis
TotalNormal small 

bowel
Small bowel 
pathology

1-3 hours Count 11 11 22

% within
Small bowel transit time 50.0% 50.0% 100.0%

3-6  hours Count 19 38 57

% within
Small bowel transit time 33.3% 66.7% 100.0%

6-9  hours Count 7 15 22

% within
Small bowel transit time 31.8% 68.2% 100.0%

9-12  hours Count 5 7 12

% within
Small bowel transit time 41.7% 58.3% 100.0%

More than 12  hours Count 0 6 6

% within
Small bowel transit time .0% 100.0% 100.0%

Total Count 42 77 119

% within
Small bowel transit time 35.3% 64.7% 100.0%

Table 2: Small bowel transit time and normal and small bowel pathology cross tabulation.

Number Gastric transit time Capsule retention

1 46 min Yes

2 16 min Yes

3 14 min Yes

4 1 hour No

5 4 hours 47 min No

6 8 hours 12 min No

7 21 min No

8 41 min Yes

9 1 hour 16 min No

10 9 hours No

11 4 min No

12 9 hours Yes

Table 3: Gastric transit time in patients in which the capsule did not reach 
the iliocecal valve.
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biopsy is an effective method of diagnosis, anti-tuberculous che-
motherapy may be started on the basis of the endoscopic appear-
ance if there is a high clinical suspicion of tuberculosis,15 5 of 
those patients with small bowel diarrhea diagnosed with suspi-
cion of Crohn’s disease, a recent meta analysis of 11 prospective 
comparative studies compared CE with other modalities found 
that CE had a better incremental yield, ranging between 15-44% 
compared with other modalities for both known and suspected 
Crohn’s disease and the ability to detect small bowel mucosal 
breaks in early Crohn’s disease. Fire man, et al. prospectively 
evaluated 17 patients with suspected Crohn’s Disease. Capsule 
endoscopy found evidence of Crohn’s disease (erosion, ulcers 
and strictures) in 12/17 patients (71%).16 In our study four pa-
tients underwent CE to detect small bowel involvement as part 
of evaluation for IBD. Evidence of small bowel lesions was seen 
in two patients. One of which was suspected as Crohn’s Disease 
on colonscopy, but the histopathology was not conclusive. CE 
revealed small bowel involvement and confirmed the diagnosis 
of Crohn’s disease. In addition, ten other patients were diagnosed 
as Crohn’s disease, four presented with OGIB; five with small 
bowel diarrhea and another patient was suspected as Crohn’s 
Disease during laparoscopic cholecystectomy in which the CE 
revealed proximal jejunal stricture and underlying Crohn’s dis-
ease.

 A young patient presenting with abdominal pain and a 
high eosinophil count was diagnosed as eosinophilic gastroen-
teritis based on a duodenal biopsy. CE revealed erythematous 
friable lesions with ulcerations, together with short villi in the 
proximal jejunum. These CE changes are non-specific and the 
definitive diagnosis involves histological evidence of eosino-
philic infiltration in biopsy slides. The presence of more than 20 
eosinophils per power field on microscopy is needed for diagno-
sis. As infiltration is often patchy, it can be missed and laparo-
scopic full thickness biopsy may be required.17,18

 The MiRo CE used in this study is the smallest CE to 
date and offers both increased operation time with power sav-
ing technology and good image quality. The operation time of 
MiRo CE is almost 12 hours. A study done by Jeong Youp, et 
al. demonstrated that the longer the operation time increase the 
complete examination rate to 90%. A similar percent was ob-
tained from our study (89.9%). Which also showed that the diag-
nostic yield was not improved by increased small bowel transit 
time; the p value was 0.1, which was found to be insignificant. A 
similar observation by Liao, et al. that reducing the capture rate 
in the stomach increase the complete examination rate, but not 
the diagnostic yield.19 In contrast to Jonathan, et al. study which 
demonstrated that prolonged small bowel transit time during CE 
is associated with an increased diagnostic yield, probably due to 
a positive effect on image quality during a “slower” study.20

 
 Unlike operation time, diagnostic yield could also be 
affected by the subjective decision of to whom CE should be 
utilized. The diagnostic yield of CE would be high with strong 
suspicion of small bowel disease and low if suspicion is mini-

mal.21 In Our study, the diagnostic yield was 63.9% when the in-
dication was obscure bleeding compared to 70% obtained from 
Jeong Youp, et al. study. The highest yield was 80% with small 
bowel diarrhea and the lowest yield was in the three patients pre-
senting with sub-acute intestinal obstruction, in which CE didn’t 
reveal any abnormalities.22

 The use of capsule endoscopy for abdominal pain alone 
is less clear. Multiple studies have found contradictory results. 
Several abstracts have found the diagnostic yields to be low as 
four to 11%, while others found the yield to be as high as 54%. 
This difference is likely due to the heterogeneity of this study 
population.23-25 In our study, the diagnostic yield for abdominal 
pain was found to be 50%.

 Delayed gastric emptying defined as gastric transit time 
more than 90 minutes, was suggested by some reports of being 
a significant factor for incomplete examination examination.26,27 
In the past, a gastric transit time longer than 90 minutes meant 
that about 20% of the capsule’s time was wasted in the stom-
ach, leaving less than 5 hours for small bowel examination. In 
contrast, the MiRo CE still had 10 more hours to operate after 
a gastric transit time of 90 minutes.22 In this study, the gastric 
transit time ranged from 4 minutes to 9 hours. In 5/7 patients 
(71.4%) the gastric transit time was less than 90 minutes and in 
the other 2(28.5) patients it was more than 90 minutes. However, 
even with the MiRo CE, an extremely prolonged gastric transit 
time still caused incomplete examination. In one case the cap-
sule went into the small bowel after 2 hours for a short time and 
went back to the stomach and remained for another 7 hours. In 
another patient, the gastric transit time was also 9 hours leaving 
almost 3 hours for small bowel examination.

 In our study, the CE was repeated in 5 patients, two 
were due to ongoing OGIB and negative results on CE. In pa-
tients with a negative CE and persistent OGB, a second look 
capsule endoscopy may be considered. If this is negative they 
should be referred for DBE. (recommendation (grade C)).

 The second trial revealed underlying small bowel pa-
thology in 4 of the 5 patients. Jones BH, et al. studied the yield of 
repeating wireless CE in patients with OGIB. And in ten patients 
with persistent gastrointestinal bleeding and previously negative 
capsule examination, a repeated study revealed additional find-
ings in 50%.19

CONCLUSION
 
 Capsule endoscopy is a very useful diagnostic tool, es-
pecially in the presence of a strong suspicion of small bowel pa-
thology. The main indication for capsular endoscopy was OGIB, 
and angiodysplasia was found to be the main underlying cause.

 Complication occurred in 5.8 % of the patients under-
going capsular endoscopy and capsular retention was the major 
complication. In 10% of patients the capsular examination was 
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not complete and the capsule did not reach the ileocecal valve. 
The gastric transit time was not associated with complete exami-
nation rate. The duration of small bowel transit time during cap-
sular endoscopy does not affect its diagnostic yield. The latter is 
affected by the underlying indication. The diagnostic yield for 
small bowel diarrhea, OGIB and chronic abdominal pain were 
80%, 63% and 50% respectively. Repeating CE in patients with 
a previously negative capsule examination and a high suspicion 
of small bowel pathology may reveal addition finding in the ma-
jority of patients. 
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ABSTRACT

 Hypomagnesemia has been reported in adult patients on Proton Pump Inhibitor (PPI) 
therapy. No studies have described the effect of this class on medications on Magnesium (Mg) 
levels in children. This was a retrospective cohort study assessing serum Mg levels in patients 
on PPI therapy followed by a pediatric gastroenterology service at a tertiary center. The study 
included 31 patients with a mean age of 7.8 years with 74 serum Mg levels. Duration of PPI 
therapy ranged between few days to more than 8 years. The main indication for PPI therapy was 
gastroesophageal reflux disease. Only 2 patients, of adult age, had Mg levels below the normal 
reference limit of 1.6 mg/dL. In one patient, multiple risk factors for hypomagnesemia were 
noted. For the entire cohort, there was no statistically significant difference in serum Mg levels 
over time or with chronic use (defined as more than 2 years). This study did not identify any 
patient less than 18 years of age with hypomagnesemia while on PPI therapy. Prospective larger 
long-term pediatric studies may still be needed to better assess the incidence of hypomagnese-
mia in children on PPI therapy. 

KEYWORDS: Hypomagnesemia; Proton pump inhibitor; Children.

ABBREVIATIONS: PPI: Proton pump inhibitor; Mg: Magnesium; EMR: Electronic Medical 
Record; GERD: Gastroesophageal reflux disease.

INTRODUCTION

 Hypomagnesemia has been described in several reports in adult patients on proton 
pump inhibitor (PPI) therapy. This potential side effect has not been studied in pediatric patients 
who usually require higher weight-based PPI dosing (up to 3.5 mg/kg/day) compared to adults.1

MATERIALS AND METHODS

Study Design 

 This was a retrospective cohort study assessing serum magnesium (Mg) levels in pa-
tients on PPI therapy followed by the pediatric gastroenterology service from September 1, 
2003 to September 15, 2013. The institutional review board of University of Iowa approved the 
study. Patients were identified through an electronic search in our Electronic Medical Record 
(EMR) system using the following search parameters:

1. Pediatric Gastroenterology encounter during the study period above, and
2. PPI listed within the medication list, and
3. Serum Mg level checked

 For the purposes of this study, we defined the start of PPI therapy as the first time PPI 
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therapy was documented in the pediatric gastroenterology out-
patient or inpatient note or phone encounter. End of follow-up 
was defined as the time of the last documented pediatric gastro-
enterology note or phone encounter while using a PPI, patient 
death or end of study period. Chronic PPI therapy was defined 
as PPI use for more than 2 years. For patients with multiple 
Mg levels checked, only the lowest level was used from each 1 
month period. Values were reported in mg per dL (mg/dL). The 
normal reference range used in our facility is 1.6-2.6 mg/dL. Co-
hort characteristics abstracted from the medical records included 
patient age and weight at time of starting PPI therapy, patient 
gender, indication of acid suppression and length of follow-up 
time by the pediatric gastroenterology service. Duration of PPI 
therapy was divided into the following categories: 0 to 1 month, 
1 to 6 months, 6 to 12 months, 1 to 2 years, 2 to 4 years, 4 to 6 
years, 6 to 8 years and >8 years. 

Statistical Analysis

 Continuous data were reported as means, medians, 
standard deviations and interquartile ranges. Categorical vari-
ables were described as percentages. Time trends of Mg levels 
while on PPI therapy were plotted with boxplot. Changes in Mg 
levels were assessed using Analysis of variance (ANOVA) for 
trends at time points. An unpaired Student’s t-test was used to 
compare Mg levels with and without chronic PPI use. The sta-
tistical significance was set at p≤0.05. Statistical analysis was 
performed with SAS 9 statistical software (SAS Institute, Cary, 
NC, USA) and GraphPad Prism 6 for Windows (Graphpad Soft-
ware Inc., San Diego, CA, USA).

RESULTS

Cohort Characteristics

 The electronic search using the criteria listed above re-
sulted in 65 patients satisfying the search parameters. Of these, 
34 patients were excluded from the analysis because of the fol-
lowing reasons: 28 patients did have not clear documentation of 
the time of initiation of PPI therapy, 4 patients had Mg levels 
checked before initiating PPI therapy and 2 patients had Mg lev-
els checked after their last encounter with pediatric gastroenter-
ology without documentation of continued PPI therapy. The re-
maining 31 patients had a total of 74 serum Mg levels and were 
included in the analysis. Cohort characteristics are shown in 
Table 1. The main indication for PPI therapy was Gastroesopha-
geal Reflux Disease (GERD) in 69%. Some patients had more 
than one indication listed for using a PPI. Patients were followed 
by the pediatric gastroenterology service for a mean of 4.8 years. 
Fourteen patients qualified as being on chronic PPI therapy (>2 
years).

Magnesium Levels

 Two patients (6%) had Mg levels below the normal ref-

erence limit of 1.6 mg/dL on 9 separate measurements. In one 
patient, low levels were detected during the first 12 months of 
PPI therapy (on 7 separate measurements) in the inpatient set-
ting. This was an 18 year-old male with acute leukemia (diag-
nosed one year prior) requiring matched sibling bone marrow 
transplant complicated by seizures, parasagittal sinus throm-
bosis, left frontal cortex intracranial hemorrhage, diarrhea and 
renal insufficiency. His chemotherapy regimen included metho-
trexate, vincristine, doxorubicin, prednisone and mercaptopu-
rine. In the second patient, low levels were noted on 2 separate 
measurements in the inpatient setting between 4 to 8 years after 
start of PPI therapy. This was an 18 year-old male with Duch-
enne muscular dystrophy with voiding dysfunction, osteopenia, 
constipation and gastroesophageal reflux disease. Both patients 
had normal level documented on subsequent follow-up. 

 

 For the entire cohort, there was no statistically signifi-
cant change in serum Mg level over time (Figure 1). There was 
no statistically significant difference between Mg levels checked 
while on short (<2 years) versus chronic PPI therapy (Figure 
2). Categories of duration of PPI therapy and corresponding Mg 
levels are also presented in Table 2.

Characteristic (N=31 patients) Value

Age (years) 
 Mean (SD)
 Median (IQR)

  
Weight (kg) 

 Mean (SD)
 Median (IQR)
  

Gender (% male)

7.77(±5.6)
7.05(10.1)

32.5(±21.8)
32.4(33.1)

68%

Indication for PPI therapy (%)
GERD    
Abdominal pain  
Gastritis   
History of tracheoesophageal fistula
Recurrent vomiting 

69% 
19%
8%
4%
2%

Length of follow-up time (days)
Mean (SD)
Median (IQR)

1738(±1264)
1267(1899)

SD: Standard Deviation, IQR: Interquartile ranges, GERD: Gastro-
esophageal reflux disease. 

Table 1: Cohort Characteristics. 

Figure 1: Boxplot analysis with magnesium levels from each time category. Each box extends 
from the 25th to 75th percentiles. The line in the middle of each box represents the median mag-
nesium level for that time category.
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DISCUSSION

 Several reports have described the development of se-
vere hypomagnesemia in association with PPI therapy in adult 
hospitalized and ambulatory patients.2-6 Severe hypomagnese-
mia can present with tremor, changes in mental status, halluci-
nations, agitation, dizziness, tetany, seizures or cardiac arrhyth-
mias.7,8 Discontinuation of PPI therapy typically results in rapid 
normalization of Mg levels within a few days with recurrence 
noted with resumption of PPI therapy. Oral or intravenous Mg 
replacement did not seem effective.8,9 The mechanism by which 
PPIs may be implicated in the development of hypomagnesemia 
is through reduced intestinal Mg absorption.10 It has been shown 
that Mg absorption can diminished by 1% in adult healthy vol-
unteers taking 40 mg of a PPI.11 This may be related to interfer-
ence with active transport channels as well as passive absorp-
tion.12

 To our knowledge, there have been no published stud-
ies on hypomagnesemia in the pediatric population with PPI use. 
This study included 2 patients, both of adult age, with hypo-
magnesemia. The first patient had several other risk factors for 
hypomagnesemia including diarrhea, renal insufficiency and use 
of other drugs that may contribute to low Mg levels. Both pa-
tients recovered and were able to resume PPI therapy. One con-

clusion from this study is that hypomagnesemia is less common 
in the pediatric population than in adults possibly because of the 
lower prevalence of renal disease and use of diuretics that may 
be contributing to hypomagnesemia in the adult population. It is 
important to note that this study has several limitations including 
its retrospective nature, the small sample size and lack of long 
term consistent follow-up of serum Mg levels in on all patients. 
The study results could have been influenced by potential errors 
in EMR documentation of PPI use, lack of documentation of 
Mg levels checked at outside facilities and potential use of Mg 
containing supplements. Prospective pediatric studies assessing 
for changes in serum Mg levels during long term PPI therapy are 
needed to study the incidence and potential relationship better 
between PPI therapy and hypomagnesemia in children. 
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