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Abstract

Gastroesophageal reflux disease (GERD) is a common
disease with a prevalence as high as 10%-20% in the
western world. The disease can manifest in various
symptoms which can be grouped into typical, atypi-
cal and extra-esophageal symptoms. Those with the
highest specificity for GERD are acid regurgitation and
heartburn. In the absence of alarm symptoms, these
symptoms can allow one to make a presumptive di-
agnosis and initiate empiric therapy. In certain situa-
tions, further diagnostic testing is needed to confirm
the diagnosis as well as to assess for complications or
alternate causes for the symptoms. GERD complications
include erosive esophagitis, peptic stricture, Barrett’s
esophagus, esophageal adenocarcinoma and pulmonary
disease. Management of GERD may involve lifestyle
modification, medical therapy and surgical therapy. Life-
style modifications including weight loss and/or head of
bed elevation have been shown to improve esophageal
pH and/or GERD symptoms. Medical therapy involves
acid suppression which can be achieved with antacids,
histamine-receptor antagonists or proton-pump inhibi-
tors. Whereas most patients can be effectively managed
with medical therapy, others may go on to require anti-
reflux surgery after undergoing a proper pre-operative
evaluation. The purpose of this review is to discuss the
current approach to the diagnosis and treatment of gas-
troesophageal reflux disease.
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Core tip: Given the high prevalence of gastroesopha-
geal reflux disease (GERD) and the various complica-
tions which can result from inadequate treatment, it is
important for practioners to have a proper understand-
ing of the current approach to its diagnosis and man-
agement. Diagnostic tools including various methods of
pH testing are discussed. Furthermore, it is important
to understand the indications and contraindications to
anti-reflux surgery in order to optimize our patient’s
surgical outcomes. Management of GERD in the obese
patient may involve bariatric surgery and this is also
further discussed.

Badillo R, Francis D. Diagnosis and treatment of gastroesophageal
reflux disease. World J Gastrointest Pharmacol Ther 2014; 5(3):
105-112 Available from: URL: http:/www.wjgnet.com/2150-5349/
full/v5/i3.105.htm DOI: http://dx.doi.org/10.4292/wjgpt.v5.i3.105

SYMPTOMS AND EPIDEMIOLOGY

Gastroesophageal reflux disease (GERD) is defined as
symptoms or mucosal damage produced by the abnormal
reflux of gastric contents into the esophagus or beyond,
into the oral cavity (including larynx) or lungﬂ’zl. GERD
can be classified as non-erosive reflux disease (NERD) ot
erosive reflux disease (ERD) based on the presence or ab-
sence of esophageal mucosal damage seen on endoscopy.
The following document will provide a brief overview of
the epidemiology, clinical symptoms and complications
of GERD as well as a more comprehensive review of
the current approach to diagnosis and management.
GERD is one of the most commonly encountered
conditions by both primary catre physicians and gastroen-

August 6, 2014 | Volume 5 | Issue 3 |
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Table 1 Symptoms of gastroesophageal reflux disease

Typical Symptoms
Atypical Symptoms

Acid regurgitation, heartburn
Epigastric fullness, epigastric pressure,
epigastric pain, dyspepsia, nausea,
bloating, belching

Extraesophageal Symptoms Chronic cough, bronchospasm,
wheezing, hoarseness, sore throat,

asthma, laryngitis, dental erosions

terologists. To illustrate, a 2005 systematic review found
the prevalence of GERD (defined by at least weekly
heartburn and/or acid regurgitation) to be as high as
10%-20% in the Western world compared to a preva-
lence of less than 5% in Asia. There is a trend for higher
prevalence in North America compared to Europe, and
a trend for higher prevalence in Northern over Southern
Europem. It should be noted, however, that there are
limitations in the diagnosis of GERD based solely on pa-
tient symptoms as there are patients with endoscopic evi-
dence of GERD (eg., esophagitis or Barrett’s esophagus)
who lack symptoms and patients who have symptoms but
no objective evidence of GERD. The high prevalence of
GERD in combination with the high cost of acid lower-
ing medications results in the significant socioeconomic
burden associated with the disease.

GERD can manifest in a wide range of symptoms
which can be subdivided into typical, atypical and extra-
esophageal symptoms (Table 1). In general, symptoms
tend to be more common after meals and are often ag-
gravated by recumbency and relieved by acid lowering
medications'". Typical symptoms include heartburn and
acid regurgitation which have high specificity but low
sensitivity for GERD". Atypical symptoms such as epi-
gastric pain, dyspepsia, nausea, bloating, and belching
may be suggestive of GERD but may overlap with other
conditions in the differential diagnosis such as peptic
ulcer disease, achalasia, gastritis, dyspepsia and gastropa-
resis. Lastly, there are various extraesophageal symptoms
including chronic cough, asthma, laryngitis and dental
erosions'™. The current belief is that these symptoms are
caused by either microaspiration of refluxate or a vagally
mediated reflex triggered by distal esophageal acid expo-
sure. The shared vagal innervation of the cough reflex
and esophagus is believed to act as the pathway through
which distal esophageal acid exposure may lead to cough-
ing, a process known as the esophagobronchial reflex,
However, extraesophageal symptoms could be secondary
to a host of other conditions and should not uniformly
be attributed to a diagnosis of GERD, especially when
typical symptoms are absent.

GERD symptoms have a profound impact on health-
related quality of life (HRQoL). A 2011 systematic re-
view of nine studies, including a total of 14774 patients
with GERD, showed that persistent reflux symptoms
on PPI therapy are associated with reduced physical and
mental HRQolL, while reduced mental HRQoL at base-
line seemed to impair symptomatic response to PPIs.
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The authors recommended that one consider behavioral
and psychological factors when making decisions about
disease management in those patients with persistent re-
flux symptoms and reduced well-being despite PPI treat-
ment, Tt is therefore important to recognize, diagnose
and propetly treat patients with GERD in order to avoid
detrimental effects on quality of life as well as numerous
complications.

GERD-related complications include erosive esopha-
gitis, peptic stricture, Barrett’s esophagus, esophageal
adenocarcinoma and pulmonary disease. Esophageal
adenocarcinoma is thought to be more common in older
white males with elevated body mass index and screening

for Barrett’s esophagus is recommended in this group™™”.

DIAGNOSIS
The diagnosis of GERD is typically made by a combina-

tion of clinical symptoms, response to acid suppression,
as well as objective testing with upper endoscopy and
esophageal pH monitoring. For example, the combination

of moderate to severe typical symptoms and endoscopic
changes (erosive esophagitis or Barrett’s esophagus) are
highly specific (97%) for GERD (confirmed with pH
testing)[1
very valuable in the diagnosis, especially in the setting of

. However, a well-taken history alone can prove

heartburn and acid regurgitation which have a very high
specificity (89% and 95%, respectively), albeit low sensi-
tivity (38% and 6%) for GERD™. This can allow one to
make a presumptive diagnosis and begin empiric therapy,
thereby avoiding a comprehensive and costly evaluation
in every patient presenting with uncomplicated symp-
toms' . Additional testing may be necessary, however,
for those who do not respond to acid suppression, those
who have alarm symptoms (e.g., dysphagia, odynophagia,
iron deficiency anemia, weight loss, ¢#.) and those who
have suffered from the disease for an extended period of
time due to concern for Barrett’s esophagus'. The ratio-
nale for pursuing additional testing includes confirmation
of GERD as well as evaluation of GERD associated
complications or alternate diagnoses (Table 2).

Empirical therapy

As mentioned above, those with a history suggestive of
uncomplicated GERD manifesting in typical symptoms
of heartburn and/or regurgitation can be offered empiric
treatment (see treatment section). Typical symptoms that
are responsive to acid suppression offer additional evi-
dence for pathologic esophageal acid exposure and it is
reasonable to assume a diagnosis of GERD in patients
who respond to appropriate therapy'. On the other
hand, typical symptoms that do not improve warrant fur-
ther evaluation to demonstrate the existence of GERD
and evaluate for an alternate diagnosis. Likewise, patients
with atypical symptoms or non-cardiac chest pain as their
primary complaint should also be considered for further
diagnostic evaluation prior to empiric therapy. It should
be remembered that a minority of patients on even high
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Diagnostic test

Indication

PPI trial

Esophageal pH monitoring

Upper endoscopy

Barium esophagram

Esophageal manometry
recommended for GERD evaluation

Classic GERD symptoms with no alarm symptoms.

Refractory symptoms where GERD diagnosis is in question, pre-operative evaluation for non-erosive disease
Alarm symptoms (e.g., dysphagia), PPI unresponsive patients, high risk for Barrett’s esophagus

Evaluation of dysphagia, otherwise not recommended for GERD evaluation

Prior to anti-reflux surgery to rule out esophageal dysmotility (e.g., achalasia, scleroderma), otherwise not

GERD: Gastroesophageal reflux disease; PPI: Proton pump inhibitor.

dose proton pump inhibition will continue to have objec-
tive evidence of pathologic esophageal acid exposure on
ambulatory pH monitoring"”, likely a result of medica-
tion non-compliance or PPI resistance.

Ambulatory pH monitoring

Ambulatory reflux monitoring is the only modality al-
lowing direct measurement of esophageal acid exposure,
reflux episode frequency and association between symp-
toms and reflux episodes. It is typically used to evalu-
ate patients with persistent symptoms despite medical
therapy, particularly those without endoscopic evidence
of GERD, in order to confirm the diagnosis. It can also
be employed to monitor the control of reflux in those
on therapy with persistent syrnptornsm and is also recom-
mended in endoscopy negative patients prior to undergo-
ing anti-reflux surgery in order to confirm the diagnosis.

Reflux monitoring is typically performed using either
a wireless capsule or a transnasal catheter (pH alone or
combined pH-impedance) with the patient either on or
off acid suppression. Though there is no uniform con-
sensus regarding the most optimal method, each has its
advantages and disadvantages. For either study, diet and
activity should remain unchanged in order to capture an
accurate depiction of day to day esophageal acid expo-
sure.

Wireless capsule decreases patient discomfort, allows
for longer recording time, and may improve accuracy by
allowing the patient to resume normal activities without
the presence of a transnasal catheter. The test involves
endoscopic or transnasal placement of a radiotelemetry
pH sensing capsule to the mucosa of the distal esopha-
gus. The capsule (conventionally placed 6 cm above the
squamocolumnar junction) measures pH and transmits
the data via a radiofrequency signal to a small receiver
clipped onto the patient’s belt"”. Unlike with traditional
catheter-based systems, this approach allows the patient
to resume normal activity without the conspicuous pres-
ence of a transnasal catheter and also allows for addition-
al recording time (typically 48 h compared to 24 h record-
ing with catheter-based monitoring). Another advantage
of wireless capsule is the fixed position of the capsule
on the esophageal wall in comparison to catheter-based
systems where migration due to swallowing or talking has

[14,15

been shown to occur ™", Potential disadvantages include

additional expense due to endoscopic placement (as na-
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sal passage can be difficult due to size of capsule), eatly
detachment in a minority of patients, patient discomfort
which could require removal via repeat endoscopy, as well
as overdiagnosis of GERD due to ingestion of acidic
foods"". There is also some data suggesting an increased
number of reflux episodes during the first 6 hour period
following propofol administration"”.

Transnasal catheter pH testing is limited by patient
tolerance and 24 h monitoring but has the unique advan-
tage of adding impedance which allows distinguishing be-
tween acid and non-acid (weakly acidic or weakly alkaline)
gastroesophageal reflux. Impedance monitoring detects
changes in the resistance to electrical current across adja-
cent electrodes, allowing it to differentiate the antegrade
and retrograde bolus transit of both liquids and gas. Due
to the ability to detect both acid as well as nonacid reflux,
impedance-pH monitoring has greater sensitivity than pH
monitoring alone in the detection of gastroesophageal
reflux". Tt is the test of choice for on-PPI testing, as
these patients have lower rates of acidic reflux with con-
tinued episodes of weakly acidic reflux which can then
be detected with this modality. In contrast, both witeless
capsule and cathetet-based systems can be used for evalu-
ation of GERD in patients off acid suppression'"”.

Regardless of the pH monitoring system used, a
symptom-reflux correlation is made using either the symp-
tom index (SI) or symptom association probability (SAP),
the latter being the preferred statistical calculation'™”. This
allows for measurement of the strength of the association
between reflux events and symptoms. A positive associa-
tion combined with abnormal esophageal acid exposure
provides evidence that symptoms are being caused by

GERD.

Upper endoscopy

Upper endoscopy is the primary modality used in the
evaluation of the esophageal mucosa in patients with
GERD and also allows for biopsies of concerning lesions
(eg., Barrett’s metaplasia, strictures or masses). It is impor-
tant though to understand that there are limitations with
the use of upper endoscopy in the diagnosis of GERD.
For instance, while an endoscopy showing esophagitis or
Barrett’s esophagus essentially confirms the diagnosis of
GERD (high specificity), a normal endoscopy does not
refute the diagnosis. In fact, most patients with typical
symptoms of GERD will have no endoscopic evidence
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of GERD on esophagogastroduodenoscopy. Therefore,
an upper endoscopy is not required for the diagnosis and
is mostly performed for evaluation of GERD associated
complications and alternative diagnoses as well as for
placement of wireless capsule pH probes. Patients with
multiple risk factors for esophageal adenocarcinoma (age
50 years or oldet, male sex, white race, chronic GERD,
hiatal hernia, elevated BMI, and intra-abdominal distribu-
tion of body fat) should receive screening endoscopy for

Barrett’s esophagus[g].

Barium esophagram

Barium esophagram was once recommended as a screen-
ing test for GERD, but is no longer part of the diagnos-
tic evaluation. A 1996 study of 125 patients compared
barium esophagram to esophageal pH monitoring to
assess the accuracy of barium screening as a predictor
of abnormal esophageal acid exposure. A significantly
greater degree of abnormal esophageal acid exposure
occurred in patients who had a hiatal hernia or spontane-
ous reflux on barium radiography. However, the sensitiv-
ity and specificity of barium radiography for abnormal
degrees of acid reflux were insufficient and therefore
this test is no longer recommended in the diagnosis of
GERD™!. On the other hand, it is frequently used in the
evaluation of complications related to GERD (e.g., peptic
stricture) as well as in the evaluation of dysphagia in the
post anti-reflux surgery patient, in conjunction with en-
doscopic evaluation.

Esophageal manometry

Esophageal manometry is most useful for the evaluation
of dysmotility and has only limited utility in the evalua-
tion of GERD. Although disruption of the anti-reflux
barrier (gastroesophageal junction) and dysfunction of
esophageal peristalsis are common in GERD patients,
these findings are not diagnostic and therefore there is
no manometric pattern which is pathognomonic for
reflux™. The role of manometry in the evaluation of
GERD remains limited to preoperative testing for exclu-
sion of significant motility disorders such as achalasia
or scleroderma (clear contraindications to anti-reflux
surgery) as well as for assisting in proper positioning of
transnasal pH probes. Otherwise, this test is not recom-
mended for the diagnosis of GERD.

TREATMENT

GERD is a chronic disease that typically requires long
term management in the form of lifestyle modification,
medical therapy and, for a subset of patients, surgical
therapy.

Lifestyle changes

Lifestyle and diet modification traditionally have included
weight loss, head of bed elevation, avoidance of night-
time meals, and elimination of trigger foods such as
chocolate, caffeine and alcohol. A 2006 systematic review
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of 16 randomized trials evaluated the impact of lifestyle
measures on GERD and concluded that only weight loss
and elevation of the head of the bed improved esopha-
geal pH and/or GERD symptomsm. A 2006 systematic
review and meta-analysis suggested a positive association
between increasing BMI and the presence of GERD
within the United States and possibly within other coun-
tries as well”", Interestingly, BMI was found to be associ-
ated with symptoms of GERD in both normal weight
and overweight women and even moderate weight gain
among those of normal weight was found to cause or
exacerbate symptomsm]. Therefore, weight loss is recom-
mended for GERD patients who are overweight or who
have had recent weight gain.

For nighttime reflux symptoms, patients should el-
evate the head of the bed and avoid recumbency 3 h
postprandially. A recent study aimed to compare the
recurrence rates of ERD and NERD, and determine the
risk factors related to the recurrence. Recurrence was di-
agnosed when patients complained of GERD symptoms
requiring additional medication after initial recovery with
4-8 wk of PPI treatment. The authors found that a short-
er dinner-to-bedtime interval was the most significant
factor influencing the recurrence of GERD and patients
who usually slept within 3 h after eating had higher recur-
rence rates' . Despite strict compliance, lifestyle changes
alone are frequently inadequate at controlling symptoms
and medical therapy often becomes necessary.

Medical therapy

The mainstay of treatment of GERD is acid suppression
which can be achieved with several classes of medica-
tions including antacids, histamine-receptor antagonists
(H2RAs) or proton-pump inhibitors (PPIs). Studies have
shown more complete healing of erosive esophagitis and
heartburn relief with PPIs »s H2RA and this effect oc-
curs nearly twice as fast (healing rate and heartburn relief
of 11.7%/wk and 11.5%/wk »s 5.9%/wk and 6.4%/wk
in the PPI and H2RA groups, respectively)m. Addition-
ally, studies show that ERD is more difficult to treat with
H2RA compared to PPIs™ and patients with ERD tend
to have a higher symptom response to PPIs compared
to their NERD counterparts”. Therefore, it is recom-
mended to treat erosive reflux disease with maintenance
PPI therapy at the lowest effective dose as most will re-
lapse after discontinuation of therapym. In general, PPIs
are felt to be equally effective and patients should be
instructed to take these medications 30-60 min prior to
meals; the exception to this is dexlansoprazole which can
be taken irrespective of food intake.

In contrast, patients with NERD may potentially be
managed successfully with on-demand PPI or, alterna-
tively, with less costly therapy such as HaRAs. A 2001
study set out to determine the feasibility of step-down
therapy in patients with symptoms of GERD rendered
asymptomatic with PPIs. After 1 year follow up, 58%
of patients in the step-down group were asymptomatic
on either non-PPI therapy or no therapy at all. Of those
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Figure 1 In general, patients with gastroesophageal reflux disease who
are found to have evidence of erosive esophagitis on endoscopy should
be placed on maintenance proton pump inhibitor due to the high risk of
relapse off proton pump inhibitor. However, patients with NERD may achieve
symptom control on H2RAs or, alternatively, with on-demand PPI. If symptoms
persist, maintenance PPI should be considered. GERD: Gastroesophageal
reflux disease; PPI: Proton pump inhibitor; ERD: Erosive reflux disease; NERD:
Non-erosive reflux disease.

who remained off PPIs, 59% required H:RAsP". Given
the high cost associated with indefinite PPI use, attempts
should be made to treat patients with the least expen-
sive yet effective medication, particularly in patient with
NERD who may be able to be maintained on H2RAs
with control of symptoms. If symptoms recur, then
maintenance PPI therapy should be reconsidered (Figure
1).

Patients with PPI-refractory GERD can be chal-
lenging to treat and are frequently referred to a gastro-
enterologist. First, compliance with medical therapy
and proper dosing should be addressed. A study involv-
ing 10159 patients with Barrett’s esophagus and 48965
GERD patients without Barrett’s esophagus found that
PPI prescriptions were filled by only 66.6% and 60.4%
of patients with BE and GERD, respectively™. Given
such high rates of noncompliance, an accurate history is
important to obtain in order to avoid escalating therapy
unnecessarily. If symptoms are truly refractory to proper
medical therapy, the dosing can be increased or an altet-
nate PPI can be used. Both methods may lead to further
symptom improvement and both appear to be equally ef-
fective™. If a patient has predominantly nighttime symp-
toms, more effective nocturnal acid suppression may be
achieved with bid or nighttime dosing of PPIs",

Another approach in the PPI-refractory patient
involves the addition of nighttime H2RAs to bid PPI
therapy for persistent nighttime symptoms. Though a
contested issue, the benefit from this approach would
likely be temporary as studies have shown that after 1 mo
of uninterrupted H2RA therapy, gastric acidity returns
to pre-H2RA levels™. Another well studied medication
is the GABAD agonist baclofen which has been shown
to reduce postprandial reflux events and acid exposure
in normal individuals and in patients with GERD by in-
hibiting transient lower esophageal sphincter relaxations,
thought to be the primary cause of reflux events™.
Unfortunately, side effects often preclude continued use
of this medication and include drowsiness (up to 63%),
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dizziness (5%-15%), weakness (5%-15%), and fatigue
(2%-4%)"". Tn a recent randomized, cross-over trial it
was shown that administering baclofen at bedtime de-
creases sleep related reflux events and markedly improves
objective and subjective sleep parameters compared with
placebo. Thus, baclofen appears to have potential benefit
for GERD patients with persistent symptoms on PPI
therapy, especially those who have persistent nighttime
heartburn and sleep complaints””. Finally, with respect
to prokinetic therapy, a recent study randomized patients
into an omeprazole plus mosapride (5HT4 agonist) group
and omeprazole plus placebo group and found that the
addition of mosapride to omeprazole was no more ef-
fective at controlling reflux symptoms than omeprazole
alone in patients with NERD"™. Based on this and sev-
eral other studies, there is no clear role for the use of
prokinetic therapy in the treatment of GERD.

If symptoms persist after attempts at maximizing
medical therapy, an evaluation for non-GERD etiologies
should be undertaken. An upper endoscopy should be
performed next and may reveal an abnormality such as
persistent erosive esophagitis, eosinophilic esophagitis, or
Barrett’s esophagus in roughly 10% of patients in whom
empiric PPI therapy fails™. The finding of esophagitis
would support the diagnosis of GERD and point to-
wards noncompliance or failure of medical therapy. Most
times, the esophagus will appear endoscopically normal
and these patients should be further evaluated with pH
monitoring to confirm or refute the diagnosis of GERD.
Confirming pathologic acid reflux with a positive symp-
tom correlation would indicate PPI failure and need for
escalation of medical therapy or consideration of surgical
options. The absence of GERD in a patient with typical
heartburn symptoms would suggest a diagnosis of func-

tional heartburn®.

Surgical therapy

Surgical therapy is another treatment option for long-
term therapy in patients with GERD and has become
more appealing since the introduction of laparoscopic
anti-reflux surgery. Indications for anti-reflux surgery,
which typically include laparoscopic fundoplication or
bariatric surgery, include unwillingness to remain on
lifelong medical therapy, intolerance of medical therapy,
medically refractory symptoms with evidence of GERD
on endoscopy or pH monitoring, or GERD in the setting
of a large hiatal hernia (Table 3).

Proper patient selection is critical to obtain the best
possible surgical outcomes and it is imperative that there
be objective documentation of GERD. Furthermore, it
is well known that the highest surgical response is seen
in those with typical symptoms who respond to a PPI or
have abnormal pH testing with good symptom correla-
tion. On the other hand, response rates to surgical inter-
vention are lower in those with atypical or extraesopha-
geal symptoms. To illustrate, one study showed that at
69 mo after laparoscopic fundoplication, the majority of
patients maintained improvement or resolution of heart-
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Table 3 Indications for anti-reflux surgery

Unwillingness to remain on lifelong medical therapy

Intolerance of medical therapy

Medically refractory symptoms with objective evidence of GERD
GERD in the setting of a large hiatal hernia

Medically refractory GERD in the setting of morbid obesity

GERD: Gastroesophageal reflux disease.

burn (90%), regurgitation (92%), and dysphagia (75%)
when compared to before surgery. However, the results
were less satisfactory in patients with extraesophageal
symptoms such as hoarseness (69%) and cough (69%0)™,
In addition to upper endoscopy and esophageal pH
testing, a preoperative workup should include a barium
esophagram and esophageal manometry to ensure that
there is normal esophageal motility. The combined results
of this testing can establish the presence of disease and
assist with planning the operative approachw.

The short and medium term outcomes of laparo-
scopic anti-reflux surgery are quite good in terms of
improving the typical symptoms of GERD™. However,
in the long term it appears these results may diminish.
During a follow-up period of 10 to 13 years, one study
comparing long term outcomes in medical and surgical
therapies for GERD found that 62% of surgical patients
took anti-reflux medications on a regular basis, compared
to 92% of medical patients. Anti-reflux surgery can be
very effective but should not be advised with the expecta-
tion that patients will no longer take anti-secretory medi-
cations'™”

Complications from anti-reflux surgery include dys-
phagia of sufficient severity to require esophageal dila-
tion in about 6% of patients treated with fundoplication
surgerym] as well as a significant increase in flatulence and
inability to belch (gas bloat syndrome). This potential for
complications underscores the importance of carefully
selecting patients for anti-reflux surgery in order to opti-
mize outcomes.

Due to concern for complications associated with
traditional fundoplication, sphincter augmentation using
the LINX Reflux Management System was developed.
The surgery involves the laparoscopic placement of a
bracelet of titanium beads with magnetic cores around
the LES which serves to augment the physiologic barrier
to reflux without altering gastric anatomy. Studies show
that at four years following LINX implantation, 87.5%
of patients were satisfied with their present condition,
and 80% of patients were free from daily dependence on
PPIs"™.

In view of the invasiveness of surgery, several endo-
scopic therapies for GERD have been attempted but due
to inability to control GERD have been removed from
the market. One of the latest endoscopic techniques
for treatment of GERD is transoral incisionless fundo-
plication. A recent study showed that only a subgroup
of patients experienced improved quality of life and
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reduced need for PPIs at 3 years follow-up, and an unac-
ceptably high percentage of patients required additional
medication or revisional laparoscopic fundoplication[%].
Additional studies in endoscopic therapy for GERD are
ongoing;

Finally, when it comes to the obese patient with
GERD, a different approach should be considered. Gas-
tric bypass is the recommended treatment for GERD
in the morbidly obese patient (BMI > 35 kg/m?) due
to concerns over higher failure rates following Nissen
fundoplication in this population. Not only does bariat-
ric surgery better address the mechanisms that lead to
GERD in obese patients with the potential for a more
durable response, but it also reduces obesity-related co-
morbidities and possibly reduces the long-term mortality
risk associated with morbid obesity in an acceptably safe,
minimally-invasive, and cost-effective manner’. Al-
though all common bariatric procedures improve GERD,
Roux- en-Y gastric bypass is superior to adjustable gastric

banding and sleeve gastrectomy[48].
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Abstract

Methotrexate has been used an immunomodulator in
many autoimmune diseases, including inflammatory
bowel disease. However, many physicians are unfamiliar
or uncomfortable with its use in the management of
inflammatory bowel disease. We summarize the data
for use of methotrexate in common clinical scenarios:
(1) steroid dependant Crohn’s disease (CD); (2) mainte-
nance of remission in steroid free CD; (3) azathioprine
failures in CD; (4) in combination therapy with Anti-
TNF agents in CD; (5) decreasing antibody formation to
Anti-TNF therapy in CD; (6) management of fistulizing
disease in CD; and (7) as well as induction and mainte-
nance of remission in ulcerative colitis. An easy to use
algorithm is provided for the busy clinician to access
and safely prescribe methotrexate for their inflamma-
tory bowel disease patients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Methotrexate can a be a useful adjunct to the
treatment of inflammatory bowel disease, but many
practitioners are unfamiliar with it's use. Here, we have
provided a succinct summary of the data behind the
use of methotrexate and a short “user’s guide” and
algorithm to allow for the busy clinician to become
quickly familiar with the drug and information to help
prescribe it safely.

Swaminath A, Taunk R, Lawlor G. Use of methotrexate in in-
flammatory bowel disease in 2014: A User’s Guide. World J Gas-
trointest Pharmacol Ther 2014; 5(3): 113-121 Available from:
URL: http://www.wjgnet.com/2150-5349/full/v5/i3.113.htm
DOI: http://dx.doi.org/10.4292/wjgpt.v5.i3.113

INTRODUCTION

Methotrexate (MTX) has a long history for effectively
treating rheumatological conditions such as rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE) and
1 Over the past 25 years there have been nu-
merous studies that evaluated its efficacy in Inflammatory
Bowel Disease with varied results. It has to date remained
in treatment algorithms as a salvage therapy for patients
who have failed, or become intolerant of, azathioprine.
The goal of our paper is to summarize the data behind
methotrexate for common clinical situations and to pro-

sarcoidosis

vide a quick access guide on prescribing the drug,

MTX PHARMACOKINETICS

The landmark studies demonstrating efficacy of MTX in
Crohn’s disease (CD) have utlized sq ot 7 at 25 mg/wk.
Smaller non-randomized studies in both CD and UC
patients have offered conflicting data and, to an extent
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Table 1 Summary of methotrexate trials in Crohn’s disease

Study Dose MTX Route of n Study design Patients Duration MTX MTX Placebo or AE AE
admin follow response remission (Comparator) MTX Placebo
up (wk) Response
Kozarek 25 mg/wk sq 14 Non- CD 12 79%
Randomized-
open Label
Feagan 25 mg/wk im 141 Double- Steroid 16 39.4%' 19.1% 1% 2%
blind Placebo dependent
controlled CD
multi center
Oren 125 mg/wk  po 84 Randomized ActiveCD 36 38% 46%
Double-
Blind Placebo
Controlled
Arora 22.5mg/wk  po 33 Randomized Steroid 5] 54% 20% 23% 0
Double Blind Dependent
Placebo CD
Controlled
Feagan 15 mg/wk im 76  Double Blind CD 40 65%" 39% 1% 2%
Placebo Maintenance
Controlled
Multi-Center
Mate- 15 mg/wk po 38 Randomized Steroid 76 80%' Induction 14% Induction 11.5% 0
Jimenez Single Center Dependent 66.6%" 0
CD Maintenance Maintenance
Lemann 25 mg/wk im 49  Retrospective Active CD 84% 49%
Fraser 20 mg/wk po/im 48  Retrospective Active CD- 62% 27%
(10-25) Maintenance
Ardizzone 25 mg/wk iv 54 Investigator  ActiveCD 24 56% 63% AZA 11%
Blind,
randomized
Mahadevan 25 mg/wk im 16 Retrospective Fistulizing 56% 6%
case series CD
Wahed 25 mg/wk im/ po- 99  Retrospective AZA 62% 8.3%
Induction Induction Intolerance/
15 mg/wk po- AZA non-
Maintenance ~ Maintenance responders
Feagan WkO0-10 mg/wk sq 126 Double Blind Active CD 50 IFX+MTX  IEX + PCBO
WKk3-20 mg/wk Placebo
WKk5-25 mg/wk Controlled 56% 57%

Multi-center

'P < 0.05 vs MTX response. MTX: Methotrexate; CD: Crohn’s disease; AE: Adverse events; AZA: Azathioprine.

demonstrate, the relative ineffectiveness with low dose
po regimens for induction or maintenance of remission
(Table 1), Jundt demonstrated similar bioavailability
between po vs sq vs im MTX in RA patients[ﬁ]. The bio-
availability of po as compared to 77 was 0.85.

Kurnik ¢ 2/” studied the bioavailability of MTX in
adult patients with stable Crohn’s disease. The patients
were administered their weekly doses either orally or sg
and the MTX levels were measured over the next 24 h.
No information on extent of small bowel inflammation
was provided. They found that oral bioavailability aver-
ages 73% (95%CI: 62%-86%) of that of subcutaneous
administration”’. Hoekstra demonstrated that the bio-
availability of po MTX can be boosted by split dosing. RA
patients were studied after single dosing of MTX by ei-
ther sg or po method. Then the same patient underwent a
second measurement after split dosing of MTX (50% of
the dose taken 8 h later). The bioavailability of the split

Baishidenge ~ WJGPT | www.wjgnet.com

dose was 28% higher compared to the single dose (P =
0.007) and was statistically significant. The mean bioavail-
ability after single-dose and split-dose MTX was 0.76 and
0.90, respectively, compared to subcutaneous administra-
tion'”.

Wilson ez a/” updated the Kurnik study using a more
sensitive assay. They compared the pharmacokinetic
profile of po and subcutaneous MTX (25 mg) in 11 CD
patients. The bioavailability of po MTX compared with
sg was found to be 0.86 (90%CI: 0.79-0.92). Of note, the
90%CI to meet definition of bioequivalency proposed by
the FDA was not met, (lower end of the 90%CI would
have had to be 0.80 rather than 0.79), and so this study
could not claim true bioequivalency of the oral and s
routes of administration.

Although these are small studies and many patient
factors were not provided (Z.e., extent and severity of
bowel disease), the po route of administration does ap-
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pear to be less bioavailable than sg dosing;

WHAT IS THE DATA FOR MITX IN
INDUCTION OF REMISSION IN STEROID

DEPENDENT CROHN’S DISEASE?
Although Kozarek ez al™ (NEJM 1980) had demonstrat-

ed the efficacy of 6-mercaptopurine in the induction of
remission of Crohn’s disease, the authors noted the re-
sponse to be delayed and incomplete. The first report of
successful induction with methotrexate was reported by
Kozarek ez al'” in 1989. This non-randomized, open-label
pilot study included 14 patients with Crohn’s disease with
an unidentified fraction described as failing immuno-
modulators. Eleven patients (79%) demonstrated a clini-
cal response to 25 mg/wk iz methotrexate as measured
by objective decreases in CDAI and 5 patients (36%)
demonstrated endoscopic mucosal healing, Although this
study lacked a control arm, it suggested MTX may have

value in inducing remission in patients with Crohns’ dis-
ease.

Feagan completed a prospective double-blind, place-
bo-controlled Canadian multicenter study of weekly
injections of methotrexate in patients who had chronical-
ly active Crohn’s disease despite a minimum of 3 mo of
prednisone therapy with the primary outcome being the
induction of clinical remission'". A total of 141 patients
assigned in a 2:1 ratio of MTX to placebo were included
in the trial and 37 (39.4%) achieved clinical remission in
the methotrexate group compared with 9 (19.1%) in the
placebo group (P = 0.025). The response among patients
requiring high dose prednisone (> 20 mg/d) was equally
good as those requiring low doses at study initiation.
Prednisone dose was appreciably lower by week 4 in the
MTX group and demonstrated the largest difference
from week 12 through 16. A greater number of patients
withdrew from the treatment arm due to adverse events
(17% vs 2%). The withdrawals from the MTX arm wete
due to asymptomatic elevation of serum aminotransfer-
ase concentrations (7), nausea (6), skin rash (1), atypical
pneumonia (1), and optic neuritis (1).

Oren ¢t al” conducted a prospective randomized,
double blind, placebo-controlled Israeli multi-center trial
to evaluate the effectiveness of oral methotrexate in pa-
tients who had required steroids or immunomodulators
for at least 4 mo out of the year prior to enrollment. Al-
though it would be difficult to characterize these patients
as steroid dependant, they had active ongoing disease as
measured by Harvey Bradshaw Index. The study ran-
domized 84 patients to 12.5 mg po MTX/week s 6-MP
50 mg/daily »s placebo. The lower dose of oral MTX
(compared to 25 mg/wk iz in the Feagan study) was
based on reported efficacy in the rheumatoid arthritis lit-
erature. Remission rates were 39% and 41% in the MTX
and 6-MP groups respectively. However, the rate of re-
mission in the placebo group was 46%, thereby inferring
no benefit for either the MTX or 6 MP treatment arm.

JBaishideng® W]GPT I WWWW] gnet.Com
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Criticisms of this study included presumed underdosing
of MTX and 6 MP. Also, no standard steroid tapering
regimen was described in this study, although reduction
in steroid dose was described as an outcome measure.
Although improvement was seen based on intra-patient
evaluation (each patient used as their own control), this
was not a pre-specified analysis. Hence, these results
should be viewed with caution.

A cohort of 38 patients with steroid dependant CD
was evaluated by Mate-Jimenez, but the requirement to
sepatate these patients into 3 arms (1.5 mg/kg per day
O6MP, 15 mg/wk po MTX, or 5-ASA) resulted in a small

number of patients in each arm"?

. However, the large
differences in outcomes for induction of remission in
both treatment arms (93.7% 6MP, 80%MTX) compared
to placebo (14%) was statistically significant. Interestingly,
these findings show a degree of benefit that has not been
reproduced for either the 6MP or MTX treatment arms.
Arora ef al” evaluated 28 steroid-dependant Crohn’s dis-
ease patients who received 15 mg/wk po MTX #s placebo.
Dose escalation to 22.5 mg/wk was allowed at the discre-
tion of the clinician. The primary endpoint was clinical
exacerbation of Crohn’s disease. Although fewer patients
in the MTX group (6/13, 46%) expetienced exacerba-
tion of CD s placebo (12/15, 80%), the findings did not
reach statistical significance. Despite the 43% relative risk
reduction in flare frequency between the treatment and
placebo, this study was underpowered to find this differ-
ence to be significant.

Ardizzone evaluated the efficacy of 7 MTX in com-
parison to AZAM. This randomized investigator-blind
study enrolled 54 steroid-dependent active (CDAI > 200)
CD patients on > 10 mg/d of steroid therapy. Patients
were randomized to 25 mg iv/wk of MTX us po AZA 2
mg/kg per day for 3 mo, after which MTX dosing was
changed to 25 mg/wk po for an additional 3 mo follow
up. The primary outcome considered was the proportion
of patients entering steroid-free remission after 3 and 6
mo of therapy. No statistically significant difference was
found between the two treatment regimens with respect
to remission rate after 3 mo (methotrexate 44%, azathio-
prine 33%, P = 0.28, (95%CI: 0.369-0.147), and 6 mo
(methotrexate 56%, azathioprine 63%, P = 0.39, 95%CI:
0.187-0.335), respectively. MTX and AZA demonstrated
similar rates of adverse events leading to medication
withdrawal. While there appeared to no additional benefit
to providing MTX via the IV route, MTX at 25 mg/wk
appeared to have similar efficacy as weight based aza-
thioprine in inducing and maintaining remission in active
Crohn’s disease.

A 2011 meta-analysis of MTX in active Crohn’s did
not include either the Mate-Jiminez or Ardizzone studies
(no placebo arm) or Arora studies (categorized the study
patients as quiescent)m. Their conclusion that MTX was
not better than placebo in active Crohn’s was based only
on the inclusion of Feagan’s positive trial (25 mg/wk
im MTX) and the negative orally administered MTX
(12.5 mg/wk po) Oren trial. The Cochrane collaboration
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reached similar conclusions a year later, but understood
the limitations of the data on oral MTX and suggested
further study"”.

WHAT IS THE DATA FOR MITX IN
MAINTENANCE OF STEROID-FREE
REMISSION IN CROHN'’S DISEASE?

Feagan demonstrated the use of MTX in Crohn’s disease
for maintenance of remission in a large double-blind,
placebo controlled multi-center study with 76 patients in
2000". Some of these patients were enrolled from Fea-
gan’s trial for induction of remission using 25 mg 72/ wk
MTX in 1995 and others from an open label trial of 25
mg/wk im MTX. The patients were randomized to 15
mg im MTX/weekly vs placebo and followed for 40 wk.
Impressively, no other therapy for Crohn’s disease was
permitted. At the completion of the trial 65% (26/40) of
the MTX group maintained remission compared to 39%
(14/36) of the placebo group (P = 0.04). A majority (55%)
of the relapsers could be re-induced with 25 mg/wk i
MTX. Adverse events were minimal as only 1 patient dis-
continued MTX therapy for nausea and vomiting.

The efficacy of oral MTX (10-20 mg po) for maintenance
of remission in Crohn’s and ulcerative colitis was evaluated
by a retrospective review by Fraser. Although 1 year remis-
sion rates approached 90%, the data for Crohn’s and UC
were combined and the clinical definition of remission
was Vaguem.

Given the dearth of high quality studies of MTX in
maintaining remission in Crohn’s, the only maintenance
study used in the Kahn meta-analysis was Feagan’s (15
mg im/wk MTX) suggesting benefit with a number need-
ed to treat (NNT) of 4", Interestingly, the Cochrane
meta-analysis of MTX for maintenance of remission,
included both the Mata-Jimenez study and Oren studies
as part their analysis' . Their main conclusions track the
benefit shown by the Feagan’s 15 mg/wk iz MTX and
suggest that lower oral doses do not benefit maintenance
of remission.

CAN MTX BE USED IN PATIENTS WHO
FAIL AZA AND HOW DURABLE IS THE
RESPONSE TO MTX?

Despite the widespread use of thiopurines, approxi-
mately one third do not respond and another 10% can-
not tolerate the drugsm. In the United States, MTX is
often reserved for AZA intolerance or failure and fewer
physicians are comfortable prescribing it AZA Intoler-
ance can include bone marrow suppression, upper GI
symptoms, pancreatic dysfunction, abnormal LFT"s and
nonspecific symptoms including joint aches, hair loss,
rash and flu like illness.

A study by Lemann in 2000 evaluated the durability
of MTX for maintenance of remission in a population
of patients who had (mostly) failed or were intolerant to
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AZA and had already been treated with MTX for petiod of
at least 6 mo were followed for an additional 18 mo®".
Out of 49 patients, 42 had previously failed AZA (85%).
Out of the 41 achieving remission, 36 had previously
failed AZA (87%). Most of the patients were adminis-
tered 25 mg/wk 77 MTX, but some physicians changed
the dose to oral administration and some were even able
to taper it. Despite some patients with oral MTX dosing
and despite a heavy proportion of AZA failures in the
study population, 71% of the study population remained
in remission for 1 year and up to 52% remained in remis-
sion after 3 years. Among patients who initially do well
on MTX after AZA failure, they are likely to remain well
on that therapy over the next several years.

Wahed ¢ a/*” evaluated clinical response of 99 CD
patients retrospectively who were placed on MTX due to
AZA intolerance or nonresponse. The study suffers from
a non-homogenous doses and method of administration
of MTX for induction and maintenance. The range of
induction dose of MTX was 2.5-25 mg/wk and adminis-
tration varied as either 4 or po. Improvement was based
on multiple variables as available from the charts, but was
not standardized. With these caveats, clinical response
occurred in 18 of 29 patents (62%) refractory to AZA/
MP and 42 of 70 patients (60%) intolerant to AZA/MP.
This suggests that MTX is effective in CD patients previ-
ously treated with AZA who experienced failure or non-
response.

At present, there are no high quality trials (prospec-
tive, identical induction doses and method of adminis-
tration, presence of control groups) on which to confi-
dently choose to use MTX specifically in a population of
AZA/6MP failures, but it would not be unreasonable to
attempt MTX.

DOES COMBINATION MTX AND ANTI-
TNF THERAPY TO TREAT CROHN’S
DISEASE RESULT IN BETTER

OUTCOMES?

The landmark SONIC study demonstrated that patients
with moderate-to-severe Crohn’s disease who were treat-

ed with combination infliximab plus azathioprine were
more likely to have a corticosteroid-free clinical remission
than those receiving azathioprine or infliximab mono-
therapy™. Concomitant immunosuppressive therapy also
reduces the magnitude of the immunogenic response
of infliximab®. It follows that methotrexate, as part of
combination therapy with anti-TNF agents, may provide
similar benefits.

Feagan ez al” studied this hypothesis in the COM-
MIT trial. They performed a 50-wk double-blind, place-
bo-controlled trial of MTX + IFX zs IFX monotherapy
in Crohn’s patients who had started prednisone therapy
within the preceding 6 wk. Patients were not permitted
to use any other therapy with the exception of antibiot-
ics for 14 d in the case of active perianal disease. Patients
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were initiated on IFX 5 mg/wk and 10 mg sg MTX/week
(escalating to 25 mg/wk by week 5) or IFX 5 mg/wk
and placebo injections. Prednisone was force tapered in
all patients by week 14. The primary outcome evaluated
steroid free-remission by week 14 or maintenance of
remission by week 50. Steroid-free remission at week 14
was 76% (48/63) in combination therapy compared to
78%(49/63) with IFX mono therapy (P = 0.83). At week
50, 56%(35/63) s 57%(36/63) maintained remission in
the combination arm »s monotherapy arm. Mean metho-
trexate doses at week 50 in the treatment arm was 22.3
mg/wk. This study found that combination therapy with
IFX and MTX had no more benefit than IFX alone.

Based on the strongest current body of evidence
(SONIC, COMMIT), it seems reasonable to prefer com-
bination therapy using AZA/GMP rather than MTX in
those Crohn’s patients able to tolerate it.

IS MTX EFFECTIVE IN PREVENTING
AUTO-ANTIBODY FORMATION WHEN
USED IN COMBINATION WITH BIOLOGIC
THERAPY?

A prospective study by Vermeire evaluated the develop-
ment of antibodies to infliximab (ATI) when combined
with AZA, MTX, or placebo[zq. The concomitant use of
immunosuppressive therapy (MTX or AZA) was associ-
ated with a lower incidence of antibodies to IFX (53/115,
46%) compared with patients not receiving concomitant
immunosuppressive therapy (43/59, 73%; P < 0.0001).
Furthermore, the incidence of antibody formation was
not different between the MTX and AZA groups, 44%
compared to 48% respectively. Patients not taking IS
therapy had lower IFX levels (median 2.42 mcg/mL) 4
wk after any follow-up infusion than patients taking con-
comitant IS therapy (median 6.45 mcg/mL) (P = 0.065),
but there was no difference between MTX or AZA. So-
kol ez al”” confirm that patients using co-treatment with
immunosuppressives experienced less IBD activity and
less need to switch Anti-TNF therapy due to secondary
loss of response. In fact, their data suggest efficacy of
AZA over MTX, though their patient population includ-
ed both CD and UC patients, and it is not clear whether
any of the UC patients were treated with MTX and in-
cluded in the analysis.

Although the COMMIT study did not show an im-
provement in 50 wk outcomes using combination ther-
apy (IFX + MTX »s IFX alone), the MTX combination
group did achieve statistically significant lower antibody
levels (4% compared with 20%, P = 0.01) and demon-
strated higher median serum trough levels of IFX (6.35
pg/mL w5 3.75 ng/mL, P = 0.08), similar to what is seen
with azathioprine combination therapy™. Whether this
would result in fewer instances of infusion reactions or
secondary non-response to IFX beyond 50 wk remains
to be seen.
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CAN MTX BE USED TO MANAGE
SECONDARY NONRESPONSE TO
BIOLOGIC MONOTHERAPY?

Absah retrospectively evaluated 14 pediatric patients with
moderate to severe (CD) eventually failing anti-TNF-o
therapy (13 ADA and 1 IFX) who then received concom-
itant methotrexate (median dose 17.5 mg sg/wk)*. Most
(12/14) patients had also previously failed AZA therapy
(though it is not made clear whether this was as part
of combination with biologic). Clinical remission was
achieved in 7/14 (50%) of patients on average of 6 wk
after MTX initiation with no additional improvement in
the other 7 patients during 10 mo of follow up. Unfortu-
nately, no levels of biologic or antibody to biologic were
measured in this study, so the mechanism of improve-
ment remains unknown. Further research focusing on the
adult population along with mechanism of action would
serve to direct therapy in this refractory population often
seen in tertiary centers.

DOES MTX TREAT FISTULIZING CROHN’S
DISEASE?

To date, only small retrospective series are available to
evaluate the efficacy of MTX monotherapy in fistuliz-
ing Crohn’s disease. A research conducted a retrospective
chart review of all Crohn’s disease receiving methotrexate
15-25 mg im MTX/weekly. This group of patients that
had failed or were intolerant to 6MP and were made up
of perianal fistulae (9), abdominal wall (3), rectovaginal
(1), bladder (1), petianal + rectovaginal (2). Overall, 4/16
(25%) experienced complete fistula closure and 5/16
(31%) had partial fistula closure. Fourteen of sixteen pa-
tients received full dose 25 mg im/wk of MTX for 3 mo
and were switched to po for maintenance. The time to
response could not be determined in half of the patients,
but ranged from 4-13 wk in the other half. Another study
found that 8/18 (44%) patients with Crohn’s-related fis-
tulas achieved partial or complete response using MTX
for 6 mo, but information about success and failure based
on oral or 77 administration was not providedm]. A pilot
study of 12 patients using combination infliximab and
MTX found 7 patients had total or partial response to
fistula, but there was no MTX only arm and the data seem
similar to the benefit achieved with IFX monotherapy”*".
Approximately 10% of peri-anal and abdominal fistulas
in Crohn’s heal spontaneously”. Given a closure rate well
above the spontaneous closure rate, we consider MTX a po-
tentially useful adjunct in management of Crohn’s fistulas.

METHOTREXATE AND ULCERATIVE
COLITIS

Does MTX work for induction of remission in UC?
Evidence pertaining to the utility of methotrexate in
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Table 2 Evidence for induction of remission of ulcerative colitis with methotrexate

Study Dose (mean) Route No. of patients Study design  Follow-up (wk) MTX response MTX remission Placebo response
Kozarek 25 mg im 7 Open label 12 5/7 (71.40%) N/A
Baron 15 mg Oral 8 Open label 18 3/8(37.5%) 0 N/A
Oren 125 mg Oral 67 Placebo 36 14/30 (46.7%) 18/37 (48.6%)
control
Egan 15 mg sc 18 Open label 16 7/18 (39%) 3/18 (17%) N/A
25 mg sc 12 4/12 (33%)  2/12 (17%) N/A
Mate-Jimenez 15 mg Oral 34 6-MP control 30 7/12 (58.30%)  11/14 (78.6%)
Paoluzi 12.5mg im 10 thiopurine resistant/ Open label 26 10/10 (100%) 6/10 (60%) N/A
intolerant
Cummings 19.9 mgOral 11AZA failure Retrospective 30 3/11 (27%) N/A
mean 31 AZA intolerant 18/31 (58%) 14/31
Nathan 20-25 mg sc/ 23 Retrospective N/A 11/23 (48%) N/A
oral
Wahed 10-25 mg Oral, 9 thiopurine ineffective Retrospective 26 7/9 (78%) N/A N/A
sc 23 thiopurine intolerant 15/23 (65%)
Manosa 25 mg Oral 7 Retrospective 26 24/40 N/A
sc 33 (60%) remission
Saibeni 20 mg Oral/ 23 Retrospective N/A 11/23 (47.8%) N/A
sc/im
Khan 14 mg Oral 68 Retrospective 60 25/68 (37%) N/A
25 mg sc/im 23 7/23 (30%)

MTX: Methotrexate; CD: Crohn’s disease; AE: Adverse events; SC: Subcutaneous; PO: Oral; AZA: Azathioprine.

induction of remission for ulcerative colitis is conflict-
ing (Table 2). Disparate results reflect disagreement over
appropriate dosing and route of administration. To date,
only one prospective, randomized placebo-controlled trial
examining the efficacy of methotrexate in the treatment
of ulcerative colitis exists; Oren ez a/” in 1996 compared
12.5 mg oral methotrexate to placebo in the induction of
remission of 67 patients with moderate/severe uchH",
All patients had active disease with a Mayo score of >7,
and were taking steroids for at least 4 mo in the preced-
ing year. The results were disappointing, with clinical re-
mission rates of 46.7% (14/30) in the methotrexate arm
in comparison to 48.6% (18/37) for the placebo arm, a
non-significant difference. Of those who entered clini-
cal remission, 64.3% of patients in the methotrexate arm
had a relapse requiring steroid induction compared to
44.4% of placebo patients, again, an insignificant differ-
ence.

Overall, a low remission rate relative to placebo, long
time to remission, and a high relapse rate in Oren’s study
all suggest a lack of efficacy for methotrexate in either
the induction or maintenance of remission in ulcerative
colitis. Of course, important criticism may be directed at
the relatively low dose of MTX used and the oral route
of administration.

Otherwise, a number of small open-label and larger
retrospective analyses have been conflicting, not least due
to differing definitions of response, length of follow up
(12 wk-2 years), dose of MTX (7.5-25 mg/wk), and route
administered (po vs 777). None of these studies were con-
sidered of sufficient quality to be included in the meta-
analysis by Khan e7 a/'".

The most comprehensive of these was published last
year by Khan ef a/™”, presenting retrospective data regard-
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ing expetience with methotrexate in the Veterans Affairs
(VA) system. A total of 91 patients with ulcerative colitis
who were steroid dependent or refractory were com-
menced on oral (mean 14 mg) or parenteral (mean 25
mg) methotrexate. In the oral MTX cohort, 37% (25/68)
were able to successfully wean from steroid therapy, com-
pared to 30% (7/23) of the patenteral cohort.

Opverall, looking specifically at induction of remis-
sion in ulcerative colitis, response to methotrexate ranged
from 27%-100%, and remission rates ranged from
0%-63%. Considering the retrospective nature of most
studies, it is impossible to determine the true impact of
dose or route of administration. In prospective, open
label or randomized controlled trials, response rates simi-
latly ranged from 33%-100%, with remission rates rang-
ing 17%-60%. There are no clear signals regarding the
impact of dose, route of administration, or indication for
step-up in therapy on remission or response rates in UC.

Does MTX work for maintenance of remission in UC?
Regarding the maintenance of remission, the results are
equally confusing - maintenance of remission rates range
from 14%-75% (Table 3). Unfortunately, two open-
labeled studies suggesting successful maintenance rates
> 60%!""* using parenteral methotrexate did not include
a placebo arm as comparison'"”. Oren ez a/” and Mate-
Jimenez et al'” included control arms, but provided dis-
appointing results for the efficacy of oral methotrexate.
Whether the route is a factor for better response rates
remains to be seen.

There has been no data to date investigating the utility
of combining methotrexate with biologic therapy in UC.
Increasing interest in using methotrexate as a “synergistic
enhancer” - to augment and prolong biologic efficacy -
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Table 3 Evidence for maintenance of remission of ulcerative colitis with methotrexate

Study Dose (mean) Route No. of pts  Study design Follow-up MTX response Control Significantly
period (mo) maintained? response effective?
Kozarek >75mg sc 5 Open label 24 3/5 (60%) N/A N/A
Oren 125 mg oral 32 Placebo- 9 5/14 (36%) 10/18 (56%) No
controlled
Mate-Jimenez 15 mg oral 12 6-MP control 18 1/7 (14%) 7/11 (64%) No
Paoluzi 125 mg im 10 Open label 24 6/8 (75%) N/A N/A
Manosa 25mg Oral/ 7 Retrospective 24 35% N/A
sc 33

MTX: Methotrexate.

Induction of remission

Effective parenterally at 25 mg

Not effective at low doses (12.5 mg) orally

Fistulizing disease: Effective, through route/dose unclear.
Combination therapy: Suppresses antibody to IFX, but doesn’t
improve steroid free remission at 1 yr.

Anti-TNF failures: Effective parenterally as

Effective parenterally at 15 mg

Maintenance of remission

Methotrexate

Induction of remission

— | May be effective parenterally at 25 mg dose

Ulcerative colitis

Maintenance of remission—— May be effective parenterally regardless of dose

May be effective orally, dose unclear
In AZA failures: may be effective

Not effective at low doses (15 mg) orally

Unknown benefit with biologics

Not effective orally

May be effective when used in combination with biologics

Figure 1 Algorithm for evidence-based use of methotrexate in inflammatory bowel disease. AZA: Azathioprine.

may help define its role in this disease.

PRACTICAL ADVICE ON HOW TO

PRESCRIBE MITX IN THE US

Injectable MTX is available in 50 mg/2 mL vials. We
prescribe one vial (2 loading dose equivalents) as well as

a supply of “tuberculin” 1 mL syringes with 27 guage,
1/2” needles. The patient draws 25 mg weekly from the
vial and injects subcutaneously in either lower quadrant
of the abdomen or inner thighs as their preference. After
12 wk, if they have a response, they can be transitioned
to oral methotrexate maintenance. A patient friendly
resource on injecting MTX is available via the Canadian
rheumatology association (http://rheuminfo.com/wp-
content/uploads/2011/04/METHOTREXATE_INJEC
TION_SHEET.pdf).

Oral methotrexate is available in 10 and 15 mg strengths
as Trexall™. If using oral methotrexate in the induction
of remission of IBD, we would recommend starting with
25 mg weekly, reverting to the subcutaneous route in non-
responders and those who develop nausea attributed to the
oral route.

All patients should be prescribed folic acid 1mg daily
as it significantly reduces hepatic toxicity, an infrequent
occurrence, and gastrointestinal toxicity associated with
MTX" . At present, our target population for MTX

JRaishideng®
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are CD patients who are unable to tolerate azathioprine
or 6Mercaptoputrine due to adverse events, homozygous
TMPT mutations, or inefficacy. In the event that metho-
trexate is required in a woman of child bearing age, we
counsel regarding the need for effective contraception
(z.e., TUD) and recommend a discussion with their obstet-
ric physician. We advocate obtaining routine blood labs
(complete blood count, basic chemistry panel, hepatic
function panel) 1 wk after initiation as well as every 8-12
wk subsequently.

CONCLUSION

Given the current evidence an algorithm for MTX can
be elucidated (Figure 1). Providers should no longer shy
away from using MTX due to concerns of hepatotoxic-
ity and intolerance. Methotrexate demonstrates a similar
rate of drug withdrawal as AZA, and may be considered
favorable in young males in whom practitioners are re-
luctant to use AZA (due to concerns of hepato-splenic
T-cell lymphoma risk). Determining the optimal dose and
route of administration in the various indications for use
in IBD is the current priority. MTX is largely used as a
second line therapy after AZA failure. It may be useful
in combination with Anti-TNF therapy to reduce the risk
of immunogenicity and subsequent secondary loss of re-
sponse to anti-TNF therapy. We eagerly await the results

August 6, 2014 | Volume 5 | Issue 3 |



Swaminath A et a/. Methotrexate in IBD

of two studies that will shed further light; the METEOR
trial and MERIT-UC, both randomized, controlled trials
of parenteral MTX 25 mg weekly in the induction and
maintenance of remission in steroid dependent ot refrac-

tory ulcerative colitis.
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Abstract

Functional gastrointestinal disorders (FGID) are com-
mon clinical syndromes diagnosed in the absence of
biochemical, structural, or metabolic abnormalities.
They account for significant morbidity and health care
expenditures and are identifiable across variable age,
geography, and culture. Etiology of abdominal pain as-
sociated FGIDs, including functional dyspepsia (FD), re-
mains incompletely understood, but growing evidence
implicates the importance of visceral hypersensitivity
and electromechanical dysfunction. This manuscript
explores data supporting the role of visceral hypersen-
sitivity and electromechanical dysfunction in FD, with
focus on pediatric data when available, and provides a
summary of potential therapeutic targets.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Motility; Visceral hypersensitivity; Functional
dyspepsia

Core tip: Functional dyspepsia (FD) is a common dis-
order of upper gastrointestinal symptoms in adults and
children. Etiology and mechanisms of FD are complex,
and improved understanding could help direct therapy.
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Visceral sensitivity and intestinal electromechanical
function both are demonstrated to be altered in some
FD patients and are potential targets for treatment.
Limited studies in pediatric FD are available, but avail-
able evidence supports adult data that targeting viscer-
al hypersensitivity and electromechanical dysfunction is
warranted, particularly in the context of the biopsycho-
social model. Future studies in pediatrics are needed to
determine optimal therapy and appropriate patient ap-
plication.

Rosen JM, Cocjin JT, Schurman JV, Colombo JM, Friesen CA.
Visceral hypersensitivity and electromechanical dysfunction
as therapeutic targets in pediatric functional dyspepsia. World
J Gastrointest Pharmacol Ther 2014; 5(3): 122-138 Available
from: URL: http://www.wjgnet.com/2150-5349/full/v5/i3.122.
htm DOI: http://dx.doi.org/10.4292/wjgpt.v5.i3.122

INTRODUCTION

Functional gastrointestinal disorders (FGIDs) account for
more than 80% of chronic abdominal pain complaints
in children. Although additional studies are needed, pedi-
atric FGID prevalence and impact are described broadly
in North America” and Europe™, and with increasing
recognition in other parts of the world® ™. The impact
of pediatric FGIDs on patients and health-care systems
cannot be overstated. In one epidemiologic study, 38%
of school-aged children in the United States reported
abdominal pain weekly and 24% reported abdominal
pain persisting for more than 8 wk'. Further, FGIDs
frequently are associated with somatic symptoms”’, de-
creased quality of life!" ™", psychological comorbidities?,
and school absenteeism™. Consequently, the burden on
public health care!” and associated financial costs are
enormous' ",

In the late 1950s, Apley and Naish described an entity
of recurrent abdominal pain (RAP)"'”, RAP was defined
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by 3 or more bouts of pain severe enough to interfere
with activities and occurring over at least a 3 mo petiod.
Children with a wide vartiety of clinical presentations and
ctiologies were included under the single entity of RAP.
This entity was rendered inadequate for clinical practice
due to broad inclusivity. Over the past decade there was
an effort to reclassify RAP into discrete groups that are
known as FGIDs. FGIDs are defined by symptom-based
clinical criteria set forth by an expert panel generally re-
ferred to as the Rome Committee. The committee met
for the third time in 2006 (Rome III) to update the crite-
ria'”. Rome I defines abdominal pain associated FGIDs
in children as pain occurring at least weekly for longer
than 2 mo and without identifiable biochemical, struc-
tural, or metabolic abnormalities to explain symptoms.
However, abdominal pain associated FGIDs are diag-
nosed even in the absence of laboratory, radiologic, and
endoscopic testing, or in the presence of mild chronic
inflammation of the intestinal mucosa'®"”. Functional
dyspepsia (FD) and irritable bowel syndrome (IBS) are
among the most common pediatric FGIDs". FD is
diagnosed in children by: (1) upper abdominal pain or
discomfort several times a week or more often; (2) upper
abdominal pain or discomfort longer than 2 mo duration;
(3) pain “sometimes” or less relieved by defecation; and
(4) pain “once in a while” or less associated with a change
in stool form or frequency. FD is differentiated from IBS
in that IBS pain can be upper or lower abdomen, is more
often relieved with defecation, and is often associated
with change in stool form or frequency. Although distinc-
tions are made within the criteria, it is debatable whether
the two disorders are truly distinct in etiology or mecha-
nism and ultimately may be symptom-defined diagnoses
sharing a common underlying pathophysiology™*.

In adults, FD is further delineated by two subtypes:
postprandial distress syndrome (PDS) and epigastric pain
syndrome (EPS). PDS is defined by the presence of up-
per abdominal fullness or early satiety after normal size
meals, whereas EPS is defined by predominance of epi-
gastric pain or burning. PDS and EPS are not included
within the pediatric FD symptom definition due to lack
of supportive evidence in children. However, subsequent
to Rome III, evidence emerged that adult subtypes also
may be relevant in the pediatric population. For example,
children with PDS-type symptoms have been found to
have increased anxietym’zﬂ, a phenotype demonstrated in
adults with PDS™.

FD, as true of other FGIDS, is considered to be
etiologically multi-factorial. The biopsychosocial model
proposes contributions from and interactions between
biologic, psychologic, and social systems. Factors within
any of these systems may initiate, exacerbate or alter the
course of the pain syndrome. In addition, adverse events
early or later in life may lead to brain-gut axis changes, in-
cluding long-term alterations in visceral electromechani-
cal function, sensitivity, immunity, and brain-gut stress
response. Examples of early adverse events span the

biopsychosocial spectrum to include infection™ inflam-
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. [27,28] 129] . 30]
mation, surgery ", abuse”, and wartime exposure” .

We previously reviewed the role of inflammation
(specifically eosinophils and mast cells) in pediatric FD"",
In this companion review, we explore the role of visceral
hypersensitivity and gastrointestinal electromechanical
dysfunction in generation and maintenance of FD symp-
toms or subtypes (Table 1), as well as their potential as
therapeutic targets (Table 2). Although they will generally
be treated as separate entities in this discussion, visceral
sensation, motor function and inflammation interrelate
and should be considered as such when pursuing patient
diagnosis and treatment.

VISCERAL HYPERSENSITIVITY

Visceral sensory output from organs (eg., intestine, blad-

der) to the central nervous system occurs continuously.
Signals result from stimuli including hollow organ disten-
sion, inflammation, traction on the mesentery, and isch-
emia. Normal physiologic function of the visceral organs,
including gastrointestinal distension and contraction, is
typically nonpainful. However, the subjective interpreta-
tion may change due to increased frequency or amplitude
of the visceral stimulus, or increased sensitivity to a typi-
cally painful (hyperalgesia) or nonpainful (allodynia) stim-
ulus. Visceral hypersensitivity may result from alterations
in the peripheral or central nervous system and has com-
plex but increasingly understood etiologym]. Human and
animal studies have identified numerous contributing fac-
tors to this alteration, with visceral hypersensitivity now
considered one of the central mechanisms of FGIDs.
Visceral hypersensitivity in FD may result in early sa-
tiety, abdominal pain, and nausea. Results from pediatric
and adult investigations strongly suggest that sensory
thresholds in FD patients are different than in subjects
with other intestinal disorders and healthy controls. Vis-
ceral hypersensitivity was studied in 11 FD, 8 IBS and
11 FD-IBS overlap adults utilizing gastric and rectal
barostats”™ . FD patients had predominant gastric (91%
of subjects) over rectal (18%) hypersensitivity, IBS pa-
tients had only rectal (75%) hypersensitivity, and overlap
patients had hypersensitivity to both (82% gastric, 91%
rectal). Findings from this study suggest that hypersensi-
tivity in FD may be localized to the stomach. However,
other studies have failed to demonstrate these location-
specific ﬁndings[34’35]. Differences in findings across stud-
ies may be related, at least in part, to heterogeneity in
patient selection and/or in hypersensitivity definition.

Assessment of visceral hypersensitivity

Visceral sensitivity of the intestine is measured using a
variety of methods in clinical studies. Patients undergo
specific interventions, then either subjective pain reports
or objective clinical data (e.g., biometrics, functional brain
imaging) are collected and analyzed. Tests utilized include
water load, balloon distension, and inflammatory/no-
ciceptive challenge. In many studies, tests of visceral
sensitivity are conducted in a multimodal design, both to
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Table 1 Selected studies of visceral sensitivity and electromechanical function in pediatric FD and related disorder

Assessment method

Cohort (7, symptom type)

Ref.

Visceral sensitivity
Water load

Gastric barostat

Electromechanical function
Gastric emptying breath test

Gastric emptying scintigraphy
Gastric Emptying ultrasound

Accommodation ultrasound

SPECT
Electrogastrogram

Antroduodenal manometry

Wireless motility capsule

71 RAP Schurman et al™"
28 FD Hoffman et al™
15 FD Chitkara et al®
101 CAP Anderson et al®
16 FD Hoffman et al”!
10 RAP, 10 IBS Di Lorenzo et al™®
28 FD Hoffman et al™
15 FD Chitkara et al™
57 FD Chitkara et al™
30 FD Friesen et al””!
41 FD Devanarayana et al”!
42 FD Boccia et al”™!
20 RAP Olafsdottir et al™
20 RAP Olafsdottir et al™
20 non-ulcer dyspepsia Cucchiara et al®™
15FD Chitkara et al™
30 FD Friesen et al””!
15 FD Chen et al"*!

Di Lorenzo et al™*!
[109]

7 non-ulcer dyspepsia
11 non-ulcer dyspepsia
34 non-ulcer dyspepsia
7 non-ulcer dyspepsia
22 mixed upper GI symptoms

Cucchiara et al

Di Lorenzo et al™”

Di Lorenzo et al™*!
Green et al™

FD: Functional dyspepsia; RAP: Recurrent abdominal pain; IBS: Irritable bowel syndrome.

Table 2 Selected studies of therapy directed at visceral hypersensitivity or electromechanical dysfunction in pediatric FD and related disorders

Therapy Cohort (7, symptom type) Ref.
Amitriptyline 90 FGID; 12 FD Saps et al™
Citalopram 25 RAP Campo et al™”
Famotidine 25 RAP with dyspepsia See et al™
Omeprazole 169 FD Dehghani ef al™!
Cisapride 10 non-ulcer dyspepsia Riezzo et al™
Erythromycin 7FD Cucchiara et al™”
Cyproheptadine 44 FD Rodriguez et al"®”
Peppermint oil 42 1BS Kline et al™"!
Gut-directed hypnotherapy 52 FAP or IBS Vlieger et al®™!
34 FAP van Tilburg et al®™"
Yoga 25 IBS Kuttner et ™
Biofeedback 20 FD Schurman et al®
Gastric electrical stimulator 24 FD Lu et al™

FD: Functional dyspepsia; RAP: Recurrent abdominal pain; IBS: Irritable bowel syndrome.

determine correlation and to validate outcomes. Water
load testing requires subjects to drink a maximal amount
of water in a brief discrete time period (typically 5 min).
Outcomes include subjective symptoms and quantity of
water ingested. Balloon distension of hollow organs, in-
cluding gastric barostat, measures distension thresholds
and corresponding signs and symptoms. Of note, bal-
loon distension also is used in animal models of visceral
pain, with electromyographic recording included as an
additional objective outcome. Inflammatory/nociceptive
challenges directly stimulate intestinal mucosal sensory
nerves by application of a chemical (e.g., acid or lipid)
and measuring subjective pain thresholds. Both water

Roishidenge ~ WJGPT | www.wjgnet.com

load and balloon distension tests are affected by gastric
accommodation and emptying, further demonstrating
that separating sensation from function is a practical but
artificial distinction.

Water load test: The water load test is advocated as a
means of identifying patients with visceral hypersensitiv-
ity. Although the water load test may not be useful for
identification of pediatric FD due to suboptimal sensitiv-
ity, children diagnosed with FD often have abnormal test
results™, In a controlled study by Schurman ez o>, 68
pediatric patients with FGIDs and 26 healthy children
completed the Behavioral Assessment Scale for Children-
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Self-Report Form (BASC-SR) and underwent a rapid
water load test (maximal tolerable volume within 3 min).
Children with FD, with or without corresponding IBS,
had lower water consumption than healthy controls. This
was not true of children with IBS only. Using the 10th
percentile for water volume consumption in the control
group as a lower limit of normal, the water load test
had 28% sensitivity and 100% specificity in identifying
patients with the diagnosis of FD as determined by the
clinician. Consistent with the biopsychosocial model, self-
reported anxiety was negatively correlated with volume
of water intake; however, it accounted for only 6% of the
variance.

A variation on the water load test measuring satiety
was evaluated in 28 pediatric patients diagnosed with
FD using Rome 1II criteria®”. Participants drank a liquid
meal at a constant rate and repeatedly scored satiety un-
til reaching maximal possible score or 5 min time. Total
intake volume was decreased in dyspeptic patients com-
pared to healthy controls. Another study of 15 adoles-
cents with FD who consumed a liquid meal at a constant
rate to maximal tolerable volume found no statistical
difference in total ingested volume or time to satiation
compared to controls™. However, total volume was over
10% less and time to satiation over 20% sooner in FD
subjects. Additionally, postprandial nausea and bloating
were greater in dyspeptics, with 7/15 subjects reporting
postprandial pain scores > 99" percentile of scores for
healthy adolescents. Of note, in a study of 101 children
with functional abdominal pain that utilized multiple
validated questionnaires in addition to a water load test,
children believing they could modify their own pain (high
problem-focused pain efficacy) had decreased visceral
sensitivity compared to those who perceived little control
over painm]. Although the direct application to children
with FD is unclear given different inclusion criteria,
findings support consideration of visceral sensitivity to
gastric distension as a possible pathophysiologic mecha-
nism and, further, the potential beneficial role of CNS-
mediated inhibition.

Measures of visceral sensitivity are studied more
extensively in adult patients with FGIDs including FD.
While water load testing in adults with FD has yielded
M to those reported above for pediatric
studies, studies in adults contain expanded data investi-
gating other upper GI conditions, demographic and psy-
chosocial factors, and liquid composition. In one study
of adults, patients with FD (#z = 59), GERD (» = 101),
and ulcer (» = 55) all demonstrated decteased maximal
ingested volume of water over 5 min compared to 30

similar results'

healthy controls™, Although this again supports visceral
sensitivity mechanisms, it also raises concern regarding
the specificity of the water load test as an assessment for
FD. Strid ef a/*" evaluated 35 FD adults and 56 conttols.
Depressed mood and poor overall health correlated
with lower tolerated volumes in FD patients only, again
reinforcing the brain-gut connection/biopsychosocial
model and the useful but artificial construct of measur-

JBaishideng® W]GPT I WWWW] gnet.Com

125

ing visceral sensitivity in isolation. In contrast, Jones ez
al™ found no correlation between psychological mea-
sures and specific water load test outcomes. Composi-
tion of the liquid also appears to affect the postprandial
symptom profile in FD. Lee ¢t a/* compared 30 adults
with FD to 12 healthy controls and found that symptoms
of bloating and abdominal pain within 30 min follow-
ing ingestion were greater in FD patients after a nutrient
drink as compared to water, while there was no symptom
difference between the two liquids in healthy controls'*’.
Interpretation of liquid loading needs to take into con-
sideration the psychologic state of the subject and the
nutrient content of the ingested liquid.

Gastric barostat: Barostat testing is the traditional “gold
standard” for evaluating mechanical hypersensitivity in
adults. In FD, the evaluation utilizes balloon distension
of the fundus and subjective scoring of discomfort.
Hoffman ez a/"” found that FD children had abdominal
discomfort at lower gastric distension pressures com-
pared to healthy young adults. This is consistent with a
separate study utilizing barostat testing in which visceral
hypersensitivity was identified at a higher frequency in
children with RAP as compared to healthy controls™.
The RAP group likely included children with FD as well
as other abdominal pain disorders.

Gastric barostat studies in adult FD generally repli-
cate, and also extend, pediatric findings. Evaluation of 8
dyspeptic adults found lower sensation threshold to gas-
tric distension compared to controls, although maximal
tolerated distension pressure and volume were similar!”.
These 8 patients had not previously consulted health care
professionals regarding symptoms, suggesting that vis-
ceral hypersensitivity to balloon distension is independent
of referral bias and certain psychosocial characteristics
(such as high anxiety regarding symptoms). FD patient
heterogeneity was demonstrated in two other studies,
however, suggesting that sensitivity to balloon distension
1s not universal. Specifically, relative pressure (intraballoon
pressure/intraabdominal pressure) to produce discomfort
was abnormal in only 37% of 160 consecutive patients
with FD when compared to 80 healthy controls and
gastric hypersensitivity was found in only 44% of “pain-
predominant” and 25% of “discomfort-predominant”
FD adults™”. Hypersensitivity to balloon distention is
enhanced in the postprandial state in FD patients (but
not controls) and correlates with preprandial sensitiv-
ity, impaired accommodation, and the severity of meal-
related symptomsm. Taken together, studies suggest that
mechanical hypersensitivity may be associated with an
increased prevalence of postprandial pain.

Duodenal infusion: Although chemosensitivity has not
been evaluated in children with FD, adults with FD have
demonstrated increased symptoms to both duodenal™

and gastric[‘m acid infusion. Duodenal acid infusion has
most often been associated with nausea but also bloating

. [52,54-56 Sy .
and paln[j ! Duodenal acid infusion decreases antral
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Figure 1 Overview of electromechanical disturbances in functional dys-
pepsia.

motility and alters response to balloon distention**. In
a study of adults with FD, Feinle ez al”” showed that duo-
denal lipid exposure affects gastric sensitivity to balloon
distension supporting the effect of lipids and cholecysty-
kinin on visceral sensitivity. Lipid infusion, but not glu-
cose infusion, enhances perception to gastric distention
and lipid infusion is associated with nausea™. In addition
to mechanical sensitivity, chemosensitivity represents an-
other potential therapeutic target.

Mechanisms of hypersensitivity
Visceral hypersensitivity is a complex process which
may occur both within the CNS and at the level of the
peripheral nervous system. Mechanisms of increased vis-
ceral sensitivity to balloon distension have been studied
extensively in animal models™* and in several cohorts
of adults with FD, but have not been reproduced in
dyspeptic children. Neuroimaging studies conducted in
adults with FD support the presence of abnormal CNS
processing of pain signals as compared to controls and
in FD patients with hypersensitivity as compared to FD
patients with normal sensation'"*”. Vandenberghe ez a/*’
postulated that intense stimulation of low threshold mul-
timodal afferent pathways, as opposed to sensitization of
nociceptive pathways, occurs in hypersensitive FD adults.
Their conclusion is based on studying 48 FD adults (hy-
persensitive, » = 20) in whom non-pain symptoms were
induced at similar distending pressures that resulted in
pain. At a peripheral level, hypersensitivity may be in-
duced by a number of factors, including alterations in
mediator release (eg., serotonin) or receptors (eg., 5-HT
or TRPV1), inflammation, or the stress response.
Serotonin (5-HT) is abundant throughout the intes-
tine and is an important neurotransmitter within the brain
and the GI tract where it plays a key role in the regulation
of motility and sensation. The effects of serotonin are
modified by 5-HT receptors and its reuptake controlled
by SERT. In adults with FD, plasma levels of 5-HT are

JBaishideng® W]GPT I WWWW] gnet.Com

126

decreased in the basal and postprandial states”. This has
not been studied ditectly in children with FD; however,
gastric 5-HT content and SERT mRNA do not differ
between children with FD and controls™. Due to its im-
portant role in sensation, serotonin (broadly or specific
serotonin receptors) represents a potentially important
treatment target.

Transient receptor potential (TRP) channels survey
the gastrointestinal contents for chemicals ingested, pro-
duced within the gastrointestinal tract (including those
produced by the microbiome), and/or generated by in-
flammatory responses[ﬁﬂ. TRP vanilloid type 1 (TRPV1)
is a polymodal nociceptor on GI afferent neurons and
is the specific sensor for capsaicin. Based on oral cap-
saicin capsule titration, the majority of adults with FD
demonstrate visceral chemosensitivity involving TRPV1
pathwaysww]. Repeated ingestion of capsaicin in healthy
volunteers initially increases symptoms, but after 4 wk
decreases symptoms through desensitization of both
chemo- and mechanoreceptorsm. The effects on sensi-
tivity appear to be dependent on length of exposure. In
healthy volunteers with 7 d exposure, chemoreceptors
remain sensitized while threshold of mechanoreceptors
to distention decreases”". TRPV1 potentially plays a key
role in chemosensation and possibly mechanosensitivity;
as such, TRPV1 may represent another therapeutic target.

Inflammation and stress have been implicated in the
pathophysiology of visceral hypersensitivity in FD. Con-
sistent with the biopsychosocial model, electromechanical
dysfunction may also be influenced by anxiety and the
stress response. Anxiety is the most highly implicated
psychological contributor to the development and main-
tenance of FGIDs including FD. Approximately 50% of
children and adolescents with FD demonstrate elevated
anxiety scores’ . Anxiety can trigger the stress response
which is mediated primarily through the release of corti-
cotrophin releasing hormone (CRH) from the hypothala-
mus. The stress response results in physiologic effects
relevant to FGIDs including inflammation (particularly
mast cell activation), sympathetic nervous system activa-
tion, altered gastric accommodation, gastric dysmotility,
and visceral hypersensitivity. CRH also alters central pro-
cessing of nociceptive messages. The effects of CRH on
hypersensitivity and electromechanical dysfunction may
be direct and mediated »iz CRH1 and CRH2 receptors.
Downstream effects of CRH-induced mast cell activation
and mediator release can stimulate afferent nerves signal-
ing pain, sensitize afferent nerves resulting in visceral
hypersensitivity, and alter electromechanical function. In
adults with FD, hypersensitivity is associated with mast
cell degranulation after balloon distention of the proxi-
mal stomach”.

ELECTROMECHANICAL DYSFUNCTION

Visceral hypersensitivity undoubtedly has a role in dys-
peptic symptoms, but it is identified in only a fraction of
patients diagnosed clinically with FD. In contrast, disor-

dered accommodation, delayed gastric emptying, gastric
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electrical rhythm disturbances, and altered antroduodenal
motility are all physiologically relevant and common in
FD (Figure 1). As reviewed by Azpiroz e al"", gastric mo-
tor function is interdependent on visceral sensation and
is a complex function affected by both tonic and induced
stimuli. Understanding physiologic abnormalities in spe-
cific disorders such as FD can guide effective therapy.

Assessment of electromechanical dysfunction

Motor function of the stomach and duodenum is a coor-
dinated activity meant to prepare food for digestion and
initiate passage through the small intestine. The stomach
serves as a reservoir for ingested food and functions to
grind food and then provide passage to the intestine at a
rate appropriate for effective nutrient absorption. In the
interdigestive period, gastroduodenal motility is modu-
lated by the migrating motor complex (MMC) which is
a multiphase action propagated from the gastric antrum
into the small intestine controlled by the enteric nervous
system, central nervous system, and intestinal regulatory
hormones. Gastroduodenal motility depends on prandial
state, food composition, presence and type of inflamma-
tion, distal intestinal motot function, and both motor and
autonomic neural input. Symptoms related to altered gas-
troduodenal motor function may include abdominal pain,
nausea, vomiting, and early satiety and can occur due to
rapid”™ or delayed gastric emptying, or altered proximal
stomach accommodation with normal gastric emptying,
Gastroduodenal mechanical function can be measured
with a variety of tools including scintigraphic or breath
gastric emptying study (GES), gastric barostat, antro-
duodenal manometry (ADM), and electrogastrography
(EGG) as well as newer studies including single-photon
emission computed tomography (SPECT), and the wire-
less motility capsule (WMC). Each test measures related
but different aspects of physiology including compliance,
accommodation, contractility, coordination, and propaga-

tion as highlighted below.

Gastric emptying

Pediatric studies have identified abnormal gastric emp-
tying in FD. In a study of 15 FD adolescents using the
PC-s platensis breath test, gastric emptying of solids was
significantly delayed™. Solid-phase delays were similarly
identified in 26% of dyspeptic children when evaluated
with the "C-octanoic breath test”". Emptying function
has also been evaluated in pediatric dypeptics with scinti-
graphy using 99mTec-sulfur colloid and a standard meal”.
Although a majority of the 57 patients had normal gastric
emptying at 2- and 4-h post meal, abnormalities of rapid
(20%) and slow (20%) gastric emptying were observed.
Symptoms did not correlate with emptying rates in these
children. Another study utilizing scintigraphy demon-
strated delayed solid emptying in 47% of patients, but
again there was no relationship between emptying and
symptom severitym]. In contrast, Devanarayana e# al™ re-
cently used antral ultrasound to correlate gastric emptying
after a liquid meal with symptoms in pediatric dyspeptics.
Forty-one FD patients had delay in both gastric empty-
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ing rate (% change in antral cross sectional area from 1 to
15 min post ingestion) and antral motility index (product
of contractile amplitude and frequency) compared to
healthy controls. Severity of symptoms correlated nega-
tively with gastric emptying rate (» = -0.35), but not with
other measures of motility. Gastric emptying appears to
have no relationship to satiety in children®’. Delays in
gastric emptying may also be affected by concurrence of
constipation in pediatric dyspepsia”. FD patients with
constipation had longer gastric emptying times than FD
patients without constipation, and treatment with lactu-
lose over 3 mo resolved the difference.

Abnormal gastric emptying by scintigraphic evalua-
tion has been demonstrated in a significant proportion
of adults with FD™* although findings may be affected
by the modality of measurement as well as meal volume
and contents™. In adults, there have been no reproduc-
ible relationships between impaired emptying and specific
symptoms. Some studies have revealed no or only weak
associations with symptomsm’%]. Other studies have re-
ported variable and highly inconsistent associations with
nausea, vomiting, postprandial fullness, and bloating with
both positive and negative relationships with regard to
pain™™". Postprandial fullness and nausea, and severe
carly satiety have been reported with delayed liquid emp-

tying[gg’go].

Gastric accommodation
Gastric accommodation, the ability of the proximal sto-
mach to relax and serve as a reservoir for food, is impli-
cated as a motor abnormality responsible for symptoms
in some dyspeptic patients””, Impaired accommodation
has been associated with eatly satiety in some but not
all studies™”"”). Assessment of accommodation can be
conducted with gastric barostat, ultrasound, MRI, and
SPECT. Gastric emptying and water-load capacity are
certainly affected by accommodation, but neither is a spe-
cific measure of fundic relaxation. Impaired accommoda-
tion was demonstrated in pediatric RAP patients assessed
by 2-dimensional ultrasound™. Participants, most of
whom had dyspeptic symptoms, had decreased proximal
stomach saggital area and increased rate of proximal sto-
mach emptying after a liquid meal when compared to he-
althy controls. A similar assessment of RAP patients uti-
lized 3-dimensional ultrasound to assess antral relaxation
and gastric distribution of ingested liquids”. Participants
demonstrated decreased postprandial proximal filling
(accommodation) and altered liquid distribution favoring
the distal stomach despite no difference in gastric empty-
ing rate. Ultrasound evaluation of children with FD also
showed increased antral distension after a mixed solid-
liquid meal, but without specific evaluation of the proxi-
mal stomach”. Adolescents with FD also have a lower
postprandial gastric volume change than healthy adults
when assessed by SPECT"". No MRI studies of gastric
function in pediatric FD patients have been published.

In adults with FD, decreased gasttic accommodation
and abnormal gastric volumes are widely demonstrated
using barostat””™™ ultrasound”'™, SPECT*'""'"" and
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MRI™. Accommodation defects have been reported in
40% of adults with FD as assessed by barostat and in
47% as assessed by SPECT™'"", Tt is less clear whether
symptoms are associated with abnormal accommodation
or gastric volumes”" and whether newer imaging modali-
ties such as MRI will consistently support these find-

. 03]
ngs .

Electrogastrography

Electrogastrography (EGG) is a noninvasive method to
evaluate gastric myoelectrical activity. It can assess rhyth-
mic gastric slow waves associated with frequency and
propagation of contractions, as well as superimposed
activity (spike/second) indicative of antral contractility.
Cutaneous abdominal electrodes are utilized to obtain
raw data, then computer analysis is performed to deter-
mine targeted values for comparison. Normative data are
considered similar in children, adolescents, and adults™™,
but not in neonates or toddlers""”.

Children with FD have abnormal EGG compared
to healthy children, indicating underlying myoelectrical
dysfunction. Chen e a/'" assessed 15 pediatric patients
with FD compared to 17 healthy controls using surface
electrodes. Children with FD had a lower percentage of
slow waves and more time with no rhythmic activity in
fasting and fed states. In the postprandial state, frequency
of gastric slow waves also increased less in subjects than
controls although measures of contractility (power) were
similar. In an independent study of 30 children with FD,
EGGs were abnormal in 50% and correlated with symp-
tom severity' .

Electrogastrogram abnormalities in adults with FD
are similar to those described in children™'"". Patients
with abnormal EGG also had higher postprandial pain
scores, and patients with a history of vomiting had
more frequent fasting bradygastria and fewer normal
slow waves. This symptom correlation suggests clinical
relevance of EGG abnormalities and is consistent with
other data correlating EGG and symptoms in pediatric
FD"*'"" However, the role of EGG abnormalities as a
therapeutic target remains to be established.

Antroduodenal manometry

Antroduodenal manometry also demonstrates abnormal
motility in children with FD"™. A study of 34 children
and 35 adults with FD found a majority with abnormal
motility with a neuropathic pattern observed most com-
monly"'"”. Several studies of antroduodenal motility
also demonstrate abnormalities in adults with FD"'""'?,
but symptoms, intestinal dysmotility, and gastric empty-
ing delays are not clearly correlated"'?. The relationship
between motility studies is made even less clear in that
a study of 31 adults with FD showed abnormal EGG
was not associated with concurrent abnormalities in an-
troduodenal manometry"'”, and available pediatric data
supports this concept' . The clinical significance of al-
tered antroduodenal motility, particularly as a therapeutic
target, is not established.
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Wireless motility capsule

The WMC shows promise as a relatively noninvasive,
clinically relevant measure of gastrointestinal motility".
It is used to study prokinetic medication efficacy” and
to describe an adult irritable bowel syndrome cohort!"”
Data is not yet available in adult or pediatric dyspeptics,
but an initial study suggests the WMC is a sensitive detec-
tor of motor abnormalities in pediatric patients with up-
per gastrointestinal symptomsms].

Mechanisms of electromechanical dysfunction

The specific cause of electromechanical dysfunction
in FD is unclear, but may be related to immune activa-
tion'""”. Inflammation is implicated as a contributor in
dyspepsia-associated dysmotility”""*". However, this ef-
fect appears to require specific inflaimmatory pathways.
For example, EGG abnormalities in children and ado-
lescents with FD are independent of chronic gastritis,
but associated with antral mast cell and eosinophil den-
sityml’lzzj. Likewise, in children with FD, increased antral
mast cell density is associated with slower gastric empty-
iﬂg[lzl].

As alluded to previously, the stress response also has
effects on electromechanical function. Experimentally
induced stress has been shown to increase symptoms and
inhibit normal postprandial EGG responses in some, but
not all studies'*>'*". Stress is shown to impair accommo-
dation and to decrease gastric emptying“zs’lm. The effect
on gastric emptying appears to be mediated primarily iz
CRH receptors.

THERAPIES FOR PEDIATRIC FD

Proper identification of functional dyspepsia using symp-
tom based criteria (Rome IIT) is the first step in treatment.
Diagnostic and screening tests to evaluate for diseases
with similar symptoms are sometimes important, but not
necessary for FD diagnosis. Providing a named diagnosis
(z.e, FD) and the expectation of treatment success poten-
tially increases the treatment response rate. Importantly,
the placebo effect may be particularly strong in children
with FGIDs and should be considered when interpreting
efficacy of studied interventions'*”.

Reassurance and education regarding FGIDs is im-
perative. Validating that subjective symptoms are real
and putting them in the context of the biopsychosocial
model aids in directing effective treatment and provides
hope for patients and families. Visceral hypersensitivity
and electromechanical dysfunction represent potential
targets, but patients may be more effectively managed if
underlying factors (such as inflammation, anxiety, e#.) are
considered in the treatment plan. Treating FD, like other
FGIDs, in the conceptual framework of the biopsycho-
social model necessitates inclusion of both medical and
psychological interventions. Effective medical therapy
targeted to the specific pathophysiologic mechanism is
preferred, but symptom-based therapy may also be use-
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ful. Although we will discuss medications in the context
of their most likely target, it should be noted that visceral
sensation, motor function, and inflammation do not exist
in a vacuum; many medications exert an effect on more
than one domain of sensation and mechanical function.

Targeting visceral hypersensitivity

Treatment of visceral sensitivity related to distension
in FD has focused largely on antidepressant therapy,
including tricyclic antidepressants (TCAs), selective sero-
tonin uptake inhibitors (SSRIs), and related medications.
Antidepressants may have primary effects on comorbid
anxiety/depression that secondarily alter symptom per-
ception, coping skills, arousal thresholds, and/or sleep
quality. Alternately, they may affect functional gastroin-
testinal pain through central nervous system analgesia
or a direct effect on gastrointestinal tract sensitivity.
Serotonergic neurons have a role in gastrointestinal pain
as discussed above, but antinociceptive effects of these
medications cannot always be dissociated from their in-
fluence on motility and, in some cases, may be integral to
effective treatment ™. For example, TCAs slow gastric
emptying and small bowel transit in healthy patients“zg’m],
but do not affect SPECT-determined gastric accomoda-
tion or outcomes of the nutrient drink test, except for
post-satiation nausea!™”. Similarly, SSRIs shorten small
bowel transit time in healthy patients, but do not clearly
decrease gastric sensitivity or compliance[m’m]. Treat-
ment with TCAs, SSRIs, and related medications must be
carefully weighed against potential adverse effects, includ-
ing cardiac dysrhythmias, suicidality, and anticholinergic
effects, and monitored to minimize these relatively rare,
but potentially life-threatening issues.

Several studies have investigated whether TCAs,
SSRIs, and related medications alter visceral sensitivity
and overall symptoms in adult FD. Data in healthy adult
volunteers demonstrate no change in tolerated gastric
volume in the nutrient drink test after a short treat-
ment course with desipramine (TCA) or escitalopram
(SSRD)™", Although total symptom scores induced by
the nutrient drink test were influenced, treatment effects
were nullified in multivariate analysis considering age,
gender, BMI, and baseline scores. Fluoxetine (SSRI) im-
proved symptom scores in depressed adults with FD!"*Y,
but non-depressed subjects had no change in symptom
scores and EGG measures were similar across all groups.
Sertraline (SSRI) similatly failed to alter global symptoms
or quality of life in adults with FD". Finally, a random-
ized clinical trial (RCT) of venlafaxine, a medication with
combined SSRI and selective norepinephrine reuptake
inhibition (SNRI), demonstrated significant patient drop-
out due to medication adverse effects and no differences
in symptom scores, health-related quality of life, anxiety,
or depression“‘%]. Taken together, current evidence does
not support a strong direct effect of SSRIs or TCAs on
visceral sensitivity in adults. The potential role of these
medications in treatment of visceral hypersensitivity, as
well as gastroduodenal motility, may be further clarified

JBaishideng® W]GPT I WWWW] gnet.Com

129

by an international multicenter placebo-controlled RCT
currently underway to compare escitalopram to amitrip-
tyline in adults with FD. This trial has completed enroll-
ment and data collection for the primary outcome of
global symptom score, and also is assessing solid gastric
emptying, liquid nutrient drink test, and SPECT (http://
clinicaltrials.gov, NCT00248651).

Limited data exists regarding treatment of pediatric
FD with TCAs and SSRIs, and studies typically include
a mixed cohort of FGIDs. A double-blind placebo-con-
trolled RCT of amitriptyline (TCA) in 33 pediatric pa-
tients with IBS treated for 8 wk demonstrated improve-
ment in QOL and some IBS-associated syrnptomsm7]
Symptom improvement was limited to very specific
symptoms (Ze., right lower quadrant pain) and the reason
for such specificity is not clear. Amitriptyline also was
studied in 90 pediatric FGID patients in a multicenter
double-blinded placebo-controlled RCT™. Few patients
were diagnosed with FD (8% pla