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Abstract: The entire field of gastroenterology is primed to take an enormous step forward, with scientific and endoscopic
advances which will be to this decade what the treatments of peptic ulcer disease and viral hepatitis conditions were for the
80’s and 90’s. So also in the area of esophagology there are numerous emerging techniques and scientific advances in our
understanding of the motor and sensory function of the esophagus. These contribute to our better understanding of common
conditions such as gastroesophageal reflux disease (GERD) including erosive esophagitis (EE), normal endoscopy reflux
disease (NERD), Barrett’s epithelium (BE), and esophageal adenocarcinoma (ECA), as well as the less common esophageal
motility disorders, oro-pharyngeal dysphagia and eosinophilic esophagitis.
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Emerging Techniques

We may all have made use of esophageal manometry to investigate patients with suspected non-structural
causes of symptoms, but it may be difficult to determine whether these motility disorders are necessar-
ily related to symptoms. Which gastrointestinal (GI) function test provides the most relevant informa-
tion on the motility of the esophagus?

e Esophageal manometry—Standard esophageal manometry only provides information on motility
pattern at the sensors, and not between the sensors. It also measures esophageal distensibility of the
lower esophageal sphincter (LES). There is also low inter-observer reliability in the interpretation
of esophageal manometry. Standard manometry is an intraluminal pressure recording technique that
measures circular muscle (CM) contraction. Using simultaneous recordings from manometry and
real time ultrasound imaging demonstrate perfect temporal synchrony between the circular and the
longitudinal muscle (LM) layers. During a swallow, LM contraction increases muscle wall thickness
at the very site and time that the CM contracts to increase pressure (Pal and Brausseur, 2002). There
is asynchrony in the contraction of those two muscle layers in nutcracker esophagus (NUT), with
high amplitude contractions (Jung et al. 2005). Video manometry is useful for modeling of esopha-
geal events.

e High resolution manometry (HRM)—HRM is useful to evaluate lower esophageal sphincter (LES)
pressure, and prolonged recordings to capture less common events, such as segmented aperistalsis.
HRM involves closely spaced side holes in the manometry tube, with topographic pressure plots
developed for visualization of both esophageal pressures and peristalsis. This technique gives detailed
space-time structure of pressure events, detailed information providing a topographic plot of pressure
vs. time (Fox et al. 2004).

¢ Intraluminal esophageal electrical impedance (IEEI)—IEEI is useful to detect weakly-acid and non-
acid reflux., as well as reflux of liquid and air; it also measures the extent of proximal reflux, and
clearance of a bolus (Zeribib et al. 2005). There is good reproducibility for the number, acidity and
gas-liquid composition of the refluxate when testing is repeated. This method uses no radiation, and
it compliments fluoroscopy. Even in persons with normal standard manometry about 1/3 of persons
will experience abnormal liquid or viscous boluses. These numbers increase to 2/3 of persons with
diffuse esophageal spasm (DES), and 100% in achalasia. Ambulatory IEEI monitoring is reproducible.

Correspondence: Dr. A.B.R. Thomson, University of Alberta, Division of General Internal Medicine, Zeidler
Ledcor Centre, 130 University Campus, Edmonton, AB T6G 2X8. Tel: 780 492-6490; Fax: 780 492-7964;
Email: alan.thomson@ualberta.ca

Copyright in this article, its metadata, and any supplementary data is held by its author or authors. It is published under the
v Creative Commons Attribution By licence. For further information go to: http://creativecommons.org/licenses/by/3.0/.

Clinical Medicine: Gastroenterology 2008:1 |1-20 11


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

Thomson

In healthy volunteers 58% of reflux episodes
are acidic, 28% are weakly acidic, and 10% are
weakly alkaline (“non-acid”)(Conchillo et al.
2005; Zeribib et al. 2005).

High frequency intra-luminal ultrasound (HFUS)
imaging may be combined with manometry. The
HFUS component measures muscle thickness,
coordination between contraction of CM and
LM, and distention of the esophagus during
reflux episodes (Mittal et al. 2005). Using this
technique, it has been possible to show hyper-
trophy of the muscle of the body of the esopha-
gus as well as the LES in patients with spastic
disorders of the esophagus (achalasia, diffuse
esophageal spasm [DES], and nutcracker esoph-
agus [NUT]) (Mittal et al. 2003).

Barium swallowing study—This standard radio-
logical investigation is useful for the detection
and evaluation of esophageal narrowing, diver-
ticulae, hiatus hernia, esophageal emptying.
Note that there may be considerable day-to-day
variability in the barium swallowing study.
Modified barium swallow (MBS)—MBS
assesses esophageal bolus transit. There is good
correlation between MBS and IEEI in the mea-
surement of esophageal transit (Imam et al.
2005). Liquids clear faster than do viscous swal-
lows (chewed food mixed with saliva). If there
is a non-peristaltic wave, liquids are more likely
to clear than is a viscous bolus.

Capsule endoscopy (ESOCAM)—As compared
to esophagogastroduodenoscopy (EGD), ESO-
CAM is 89% sensitive and 99% specific for the
detection of esophageal mucosa suspicious for
Barrett’s epithelium (BE). The sensitivity and
specificity of ESOCAM to identify esophageal
abnormalities is 92% and 95%, respectively
(Eliakim et al. 2005).

Video fluoroscopy—This is perhaps the best test
to evaluate esophageal function and contour of
the esophageal wall in patients with dysphagia.
Endoscopic ultrasound (EUS) and fine needle
aspiration (FNA)—EUS/FNA are more sensi-
tive than CT for staging BE, but understandably
do not detect distant metastases.

Narrow band imaging (NBI) with zoom—NBI
demonstrates mucosal and capillary patterns,
examines a wide area, with magnification; the
colour reflects the depth of lesions (red, deep;
blue, superficial). NBI is compatible with high
definition technology, and has high sensitivity
and specificity for the demonstration of

esophageal mucosa suspicious for BE (Kara
et al. 2005; Kara et al. 2006).

e Chromoendoscopy—Chromoendoscopy with
crystal violet staining has a sensitivity of 89%
and a specificity of 86% for histologically
proven BE (Amano et al. 2005).

e Optical coherence tomography (OCT)—OCT
has an accuracy of 78% to distinguish BE with
and without dysplasia (Isenberg et al. 2005).

e New diagnostic tests of the cortical sensing and
motor control of the foregut are discussed in
Section 2 below.

Basics of Esophageal Peristalsis:
Motor and Sensory Function
and Dysfunction

Motor
The brain-foregut connections from the afferent
and efferent pathways are connected in the brain
stem. Afferent input from peripheral nociceptors
to the medullary central pattern generator is impor-
tant. The protective reflexes (LES, esophageal-
laryngeal, pharyngeal-upper esophageal sphincter
[UES] for example) are brainstem mediated. The
relationship between the brainstem circuits and the
foregut can be shown neuroanatomically, electro-
physiologically, and neuropharmacologically.

The passage of food from the mouth to the
stomach involves a complex process of coordinated
peristaltic activity of the upper third skeletal, lower
third smooth muscle, and middle third mixed
muscle, with afferent and efferent sensory path-
ways to and from the modular swallowing center.
Peristalsis is associated with the contraction of a
portion of the esophagus, and the length of the
contracted segment may exceed as much as 15 cm
(Clouse and Staiano, 1991; Clouse and Staiano,
1996). An understanding of the basic physiology
will improve our understanding of the pathophys-
iology and will therefore also possibly improve
our understanding of the management of patients
with esophageal motility disorders. These include
hypocontractility disorders such as gastroesopha-
geal reflux disease (GERD), scleroderma, as well
as ineffective esophageal motility (IEM), as well
as hypercontractility disorders such as achalasia,
DES and NUT.

High frequency ultrasound examination of the
esophagus during swallowing has shown a
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coordination of the contraction of the inner CM
and outer LM (Mittal et al. 2006). CM shortens
more than LM, and it is the contraction of LM that
may result in non-cardiac chest pain (NCCP).
Contraction of the LM moves the LES in an axial
direction, contributing to the relaxation of the LES.
Relaxation and opening of the LES may be separate
processes. Upper esophageal contraction of the
muscle stops with the upper contraction wave, a
second contraction wave appears distally, and a
trough appears in the mid esophagus from an
indentation wave (Ghosh et al. 2006). Stretch
receptors in the proximal stomach act through a
vago-vagal reflex to trigger transient lower esoph-
ageal relaxation (TLESR). Metabotropic receptors
in the vagal pathways are present in the nodose
ganglia of humans (Asunuma et al. 2005), and
antagonists to those receptors inhibit TLESR in a
dose-dependent manner (Frisby et al. 2005).

Sensory

Visceral sensory afferents also pass along sympa-
thetic neuron paths, and increased sympathetic tone
may contribute to esophageal pain. Acid sensitive
ion channels may exist in the esophagus (Holzer,
2003), and acid activates the vanilloid TRPVI
receptor (Matthews et al. 2004). Anxiety, depres-
sion and stress distort central afferent processing,
and influence the psychophysiological aspects of
esophageal pain, including the patient’s interpreta-
tion of his or her symptoms.

Both the motor and the sensory components of
esophageal peristalsis are important to consider as
part of the stimulus-response function of this organ.
The nociceptors in the wall of the esophagus may
sense thermal, chemical or mechanical stimuli,
transmitted through the superior laryngeal nerve.
Persons with non-cardiac chest pain (NCCP) and
normal endoscopy reflux disease (NERD) are
hypersensitive to stimulae (Sarkar et al. 2000). The
vagal receptors also sense painful stimuli, and may
involve the transmitters TRPVI, calcitonin gene
related peptide (CGRP) and colretinin (Matthews
et al. 2004; Cheng et al. 2005). Acid in the esopha-
geal lumen may release TRPVI from the epithelium,
as well as platelet activating factor (PAF) and sub-
stance P (SP) from the neurons. Spinal afferent
(sensory) fibers run from the esophagus to the
brainstem in the myenteric connective bundles or
within the myenteric ganglia. About a quarter of
the sensory fibers for esophageal distention pass to

the cervical and thoracic dorsal horn neurons. These
also receive convergent input from the heart,
explaining the clinical difficulty sometimes in dis-
tinguishing angina from esophageal pain, including
NCCP. The brainstem in turn may stimulate or
inhibit the spinal neuronal activity (Dunckley et al.
2005). The esophagus is represented in the anterior
insular and anterior cingulate cortex (Aziz et al.
2000). The biochemical basis for esophageal pain
may be from increased cross-sectional area from
muscle thickening during contraction (Nicosia et al.
2001), or possibly from ischemia.

Cortical sensing and motor control of the fore-
gut can be demonstrated non-invasively in man,
using the following techniques:

e Position emission tomography (PET)—Using
aradioactive sugar, PET is useful in demonstrat-
ing changes in blood flow to an area of the
esophagus during swallowing, or in disease
processes.

e Functional magnetic resonance imaging
(fMRI)—fMRI has the same use as PET to show
changes in esophageal blood flow, but without
the use of radiation.

e Magnetoencephalography (MEG)—MEG shows
real time activation of the cortex, and provides
high density, dynamic, whole cortex mapping.

e Transcranial magnetic stimulation (TMS)—
Magnetic stimulation may be provided over the
skull bone in order to stimulate the cortex and
assess alterations in esophageal function.

e Electrical stimulation may be used to directly
activate esophageal afferents, with measure-
ment of cerebral evoked potentials.

e High frequency ultrasound examination of the
esophagus during swallowing has been dis-
cussed above (Section 1), and the flexible
endoscopic evaluation swallowing and sensa-
tion test (FEE SST) is discussed below.

Motor Disorders

The motor disorders of the esophagus may be
broadly classified as those with motor hyperactiv-
ity (achalasia, DES, corkscrew esophagus or NUT),
and those with hypomotility (GERD, scleroderma,
and ineffective esophageal motility [IEM]). IEM
has been defined as 3 or more ineffective esopha-
geal manometric contractions (Leite et al. 1997).
With high amplitude esophageal contractions, there
is thickening of the esophageal muscle from
increased muscle cross sectional area.
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e Lower Esophageal Sphincter (LES)—The LES
and transient lower esophageal relaxation
(TLESR) are involved in the pathogenesis of
GERD. The smooth muscle of the LES are
comprised of a semicircular portion in the upper
part, and slings in the lower part. The sling fibers
carry on from the lower esophagus and into the
upper portion of the stomach. The upper clasp
fibers of the LES produce a high resting tone.
The sling fibers are more responsive to cholin-
ergic stimulation (Muinuddin et al. 2001;
Preiksaitis and Diamant, 1997). In response to
a swallow (primary peristalsis) or to esophageal
distention (secondary peristalsis), the myenteric
nerves release nitric oxide (NO) (Mashimo et al.
1996). The inhibitory neurotransmission may
be influenced as well by the interstitial cells of
Cajal (Sivarao et al. 2001; Ward et al. 1998).
When the esophageal LM contracts, the skeletal
muscle diaphragmatic sphincter relaxes (Liu
et al. 2005). The gamma amino butyric acid
(GABA) agonist baclofen inhibits both the LM
contraction and esophageal distention induced
diaphragmatic sphincter relaxation (Liu et al.
2005). Baclofen may have a limited role in the
treatment of selected persons with GERD.

The LES needs both to relax, and to open at the
appropriate time of the passage of the food bolus
along the length of the esophagus from the mouth
to the stomach. Neurotransmitters and neural cir-
cuits cause relaxation, but the opening is due to
“....visco-elastic properties of the LES, the dia-
phragmatic sphincter, possibly the phenol-esopha-
geal ligament, and the surrounding abdominal
viscera” (Dogan and Mittal, 2006, page 418).
About 10% of achalasia patients have normal
complete relaxation of LES, but LES does not
open. From the patient’s GERD symptoms, it is
not possible to predict whether the patient will have
erosive esophagitis (EE) on endoscopy (EGD), or
normal endoscopy reflux disease (NERD). These
persons are treated the same as persons with acha-
lasia showing failure of relaxation of the LES.
There are several recent advances in NERD.
Dilated intercellular spaces of the esophageal
mucosa have been reported in NERD (Vieth et al.
2004; Caviglia et al. 2005). Biopsies taken at the
Z-line may show subtle changes in GERD, such
as eosinophilic intraepithelial cells, basal cell
hyperplasia, elongation of the papillae, and DIS
(Zentilin et al. 2005) 76% of NERD patients having

some of the abnormalities. In patients with NERD,
early mucosal abnormalities shown on chromen-
doscopy include vascular spots above the Z-line,
a villous mucosal surface, and islands of squamous
cell epithelium below the Z-line (Kiesslich et al.
2004).

e Diffuse esophageal spasm (DES)—In DES there
are no pathological neural abnormalities, but
the neural function is abnormal with increased
sensitivity to methacholine. Nitroglycerine
prolongs the neuronal latency in DES, but there
may also be a functional defect in NO (Murray
etal. 1995). DES may be associated with a
hypertensive LES. The absolute criterion for
the diagnosis of DES is the manometric finding
of >20% simultaneous waves. The esophageal
peristaltic pressure in these waves may be high
or low. Rarely, DES may progress to achalasia,
and DES and vigorous achalasia are thought to
be part of the same spectrum of disease patho-
physiology. The clinical presentation of DES
and vigorous achalasia is the same, but a myot-
omy through the thoracic approach is used in
DES, whereas an abdominal approach is used
for the myotomy in achalasia. DES has been
variably treated with nitrates, anticholinergics,
calcium channel blockers, xylocaine/antacid/
benadryl, tricyclics (but not selective serotonin
reuptake inhibitors [SSRIs]), biofeedback, bou-
gie dilation, botoxin injection, or myotomy.

e Achalasia—In achalasia, the absence of NO-
containing nerves leads to a loss of the inhibitory
innervations of the esophageal body and LES
(Hirano et al. 2001). This results in the typical
failure of relaxation of the LES on swallowing.
Interestingly, as many as a third of achalasia
patients will have normal LES relaxation
(Amaravadi et al. 2005), possibly due to contin-
ued LM contraction and associated esophageal
shortening (Tutian et al. 2006). The character-
istic defect in GERD is reduced LES pressure
and inappropriate TLESR. There is an afferent
pathway from the stomach to the vagus, and
from there to the brain stem, with efferent fibers
to the LES (Martin et al. 1986). Adrenergic
activity keeps the LES closed, but vagal fibers
relax the LES during a swallow. The most distal
muscle of the LES acts as a sphincter, which is
an intrinsic property of the muscle. When the
intrinsic nerves in this lower portion of the LES
muscle are stimulated, an inhibitory reflex
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causes the muscle to relax (without the need for
hormones or extrinsic nerves). The vagal fibers
impinge on those intermediate inhibitory nerves
in the lower LES muscle, causing the LES to
relax in swallowing.

Only half of patients are satisfied at one year
with botulism injection for their achalasia. Pneu-
matic dilation gives a 76% success rate at 11 years,
but unfortunately at the cost of'a 5%—10% perfora-
tion risk (Karamanolis et al. 2005). The success
rate at 17 years is about 50%. Most studies suggest
the Heller myotomy is highly successful in the
short and long term for the treatment of achalasia,
but more than half the patients will have heartburn,
even before the procedures (Gupta et al. 2005).
Because of the possible association/complication
of GERD, the laparoscopic Heller myotomy may
be combined with a partial fundoplication (Bonatti
et al. 2005; Rosetti et al. 2005).

Pseudoachalasia may occur secondarily or in
association with a number of conditions such as
GERD, post fundoplication, cancer, Chagas’
disease, and paraneoplastic syndromes. Secondary
achalasia accounts for less than 5% of all cases of
achalasia, but clearly it is important to recognize
serious causes of secondary achalasia, such as
cancer of the gastric cardia. In young persons,
secondary achalasia may be associated with
lymphoma, peripheral neuropathy, or occur post
encephalitis.

e Nutcracker esophagus (NUT)—About 8% of
NUT is associated GERD. Some 30%-50% of
NUT may be associated with NCCP, or with
irritable bowel syndrome (IBS) (Clouse and
Lustman, 1983; Mujica et al. 2001; Sayuk and
Clouse, 2005), DES (15%). In NUT, about 10%
of peristaltic waves with wet swallows may be
abnormal. The pressure of the contraction
waves is high in NUT (>180 mm Hg), and the
interval between the pressure waves is greater
than 6 seconds. Treatment of NUT is with a
proton pump inhibitor (PPI), with a surprising
90% of patients enjoying symptom control.
Calcium channel blockers have little benefit.
Antidepressants given in low doses may help
NUT, even if there is no associated anxiety,
depression or IBS. If myotomy is performed,
fundoplication may be added because of the
common association of GERD. In NUT,
dysphagia disappears in about 70% of subjects
after a fundoplication.

Oro-Pharyngeal Dysphagia (OPD)
In order to understand the pathophysiology of
OPD, a consideration of sensory and motor
pathways in the upper esophagus, as well as the
UES, is required. There is no gold standard to
quantify the severity of OPD, and clinical measure-
ment of the UES pressure is notoriously unreliable.
The optimal methods to assess OPD include video-
esophagogram, or a modified barium swallow
(MBS) study. OPD may also be assessed by flex-
ible endoscopic evaluation of swallowing and
sensation test (FEESST). This helps to identify the
patient with OPD who is at risk of aspiration.
FEESST may be superior to MBS to assess OPD
in the patient with a cerebral vascular accident
(CVA), to determine the optimal dietary and bilin-
ear management, where outcome is measured as
pneumonia free days.

Laryngoscopic examination may be helpful in
the patient with OPD, particularly if the patient has
pain on or pain with swallowing and the cause is
not obvious. If there is abnormal closure of the
glottis, the OPD may be from an upper rather than
a lower motor neuron lesion. Pharyngeal electrical
stimulation may improve the OPD after a CVA
(Freed et al. 2001).

Barrett’s Epithelium (BE)

and Esophageal Adenocarcinoma
(ECA)

A recent population-based study has shown a
prevalence of BE of 2.3% in those with, and 1.4%
in those without GERD symptoms (Ronkainen
et al. 2005). BE is also increased in patients with
celiac disease and possibly systemic sclerosis
(Maieron et al. 2005; Wipiff et al. 2005).

The incidence of squamous cell carcinoma is
holding steady at about 1/10°, and is associated
with smoking and alcohol use. The incidence of
esophageal adenocarcinoma (ECA) is rising rap-
idly, but thankfully the rate of 3/10° is low. It is not
clear why ECA is increasing. BE is thought to be
a precursor of at least some persons with ECA, but
not esophageal squamous cancer. Over the interval
when BE and ECA have become more prevalent,
there has been an increasing prevalence of GERD
in North America or Europe. H. pylori may be
protective for GERD (Ye et al. 2004). The use of
certain medications which contribute to GERD
(such as B-agonists, calcium channel blockers,
nitrates, anticholenergics) may thereby contribute
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to BE. Another increasingly common risk factor
for GERD, BE and ECA, is obesity (Hampel et al.
2005). An increased body mass index (BMI) due
to visceral adiposity contributes to an increased
risk of BE (El-Serag et al. 2005). There is also
greater awareness on the part of physicians about
the possible role of screening in the person with a
long history of frequent and severe GERD symp-
toms. There is a need for the endoscopist’s astute-
ness to carefully look for and find BE, the use of
targeted biopsies to identify the presence of BE,
and the skill of the pathologist in making the diag-
nosis of BE, as well as low grade (LGD) or high
grade dysplasia (HGD). We will not consider the
debate of the cost-effectiveness or ethics of screen-
ing for BE, or the interval of follow-up.

GERD is associated with the development of
ECA, particularly when GERD symptoms have
been present for many years, occur more than 3
times a week, and are severe in nature. BE is
thought to be the intermediate step between GERD
and cancer, although not all persons with ECA will
have BE, and not everyone with BE will have had
symptoms of GERD (possibly “silent” or asymp-
tomatic refluxers). The reflux of bile acids and
pancreatic juice into the stomach, and then into the
esophagus, may add to the damaging effect of acid
or may be pathophysiologically important in their
own right. Depending upon the pKa of the bile acid
or its conjugate, the bile acid may be soluble and
ionized or non-ionized, or insoluble. Thus, the pH
of the refluxed acid will determine if the bile acid
1s hydrophobic (lipophilic) and readily soluble in
diffusing through the esophageal epithelial barrier.
Bile acids have many potential mechanisms of
damage to the esophagus which could lead to BE,
such as increased cell proliferation and apoptosis,
increased reactive oxygen species and DNA dam-
age, and increased COX2 activity. Stem cell dif-
ferentiation, or transdifferentiation, may lead to
metaplasia, dysplasia genomic instability and can-
cer (Kazumori et al. 20006).

As yet, there are no biological markers that
clearly distinguish between metaplasia and dyspla-
sia, or between the spectrum of LGD and HGD.
Interleukin (IL)-8 and IL-IB are elevated in esoph-
agitis, BE, dysplasia and ECA, but an elevated
NF-kB is seen only in BE and ECA (O’Riordan et al.
2005). Unfortunately this is not yet ready for “prime
time” as a marker that can be used clinically. Instil-
lation of acid into the esophagus of humans increases
ERK1/2 activity and phosphorylation in GERD

subjects but not in BE or contral subjects (Souza
et al. 2005). Survivin is an inhibitor of apoptosis,
and is higher in dysplastic as compared to non-dys-
plastic BE (Vallbohmer et al. 2005). Future studies
will be needed to determine if survivin may be used
to identify the patient with BE in whom the meta-
plasia is likely to progress to dysplasia. Such early
detection would allow for the early treatment of the
BE and possible prevention of ECA.

Pathologists will generally agree on what is a
normal esophageal biopsy, what is BE or ECA, but
the kappa value between LGD and HGD is large.
This variability is not surprising when there are no
firm criteria for diagnosing HGD; where does the
highest severity of LGD end and the lowest grade
of HGD begin? Nuclear cytosolic and architectural
changes are present. To the clinician, HGD has
important therapeutic implications, ranging from
increasingly frequent endoscopic surveillance,
photodynamic therapy (PDT), endoscopic mucosal
resection (EMR), or esophagectomy.

Why is ECA so feared? Up to 85% of ECA suf-
ferers present with dysphagia or weight loss, 80%
have a T3/T4 lesions at diagnosis, and of those
with a T3/T4 lesion, 80% have lymph node
involvement, and 50% have distant metastatic
disease (Watt and Whytem, 2003). The methods
for diagnosis and staging of ECA include histo-
logical assessment of biopsy tissue, EUS and FNA,
PET or PET-CT, and CT. EUS is more accurate
than CT to detect T3 (Lightdale and Kulkarni,
2005), but there remains an important role to per-
form both EUS and CT (Zuccaro et al. 2005). PET
scanning may detect 15% of metastases not seen
by other methods, and thereby avoid what will turn
out to be unnecessary surgery (van Westreenen,
2005). The number of PET-positive metastases has
prognostic value. There is a correlation between
changes in the tumor metabolic activity assessed
by PET and the pathologic response after induction
chemotherapy (Wieder et al. 2005), so that PET
may be a useful tool for response assessment.

EMR is being increasingly performed for HGD
in BE. The depth of the dysplastic lesion dictates the
prognosis, but it has not been possible to correlate
resection margin data with recurrence. Synchronous
or recurrent dysplasia/ECA occurs in almost half of
patients, possibly because dysplasia/cancer may be
multifactorial, or may be present in remaining and
undetected BE (Mino-Kenudson et al. 2005). This
leads to the concept of removing all the BE by EMR,
notjust the targeted HGD. The risk of adenocarcinoma
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increases with the depth of the lesion (M1, 0%; M2,
<1%; M3, 6%; SM, 36%). EUS provides accurate
staging of BE-HGD or ECA in 85% of patients
(Larghi et al. 2005), so that EUS may be combined
with pathological examination of tissues removed
by EMR to assess the adequacy of the resection. The
aim of EMR is to remove the abnormal mucosa
(mucosectomy) and 2/3 of the submucosa. If there
is more than mucosal involvement, then surgery
rather than EMR is to be utilized. PPIs in twice daily
dosing are used to encourage the squamous
re-epithelization after EMR.

A randomized Phase III trial of PDT with por-
fimer sodium plus PPI bid in HGD gave higher
24 month ablation rates than PPI therapy alone
(77% vs. 39%, p < 0.001, and many fewer devel-
oped EAC (Overholt et al. 2005). PDT with
5-aminolevulinic acid (ALD) gave local remission
in 99% or more of HGD or early ECA, with calcu-
lated 5-year survival rates of 97% and 80%, respec-
tively (Pech et al. 2005). Common adverse effects
of PDT included dysphagia, pain, vomiting, and
skin photosensitivity. The serious complications
with PDT with porfimer sodium includes skin sen-
sitivity to light (69%), esophageal strictures (36%),
nausea and vomiting, 32%, dysphagia, 20%, fever,
20%, and pain, 20% (Overholt et al. 2005). The rate
of occurrence of lymph node metastasis treated with
EMR for superficial BE (T1, ml-5 ml) is lower than
the mortality rate for esophagectomy (Westerterp
et al. 2005; Stein et al. 2005). Early squamous cell
cancer of the esophagus can also be treated with
EMR, with a 3-year recurrence rate of 39% in per-
sons with multifocal lesions, and 14% in those with
unifocal early squamous cell cancer of the esopha-
gus (Katada et al. 2005). With these relatively high
recurrence rates, surveillance endoscopy and biopsy
needs to be continued after EMR. If necessary,
EMR can be followed with PDT or Argon plasma
coagulation to destroy any remaining BE after EMR
(Peters et al. 2005).

For T1-2 disease with limited or no lymph node
involvement, esophagectomy gives a 5-year sur-
vival rate of over 90% for TINO and over 60% for
TxNO tumors (Enzinger and Mayer, 2003). The
transthoracic en bloc esophagectomy and extended
two-field lymphadenectomy is superior in most
patients to transhiatal esophagectomy, with a 17%
survival benefit (Hulsher and Van Lanschot, 2005).
The benefit of neo-adjuvant chemotherapy is seen
only after 5 years (Malthaner and Fenlon, 2003).
In contrast, induction chemoradiotherapy plus

surgery gives a lower 3-year mortality than surgery
alone (Fiorica et al. 2004; Urschel and Vasan,
2003). Some authorities argue the surgery-alone
approach, because of the higher postoperative
mortality and morbidity when chemotherapy has
been used (Fiorica et al. 2004).

The Merendins procedure (esophagectomy,
jejunal interposition, vagal preservation) may be
used for incomplete mucosectomy, and although
there is a 50% morbidity, the mortality rate is
2%—10%, with good emptying of the jejunal inter-
ponate. Vagal sparing procedures reduce the
pathophysiological complications of vagotomy,
such as decreased receptive relaxation, decreased
antral and gall bladder motility, and increased
pyloric contraction, all of which contribute to the
morbidity of delayed gastric emptying and the
associated nutritional problems of vagotomy.

Eosinophilic Esophagitis (EE)
Biopsies from patients with EE show increased
mast cells, T-cells, and enhanced levels of 1L-4,
IL-5, IL-13 and tumor necrosis factor (TNF)-2
(Mishra et al. 2002). Interestingly, peripheral
eosinophils also have increased IL-5 and IL-13.
Animal studies have suggested the sequence of
cutaneous allergic response, activation of bone
marrow eosinophils; with these homing to the
esophagus (Akei et al. 2005). Patients with EE usu-
ally present with dysphagia, including food impac-
tion (Desai et al. 2005). Rings and strictures (“feline
esophagus”) may be seen radiologically on barium
studies, or on endoscopy (Zimmerman et al. 2005).
Of importance to the endoscopist, the esophagus
may easily tear (Straumann et al. 2003a). At least
in children, half of persons with EE will have a
history of allergic disorders such as asthma, allergic
rhinitis and eczema (Liacouras et al. 2005).

The studies showing a beneficial role of inhaled
steroids such as fluticasone have been short-term, and
there have been reports of one year follow-up showing
progression of the disease (Straumann et al. 2003b).
Identification of possibly offending foods may be
undertaken by comprehensive skin prick and patch
testing, with strict avoidance of those foods testing
positive. Even without positive testing, some patients
do better when avoiding milk (Spergel et al. 2005).
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BE: Barrett’s epithelium; BMI: body mass index;
CM: circular muscle; CVA: cerebral vascular
accident; DES: diffuse esophageal spasm; ECA:
esophageal adenocarcinoma; EE: erosive esophagitis;
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endoscopic mucosal resection; EUS: endoscopic
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GERD: gastroesophageal reflux disease; GI:
gastrointestinal, HGD: high grade dysplasia;
HFUS: high frequency intra-luminal ultrasound;
HRM: high resolution manometry; IBS: irritable
bowel syndrome; IEEI: intraluminal esophageal
electrical impedence; IEM: ineffective esophageal
motility; IL: interleukin; LES: lower esophageal
sphincter; LGD: low grade dysplasia; LM:
longitudinal muscle; MBS: modified barium
swallow; MEG: magnetoencephalography; NBI:
narrow band imaging; NCCP: non-cardiac chest
pain; NERD: normal endoscopy reflux disease; NO:
nitric oxide; NUT: nutcracker esophagus; OCT:
optical coherence tomography; OPD: oro-pharyngeal
dysphagia; PAF: platelet activating factor; PDT:
photodynamic therapy; PET: position emission
tomography; PPI: proton pump inhibitor; SP: sub-
stance P; SSRIs: selective serotonin reuptake
inhibitors; TMS: transcranial magnetic stimulation;
TNF: tumor necrosis factor; TLESR: transient
lower esophageal relaxation; UES: upper esopha-
geal sphincter.
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