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Objective
To evaluate the pathogenesis of metaplastic processes within
the esophagus using a human model in which the exact dura-
tion of reflux was known.

Summary Background Data
The pathogenesis of Barrett’s esophagus (BE) is incompletely
understood. Patients undergoing esophagectomy and gastric
tube reconstruction represent a good model for studying the
pathophysiology of columnar cell metaplasia of the human
esophagus because the cervical esophagus is rarely or never
exposed to gastric contents before the surgical procedure.

Methods
Thirty-two patients underwent manometry, simultaneous 24-
hour pH and bilirubin monitoring, and endoscopy with biopsy
3 to 10.4 years after esophagectomy. The presence of co-
lumnar mucosa in the cervical esophagus was confirmed on
histologic examination. The findings on endoscopy and histol-
ogy were related to clinical data and the results of pH and
bilirubin monitoring 1 cm proximal to the
esophagogastrostomy.

Results
Fifteen (46.9%) of the 32 patients had metaplastic columnar
mucosa within their cervical esophagus. Metaplasia was sig-
nificantly more common in patients with a preoperative diag-
nosis of BE. The length of metaplastic mucosa correlated sig-
nificantly with the degree of esophageal acid exposure, but
the presence of abnormal bilirubin exposure was unrelated to
the presence of metaplasia. The prevalence of metaplasia did
not change with increasing time. Intestinal metaplasia was
found within the columnar-lined segment in three patients 8.5,
9.5, and 10.4 years after esophagectomy. All patients with
intestinal metaplasia had abnormal exposure of both acid and
bilirubin, but the presence of combined reflux was not signifi-
cantly higher in these patients compared with patients with
nonintestinalized segments of columnar mucosa.

Conclusions
Esophageal columnar metaplasia is a common complication
after gastric pull-up esophagectomy. Metaplasia is more likely
to develop in patients with previous BE than other patients.
Metaplasia develops in response to squamous epithelial injury
in predisposed individuals.

The clinical significance of Barrett’s esophagus (BE) lies in
its association with esophageal adenocarcinoma. The risk for
this lethal malignancy has been reported to be 40 to 125 times
greater in patients with BE compared with the normal popu-
lation.1–3 The pathogenesis of BE is incompletely understood,
but the condition is commonly believed to be the result of
damaged squamous epithelium being replaced by cardiac- or
junctional-type mucosa within which, over time and with per-
sistent inflammation, intestinal metaplasia develops.4–9

Patients who have undergone esophagectomy and gastric

tube reconstruction have an anastomosis between the cervi-
cal esophagus and the stomach in which the normal squa-
mous epithelium of the esophagus is interposed to the
acid-secreting mucosa of the gastric body. The reconstruc-
tion allows acid and duodenal juice to reflux from the
gastric conduit to the remaining proximal esophagus, acting
as model of gastroesophageal reflux. Both experimental and
clinical studies suggest that reflux of gastric and duodenal
juice and the duration of reflux are important factors in the
pathogenesis of Barrett’s metaplasia and esophageal adeno-
carcinoma.8,10,11 Thus, the gastric pull-up esophagectomy
can be used to study the development of columnar metapla-
sia in vivo in humans. Previous histologic examination of
the removed esophagus and stomach guarantees tumor- and
metaplasia-free anastomotic edges. The exact time for the
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occurrence of reflux is known because the proximal esoph-
agus to which the gastric tube is anastomosed has rarely or
never been exposed to reflux before the surgical procedure.
By evaluating patients operated on at different times, cor-
relations between time and the presence and type of meta-
plasia may be found.

The aim of this study was to evaluate the pathogenesis of
metaplastic processes within the esophagus using a human
model in which the exact duration of reflux was known.
This was done by characterizing and comparing physio-
logic, demographic, and clinical data in patients with and
without metaplastic columnar mucosa in the cervical esoph-
agus after esophagectomy and gastric tube reconstruction.

PATIENTS AND METHODS

Patients

Between December 1989 and October 1997, 142 consec-
utive patients underwent esophagectomy and gastric tube
reconstruction at the Department of Surgery, Lund Univer-
sity Hospital. By March 2000, 82 patients had died and 60
were still alive. All surviving patients were invited to take
part in the study. Twenty-eight patients declined to partic-
ipate because of other coexisting medical illness, old age, or
unwillingness to undergo the tests. The remaining 32 pa-
tients (18 men and 14 women, median age 64 years [range
46–84]) were evaluated by manometry, simultaneous pH
and bilirubin monitoring, and endoscopy with biopsy.
Symptoms of heartburn and regurgitation were graded from
0 to 3 (absent to severe). Cervical heartburn was defined as
a burning sensation in the chest or throat.

Surgical Procedure

The abdomen was explored through an upper midline
incision. After standard dissection, which included removal
of fat and regional lymph nodes, the gastric tube was created
using a linear cutting stapler (TLC 55, Ethicon, Stockholm,
Sweden, or GIA, Autosuture, Stockholm, Sweden). The
stapler was fired multiple times from the lesser curvature
approximately 7 cm cranial to the pylorus along the axis of
the greater curvature, creating a 5-cm-wide tube. A pyloro-
plasty was performed when deemed necessary (n � 7). A
right posterolateral thoracotomy provided access for dissec-
tion of the thoracic esophagus and the mediastinal lymph
nodes. The esophageal substitutes were placed in the pos-
terior mediastinum. Anastomoses in the apex of the right
chest (n � 25) were stapled using a circular stapling device
(Premium CEEA, Autosuture). A 90-mm linear stapling
device (RL 90, Ethicon) was used to resect the remaining
stomach, including the gastrostomy previously used for the
introduction of the circular stapler. Seven patients had hand-
sutured end-to-end anastomoses in the neck using a single
continuous all-layer monofilament 4-0 suture (PDS II, Ethi-
con). The cervical end of the resected esophagus was in-

spected to make sure that the squamous epithelium was
normal and that no Barrett’s mucosa was present above the
esophagogastrostomy. The absence of metaplastic columnar
mucosa in the upper resection line was confirmed by his-
topathologic examination.

Stationary Manometry

Standard stationary manometry was performed after an
overnight fast to evaluate the function of the esophageal
remnant and to determine the position of the esophagogas-
trostomy. A manometry catheter consisting of three chan-
nels placed at 5-cm intervals was passed transnasally and
was positioned in the gastric tube. The catheter was with-
drawn from the stomach and through the anastomosis to the
cervical esophagus in 1-cm increments. The patients were
given wet swallows of 5 mL water at each level to detect
esophageal contractions as the sensors entered the cervical
esophagus. The position of the esophagogastrostomy and
the contraction amplitudes of the cervical esophagus were
calculated from the mean of three recordings.

Combined Ambulatory Esophageal pH
and Spectrometric Bilirubin Monitoring

Esophageal bilirubin monitoring was performed simulta-
neously with pH monitoring. Medications known to influ-
ence gastric acid secretion were not discontinued in an
attempt to record the degree of esophageal acid and biliru-
bin exposure representative of the time after esophagec-
tomy. An antimony catheter (Medtronic Synectics, Shore-
view, MN) and a fiberoptic probe designed to detect
bilirubin (Bilitec 2000, Medtronic Synectics) were passed
transnasally and positioned 1 cm above the manometrically
defined esophagogastrostomy. Esophageal pH was recorded
on a portable digital data recorder and was analyzed as
previously described.12 The subjects were instructed to
carry out their normal daily activities but to avoid strenuous
exertion. A diary was kept of food and fluid intake, symp-
toms, and time spent in supine and upright positions. Based
on reports of esophageal acid exposure in normal volun-
teers, abnormal acid exposure was diagnosed when more
than 4.4% of the monitored time was spent below pH 4.0.12

Esophageal bilirubin exposure was measured by spectro-
photometry based on the specific light absorption of biliru-
bin at a wavelength of 453 nm and recorded on a portable
opticoelectric data logger.13–15 The patients were instructed
to follow a special diet, which involved restriction to three
meals a day and no food with an absorbance similar to that
of bilirubin.10 The fiberoptic probe was calibrated in water
before and after monitoring. An absorbance threshold of 0.2
was selected and bilirubin exposure was quantified as the
percentage of time above this threshold.16 Records with a
bilirubin absorbance drift equal to or greater than 0.15 were
discarded. Twenty-four-hour bilirubin absorbance data were
analyzed with a software program (Gastrosoft, Irving, TX)
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to calculate the total percentage of time the bilirubin absor-
bance exceeded 0.2 during the total monitored period.
Based on reports of esophageal bilirubin exposure in normal
volunteers, abnormal bilirubin exposure was diagnosed
when more than 1.7% of the monitored time was spent
above the absorbance threshold of 0.2.17

Endoscopy

Upper gastrointestinal endoscopy was performed with the
pH and Bilitec catheters still in the esophageal remnant. The
position of the catheters and their relationship to the posi-
tion of the esophagogastrostomy were noted. The presence
of metaplastic columnar mucosa in the esophagus was sus-
pected when circumferential areas or tongues of pink-ap-
pearing glandular mucosa extended from the esophagogas-
trostomy into the white-appearing squamous epithelium of
the cervical esophagus. The extent of esophageal columnar
mucosa was defined as the distance from the esophagogas-
trostomy to the highest point of the squamocolumnar junc-
tion. Multiple biopsy samples were obtained from areas of
metaplastic columnar mucosa. The presence of a columnar-
lined esophagus was confirmed on histologic evaluation of
the biopsy specimens. The presence of erosive esophagitis
was noted and biopsy samples were also obtained from
these areas to rule out the presence of metaplastic columnar
mucosa. The gastric tube was inspected and multiple biopsy
samples were obtained from the gastric antrum for the
analysis of gastric intestinal metaplasia and Helicobacter
pylori infection.

Histologic Assessment

All biopsy specimens underwent routine fixation and
staining with hematoxylin and eosin. Cardiac-type mucosa
was characterized by a mucosa lined by gastric-type surface
and foveolar cells with glands composed entirely of mucous
cells without any parietal or chief cells. Oxyntocardiac
mucosa was defined by a mucosa lined by gastric-type
surface and foveolar cells with glands containing a mixture
of mucous, oxyntic, and chief cells.18 Specialized intestinal
metaplasia was identified by the presence of well-defined
goblet cells within columnar epithelium. The biopsy speci-
mens were evaluated for the presence of H. pylori infection
using a Giemsa stain.

Statistical Analysis

Data are reported as median and interquartile ranges
unless otherwise stated. The Fisher exact test was used to
compare proportions and the Mann-Whitney test was used
to compare continuous data between two groups. The ethi-
cal research committee of Lund University approved the
study.

RESULTS

Table 1 shows the indications for esophagectomy in the
study population. Sixteen (50.0%) patients had a diagnosis
of BE before surgery. The median time after esophagectomy
was 4.9 years (range 3.0–10.4). At the time of the study, 10
of the 32 patients (31.2%) were receiving no acid-suppres-
sion therapy; the remaining 22 (68.8%) were being treated
with chronic acid-suppression medication for symptoms of
reflux. Eight of these patients were being treated with a
single daily dose of proton pump inhibitors and 12 were
receiving proton pump inhibitors twice daily. Two patients
were being treated with H2 receptor antagonists.

Fifteen (46.9%) of the 32 patients had segments of meta-
plastic columnar mucosa in the cervical esophagus on en-
doscopy, which was confirmed on histologic evaluation of
the biopsy specimens. The median length of the columnar-
lined segment was 0.5 cm (range 0.5–4).

Table 2 shows the degree and pattern of esophageal acid
exposure in patients with and without metaplastic columnar
mucosa within the cervical esophagus. Despite the use of
potent acid-suppression medication, the median percentage
of time spent below pH 4.0 was high in both groups. There
was no difference in the median percentage of time below
pH 4.0, but the prevalence of abnormal acid exposure was
significantly higher in patients with columnar metaplasia.
Acid exposure occurred mainly in the supine position. The
majority of patients had no or mild symptoms of heartburn
and regurgitation after esophagectomy. The relationship be-
tween the severity of these symptoms and the degree of acid
exposure in the cervical esophagus is shown in Figures 1 and
2. The median percentage of time below pH 4.0 was high also
in the absence of heartburn and regurgitation, indicating that
severe reflux is common also in asymptomatic patients after
esophagectomy and gastric tube reconstruction.

Figure 3 relates the degree of esophageal acid exposure to
the extent of metaplastic mucosa within the esophagus.
There was a direct correlation between the length of the
metaplastic segment and the percentage of time the cervical
esophagus was exposed to pH less than 4.0.

The degree of esophageal acid exposure was significantly
higher in patients with esophageal mucosal injury (erosive
esophagitis or metaplastic columnar mucosa) compared
with those without (11.2 vs. 4.0, P � .030). However, the
contraction amplitude of the cervical esophagus did not
appear to be an important factor for clearing refluxed gastric

Table 1. INDICATIONS FOR
ESOPHAGECTOMY (n � 32)

Adenocarcinoma associated with Barrett’s metaplasia 16 (50.0%)
Squamous carcinoma 6 (18.8%)
Achalasia 6 (18.8%)
Esophageal ulceration without Barrett’s metaplasia 2 (12.5%)
Failed antireflux surgery 1 (3.1%)
Lye injury 1 (3.1%)
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juice. This was suggested by similar median contraction
amplitudes in patients with and without mucosal injury
(62.2 vs. 40.0 mm Hg, P � .253).

Esophageal exposure to duodenal juice in patients with
and without esophageal columnar metaplasia is shown in
Table 3. The median percentage of time spent above bili-
rubin absorbance of 0.2 was similar in the two groups. In
contrast to acid reflux, reflux of duodenal juice occurred
more frequently in the upright position. The prevalence of
abnormal bilirubin exposure was similar in patients with
and without pyloroplasty (71.4% vs. 64.0%, P � 1.00).
Further, patients with a pyloroplasty had a similar preva-
lence of esophageal columnar metaplasia compared with
those without a pyloroplasty (42.9% vs. 48.0%, P � 1.00).

The prevalence of esophageal columnar metaplasia was
significantly higher in patients with a preoperative diagnosis
of BE compared with those without. Metaplasia was found
in 11 of the 16 patients (68.8%) with BE at the time for
esophagectomy and in 4 of the 16 patients (25.0%) with no
previous BE (P � .032). There was no difference in the
median time spent below pH 4.0 between patients with and
without BE before the esophagectomy (8.7% vs. 9.8%, P �

1.00). The susceptibility of the squamous epithelium to
erosive esophagitis in response to increased acid exposure
in the cervical esophagus was similar in the two groups
(43.8% vs. 50.0%, P � 1.00). The relationships between the
prevalence of erosive esophagitis, esophageal columnar
metaplasia, and the degree of esophageal acid exposure in
patients with and without preoperative BE are shown in
Figures 4 and 5. The prevalence of esophagitis was similar
in the two groups, but metaplasia was found significantly
more often in patients with BE before surgery. There was no
increase in the prevalence of these types of mucosal injury
with increasing degree of acid exposure in the cervical
esophagus. Figure 6 shows the prevalence of esophageal
columnar metaplasia in patients with varying lengths of
time since surgery. The prevalence of metaplasia did not
increase with time.

Histopathologic evaluation of the metaplastic columnar
mucosa showed pure cardiac mucosa in nine patients
(60.0%) and oxyntocardiac mucosa in three patients
(20.0%). Goblet cells, the hallmark of intestinal metaplasia,
were found in three patients 8.5, 9.5, and 10.4 years after
esophagectomy. No patient with dysplastic columnar mu-

Figure 1. Relationship between the severity of cervical heartburn and
the degree of acid exposure in the cervical esophagus. Values for each
subject are plotted and the horizontal line denotes the median of each
group.

Figure 2. Relationship between the severity of regurgitation and the
degree of acid exposure in the cervical esophagus. Values for each
subject are plotted and the horizontal line denotes the median of each
group.

Table 2. ESOPHAGEAL ACID EXPOSURE

No Metaplastic
Columnar Mucosa

(n � 17)

Metaplastic
Columnar Mucosa

(n � 15) P Value

Percent time pH � 4.0 8.0 (1.1–19.7) 10.0 (6.2–15.7) .278
Percent time pH � 4.0 upright 2.1 (0.5–5.2) 2.1 (1.1–13.4) .370
Percent time pH � 4.0 supine 21.0 (1.3–33.9) 8.1 (2.3–18.6) .478
Number of reflux episodes 51.0 (15.5–99.0) 54.0 (25.0–90.0) .852
Episodes � 5 min 5.0 (0.0–8.0) 2.0 (1.0–6.0) .766
Longest episode (min) 28.0 (2.0–47.0) 19.0 (9.0–87.0) .794
Prevalence abnormal acid exposure 10 (58.8%) 15 (100%) .008
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cosa was found. The median postoperative period was sig-
nificantly longer in patients with intestinal metaplasia com-
pared with those without (9.5 vs. 4.2 years, P � .004). All
patients with intestinal metaplasia had abnormal esophageal
exposure of both acid and bilirubin, but the presence of
combined reflux was not significantly higher in these pa-
tients compared with patients with nonintestinalized seg-
ments of columnar mucosa (3/3 [100%] vs. 4/12 [33.3%],
P � .077).

H. pylori was found in only one patient on the histologic
evaluation of the biopsy samples from the gastric antrum
and was hence unassociated with the presence of metaplas-
tic columnar mucosa in the cervical esophagus (P � .452).
One patient without esophageal columnar metaplasia had
intestinal metaplasia in the gastric antrum but no evidence
of H. pylori infection.

DISCUSSION

Metaplastic columnar mucosa is a well-known phenom-
enon after esophagectomy and gastric tube reconstruc-
tion.19–21 In this study patients who underwent this surgical
procedure were studied to evaluate the pathophysiology of
esophageal columnar metaplasia, thus acting as a human
model of gastroesophageal reflux where the exact time for
the induction of reflux to squamous epithelium was known.

We have shown that after esophagectomy and gastric
tube reconstruction, the cervical esophagus is exposed to
high amounts of acid despite the use of potent acid-suppres-
sion therapy and the absence of severe symptoms. Further,
metaplastic esophageal columnar mucosa is a common
complication secondary to reflux-induced injury to the squa-
mous epithelium after gastric tube reconstruction. The short
lengths of columnar metaplasia found in many of the pa-
tients in this study raise the question of whether these
changes represent true metaplasia or not. However, we
believe that the finding of pure cardiac or oxyntocardiac
mucosa within the cervical esophagus is clear evidence of
esophageal columnar metaplasia because the region of the
gastroesophageal junction, where these mucosal types may
be found,22–24 is resected during esophagectomy.

Although the study population represents only a signifi-
cant subset of the overall group having esophageal resec-
tions (32/60), we do not believe there is a significant risk of
bias in our results. The majority of the 28 patients who
declined to participate did so because of old age or other
coexisting medical illness. It is possible that the patients
included in the study were more symptomatic compared
with the patients who declined to participate. However,
metaplastic changes in the cervical esophagus were unre-
lated to the presence as well as the severity of symptoms,

Figure 3. Relationship between extent of metaplasia in the cervical
esophagus (cm) and the percentage of time spent below pH 4.0 on
24-hour esophageal pH monitoring (n � 15).

Figure 4. Relationship between the prevalence of erosive esophagitis
and the degree of esophageal acid exposure in patients with and with-
out Barrett’s esophagus before esophagectomy and gastric tube
reconstruction.

Table 3. ESOPHAGEAL BILIRUBIN EXPOSURE

No Metaplastic
Columnar Mucosa

(n � 17)

Metaplastic
Columnar Mucosa

(n � 15) P Value

Percent time bilirubin abs. � 0.20 1.3 (0.3–7.4) 0.2 (0.0–10.8) .246
Percent time bilirubin abs. � 0.20 supine 0.0 (0.0–3.6) 0.0 (0.0–12.3) .526
Percent time bilirubin abs. � 0.20 upright 0.9 (0.0–4.8) 0.3 (0.0–2.0) .502
Prevalence abnormal bilirubin exposure 7 (41.2%) 5 (33.3%) .726
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suggesting that the same prevalence of metaplastic changes
may be expected in a less symptomatic group.

Metaplastic esophageal columnar mucosa is believed to
develop as a result of a peculiar type of healing from reflux-
induced injury to squamous epithelium. In this study the de-
gree of esophageal acid exposure and the prevalence of erosive
esophagitis were similar in patients with and without preoper-
ative BE. This indicates that the susceptibility of the squamous
epithelium to erosive damage in response to refluxed gastric
juice is similar in the two groups. In contrast to the erosive
manifestations, there was a sharp distinction in the propensity
to develop metaplastic mucosa within the esophagus in re-
sponse to mucosal injury. This was manifested by the preva-
lence of columnar metaplasia, which was significantly higher
in patients with a diagnosis of BE before esophagectomy.
These results suggest that some individuals are less prone to
metaplastic changes within the esophagus despite the presence

of severe reflux and erosive esophagitis, whereas others, in
whom metaplasia develops, have the predisposition required
for metaplasia development. It is unlikely that the difference in
metaplasia development is explained by differences in the
composition of the refluxate. Bilirubin is just a marker for
duodenoesophageal reflux, and potentially injurious com-
pounds of duodenal juice, such as the amount and the type of
the individual bile acids, pancreatic enzymes, and lysolecithin
are not measured by this technique. Although it is possible, it
is unlikely that these other factors are essential for the devel-
opment of columnar metaplasia because esophageal exposure
of duodenal juice was similar in patients with and without
metaplasia. Most likely metaplasia develops in response to
erosive squamous epithelial injury in patients with the required
underlying genetic traits, regardless of the composition of the
refluxate. Epidemiologic support for the importance of genetic
factors in the development of metaplastic changes is provided
by reports of strong familial expression of BE.25–28 The ob-
servation that metaplasia primarily develops in patients with a
certain predisposition has important implications for under-
standing the pathogenesis of BE and managing patients with
reflux disease.

The prevalence of metaplasia was similar at different times
after esophagectomy. This observation suggests that the prev-
alence of metaplasia does not increase with time but that
metaplasia develops early in response to mucosal injury in
patients with the required underlying predisposition. The ob-
servation that metaplasia develops early is emphasized by one
of the patients in this study who had a 1-cm-long segment of
metaplastic columnar mucosa on a routine endoscopic control
13 months after surgery. At the time of this study, 39 months
later, the metaplastic segment was 2 cm long. The biopsy
samples confirmed the presence of cardiac-type mucosa, but
no intestinal metaplasia was found. In this study there was a
correlation between the length of the columnar-lined segment
and the degree of esophageal acid exposure. This confirms the
results of previous reports29 and suggests that the length of
metaplasia is determined by the degree of esophageal acid
exposure. It is possible that the length of the metaplastic
columnar mucosa increases if the severity of reflux disease
worsens, but longitudinal studies would be needed to test this
hypothesis.

A recent study by Öberg et al8 reported that patients with
intestinal metaplasia in short segments of columnar lining,
in addition to longer duration of reflux symptoms, had a
significantly higher prevalence of abnormal duodeno-
esophageal reflux than patients with no intestinal metapla-
sia. It was suggested that the presence of duodenoesopha-
geal reflux and the duration of reflux might be important
factors in the pathogenesis of intestinal metaplasia. The
importance of duodenoesophageal reflux for the develop-
ment of intestinal metaplasia was not confirmed in this
study, even though there was a tendency toward a higher
prevalence of abnormal bilirubin exposure in the patients
with intestinalized metaplastic mucosa. Abnormal bilirubin
exposure was seen in all three patients with intestinal meta-

Figure 5. Relationship between the prevalence of columnar metapla-
sia within the cervical esophagus and the degree of esophageal acid
exposure in patients with and without Barrett’s esophagus before
esophagectomy and gastric tube reconstruction.

Figure 6. Prevalence of columnar metaplasia within the cervical
esophagus in patients with varying lengths of postoperative period after
esophagectomy and gastric tube reconstruction.
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plasia. Further studies are needed to clarify the role of
duodenal reflux in the pathogenesis of intestinal metaplasia.
Intestinal metaplasia was detected 8.5, 9.5, and 10.4 years
after esophagectomy, and the median length of the postop-
erative period was significantly longer in these patients
compared with patients without intestinal metaplasia. These
results confirm the observations by Öberg et al8 and indicate
that intestinal metaplasia develops over time and under the
proper luminal conditions in already established segments
of columnar metaplasia as a second step in the pathogenesis
of BE. The hypothesis that there is a sequential development
from squamous epithelium to cardiac-type mucosa to intes-
tinal metaplasia in response to acid-induced injury is also
supported by the observations of Hamilton and Yardley.19

They reported on the development of Barrett’s mucosa in
the esophagus above the anastomosis in three patients after
esophagogastrectomy. In two, they documented progression
from squamous epithelium to cardiac mucosa and subse-
quently intestinal metaplasia over 6.3 and 10 years.

The vast majority of the patients in this study were
satisfied with the results of surgery, despite the need for
chronic acid-suppression therapy. However, the high degree
of acid exposure in the cervical esophagus and the high
prevalence of metaplastic columnar mucosa after esopha-
gectomy and gastric tube reconstruction raise the question
of whether the stomach should be a preferred organ for
reconstruction after esophagectomy. Importantly, the clini-
cal significance of the metaplastic changes found in this
study is unclear. Although other substitutes offer theoretic
advantages, these remain to be proven. Possibly, young
individuals, especially those with known BE and those with
a good probability of permanent cure from malignant dis-
ease, should be offered reconstruction using a colon
interposition.

It is unclear whether a pyloroplasty results in higher
degrees of duodenoesophageal reflux and whether it should
be performed routinely during esophagectomy and gastric
tube reconstruction. In this study there was no significant
difference in the prevalence of abnormal bilirubin exposure
in patients with and without pyloroplasty. However, be-
cause the study population was small and only seven pa-
tients had a pyloroplasty, the impact of a pyloroplasty on the
reflux of duodenal juice is still unclear. Future studies are
needed.

We conclude that after esophagectomy and gastric tube
reconstruction, the cervical esophagus is exposed to high
amounts of acid despite the use of potent acid-suppression
therapy and the absence of severe symptoms. Esophageal
columnar metaplasia is a common complication after gastric
pull-up esophagectomy. The presence of abnormal bilirubin
exposure was unrelated to the presence of esophageal co-
lumnar metaplasia but may be an important factor in the
development of intestinal metaplasia. Patients with previous
BE esophagus are more prone to metaplasia than other
patients. These findings suggest that metaplasia develops in
response to erosive squamous epithelial injury in predis-

posed individuals, regardless of the composition of the
refluxate. It is possible that in addition to reflux and esoph-
ageal mucosal injury, certain genetic traits may be necessary
for the development of metaplastic changes, but genetic
studies are needed to test this hypothesis. The observation
that an underlying predisposition may be important for the
development of metaplastic changes within the esophagus
introduces a new concept to the pathogenesis of esophageal
columnar metaplasia that may greatly increase our under-
standing of this controversial condition.
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