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Background: Gastric juice is usually discarded during upper-GI endoscopy.

Objective: By using a novel device, the Mt 21-42, we evaluated the potential of this important organic fluid in
clinical practice, exploring its contribution to diagnosis Helicobacter pylori infection and atrophic gastritis of the
oxyntic mucosa (AGOM).

Design and Patients: A multicenter study (17,907 patients; 10 endoscopy units) estimated the frequency of
diagnosis of AGOM and H pylori infection in routine endoscopic practice. A prospective study (216 patients)
at 1 of these units aimed to determine the real prevalence of these conditions and the possible benefits of gastric
juice analysis. We considered gastric juice pH and ammonium concentration, endoscopic and histologic features,
serologic parameters for atrophy and H pylori, gastric acid secretion, and costs.

Results: We found that H pylori infection and, even more markedly, AGOM were greatly underdiagnosed in rou-
tine endoscopic practice (20.1% and 0.8% vs 49.1% and 12.5% in the prospective study, respectively), because of
the intrinsic limitations of the conventional tests and lack/inappropriateness of biopsy planning. Gastric-juice
analysis proved to be a cheap, simple, and effective way to prevent such underdiagnosis and allowed detection
of atrophic gastritis and H pylori in 96% and 98% of cases, and saved costs (cost-effectiveness ratio 209 vs
274-5047).

Conclusions: Gastric juice provided a valuable source of clinicopathologic information that, properly analyzed,
allowed detection of the main risk factors for gastric cancer (H pylori and atrophic gastritis), overcoming the
diagnostic limitations associated with these conditions and also producing time and cost savings. (Gastrointest
Endosc 2007;66:881-90.)
Gastric juice (‘‘the stone that the builders rejected’’
[Matthew 21:42]) is usually thrown away during upper-
GI endoscopy. However, it could provide valuable infor-
mation, especially about Helicobacter pylori infection
and atrophic gastritis of the oxyntic mucosa (AGOM),
which cannot be detected by simple endoscopic examina-
tion. The identification of these 2 risk factors for gastric
ns: AGOM, atrophic gastritis of the oxyntic mucosa; BAO,

output; CL, confidence limits; ECL, enterochromaffin-like;

toxylin and eosin; Ig, immunoglobulin; PAO, peak acid out-
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cancer1,2 demands that endoscopy is complemented by
an urease test and histology in all patients, with both wide-
spread and specific gastric biopsy sampling.3-6 However,
this is not routine practice. In patients with normal/mild
endoscopic findings, endoscopists usually take only
a few antral samples or do not perform biopsies. Conse-
quently, many cases of H pylori infection and, even
more markedly, of AGOM can escape detection. However,
to perform multiple biopsies in all patients would be ex-
pensive and require considerable time and patience, and
would prove to be unnecessary in the substantial propor-
tion of patients found to have neither H pylori infection
nor gastritis.

A solution to the impasse could be the prediction of
H pylori–infection and AGOM ‘‘during’’ endoscopy;
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complementary tests could then be carried out only in se-
lected patients, and a more appropriate biopsy plan could
be adopted if AGOM is suspected. H pylori infection and
AGOM produce changes in gastric-juice ammonium con-
centrations and pH, so it is theoretically possible to predict
those conditions by evaluating such changes during endo-
scopic examination. This is extremely difficult in practice;
the process of measurement itself (in particular with ammo-
nium), the peculiar characteristics of the gastric-juice ma-
trix, and the extremely short time available for the
evaluation make this assessment much more problematic
than it seems and also explains why these determinations
have not been used in clinical practice.7 Recently, a new de-
vice, the Mt 21-42 (prototype) was developed to specifically
overcome this difficulty; it measures gastric-juice pH and
ammonium concentration automatically in real time and
can be connected to any endoscopic apparatus.7,8

By exploiting the capabilities of this device, we de-
signed a study to (a) evaluate the potential of gastric-juice
analysis in clinical practice, especially its contribution to
the diagnosis of H pylori infection and AGOM; and (b)
evaluate the detection of these conditions in routine en-
doscopic practice to determine whether they are under-
diagnosed.
PATIENTS AND METHODS

The experimental design included a multicenter retro-
spective study, involving several endoscopic units, to esti-
mate the frequency of a diagnosis of AGOM and H pylori
infection in routine endoscopic practice, and a prospective
study at 1 of these units (by using an Mt 21-42 prototype),
to evaluate the actual prevalence of these conditions and
to explore the usefulness of gastric-juice analysis. Issues
concerning the etiopathogenesis and nosology of AGOM
were not addressed.
Multicenter retrospective study
At 10 Italian units (belonging to university departments

or regional hospitals), the endoscopic/histologic diagno-
ses of patients who had undergone upper-GI endoscopy
during a 1-year period were reviewed. The parameters
evaluated were (a) the number of gastroscopies per-
formed, (b) the diagnoses of H pylori infection and
AGOM, and (c) gastric adenocarcinomas detected. The
last parameter was investigated to determine whether an
appropriate relationship existed between the risk factor
(AGOM) and the risk event (adenocarcinoma).

The purpose of the retrospective study was not to pro-
duce data for a strict and rigorous statistical comparison
with those of prospective study but simply and solely to
furnish information concerning the status of a diagnosis
of H pylori infection and AGOM in routine endoscopic
practice (because this aspect, in particular, AGOM, has
never been evaluated in a large multicenter study).
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Capsule Summary

What is already known on this topic

d Urease testing and gastric biopsy are required for the
diagnosis of Helicobacter pylori infection and atrophic
gastritis, 2 risk factors for gastric cancer.

What this study adds to our knowledge

d In a prospective study of 216 patients undergoing
endoscopy, gastric-juice analysis proved to be a cheap,
simple, and effective way to prevent underdiagnosis of
atrophic gastritis and H pylori in 96% and 98% of cases,
respectively.

Prospective study
Patients. A total of 216 consecutive outpatients referred

(T. Masselli Hospital, San Severo) for diagnostic upper-GI en-
doscopy were included (99 men, 117 women; mean age
[�SD] 47 � 17 years). Exclusion criteria were the following:
medication affecting gastric-acid secretion, medication with
antimicrobials within the previous 4 weeks, and gastric surgery.
There were 2 groups of healthy controls for evaluation of en-
docrine cells (7 men, 8 women; mean age 50 � 11 years)
and for gastric-acid secretion (12 men, 10 women; mean age
49 � 18 years). The subjects in the first group were selected
from among those undergoing upper-GI endoscopy for unre-
lated reasons (eg, iron deficiency anemia, retrosternal discom-
fort, suspected abnormalities at radiology); they were all
endoscopically normal and negative for H pylori. Most of the
subjects in the second group took part in a previous study,
and the description of the series is given elsewhere.9 All the pa-
tients gave their informed consent before entering the study.

Endoscopy and biopsies. All patients underwent en-
doscopy. Two sets of biopsy specimens were taken in each
patient: 1 for routine histology (including 2 specimens
from the gastric antrum and 2 from the fundus) and 1
for the informed pathologist (2 specimens from the an-
trum, 2 from the great curve, and 4 from the fundus).
One antral biopsy specimen was also taken for the urease
test (CP test; Yamanouchi-Pharma, Milan, Italy).

Mt 21-42. This innovative device allows detection of
H pylori infection and hypochlorhydria/achlorhydria dur-
ing endoscopy. Interposed between the endoscope and
the suction system, it analyses samples of the aspirated
gastric juice within 2 minutes. The operating principle of
the device is based on the determination of the pH and
the ammonium concentration of gastric juice, the first pa-
rameter being correlated with acid-secretion status and
the second with the presence of H pylori. A detailed de-
scription of the device and its validation studies are re-
ported elsewhere.7,8

Histology. The first set of biopsy specimens was
processed routinely and analyzed by staff pathologists
www.giejournal.org
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(7 attending pathologists, with 8–15 years’ experience),
who were all unaware of the study. The second set was
processed separately and examined by a chief pathologist
(M.B.) with 22 years’ experience and who was informed
about the study. In addition to hematoxylin and eosin
(H&E), other stains were used with this second set: (a)
histochemical argyrophilic Sevier-Munger stain and (b) im-
munohistochemical with monoclonal antibodies to chro-
mogranin A and polyclonal to human gastrin. The
parameters assessed were as follows: H pylori density,
chronic inflammation, activity, glandular atrophy, intestinal
metaplasia, enterochromaffin-like (ECL) cells, and gastrin-
producing cells. The first 5 features were evaluated ac-
cording to the updated Sydney System,10 the ECL cells
were assessed by using the Solcia classification,11 and
the evaluation of G cells was performed by counting the
number of cells per linear millimeter of mucosa (hyperpla-
sia being defined as the G-cell density increased by more
than twice the standard deviation (SD) of the control
group). Besides evaluating the second set of biopsy spec-
imens, the informed pathologist also reviewed the first set
of samples, giving a personal grading to each of the inves-
tigated parameters. All the discordant cases were colle-
gially reviewed at the end of the study at a staff meeting
of the informed and blinded pathologists, and a definitive
diagnosis was established. Furthermore, to estimate the
accuracy of the assessment of atrophy, 101 slides (from
9 patients with moderate-severe AGOM, 9 with a mild
form, and 9 who were negative for AGOM) were also
blindly examined by a pathologist (M.R.) with expertise
in atrophic gastritis. From the comparison, the result
was that there was agreement about the presence/absence
of atrophy in 91.7% of antral, 89.5% of corpus, and 87.5%
of fundic samples. Among the concordant cases, the
scores were similar in 95.5% of antral, 100% of corpus,
and 90.5% of fundic samples. The kappa values for atro-
phy at different sites were as follows: antrum 0.81 (95%
confidence limits [CL] 0.56, 1.06); corpus 0.75 (95% CL
0.43, 1.01); and fundus 0.67 (95% CL 0.49, 0.85). The over-
all agreement for AGOM (considered only as present/ab-
sent) was high (96.3%; K Z 0.84, 95% CL 0.63, 1.05).

Urea breath test. The urea breath test (UBT) was
done in 135 patients, by using 75 mg of 13C-urea in 200
mL citric acid solution. A 13CO2/12CO2 ratio O3.9% of
baseline was considered positive.

Serologic analyses. The following determinations
were performed in all the patients: basal gastrin (Gastrin-
Radioimmunoassay; ICN, Aurora, Ohio), intrinsic factor
antibodies (57Co radioassay-IF-bAb solid-phase; Diagnostic
Products Corporation, Los Angeles, Calif), parietal cell
antibodies (Autostat-TM-II anti-GPC; Hycor-Biomedical,
Edinburgh, UK), vitamin-B12 and folate (chemiluminescence-
system AGS-180-VB12 and Folate; Bayer, Tarrytown, NY),
pepsinogen (radioimmunoassay-Pepsik; Sorin Biomedica,
Saluggia, Italy), immunoglobulin (Ig) G anti–H pylori
(Helori-test; Eurospital, Trieste, Italy).8
www.giejournal.org
Acidimetry. Acidimetry was done in 24 patients with
hypochlorhydria on Mt 21-42 analysis (9 men, 15 women;
mean [SD] age 54 � 14 years) and in 22 healthy controls.
Among the patients, 12 showed AGOM on histology
(6 moderate-severe and 6 mild) and 12 did not. Basal
acid output (BAO) and peak acid output (PAO) were
calculated.12

Case definition. Patients were considered to have H
pylori infection if all or all but 1 of the reference tests (his-
tology, urease test, UBT, IgG anti–H pylori) were positive.
If 2 tests were discordant, then the final diagnosis was es-
tablished after revision of the case after review of the test
(eg, histology) or repetition (eg, UBT) or further testing
(eg, Giemsa stain, Western blot analysis).

AGOM was diagnosed if the oxyntic mucosa (corpus
and/or fundus samples of the first and/or second set of bi-
opsy specimens) showed glandular atrophy (grading R1)
on histologic examination. In accordance with current cri-
teria,10,13 glandular atrophy was defined as the loss of ap-
propriate glands and was graded as mild (Z1), moderate
(Z2), and severe (Z3). Particular attention was paid to
the mild forms of glandular atrophy; specimens with ‘‘in-
definite atrophy’’13 and those not including full-thickness
mucosa, and/or not properly fixed or sectioned, were not
considered for the computation.

Because etiopathogenesis and nosology of AGOM were
not issues of concern in the present study, no topo-
graphic, phenotype, or pathophysiologic classification or
subdivision was made (although data regarding topogra-
phy, biochemical markers, and physiology are reported
and detailed in specific sections). Furthermore, to guaran-
tee an accurate assessment of atrophy, a collegial review of
the discordant cases and a comparison with a pathologist
expert in atrophic gastritis were also performed.

Cost analysis. The cost analysis focused on patients
undergoing endoscopy and evaluated diagnostic cost
only; long-term outcomes and quality of life issues were
intentionally not considered. Cost, effectiveness, and
cost-effectiveness ratio were evaluated, all expressed per
100 patients.14 For the Mt 21-42, 3 options were consid-
ered: (1) cost of the test (euro 0.4), (2) cost of the test
plus histology (required when the device identified hypo-
chlorhydria or when gastric focal lesions or features sug-
gesting antral atrophy were detected endoscopically)
(euro 125.8), (3) option 2 plus the Mt 21-42 amortization
cost over 1 year (euro 133.3), calculated by dividing the es-
timated cost of the device (which is not a commercial
product yet) by the annual volume of cases performed.

Statistical analysis
The statistical evaluations were performed by using the

SPSS Statistical Package (SPSS Inc, Chicago, Ill). The tests
used were as follows: the Student t (comparing means for
normally distributed variables): c2 test or the Fisher exact
test (discrete variables), the Mann-Whitney U test (histo-
logic gradings and acid-secretion values), the Spearman
Volume 66, No. 5 : 2007 GASTROINTESTINAL ENDOSCOPY 883



TABLE 1. Diagnostic parameters of the tests used in the diagnosis of AGOM

Parameter

Mt

21-42 Endoscopy

Routine

histology Gastrin Pepsinogen IFA PCA Vitamin B12 Folate

Sensitivity 96.3

(89.2, 100.0)*

14.8

(1.4, 28.2)

38.5

(19.8, 57.2)

40.7

(22.2, 59.3)

40.7

(22.2, 59.3)

3.7

(0, 10.8)

33.3

(15.6, 51.1)

22.2

(6.5, 37.9)

11.1

(0, 23.0)

Specificity 85.7

(80.7, 90.7)

99.5

(98.4, 100.0)

97.9

(95.8, 99.9)

98.4

(96.6, 100)

98.4

(96.6, 100)

100.0

(100.0, 100.0)

94.7

(91.5, 97.9)

99.5

(98.4, 100.0)

99.5

(98.4, 100.0)

Positive

predictive

value

49.1

(36.1, 62.1)

80.0

(37.6, 96.4)

71.4

(45.4, 88.3)

78.6

(52.4, 92.4)

78.6

(52.4, 92.4)

100.0

(20.7, 100.0)

47.4

(27.3, 68.3)

85.7

(48.7, 97.4)

75.0

(30.1, 95.4)

Negative

predictive

value

99.4

(96.6, 99.9)

89.1

(84.2, 92.6)

92.0

(87.5, 95.0)

92.1

(87.5, 95.1)

92.1

(87.5, 95.1)

87.9

(82.9, 91.6)

90.9

(86.0, 94.1)

90.0

(85,1, 93.3)

88.7

(83.7, 92.3)

Values are percent (95% CL).

IFA, Intrinsic factor antibodies; PCA, parietal cells antibodies.

*P ! .001 between Mt 21-42 and the other tests; c2 test.

Figure 1. Relationship between gastric-juice pH values detected by Mt 21-

42 and the presence or absence of AGOM (upper chart), and between gas-

tric-juice ammonium concentrations and H pylori status (lower chart).

Clinical usefulness of gastric-juice analysis in 2007 Tucci et al
or Pearson correlation (relationship between variables),
and the Cohen kappa (agreement between pathologists).
RESULTS

Multicenter retrospective study: diagnosis
of AGOM and H pylori infection at routine
endoscopy

A total of 17,907 cases were reviewed (9269 men, 8638
women; mean age 51 � 19 years). Overall, 10,218 patients
884 GASTROINTESTINAL ENDOSCOPY Volume 66, No. 5 : 2007
(57%) underwent gastric biopsy for histology and/or ure-
ase testing, in line with the 56% shown (by the Italian So-
ciety for Digestive Endoscopy) in the 2001 Italian Census.
The diagnosis of H pylori infection occurred (by histology
and/or urease test) in 3597 patients (20.1%, range 11.0%–
37.0%), whereas a histologically confirmed diagnosis of
AGOM occurred in only 326 (1.82%, range 0.35%-3.59%),
including 151 new diagnoses (0.84%, range 0.35%-1.47%)
and 175 referrals for follow-up of known AGOM (0.98%,
range 0.0%-3.06%). The number of gastric adenocarci-
nomas detected was 146 (0.82%, range 0.61%-1.16%), 64
(43.8%) were located in the antrum, 62 (42.5%) in the
body, and 20 (13.7%) in the cardia. The prevalence differ-
ence between adenocarcinoma and new AGOM was small
(0.02%), an anomalous pattern that suggested notable
underdetection of the AGOM risk factor. When patients
with previous gastric surgery or those undergoing opera-
tive/emergency endoscopy were excluded (n Z 1590),
the detection rates for AGOM and H pylori remained
low (0.93% and 22.0%, respectively).

Prospective study
Prevalence of AGOM. In 27 of 216 patients (12.5%),

the histologic evaluation by the informed pathologist
showed AGOM. Two cases (0.93%) of gastric adenocarci-
noma were also detected. The difference in prevalence be-
tween AGOM and adenocarcinoma was 11.57% (P ! .001
vs multicenter study).

Conventional assessment of AGOM. Routine histol-
ogy detected AGOM in 10 of 27 patients (37.0%). Nine of
the false-negative cases were found to have AGOM at the
collegial review (avoidable false negatives). No evidence of
atrophy was found in the remaining cases (unavoidable
false negatives): diagnosis was possible only from the sam-
ples taken for the informed pathologist. Endoscopy iden-
tified features suggestive of AGOM (submucosal vascular
network, flattening of folds, mucosal paleness) in 5
www.giejournal.org



Figure 2. Relationship between endocrine-cell hyperplasia and gastric-juice pH in patients with histologically confirmed AGOM, in those without

AGOM histologically but identified by the Mt 21-42 as hypochlorhydric, and in those without AGOM and not identified by the device; c2 test. :, G

cells; A, other antral endocrine cells (chromogranin-A and/or argyrophilic-positive but gastrin-negative cells); d, ECL cells.

TABLE 2. Diagnostic parameters of the tests used in the diagnosis of H pylori infection

Parameter Mt 21-42 Urease test Routine histology Urea breath test IgG anti-H pylori

Sensitivity 97.9* (95.0, 100.0) [97.3]y 79.2 (71.5, 87.0) [76.5] 93.4 (88.7, 98.1) [96.3] 89.7 (82.5, 96.9) [96.2] 84.0 (77.0, 91.0) [86.4]

Specificity 93.6z (88.7, 98.6) [92.8] 98.2 (95.7, 100.0) [97.3] 80.9 (73.6, 88.3) [81.6] 94.0 (88.4, 99.7) [97.4] 81.8 (74.6, 89.0) [88.2]

Positive

predictive

value

93.9 (87.3, 97.2) [93.6] 97.7 (91.9, 99.4) [96.9] 82.5 (74.7, 88.3) [84.8] 93.8 (85.2, 97.6) [98.0] 81.7 (73.4, 87.8) [88.6]

Negative

predictive

value

97.8 (92.3, 99.4) [97.0] 82.9 (75.5, 88.5) [79.3] 92.7 (85.7, 96.4) [95.4] 90.0 (80.8, 95.1) [94.9] 84.1 (76.0, 89.8) [85.9]

Values are percent (95% CL). Square brackets include the values calculated after excluding patients with AGOM and those who had received a previous

anti–H pylori treatment.

*P ! .002 vs urease test and IgG anti–H pylori.

yP ! .05 vs urease test and IgG anti–H pylori; c2 test.

zP ! .02 vs histology and IgG anti–H pylori.

Tucci et al Clinical usefulness of gastric-juice analysis in 2007
patients, 4 being histologically confirmed and 1 not. Sero-
logic analyses, overall (ie, 1 or more tests suggesting
AGOM), detected AGOM in 14 of 27 patients with atrophy
(51.9%). The individual sensitivity range was 3.7% to
40.7%. With mild forms of AGOM excluded from calcula-
www.giejournal.org
tions, serologic tests showed increased sensitivity (gastrin
72.7%, parietal cells antibodies 63.6%, vitamin B12 54.5%,
intrinsic factor antibodies 9.1%, folate 27.3%, pepsinogen
81.8%). The calculated diagnostic parameters of the tests
are presented in Table 1.
Volume 66, No. 5 : 2007 GASTROINTESTINAL ENDOSCOPY 885



TABLE 3. Histologic findings

Patients with AGOM (n Z 27)

HpD (n Z 16) Hp– (n Z 11)

No. cases (%); grading (mean [SD]) No. cases (%); grading (mean [SD])

Antrum Corpus Fundus Antrum Corpus Fundus

Chronic infiltrate 15 (94); 2.0 � 0.7 15 (94); 1.9 � 0.4 16 (100); 1.9 � 0.7 6 (55)*; 1.2 � 0.4y 10 (91); 1.7 � 0.8 11 (100); 1.7 � 0.5

Activity 12 (75); 1.1 � 0.3 11 (69); 1.1 � 0.3 11 (69); 1.2 � 0.4 1 (9)x; 1.0 � 0.0 2 (18)x; 1.5 � 0.7 3 (27)*; 1.3 � 0.6

Glandular atrophy 4 (25) 1.0 � 0.0 12 (75); 1.3 � 0.6 12 (75); 1.1 � 0.3 4 (36); 1.0 � 0.0 9 (82); 2.3 � 0.5k 11 (100); 2.4 � 0.9k

Intestinal metaplasia 5 (31); 1.2 � 0.4 1 (6); 1.0 � 0.0 1 (6); 1.0 � 0.0 1 (9); 1.0 � 0.0 2 (18); 1.0 � 0.0 6 (55)*; 1.3 � 0.0

Hpþ, H pylorus positive; Hp–, H pylorus negative.

*P ! .05 vs patients Hpþ, with AGOM.

yP ! .05 vs Hp-positive patients Hpþ, with AGOM.

zP ! .001 vs patients Hpþ, without AGOM.

xP ! .005 vs Hp-positive patients with AGOM; c2 test.

kP ! .005 vs patients Hpþ, with AGOM; Mann-Whitney U test.

Clinical usefulness of gastric-juice analysis in 2007 Tucci et al
Mt 21-42 assessment of AGOM. The device identi-
fied 53 cases of hypochlorhydria: 25 with gastric juice
pH O4.0 and 28 with partial/complete absence of gastric
juice (Fig. 1). All but 1 patient with AGOM (96.3%) were
identified with the Mt 21-42. Among those identified by
Mt 21-42 analysis but without AGOM histologically were
5 patients with antral atrophy, 1 with gastric lymphoma,
and 1 affected by Werlhof ’s disease associated with com-
plete achlorhydria and an intense mononuclear infiltrate
in the oxyntic mucosa. Furthermore, in this patient sub-
group, immunohistochemistry and acid-secretion testing
revealed a high rate (44.4%) of endocrine-cell hyperplasia
(Fig. 2) and low values of basal-acid secretion.

H pylori status. Of the patients, 106 of 216 (49.1%)
were H pylori positive. There was an overall concordance
of tests in 158 (73%); in 51 (24%), 1 test was discordant;
and in 7 patients, a review was needed because 2 tests
were discordant.

Conventional assessment of H pylori status. Over-
all, conventional tests showed good diagnostic perfor-
mance (individual rates above 79%). The calculated
diagnostic parameters are presented in Table 2. Because
AGOM or previous treatment for H pylori may lead to
false-negative and false-positive results, a further computa-
tion was done, excluding patients in these categories, but
this made little change to the pattern of results (Table 2).

Mt 21-42 assessment of H pylori status. By using
the cutoff point established in the validation studies,7,8

the Mt 21-42 correctly predicted H pylori status in all
but 8 cases; 6 of the latter were false positives and 2
were false negatives (Fig. 1). In 28 cases, the diagnosis
was not possible for the absence of gastric juice. The diag-
nostic parameters and comparison with other tests are
presented in Table 2. Sensitivity and specificity were
high (97.9% and 93.6%, respectively), and when the 28 pa-
tients not tested (in an intention to diagnose analysis)
886 GASTROINTESTINAL ENDOSCOPY Volume 66, No. 5 : 2007
were included, sensitivity and specificity remained high
(86.8% and 93.6%). Indeed, in all the cases with an ab-
sence of gastric juice, the device invites (through vocal
synthesized message provided during the examination)
the endoscopist to perform gastric biopsies in both the
antrum and the fundus. So, the diagnosis of infection can-
not in any case escape.

Other data. Patient data. Of the 27 patients with
AGOM, 44% (12/27) had previously undergone 1 to 10
endoscopies before atrophy was diagnosed, and 56%
(15/27) had received acid-inhibiting drugs during the pre-
vious 5 years because of clinical suspicion of acid-related
disorders.

Histology. Data are reported in Table 3. Among patients
without AGOM, chronic infiltration and activity in the an-
trum, corpus, and fundus were more frequent in patients
who were H pylori positive than in patients who were H
pylori negative (P ! .001). Among patients with AGOM,
glandular atrophy of the oxyntic mucosa was more severe
in uninfected patients than in patients who were infected
(P! .005); intestinal metaplasia of the fundic mucosa was
more frequent in patients who were H pylori negative
than in patients who were H pylori positive (P!.05); con-
versely, activity in the antrum and the oxyntic mucosa was
more frequent in patients who were H pylori positive than
in patients who were H pylori negative (P ! .005).

Immunohistochemistry. Endocrine-cell hyperplasia (in
the antrum and/or the oxyntic mucosa) was detected in
23 of 27 patients (85.2%) with histologically confirmed
AGOM, in 12 of 27 patients (44.4%) without AGOM histo-
logically but identified by the Mt 21-42 as hypochlorhydric,
and in only 5 of 162 patients (3.1%) without AGOM and
not identified by the device (Fig. 2). No adenomatoid hy-
perplasia, dysplasia, or neoplasia was found. A correlation
was detected between endocrine-cell hyperplasia and gas-
tric-juice pH (r Z 0.609; P ! .001). Regardless of the
www.giejournal.org



Patients without AGOM (n Z 189)

HpD (n Z 90) Hp– (n Z 99)

No. cases (%); grading (mean [SD]) No. cases (%); grading (mean [SD])

Antrum Corpus Fundus Antrum Corpus Fundus

90 (100); 1.6 � 0.7 52 (58); 1.2 � 0.4 47 (52); 1.2 � 0.4 5 (5)z; 1.0 � 0.0 3 (3)z; 1.0 � 0.0 0 (0)z; 0.0 � 0.0

74 (82); 1.1 � 0.4 24 (27); 1.1 � 0.4 23 (26); 1.0 � 0.2 1 (1)z; 1.0 � 0.0 1 (1)z; 1.0 � 0.0 0 (0)z; 0.0 � 0.0

8 (9); 1.4 � 0.5 0 (0); 0.0 � 0.0 0 (0); 0.0 � 0.0 3 (3); 1.3 � 0.6 0 (0); 0.0 � 0.0 0 (0); 0.0 � 0.0

7 (8); 1.4 � 0.5 0 (0); 0.0 � 0.0 0 (0); 0.0 � 0.0 3 (3); 1.7 � 0.6 0 (0); 0.0 � 0.0 0 (0); 0.0 � 0.0

TABLE 3 (continued)
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presence or absence of AGOM, 34 of 41 patients with hy-
perplasia (83%) were identified by Mt 21-42 analysis as hy-
pochlorhydric.

Acidimetry. Patients with AGOM showed lower gastric-
acid secretion (mean BAO [�SD] Z 0.14 � 0.27 mEq/h;
PAO Z 7.60 � 10.17 mEq/h) than healthy controls (BAO
Z 2.80 � 1.31 mEq/h; PAO Z 23.25 � 8.38 mEq/h)
(P ! .001). Among patients with AGOM, those with mod-
erate-severe forms evidenced a more deteriorated acid se-
cretive function (BAO Z 0.0 � 0.0 mEq/h; PAO Z 0.04 �
0.09 mEq/h) than patients with mild forms (BAO Z
0.29 � 0.33 mEq/h, PAO Z 15.17 � 9.49 mEq/h; P Z
.059, P ! .005). The patient subgroup without evidence
of AGOM but identified by Mt 21-42 as hypochlorhydric
showed lower basal-acid output (BAO Z 0.82 � 0.99
mEq/h) than healthy controls (P ! .001) but higher than
patients with AGOM (P ! .005) (Fig. 3). Gastric-juice pH
was inversely correlated with BAO (r Z �0.72; P ! .001)
and PAO (r Z �0.29; P ! .05).

Cost analysis. The results are presented in Table 4.
Compared with the other diagnostic strategies, the new
technology showed the highest effectiveness (60.2 vs 1.9-
51.9) and the best cost-effectiveness ratio (209 vs 274-5047).
The difference was particularly marked for AGOM (1048 vs
2008-7226). Inclusion of 1 year’s amortization costs for the
device did not substantially change the results (Table 4).

Usefulness of gastric-juice analysis. Analysis of the
data revealed that an endoscopic strategy based on gas-
tric-juice analysis, with gastric biopsy only in selected pa-
tients, was more effective and less expensive than both
routine endoscopy and endoscopy with traditional com-
plementary tests performed in all patients.

In our series, excluding 78 patients who needed a gas-
tric biopsy (43 identified by Mt 21-42 analysis, 25 with gas-
tric focal lesions or antral atrophy on endoscopy, and 10
with both indications), in the remaining 138 cases (80
with normal/mild endoscopic findings, 44 with hiatal her-
www.giejournal.org
nia or incontinent cardias, and 14 with duodenal ulcer/
erosions), histology and urease test did not provide sub-
stantial information in addition to that already obtained
through gastric-juice analysis. Histology detected 3 cases
of antral atrophy (1 moderate and 2 mild) but no impor-
tant modifications, or only a chronic/active inflammatory
infiltrate, in the remaining 135. Conversely, without the
support of gastric-juice analysis, complementary tests
would have missed 63% of the AGOM cases and 1 of H py-
lori infection. In the first scenario (endoscopy plus gastric-
juice analysis), the overall cost for 216 patients would have
been euro 27,170, whereas, in the second (endoscopy
plus complementary tests), it would have been euro
39,701 (greater by 46%).
DISCUSSION

Our study demonstrated that H pylori infection and,
even more, AGOM can easily go undetected in routine en-
doscopic practice. This may be of great consequence, be-
cause both diseases are important risk factors for gastric
cancer.1,2 The current practice of performing gastric biop-
sies in patients with focal lesions and only in an unselected
proportion of patients without macroscopic findings may
account for significant underdiagnosis of pathologic con-
ditions. This is confirmed by the discrepancy between
the prevalences of H pylori infection and AGOM in our
prospective study (49.1% and 12.5%) and those seen in
routine endoscopic practice (20.1% and 0.8%), as well as
by the anomalously small difference in prevalence
(0.02%) between AGOM and gastric adenocarcinoma at
routine endoscopy.

Paradoxically, the problem persists (although less mark-
edly) when biopsies and complementary tests are per-
formed in all patients. In our study, such an approach
improved the detection of H pylori but still failed to
Volume 66, No. 5 : 2007 GASTROINTESTINAL ENDOSCOPY 887



Figure 3. BAO and PAO values in patients with AGOM, in those without histologic evidence of AGOM but identified as hypochlorhydric by Mt 21-42, and

in healthy controls. Mann-Whitney U test.
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detect AGOM in 63% of cases. The patchy distribution of
lesions and the low reliability of general pathology
departments for detection of AGOM may account for
these outcomes.9,15,16 This is confirmed by the discrep-
ancy we found between routine and ‘‘accurate’’ histology,
consistent with previous reports.3-6 The combination of
endoscopy with histology is a necessary but not sufficient
condition for the correct assessment of atrophy. To match
expected outcomes, other requirements include, eg,
larger numbers of biopsy samples and sites, pathologist
awareness, additional stains.

Such an approach, however, is too expensive, complex,
and time consuming for routine use, and would prove un-
necessary in the substantial proportion of patients found
to have neither H pylori infection nor atrophy. However,
it is unacceptable that patients with preneoplastic condi-
tions should pass undiagnosed, even after an invasive pro-
cedure. That 44% of patients with AGOM had undergone
previous endoscopies without detection of atrophy is of
serious concern, and that 56% of them had been treated
with acid-inhibiting drugs is embarrassing.
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Real-time gastric-juice analysis seems to represent an
appropriate solution. It allows the detection of both con-
ditions in nearly all cases, with further advantages: (1)
avoiding complementary gastric tests in many patients;
(2) adopting an appropriate biopsy plan in patients with
suspicious conditions (addressing the problem of patchy
distribution); (3) reducing costs and time; (4) assessing
H pylori and AGOM, even when biopsy is contraindicated
(eg, because of coagulopathy); and (5) detecting other
conditions associated with hypochlorhydria (eg, gastric
lymphoma, antral atrophy, gastric endocrine cell hyperpla-
sia, basal gastric acid hyposecretion). Concerning the lat-
ter issue, the patient subgroup identified by Mt 21-42
analysis but with no AGOM histologically, is particularly in-
teresting. The high rate of gastric endocrine cell hyperpla-
sia and the low BAO values in these patients prompts
many possible interpretations (eg, initial forms of
AGOM, functional disorders), and recalls the debate re-
garding the role of hypochlorhydria (rather than atrophy)
in gastric neoplastic transformation.17,18 Interestingly,
most of these patients had normal-mild endoscopic
www.giejournal.org



TABLE 4. Cost-effectiveness of different diagnostic pathways (the parameters evaluated were expressed as number per 100

patients)

Effectiveness Cost/effectiveness

Cost No. patients correctly diagnosed (per 100 patients)* Euro/diagnosis

Diagnostic pathways

Euro (per

100 patients) H pylori AGOM Total

H

pylori AGOM Total

EGD 9590 0 1.9 1.9 n.e. 5047 5047

EGD þ urease test 13,730 39.1 1.9 41.0 351 7226 335

EGD þ histology 17,760 45.8 4.7 50.5 388 3779 352

EGD þ histology þ urease test 18,380 47.2 4.7 51.9 389 3911 354

EGD þ IgG anti-H pylori þ
pepsinogen þ gastrin

13,050 41.2 6.5 47.7 317 2008 274

EGD þ Mt 21-42

Test alone 9630 43.1 12.0 55.1 223 803 175

þ Histology only in selected

patients (36%)y
12,579 48.2 12.0 60.2 261 1048 209

þ Histology only in selected

patients (36%) þ amortization

cost of the device (in 1 y)

13,329 48.2 12.0 60.2 277 1111 221

n.e., Not evaluable.

The costs of individual diagnostic procedures were taken from the National Sanitary Tariff 28 and from an estimation carried out by a working group set up by

the Italian Society for Digestive Endoscopy (SIED).29

*The number of cases per 100 patients with H pylori infection and AGOM was 49.1 and 12.5, respectively.

y‘‘Selected patients’’ included those identified by Mt 21-42 as hypochlorhydric and those with endoscopic evidence of gastric focal lesions (eg, ulcer, polyp,

erosions) or features suggestive of antral atrophy.
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features and, probably, without gastric juice analysis, many
of them would have remained unidentified.

One of the best values of gastric-juice testing is the pos-
sibility of providing pathophysiologic information in real
time (ie, during endoscopy). This greatly enhanced prac-
tice and decision making during the procedure. In the
case of Mt 21-42, such property is provided by a dedicated
system that allows measurement of the parameters of in-
terest (ammonium and pH) in less than 2 minutes. The
validity of these parameters for detecting H pylori infec-
tion and hypochlorhydric conditions is clearly confirmed
in the present study and in many other studies,19-22 and
has been rigorously analyzed and extensively discussed
in our previous reports.7,8,23

In this context, an intriguing, but not surprising, finding
of our study was the poor diagnostic performance of sero-
logic methods in the diagnosis of AGOM, which contrasts
with what has been reported in other studies. In fact, the
contradiction is only apparent and it can be explained by
an intrinsic limitation of serologic techniques related to
their low sensitivity for the mild forms of AGOM. This
was reported repeatedly.24 It can also be deduced from
the fact that most of the commercially available assays
are based on the determination of more than 1 parameter
to compensate for this limitation, and often it is clearly in-
dicated that their use is limited to the assessment of
www.giejournal.org
‘‘moderate-severe’’ or ‘‘advanced’’ forms of atrophy.25-27

This weakness, however, does not substantially affect the
value of serology, which remains a useful tool, particularly
in patients who are not undergoing endoscopy and in
large-scale screening programs. On the contrary, gastric-
juice analysis is targeted only to patients undergoing
upper-GI endoscopy in whom serology, as well as other
conventional nonbiopsy-based tests (eg, UBT), are not
routinely performed.

Finally, we consider costs. Usually, technologic improve-
ments entail a proportionate cost increase; real-time
gastric juice analysis achieves an advance with a consider-
able reduction of costs. Our data demonstrated that the
endoscopic strategy based on gastric-juice analysis was
more cost effective than routine endoscopy and even
more so than endoscopy with traditional complementary
tests performed in all patients. The potential cost savings
(46%) and the large number of upper-GI endoscopies per-
formed every day throughout the world, indicate the po-
tential economic impact of such a strategy.

In conclusion, the results of the present study demon-
strated that gastric juice is a valuable source of clinicopath-
ologic information that, properly analyzed, allowed
detection of the main risk factors for gastric cancer
(H pylori and atrophic gastritis), overcome the diagnostic
limitations associated with these conditions and also
Volume 66, No. 5 : 2007 GASTROINTESTINAL ENDOSCOPY 889
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produced time and cost savings. In this view, the new test-
ing (real-time gastric-juice analysis) could represent a use-
ful integrative tool for endoscopy.
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