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Abstract

Introduction: Gastro-esophageal-reflux disease (GERD) and its complication, Barrett's esophagus, are highly
prevalent and request medical attention all over the world. Proton pump inhibitors (PPI) are the treatment of choice,
acting as gastric acid secretion inhibitors. The transient increase in blood pH following gastric secretion has been
termed alkaline tide (AT) phenomenon, and its measurement provides a non-invasive and inexpensive test for
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The measurement of alkaline tide is a convenient, non-invasive and
inexpensive test for gastric acid hypo- and hypersecretory states.
Arterialized venous blood has been shown to accurately reflect pH in
arterial blood, and serial samples are easily obtained with this
technique [16].

Studies using this method have confirmed that the alkaline tide is
measurable in both blood and urine [7]. Since the production of
bicarbonate is dependent on the activity of carbonic anhydrase,
inhibition of this enzyme prevented the alkaline tide phenomenon.

Till today the effect of PPIs on the AT phenomenon has never been
studied. It is speculated that PPI will abolish completely the AT
phenomenon, since it can stop completely gastric acid secretion.

Aim
The primary aim of this study was to investigate PPI effect on the

AT phenomenon. Our working hypothesis was that AT disappears
after PPI therapy. This effect confirms the adequacy of PPI dosage in
Barrett's esophagus patients.

The secondary aim of the study was to ascertain the power of 80 mg
pantoprazole, to abolish gastric acid secretion. Failure to achieve this
goal dictates increasing the PPI dose. This is a significant decision,
since long term high dose PPI may cause osteoporosis and trend for
infectious diseases.

Patients and Methods
The study group comprised of 7 consecutive patients with

endoscopically and histologically diagnosed Barrett's Esophagus.
Pregnant and lactating women, patients less than 18 years of age and
patients with renal or pulmonary disease were excluded. Informed
consent obtained before enrollment. The study has been reviewed and
approved by the Institutional Review Board of the Rabin Medical
Center.

Design
All subjects were asked to stop medication that affects acid secretion

or gastric acidity, for at least 7 days prior to the study. After a fast of 9
hours, blood base excess (BE) was determined before and after a test
meal (standard sandwich of 400 calories). Subjects who demonstrated
an alkaline tide of >5 mEq/h at 45 minutes continued to day 2 (Figure
1).

Alkaline tide lower than 5 mEq/h is not reliable for estimation of
gastric acid output, and may be misleading. On day 2, the participants
were tested following the administration of intravenous 80 mg
pantoprazole (controloc®, Perigo, Petach Tikva, Israel) 30 min before
the test meal.

Blood samples
The determination of the alkaline tide was performed as previously

described [12]. Briefly, a 21 gauge ``butterfly'' needle was introduced
into a vein on the dorsum of the hand. Before each sample taken the
hand was immersed in a water bath at 43°C to "arterialize" the venous
blood.

At each sampling, 5 ml of blood was drawn and discarded. Two
blood samples were then drawn anaerobically in heparinized syringes

and analyzed for pO2 and BE, within 5 min, in an automatic blood gas
analyzer (AVL OMNI, Graz, Austria). Only samples with pO2>70 mm
Hg (arterialized blood) were evaluated. Otherwise, the hand was
reimmersed and the procedure repeated. Base excess recorded for each
sample was the mean of two determinations.

Figure 1: Flow chart of the study: measuring AT after a meal, with
and without PPI injection.

Data analysis
Alkaline tide (mEq) was calculated as Λ BE (mEq) x 0.3 x body

weight (kg). 0.3 is the coefficient of bicarbonate circulation
distribution. Results were expressed as the mean ± standard deviation.
Observations were compared by paired Student's t-test and P<0.05 was
considered significant.

Results
Clinical data are demonstrated in Table 1. Seven patients were

enrolled in the study, 2 women and 5 men, with average age of (range
32-75). All had endoscopically and histologically diagnosed Barrett's
esophagus, 6 were treated with high dose PPI, and one with low dose.



Patient Sex Age

(Y)

Weight

(Kg)

Background diseases PPI therapy Biopsy
results

Prague
classification

SM M 63 85 Obesity Omeprasole 20 mg x 2 IM C8M10

Diabetes Mellitus LGD

Dyslipidemia  

PR M 75 83.5 Asthma Omeprasole 20 mg x 2 IM C2M2

Benign Prostatic Hypertrophy LGD

GM F 67 55 Arterial Hypertension Omeprasole 20 mg x 1 IM C0M1

Dyslipidemia

Diverticulosis Coli

DD M 45 80 None Omeprasole 40 mg x 2 IM C5M5

BL F 55 67.2 Asthma Omeprasole 20 mg x 2 IM C5M5

Dyslipidemia LGD

AS M 32 92 None Omeprasole 20 mg x 2 IM C1M2

LGD

BD M 65 79昀



Figure 2: Results of 6 participants of the study: AT after a meal,
with and without PPI injection.

Discussion
Optimizing the PPI treatment in patients with GERD and Barrett's

esophagus may be important since in addition to endoscopy and
biopsy surveillance every 3 years, prevention of acid secretion may be
found beneficial. The development of dysplasia on the background of
Barrett's mucosa may be prevented if gastro-esophageal acid reflux is
prevented. Treatment with high dose of PPI is efficient in this regard,
and was successful in all our patients. Alkaline tide, a validated test for
gastric acid output rate [12], completely disappeared with 80 mg of
pantoprazole, intravenously injected before a standard meal of 400
Kcal. In addition to achievement of our primary goal, we also could
demonstrate, in the first time, that PPI can abolish gastric acid
secretion completely, prove our secondary goal, and further support
the physiological association between gastric acid output and alkaline
tide phenomenon [4,5].

Even though PPI therapy is prescribed for a long period for patients
with Barrett's esophagus, there is no evidence that this treatment
prevents dysplasia or esophageal adenocarcinoma. Thus, we cannot
recommend according to our results to continue this strategy, or using
specific dose, route of giving the drug or a specific brand. In this paper
we demonstrate the efficiency of PPI in lowering acid secretion, and
described a way to measure its success in preventing secretion.
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