Received: 5 November 2019 Accepted: 20 January 2020
DOI: 10.1111/jvim.15718

Journal of Veterinary Internal Medicine AC\?” M
STANDARD ARTICLE D i

American College of
Veterinary Internal Medicine

Comparative analysis of the effect of IV administered acid
suppressants on gastric pH in dogs

Amanda Kuhl® | Adesola Odunayo® | Josh Price! | Silke Hecht® |
Kristen Marshall* | Joerg Steiner? | M. Katherine Tolbert?

Department of Small Animal Clinical Sciences,
College of Veterinary Medicine, University of Abstract

Tennessee, Knoxville, Tennessee Background: Upper gastrointestinal (Gl) ulceration and bleeding in critically ill dogs can
2Department of Small Animal Clinical Sciences,
College of Veterinary Medicine, Texas A & M

University, College Station, Texas inhibitors or histamine-2 receptor blockers administered IV is commonly recommended.

cause severe anemia and increase morbidity. Acid suppressants using proton pump

Hypothesis/Objectives: To evaluate the efficacy of IV administered esomeprazole,
Correspondence

Adesola Odunayo, Department of Small pantoprazole, and famotidine constant rate infusion (CRI) on increasing the
Animal Clinical Sciences, College of Veterinary
Medicine, University of Tennessee Veterinary
Medical Center, 2407 River Drive, Knoxville, would provide superior acid suppression compared to pantoprazole and reach pH
TN 37996-4544.

Email: aodunayo@utk.edu

intragastric pH of dogs. We hypothesized that esomeprazole and famotidine CRI

goals for the treatment of Gl bleeding.

Animals: Nine healthy research Beagles.
M. Katherine Tolbert, Gastrointestinal
Laboratory, Department of Small Animal
Clinical Sciences, Texas A&M University, esomeprazole at 1 mg/kg IV q12h and famotidine with a loading dose of 1 mg/kg
TAMU College Station, TX 77843-4474.
Email: ktolbert@cvm.tamu.edu

Methods: Randomized, 3-way crossover. Dogs received pantoprazole or

followed by 8 mg/kg IV CRI daily for 3 consecutive days. The intragastric pH was

recorded at baseline and for 72 hours of treatment. The mean pH and the mean per-
Funding information

The Companion Animal Fund, Grant/Award
Number: CAF.2018.04 within treatment groups.

Results: Significant increases in mean pH (P < 0.0001), MPT >3 (P < 0.001), and MPT
>4 (P = 0.0006) were noted over time with all 3 treatments. The time effect did not
differ by treatment for mean pH, MPT >3, and MPT 24 (P = .29, .56, and .37, respec-

tively); however, only esomeprazole and famotidine CRI achieved the goals

centage time (MPT) the intragastric pH was 23 or 24 were compared among and

established for the treatment of gastroduodenal ulceration in people.
Conclusions and Clinical Importance: Famotidine CRI and esomeprazole might be
superior acid suppressants compared to standard doses of pantoprazole for the first

72 hours of treatment.

KEYWORDS

bravo monitoring, canine, histamine-2 receptor antagonist, proton pump inhibitor

Abbreviations: CRI, constant rate infusion; Gl, gastrointestinal; MPT, mean percentage time; PPI, proton pump inhibitor.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2020 The Authors. Journal of Veterinary Internal Medicine published by Wiley Periodicals, Inc. on behalf of the American College of Veterinary Internal Medicine.

678 wileyonlinelibrary.com/journal/jvim J Vet Intern Med. 2020;34:678-683.


https://orcid.org/0000-0003-3336-2086
https://orcid.org/0000-0001-8725-9530
mailto:aodunayo@utk.edu
mailto:ktolbert@cvm.tamu.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/jvim

KUHL ET AL.

1 | INTRODUCTION

Gastrointestinal (Gl) bleeding in critically ill dogs can result in severe
anemia and an increase in treatment cost and morbidity.! An important
adjunctive treatment in the treatment of upper Gl bleeding is to pro-
mote a favorable environment for clot formation and stabilization, which
requires inhibition of gastric acid secretion. Increasing the gastric pH 23
for 75% of the day and pH 24 for 67% of the day are the goals for the
adjunctive treatment of duodenal ulceration and esophagitis, respec-
tively, in people,>® whereas gastric acid suppression >pH 6 is thought to
optimize clot formation in the presence of severe upper Gl hemor-
rhage.*> According to a sequential endoscopic study in humans with
bleeding peptic ulcers, the risk for ulcer rebleeding is highest during the
first 72 hours of admission, with most rebleeding occurring within the
first 24 hours.® Thus, administration of drugs that are quick in onset and
provide potent gastric acid suppression are desired for a minimum of
3 days to promote mucosal healing and hemostasis.

Gastric acid suppression using IV administered gastric acid sup-
pressants like proton pump inhibitors (PPls, e.g., pantoprazole,
esomeprazole) or histamine-2 receptor antagonists (e.g., famotidine) is
commonly recommended in critically ill dogs with documented upper
Gl bleeding. Standard doses (1 mg/kg IV q12h) of pantoprazole are
more effective at increasing intragastric pH compared to standard
doses of famotidine in humans’ and likely in dogs but might not pro-
vide superior gastric acid suppression compared to other acid sup-
pressants.® Identification of a more effective IV administered acid
suppressant is of considerable interest for the treatment of upper Gl
ulceration and bleeding in critically ill dogs.

Esomeprazole might provide superior acid suppression compared
to other PPIs.’ Esomeprazole dramatically increases gastric pH in
dogs,'° but a comparative analysis with other gastric acid suppres-
sants is not available. A constant rate infusion (CRI) of famotidine at a
higher total daily dose also provides potent acid suppression in
healthy dogs.*! A comparative study of these IV administered acid
suppressants is warranted in dogs.

Our study objective was to compare standard intermittent bolus
injections of esomeprazole and pantoprazole to a CRI of famotidine to
determine which of these methods provides superior gastric acid sup-
pression. We hypothesized that esomeprazole and famotidine CRI
would significantly increase gastric pH compared to pantoprazole and
meet the pH goals for treatment of esophagitis and duodenal ulcera-
tion as defined in people.

2 | MATERIALS AND METHODS

21 | Study animals

The study protocol was approved by the Institutional Animal Care and
Use Committee. Nine adult healthy purpose-bred Beagle dogs from a
research colony at the University of Tennessee were enrolled in the
study (4 intact females, 5 castrated males), all approximately 2 years of

age and weighing 7.6-11.4 kg (median 9.5 kg). The number of dogs was
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selected based on a sample size calculation using a study comparing the
effects of intermittent oral dosing of PPls in humans on intragastric
pH.12 By assuming a conservative within-subject correlation (0.25) and
power equal to 0.8, 7 dogs were needed to detect a clinically important
20% change in mean percentage time (MPT) intragastric pH >4. An addi-
tional 2 dogs were enrolled to account for the potential for study drop-
out. All dogs were deemed healthy based on a lack of a history of Gl
disease (eg, vomiting, diarrhea, anorexia), a normal physical examination,
recent laboratory diagnostics (CBC, serum biochemistry, urinalysis, and a
centrifugal fecal examination) obtained on day O of the study. Dogs
were maintained in a closed colony and receive monthly preventatives
containing an anthelmintic. Dogs were excluded from the study if they
developed inappetence, characterized by consuming <50% of their meal
on more than 3 consecutive occasions, weight loss >10% of their body
mass, >3 episodes of vomiting in a 24-hour period, or diarrhea charac-
terized by a Purina fecal score >5 for more than a 48-hour period. Dogs
were fed their normal commercial dry food diet (Purina ONE Smartblend
Lamb & Rice Formula, Nestlé Purina PetCare Company, St. Louis,
Missouri) twicedaily and given water ad libitum throughout the study.

2.2 | pH monitor placement

On the morning of day O of each treatment period, the morning meal
was withheld and the dogs were sedated using a combination of
butorphanol (0.3-0.4 mg/kg 1V) (Torbugesic 10 mg/mL injection; Fort
Dodge Animal Health, FortDodge, lowa) and dexmedetomidine
(4-6 ug/kg IV) (Dexdomitor 0.5 mg/mL injection; Orion Pharma,
Espoo, Finland) for digital radiology-assisted placement of the Bravo
pH capsule. Following sedation, a cephalic IV catheter was placed and
intragastric pH capsules were adhered to the dog's gastric mucosa as
previously described.>*® The sedation was then reversed with
atipamezole (0.04-0.06 mg/kg IM) after pH capsule placement.

(Antisedan 5 mg/mL injection; Orion Pharma, Espoo, Finland).

2.3 | Study design

A randomized, 3-way open-label crossover study design was per-
formed. A random number generator was used to determine the treat-
ment order for each dog. Dogs initially received 0.9% saline IV every
6 hours for the first 24 hours to obtain baseline intragastric data and
thereafter until study completion to ensure catheter patency. All dogs
then received either twicedaily IV injections of pantoprazole
(Pantoprazole sodium 40 mg/vial; Wyeth Pharmaceuticals, LLC, Phila-
delphia, Pennsylvania) or esomeprazole (Esomeprazole magnesium
40 mg/vial; AstraZeneca LP, Wilmington, Delaware) at 1.0 mg/kg
gl2h, prepared according to the manufacturer's instructions and
diluted with 0.9% saline to a concentration of 10 mg/mL for
esomeprazole and 4 mg/mL for pantoprazole, or famotidine
(Famotidine 200 mg/20 mL injection, Westward Pharmaceuticals,
LLC, Eatontown, New Jersey) dosed at 1.0 mg/kg IV as a 1-time, load-
ing bolus dose, followed by continuous infusion of 8.0 mg/kg/day and
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diluted with 0.9% saline to a concentration of 1.0 mg/mL. Each drug
was administered for 3 consecutive days. A 10-day washout period
separated the treatment groups. All treatments were administered
30 minutes prior to a meal. Clinical signs, including general attitude,
number of vomiting episodes, number of daily defecations, and fecal
score were recorded every 6 hours. Fecal scores were graded using a
standardized fecal scoring system (Fecal Scoring System, Nestlé

Purina PetCare Company).

2.4 | Intragastric pH monitoring

Intragastric pH were recorded continuously for 96 hours after capsule
placement starting on day O and continuing through 3 treatment days or
until the capsule detached if detachment occurred before day 3. Telemet-
ric data were transferred to a corresponding receiver that was placed
within 3 ft of the dog and remained with the dog throughout the treat-
ment period. pH data were uploaded to a commercial computer software
system (Polygram Net Software, Given Imaging, Yogneam, Israel) every
24 hours. The receiver was then reset after the data were uploaded, and
the same receiver was used to capture the next 24 hours of data. Right
lateral radiographs were taken to confirm the pH capsule was still within
the stomach if early gastric detachment and passage was suspected
based on a rapid and sustained increase in the intragastric pH > 4.

2.5 | Statistical analysis

A 3 treatment, 3 sequence, crossover design with repeated measures was
performed to evaluate mean intragastric pH, MPT that intragastric pH
was 23, and MPT that intragastric pH was 24.241> Each response measure
was analyzed with repeated-measures mixed model analysis of variance
(ANOVA) to evaluate for treatment, time, the treatment by time interac-
tion, and carryover effects. Unstructured Kronecker product variance/
covariance structures were incorporated into each model. In each analysis,
post hoc was developed to test for within-day and between-treatment
differences. A Shapiro-Wilk test for normality and QQ plots were used to
evaluate normality of ANOVA residuals. Levene's equality of variances
test was used to evaluate equality of treatment variances. All statistical
assumptions regarding normality and equality of variances were met and
no transformations were required. Statistical significance was defined as
P < .05. Statistical analysis was performed using commercial software
(SAS software, version 9.4, Cary, North Carolina; Release TS1M5).
Figures were created using commercially available software (Prism8,
GraphPad Software, San Diego, California).

3 | RESULTS

3.1 | pH capsule placement

A total of 32 capsules were deployed during the study. Fifteen of
32 capsules remained in place for the entirety of the 96-hour study

period. Five capsules failed and required re-deployment on day O of
the study (n = 1 for esomeprazole, n = 2 famotidine, n = 1 pan-
toprazole). Capsule failure was attributed to inadequate vacuum suc-
tion (n = 4) or failure of the receiver to appropriately sync once the
capsule was placed (n = 1). On 3 occasions, the pH capsule detached
on day 2 (n = 1 esomeprazole, n = 2 pantoprazole). On 12 occasions,
the pH capsule detached and exited the stomach on day 3 before the
end of the monitoring period (n = 3 esomeprazole, n = 6 famotidine,
n = 3 pantoprazole). Data from these dogs were not included in the
treatment comparisons on days in which the data were not available.
All remaining pH capsules placed the previous treatment week had
passed through the feces before placement of new capsules.

3.2 | Intragastric pH recording

The mean intragastric pH and the MPT intragastric pH were 23 and 24
for each treatment group and are graphically depicted in Figures 1-3,
respectively. Tests for carryover effects were incorporated into each
model, and no significant carryover effects were identified. Significant
increases were observed over time for mean pH, MPT intragastric pH
>3, and pH 24 (P < .0001, P = .001, and P < .0006), respectively, across
all treatment groups. Post hoc tests revealed mean pH, MPT intragastric
pH 23, and pH 24 significantly differed with higher values on days 1, 2,
and 3 compared to baseline (P <.001, for all comparisons). No signifi-

cant differences were observed between days 2 and 3 for mean pH,
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FIGURE 1 The mean percentage time (MPT) intragastric pH >3 for

all dogs receiving 1 mg/kg q12h esomeprazole, pantoprazole, and 8 mg/
kg/day famotidine constant rate infusion (CRI) on treatment days 1-3.
Horizontal and vertical lines represent the mean and standard deviations,
respectively. Individual dog data are represented by green circles
(pantoprazole), blue squares (esomeprazole), and red triangles (famotidine
CRI). Significant increases in MPT intragastric pH >3 were noted over
time (P = .001) with all 3 treatments. No significant treatment (P = .56) or
treatment-by-time interaction (P = .56) were observed
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FIGURE 2 The mean percentage time (MPT) intragastric pH 24
for all dogs receiving 1 mg/kg q12h esomeprazole, pantoprazole, and
8 mg/kg/day famotidine constant rate infusion (CRI) on treatment
days 1-3. Horizontal and vertical lines represent the mean and
standard deviations, respectively. Individual dog data are represented
by green circles (pantoprazole), blue squares (esomeprazole), and red
triangles (famotidine CRI). Significant increases in MPT intragastric pH
>4 were noted over time (P = .001) with all 3 treatments. No
significant treatment (P = .96) or treatment-by-time interaction

(P = .37) were observed
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FIGURE 3 The mean pH for all dogs receiving 1 mg/kg q12h
esomeprazole, pantoprazole, and 8 mg/kg/day famotidine constant
rate infusion (CRI) on treatment days 1-3. Horizontal and vertical lines
represent the mean and standard deviations, respectively. Individual
dog data are represented by green circles (pantoprazole), blue squares
(esomeprazole), and red triangles (famotidine CRI). Significant
increases in mean pH were noted over time with all 3 treatments

(P < .001). No significant treatment (P = .77) or treatment-by-time
interaction (P = .29) were observed

MPT intragastric pH 23, and pH 24 (P = .59, P = .90, P = .60, respec-
tively). No significant differences were observed for mean pH, MPT
intragastric pH 23, and pH 24 for treatment (P = .77, P = .56, P = .96,
respectively) or the treatment-by-time interaction (P = .29, P = .56,

8 mg/kg/day famotidine constant rate infusion (CRI) on treatment
days 1-3. Horizontal and vertical lines represent the mean and
standard deviations, respectively. Individual dog data are represented
by green circles (pantoprazole), blue squares (esomeprazole), and red
triangles (famotidine CRI)
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FIGURE 5 The mean percentage time (MPT) intragastric pH 26
for all dogs receiving 1 mg/kg q12h esomeprazole, pantoprazole, and
8 mg/kg/day famotidine constant rate infusion (CRI) on treatment
days 1-3. Horizontal and vertical lines represent the mean and
standard deviations, respectively. Individual dog data are represented
by green circles (pantoprazole), blue squares (esomeprazole), and red
triangles (famotidine CRI)

P = .37). The MPT intragastric pH =5 and 26 were also evaluated
(Figures 4 and 5) but not statistically compared because of the potential
for a type 1 error with a small sample size and multiple statistical

comparisons.

3.3 | Adverse effects

No dogs were excluded from the study. No changes in activity were

noted. All dogs consumed 100% of their meals on all baseline and
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treatment days during all 3 treatments. The total number of vomiting
episodes for all days was 4, 2, and 2 for the famotidine CRI,
esomeprazole, and pantoprazole treatment groups, respectively. The
majority of these vomiting episodes happened on treatment days 2-3.
None of these vomiting episodes occurred immediately after medicat-
ing. The mean * standard deviations for fecal scores for the
famotidine group, esomeprazole group, and pantoprazole group for all
treatment days were 2.3 + 0.5, 2.4 + 0.48, and 2.4 + 0.5, respectively.
There were no significant associations with treatment groups and

number of vomiting episodes, fecal score, or appetite.

4 | DISCUSSION

In this study, we compared the efficacy of IV administered esomeprazole,
pantoprazole, and a CRI of famotidine to increase the intragastric pH of
healthy dogs to determine which acid suppressant might be most effica-
cious for treatment of upper Gl ulceration and bleeding in critically ill dogs
that require parenterally administered medications. We found no signifi-
cant differences among the treatment groups. The optimal degree of acid
suppression for the treatment of duodenal ulceration and esophagitis in
people is to increase the intragastric pH 23 for approximately 18 hours or
75% of the day and pH 24 for approximately 16 hours or 67%, respec-
tively.2® As no goals have been established for companion animals and
goals for the treatment of gastric ulceration are largely undefined, these
goals have been adopted as measures of acid suppressant efficacy in dogs
and were used, in addition to reporting of mean gastric pH, in our study
for comparative analysis. On treatment day 1, esomeprazole and
famotidine CRI had excellent gastric acid suppression, maintaining an
MPT intragastric pH 23 of 80% and 87% and MPT intragastric pH 24 of
84% and 73%, respectively. Pantoprazole did not achieve the clinical goals
for acid suppression on day 1 with an MPT intragastric pH 23 and 24 of
58% and 43%, respectively. On treatment days 2-3, esomeprazole and
famotidine CRI continued to outperform pantoprazole, maintaining an
MPT intragastric pH 23 and 24 above 85%. Pantoprazole again failed to
meet the clinical goals for the treatment of acid-related injury on subse-
quent treatment days with an MPT intragastric pH 24 of 66% and 62%
on treatment days 2 and 3, respectively. Although additional study is
needed in dogs with upper Gl bleeding, our findings lead us to believe
that esomeprazole and famotidine CRI provide superior gastric acid sup-
pression compared to pantoprazole. In previous studies, both parenterally
and PO administered esomeprazole formulations have proven to provide
potent acid suppression in dogs.’® And, in a recent report, a lower dose
of IV administered esomeprazole (0.5 mg/kg q 12 hours) was still effec-

tive in raising gastric pH in dogs compared to 1.0 mg/kg g12h.¢

Orally
administered esomeprazole was superior to other PO administered FDA-
approved PPIs in mucosal erosion healing and heartburn relief in people.”
Moreover, although no definitive conclusions can be drawn based on our
findings, we did note that esomeprazole had the highest MPT intragastric
pH 25 and 26, 2 variables that are critical for gastric mucosal hemostasis
in the face of severe coagulation impairment. These preliminary findings

lead us to believe that esomeprazole is the superior choice when

aggressive acid suppression is desired in critically ill dogs with upper Gl
hemorrhage. Additionally, intermittent IV administered injections of
esomeprazole also afford a lower cost to the client and less concern for
drug incompatibility in hospitalized dogs with 1 single lumen IV catheter
compared to a famotidine CRI. In a recent meta-analysis, intermittent IV
administered PPI injections were comparable to CRI PPI treatment for
reduction of ulcer rebleeding in humans.*®

A diminished acid suppressing effect can be observed with PO
administered famotidine over time in dogs,13 but we cannot comment
as to whether this occurs after an IV administered CRI of famotidine
as can occur in people with IV administered ranitidine.'? In a previous
study® and in the current study, a diminished efficacy over time was
not observed; however, medications were only administered for
72 hours. Moreover, in the current study, only 3 dogs receiving
famotidine CRI had a capsule in place at the end of the 72-hour moni-
toring period. Thus, we can only conclude that an IV administered CRI
of famotidine is likely to be effective for up to 72 hours.

Our study was limited by a small sample size that likely contrib-
uted to the high degree of variability among dogs. We evaluated a
population of healthy dogs with no evidence of Gl disease based on
normal physical examination and laboratory findings. The response
noted in these individual dogs might not reflect the response of dogs
with upper Gl ulceration or bleeding.

In conclusion, famotidine CRI and esomeprazole might be supe-
rior acid suppressants compared to pantoprazole in the first 72 hours
of treatment. These findings provide a platform for further investiga-

tion and treatment of upper Gl ulceration and bleeding in dogs.
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