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Abstract

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most common
pharmaceutical associated with gastroduodenal ulceration and perforation. The prev-
alence of gastrointestinal (Gl) injury associated with chronic use of NSAIDs in dogs is
unknown.

Objective/Hypothesis: To determine the prevalence of Gl mucosal erosions in dogs
receiving chronic treatment with NSAIDs. We hypothesized that dogs receiving
NSAIDs would have more Gl mucosal erosions and longer Gl transit time than a con-
trol population.

Animals: Fourteen client-owned medium- and large-breed dogs receiving an NSAID
for at least 30 days and 11 client-owned control dogs undergoing video capsule
endoscopy (VCE) for evaluation of chronic Gl disease.

Methods: Dogs were prospectively recruited after determining no clinically relevant
comorbidities were present and VCE was performed. The GI transit time and the
presence of mucosal lesions were recorded.

Results: Twelve dogs receiving NSAIDs and 11 retrospectively evaluated control
dogs were included. The NSAIDs administered included carprofen (9 dogs),
meloxicam (2 dogs), and firocoxib (1 dog) for a median of 6 months. Ten (83.3%; 95%
confidence interval; 51.6%-97.9%) NSAID-treated dogs had Gl erosions. Erosions
were seen with all 3 NSAIDs in at least 1 dog. Three of 11 control dogs had gastric
erosions. Dogs receiving NSAIDs had more erosions detected (P = .004).

Conclusions and Clinical Relevance: Subclinical Gl erosions are more common in
dogs receiving chronic treatment with NSAIDs than in control dogs with chronic Gl
disease, suggesting that NSAIDs be used with caution, particularly in dogs with

comorbidities predisposing them to Gl ulceration.
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1 | INTRODUCTION

Gastroduodenal ulceration is a well-recognized complication of nonste-
roidal anti-inflammatory drug (NSAID) use,* and NSAID treatment, both
with non-cyclooxygenase (COX) selective and COX-2 selective inhibi-
tors, is the most frequently cited factor associated with gastroduodenal
ulceration and perforation in dogs.21* Most cases of NSAID-associated
ulceration and perforation have been attributed to inappropriate

412 concurrent conditions (eg, hepatic disease, sepsis, neoplasia)

dosing,
or concurrent treatment with corticosteroids or other NSAIDs.® Gastro-
duodenal perforation, however, has been described with NSAIDs used
at therapeutic doses.* Dogs diagnosed with spontaneous gastroduode-
nal ulceration or perforation associated with NSAID treatment are most
often large breed dogs (average 35 kg) that are middle-aged (5-7 years),
but it is unknown whether if these dogs are overrepresented in terms
of receiving NSAID treatment or if they are predisposed to develop gas-
troduodenal erosions with NSAIDs. Death occurs as a complication of
NSAID treatment in 1 per 2000 PO doses and <1 per 500 injectable
doses in dogs.'®

In people, the rate of gastric or duodenal erosions within the first
12 weeks of treatment with NSAIDs is 12%, with 40% of cases being
asymptomatic.'* The risk of severe gastrointestinal (Gl) complications,
including abdominal pain, Gl bleeding, Gl ulceration, obstruction, or
perforation is 0.3% to 1%.!

The rate of subclinical gastroduodenal erosions or lesions in dogs
receiving NSAIDs for clinical use is unknown. Mild to moderate punc-
tate erosions were observed in 70% of healthy research dogs that
received ketoprofen, carprofen, meloxicam, or placebo for 28 days. No
differences were found between NSAID groups and the placebo group,
and no baseline pretreatment endoscopies were performed, leaving
open the possibility that research dogs might have had subclinical gas-
troduodenal erosions independent of NSAID treatment.’ In a separate
study using healthy research dogs, mild gastroduodenal mucosal ero-
sions were observed in 73% of dogs after 7 days of PO NSAID admin-
istration, and dogs receiving PO aspirin experienced significantly more
severe gastric erosions than did the placebo group. As in the previous
study, no pretreatment endoscopies were performed.!® Regardless, no
dog in either study showed clinical signs related to the Gl lesions. The
prevalence of subclinical erosions in healthy client-owned dogs is
unknown because these dogs typically do not have conventional or
video capsule endoscopy (VCE) performed.

Under-recognition of adverse Gl events after NSAID treatment in
dogs could result in higher morbidity and mortality with chronic
use.l® Conversely, exaggerated concerns about NSAID use might
result in ineffective management of pain in dogs. Establishing the
prevalence of subclinical ulceration in dogs receiving chronic NSAID
treatment should allow for reduction of risk in susceptible populations
and ensure that dogs that would benefit from NSAIDs are not denied
treatment based on concern of adverse events.

Video capsule endoscopy has been used previously to detect
mucosal abnormalities (eg, frank blood, mucosal erosions, masses,
parasites) in dogs with Gl hemorrhage or microcytosis.'¢"2%

Gastrointestinal motility also has been assessed using VCE and

showed wide variability in gastrointestinal transit time (GITT). There is
no documented relationship between gastroenteropathy and Gl motil-
ity in dogs.?¢18242¢ Use of NSAIDs also can cause delayed gastric
emptying in dogs because of inhibition of prostaglandin production.?”

We used VCE to evaluate the Gl mucosa in dogs receiving chronic
NSAID treatment. We hypothesized that the rate of subclinical gas-
troduodenal erosions would be higher and the GITT longer in dogs
receiving chronic NSAID treatment as compared with a control popu-

lation of dogs undergoing VCE for assessment of chronic Gl signs.

2 | MATERIALS AND METHODS

Client-owned dogs weighing 25 to 45 kg that received NSAIDs daily
for at least 30 days were eligible. Dogs were excluded if they had
received acid suppressants or gastroprotectants (histamine 2 [H,]
receptor antagonists, proton pump inhibitors, sucralfate, magnesium,
or aluminum hydroxide) or exogenous corticosteroids within the pre-
vious 30 days. A complete clinical history including reason for NSAID
treatment, type of NSAID used, and duration of treatment was
obtained from the client. Physical examination, hematology, serum
biochemistry, urinalysis, and postprandial bile acid concentration were
performed before enrollment. Any dog with a suspicion of Gl, renal, or
hepatic disease based on these findings was excluded. A zinc sulfate
fecal flotation was performed on every dog. The study was approved
by the Clinical Research Committee of The University of Georgia Col-
lege of Veterinary Medicine.

After a 16 to 24 hour fast, each study dog underwent VCE
(ALICAM, Infiniti Medical LLC, Redwood City, California). This
11 x 31 mm capsule was administered PO by a direct pilling tech-
nique after activating the capsule. The dog was fasted for an addi-
tional 8 hours after capsule administration. Clients monitored the
feces until the capsule could be retrieved from the feces and ret-
urned for processing.

For control dogs, the previous 200 VCE studies were retrospec-
tively evaluated for dogs that underwent VCE for assessment of chronic
Gl disease. These dogs were fasted for the manufacturer-recommended
16 to 24 hours before VCE. Any dog that was receiving an NSAID, a
proton pump inhibitor, an H, receptor antagonist, had evidence of Gl
bleeding (melena, hematochezia, hematemesis), anemia, or was <10 kg
was excluded, which resulted in 188 cases being excluded. One addi-
tional case was excluded because of species (wolf). Eleven cases
remained for analysis.

Video capsule endoscopy images were interpreted individually by
2 trained investigators (T. Hill and M.K. Tolbert) in a blinded manner
for mucosal changes in the stomach and small intestine (SI) and for
assessment of gastric transit time (GTT) and small intestinal transit
time (SITT). Mucosal changes recorded included estimated percentage
of mucosa visualized and the presence of erosions. For each dog, the
presence of an erosion was recorded along with whether the location
(gastric or Sl) was affected by a single erosion, few erosions (2-7), or
many erosions (>8). Erosions were defined as mucosal breaks with

white, yellow, or brown bases surrounded by red or pink collars or
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actively hemorrhaging lesions. If both investigators observed a lesion,
it was considered a definitive lesion. If only 1 of the 2 investigators
observed a lesion, it was considered suspicious. The estimated per-
centage of mucosa that was visualized (not obscured) was graded sub-
jectively as 0% to 25% visualized, 26% to 50% visualized, 51% to 75%
visualized, and 76% to 100% visualized for both stomach and SI. The

location of lesions was recorded.

3 | STATISTICS

Age, body weight (BW), body condition score (BCS), duration of NSAID
treatment, GTT, and SITT were analyzed for normality using a Shapiro-
Wilk test; the mean and SD and median and ranges were reported as
appropriate. Control and NSAID-treated dogs were compared for age,
BW, BCS, presence of erosions, GTT, and SITT using a t test or Mann-
Whitney U test as appropriate. Proportions of the primary outcome
(erosions) were described using a 95% binomial confidence interval (Cl).
Fisher's 2-tailed exact test was used to detect statistical differences
between the 2 groups and presence of Gl lesions. For purposes of com-
parison, suspicious erosions (detected by 1 investigator) were consid-
ered definitive in the control population group, whereas suspicious
erosions were not included in the total number of dogs with erosions
from the NSAID-treated group. A significance level of P < .05 was used.
We intended to stratify groups to compare signalment and NSAID char-
acteristics with the presence of lesions but because of the high percent-

age of dogs affected, no further statistical analysis was performed.

4 | RESULTS

Video capsule endoscopy was performed on 14 NSAID-treated dogs
and 11 control dogs. Of the NSAID-treated dogs, 1 dog experienced
malfunction of the capsule, and the images could not be retrieved and
the gastric mucosa of another dog was nearly completely obscured by
food and gastric retention of the capsule, and no analyzable images
were obtained. Twelve NSAID-treated dogs had VCE successfully com-
pleted and were included for further analysis. The median age was
9 years (range, 2-12) with mean BW of 25.7 kg (range, 20.9-45). Breeds
included American Staffordshire Terrier or American Staffordshire Ter-
rier Cross (4 dogs), Labrador Retriever or Labrador Cross (2 dogs), New-
foundland, smooth-coated Collie, German Shepherd Mix, Golden
Retriever, flat-coated retriever, and Border Collie Cross (1 dog each).
There were 5 neutered male and 7 spayed female dogs. Minor physical
examination abnormalities were detected in 5 dogs including dental dis-
ease (3 dogs), lameness (1 dog), and a palpable tibial plateau leveling
osteotomy plate (1 dog). Dogs had normal to mildly increased BCS with
a median BCS of 5 (range, 4-7). Abnormal laboratory findings included
mild anemia in 1 dog (hematocrit, 32.7%) and mild thrombocytopenia
(167 000/pL) in another dog. Postprandial serum bile acid concentra-
tions all were normal, and evaluation of urinalysis and fecal flotation
identified no clinically relevant findings in any dog. No dog experienced

adverse clinical effects directly related to NSAID treatment.
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Types of NSAIDs administered included carprofen (9 dogs; average
daily dose, 3.79 mg/kg), meloxicam (2 dogs; average daily dose,
0.08 mg/kg), and firocoxib (1 dog; average daily dose, 4.2 mg/kg). One
dog received a slight overdose of carprofen at 2.5 mg/kg/day either
once or twice daily (administered based subjectively on orthopedic clini-
cal signs observed by the owner). Median duration of NSAID treatment
was 34 months (range, 1-60). Other than monthly anthelmintic preven-
tative medications, 3 dogs also received glucosamine, and 1 dog each
was being treated with phenylpropanolamine, oclacitinib, cetirizine,
diphenhydramine, fluoxetine, or gabapentin.

Gastrointestinal transit times were as follows: median, 45 minutes
(range, 7-181) for GTT and 106 minutes (range, 73-317) for SITT. Gas-
tric mucosal visualization was 76% to 100% in 2 dogs, 51% to 75% in
6 dogs, 26% to 50% in 1 dog, and 0% to 25% in 2 dogs. Small intestinal
mucosal visualization was 76% to 100% in 9 dogs and 51% to 75% in
2 dogs. One dog had gastric retention, and this dog was not included in
the analysis of GTT or SITT.

Nine of 12 dogs (75.0%; 95% Cl, 42.8%-94.5%) had gastric ero-
sions definitively observed (Figure 1). One dog had an erosion that
was deemed suspicious but not definitive by both reviewers. In 2 dogs,
no erosions were visualized. Of the dogs with recorded definitive
erosions, 4/8 dogs had multiple (>8), 3/8 dogs had few lesions (2-7),
and 2/8 dogs had 1 lesion visualized.

In the S, 6 of 12 dogs (50.0%; 95% Cl, 21.1%-78.9%) had ero-
sions definitively visualized (Figure 2). An additional 3 dogs had suspi-
cious erosions and 1 dog had gastric retention, so that no S| images
were obtained before the capsule battery expired and the capsule
passed. No erosions were observed in 2 dogs. All 6 dogs with identifi-
able erosions had erosions visualized in the proximal third of the SI, as
did the 3 dogs with suspicious erosions, which likely corresponded to
the duodenum. Five of the 6 dogs also had suspicious or confirmed
erosions in the second (5 dogs) or third (2 dogs) tertile. Video capsule
endoscopy cannot definitively distinguish the 3 segments of SI, but
these latter lesions likely correspond to jejunum and ileum.

Overall, 10 of 12 dogs (83.3%; 95% Cl, 51.6%-97.9%) had erosions
in either the stomach or Sl or both. One dog had no erosions visualized
in the Gl tract. One additional dog had a suspicious erosion in the stom-
ach and no erosions visualized in the SI. The first dog was being treated
with carprofen for 6 months, the second with meloxicam for 5 months,
and both at recommended dosages. For the control dogs, the median
age was 7.1 years (range, 3.1-14.3 years), median BW was 26.4 kg
(range, 10-52 kg), and BCS was 4 (range, 3-9). Age, BW, and BCS were
not different between control and NSAID-treated dogs. Breeds
included 3 Labrador Retrievers and 1 each of: Golden Retriever, Fox
Terrier cross, Catalan Sheepdog, Shetland Sheepdog, Dogo Argentino,
German Shepherd Dog, mixed breed dog, and Whippet. There were
5 neutered male, 4 spayed female, and 2 intact male dogs. Dogs under-
went VCE for a variety of presenting clinical signs, including vomiting,
diarrhea, hypo- or anorexia, weight loss, polyphagia, regurgitation, and
flatulence. Duration of clinical signs at the time of VCE was a median of
6 months (range, 1-30). Drugs being administered at the time of VCE
included: maropitant (4 dogs), amoxicillin (2 dogs), probiotics (2 dogs),

tylosin (2 dogs), and 1 dog each receiving enrofloxacin or clindamycin.
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FIGURE 1 Video capsule endoscopy (VCE) images of the stomach in 3 affected dogs. A focal gastric erosion (asterisk) is visualized in each

image

FIGURE 2 Video capsule endoscopy (VCE) images of the small intestine in 3 affected dogs. A focal intestinal erosion (asterisk) is visualized in

each image

In the control dogs, 3 of 11 (27.2%; 95% Cl, 6.0%-60.9%) had gas-
tric erosions; 1 dog with many pinpoint erosions, 1 with 1 to 2 erosions,
and 1 dog with 2 suspicious erosions. The dog with 1 to 2 gastric ero-
sions had a few lesions suspicious for pinpoint erosions in the distal half
of the SI. Overall, 3 dogs had suspected or identified gastric or Sl ero-
sions. Gastric mucosa visualization was estimated as 76% to 100% in
5 dogs, 51% to 100% in 4 dogs, 26% to 50% in 1 dog, and 0% to 25% in
1 dog. Small intestinal mucosal visualization was 76% to 100% in 7 dogs,
26% to 50% in 1 dog, and 0% to 25% in 1 dog. Gastric retention

occurred in 2 dogs, and 1 additional dog had only the proximal Sl visual-
ized before the battery expired (estimated 0%-25% visualized). The
most common lesion detected was patchy or diffusely thickened irregu-
lar gastric mucosa (10/11 dogs), edematous villi (8 dogs), dilated lacteals
(5 dogs), and hookworms (1 dog; Figure 3). Gastrointestinal transit times
were as follows: median, 143 minutes (range, 24-1109) for GTT and
150 minutes (range, 86-275) for SITT. Gastric transit time for control
dogs was longer than for NSAID-treated dogs (P = .01); no difference
was observed for SITT.
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FIGURE 3 Video capsule endoscopy (VCE) images of the stomach in 3 affected dogs. Focal areas of thickened irregular mucosa (asterisk) are

visualized in each image

The NSAID-treated dogs were more likely to have a gastric
(P =.02) or SI (P = .02) erosion. They were more likely to have either
a gastric or an Sl erosion (P = .004). For the purposes of our analysis,
a suspected erosion was considered definitive for control cases and
negative for NSAID-treated dogs to minimize the risk of over-
interpretation of results. Dogs receiving NSAIDs had a relative risk
of 3.14 (P = .005; 95% Cl, 1.170%-8.445%) for the detection of an

erosion.

5 | DISCUSSION
Nearly all dogs (10/12, 83.3%) receiving chronic NSAID treatment had
either gastric or Sl erosions or both. These dogs were chronically
treated with NSAIDs in the form of carprofen, meloxicam, or firocoxib.
All types of NSAIDs were associated with Gl mucosal changes in at
least 1 dog, which is higher than the reported incidence of subclinical
Gl erosions in people (12%).28 Additionally, 60% of people with NSAID-
induced erosions are symptomatic,® whereas none of our 12 dogs with
lesions had any clinical signs noted by the owners. These dogs may
have had mild signs that were undetected, but nearly all of the dogs
were owned by veterinary students, technicians, or veterinarians,
observers who likely were relatively attentive to their pet's clinical signs.
Previously, NSAID-associated erosions have been reported in 70% to
73% of healthy research dogs’ and healthy client-owned dogs®® after
treatment with variable types of NSAIDs, all of which also were
subclinical.

A single dog had mild anemia and thrombocytopenia. This dog
was included in the study because the abnormalities were mild and

not expected to predispose this dog to adverse effects.

The median GTT of 36 minutes (range, 5-160) and SITT of
106 minutes (range, 59-604) in these dogs are comparable or slightly
faster than previously reported, with GTT of 164 minutes (range,
40-410) and SITT of 131 minutes (range, 91-206) in 1 study,?’ GTT of
79 + 40 minutes and SITT of 119 + 44 minutes in a second study,30
and GTT of 429 minutes (range, 306-1370) in another study,®* with
healthy medium-sized, unreported size, and large to giant breed dogs,
respectively. In the third study, dogs were not fasted as they were in
our study, and included giant breed dogs, both of which factors could
have affected GITT. Despite the presence of lesions, it did not appear
that the GTT or SITT were markedly prolonged. The GITT of the con-
trol dogs that received VCE for assessment of chronic Gl disease was
longer than that of the NSAID-treated dogs. Although NSAIDs likely
induced Gl erosions, they did so without altering GITT.

Gastric retention is a common complication of VCE, occurring in up
to 25% of dogs with Gl disease?®'82° and in 17% of dogs with intestinal
parasites,?® and thus it was not unexpected that 1 dog would have gastric
retention. It is uncertain whether the presence of gastric erosions in this
dog affected its gastric motility or if it was simply a variant of normal. In
the control dogs with chronic Gl signs, 2 to 3 of the dogs had gastric
retention (the third dog had only its proximal duodenum imaged). This
observation is more consistent with the 25% rate of gastric retention
seen in dogs with Gl disease. Visualization of the S| was largely excellent
(76%-100%) in > 70% in both groups, except in dogs with gastric reten-
tion. Gastric mucosa visualization was good (51%-75%) or excellent
(76%-100%) in > 60% of dogs. No differences in mucosal assessment
were identified between the groups, making it unlikely that the control
population had lesions that were inadequately visualized.

Because we elected to include client-owned dogs that had
already received NSAIDs, we could not perform VCE before NSAID
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treatment began. Therefore, some of the dogs may have had lesions
before NSAID administration. The effect of chronic osteoarthritis
(OA), and chronic administration of nutraceuticals, and certain other
medications on the Gl tract and the mucosa is unknown in dogs, but it
is possible that underlying OA factored into the high rate of erosions
and they may not have been because of the NSAIDs alone. This find-
ing is still clinically relevant, however, because most dogs receiving
chronic NSAID treatment do have concurrent OA.

Our control population included dogs that were undergoing VCE
for assessment of chronic Gl disease. Only 3 of these 11 dogs had ero-
sions present (2 definitive, 1 suspicious). Dogs with chronic Gl disease
might be expected to have a higher rate of erosions than healthy con-
trol dogs and have been used previously as control populations for doc-
umentation of exercise-associated erosions. A previous study
documented erosions in racing Alaskan sled dogs at a higher rate than
in a control population, which included dogs that were undergoing gas-
troduodenoscopy for assessment of Gl disease. In that study, erosions
were detected at a higher rate in the racing dogs (48.5%) than in the
control dogs with chronic Gl signs (32.1%).3? The rate seen in our
NSAID-treated dogs (83.3%) is higher than previously reported for the
racing dogs, control dogs with Gl signs, and our control population of
dogs undergoing VCE, suggesting that NSAIDs or NSAIDs and concur-
rent OA (with or without long-term use of medications or
nutraceuticals) may have played a role in Gl erosions in these dogs. It
would be ideal to perform VCE on dogs with moderate to severe OA
without concurrent NSAID treatment but these dogs benefit from pain
control and withholding NSAIDs in these cases would not be feasible.

The clinical relevance of our findings is unclear, and we do not
recommend withholding NSAIDs if dogs require pain control, or that
all NSAIDs be administered concurrently with gastroprotectants.
Lesions were subclinical in all dogs, and none were known to later
develop clinical signs of ulceration. Newer NSAID-type drugs, such as
grapiprant, are marketed as having a lower risk of Gl injury. We cau-
tion against exclusively using these drugs over traditional NSAIDs
based on the data provided here, because we have observed Gl ero-
sions in a dog treated with grapiprant. Although NSAIDs are the most
highly cited risk factor for gastroduodenal ulceration in dogs3'®
NSAIDs are a commonly prescribed class of drugs.

Our study utilized client-owned dogs that were volunteered for
the study and already receiving NSAIDs, and there was variability in
diet type and frequency, living environment, comorbidities, and daily
stressors that may have affected the clinical relevance of their Gl
lesions. Each study dog's NSAID type, dose, and duration of adminis-
tration also were not standardized. Although these are potential limi-
tations of the study, we believe this population reflects a random
sample of dogs receiving chronic NSAIDs and therefore is clinically
applicable.

The sensitivity and specificity of VCE to detect Gl lesions is
unknown. Although both endoscopists were trained and had experi-
ence reviewing VCE, erosions may have been missed either in the
NSAID or in control populations. Further investigation is warranted
into the incidence of ulceration with various types of NSAIDs, as well

as the effect of duration of treatment on the development of lesions.

Ultimately, the presence of lesions might not have clinical relevance if
none of the affected dogs ever go on to develop clinical signs of
ulceration.

Overall, our study suggests that the prevalence of NSAID-induced
erosions is higher than previously expected, and caution is warranted
in the chronic use of NSAIDs in dogs with comorbidities that could

increase the risk of erosions or ulceration.
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