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Abstract

Background: Video capsule endoscopy (VCE) is a noninvasive imaging modality that
can identify mucosal lesions not detected with traditional endoscopy or abdominal
sonography. In people, VCE is used in diagnostic and management protocols of vari-
ous gastrointestinal (Gl) disorders, particularly in Gl bleeding of obscure origin or
unexplained iron deficiency anemia (IDA).

Objective: To evaluate the utility of VCE in the identification of mucosal lesions in
dogs with evidence of Gl hemorrhage.

Animals: Sixteen client-owned dogs that underwent VCE.

Methods: Retrospective case-control study. Medical records were reviewed to
include dogs with microcytosis, low normal mean corpuscular volume, or clinical Gl
bleeding that received VCE.

Results: Median age of dogs was 8.7 years (range, 8 months to 15 years) with a
median weight of 21.7 kg (range, 6.9-62.5 kg). Abdominal ultrasound (16), abdominal
radiography (4), and abdominal CT (1) did not identify a cause for Gl blood loss. Gas-
tric mucosal lesions were identified by VCE in 15 of 16 dogs and small intestinal
lesions in 12 of 14 dogs, with 2 capsules remaining in the stomach. Endoscopy was
performed in 2 dogs before VCE; 1 dog had additional small intestinal lesions identi-
fied through the use of VCE.

Conclusions and Clinical Importance: Video capsule endoscopy is a minimally inva-
sive diagnostic tool that can identify Gl lesions in dogs presenting with microcytosis
with or without Gl hemorrhage when ultrasonography is inconclusive; however, the
majority of lesions identified would have been apparent with conventional

endoscopy.
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1 | INTRODUCTION

Video capsule endoscopy (VCE) is a minimally invasive imaging modality
used in human and veterinary medicine in the diagnosis of various upper
and lower gastrointestinal (Gl) disorders.! In people, VCE remains a use-
ful modality in the diagnosis of both obscure Gl bleeding (OGIB) and
unexplained iron deficiency anemia (IDA) when upper and lower Gl con-
ventional endoscopy have failed to identify a cause of Gl bleeding.?
Prognosis of small bowel disease, particularly those resulting in OGIB, is
enhanced by VCE more so than by conventional diagnostic modalities
such as radiology, conventional endoscopy, ultrasound, or computerized
tomography (CT) imaging, with double-balloon enteroscopy having equal
sensitivity in identification of such lesions.>*® In veterinary medicine,
VCE has been used to evaluate Gl transit time (TT), to evaluate anthel-
mintic efficacy, and to identify abnormal mucosal lesions in the GI tract
of dogs with Gl hemorrhage.®*® More specifically, VCE identified
mucosal bleeding, erosions, a gastric mass, intestinal parasites, and
healing duodenal ulcers in the stomach and small intestines of dogs with
Gl hemorrhage. These lesions were considered a significant source of
hemorrhage in 4 of 7 dogs with active bleeding, although the importance
of gastric erosions to blood loss was unclear.**

Microcytosis associated with Gl bleeding is a direct consequence
of iron deficiency, with or without evidence of hyposideremia,'? ane-
mia, or other pathophysiological conditions, such as chronic liver dis-
ease (portosystemic shunts), lead poisoning, or copper deficiency.?°2%
Microcytosis is well characterized in specific canine breeds, including
the Akita and Shiba Inu.2® Microcytosis due to iron deficiency in a
mature dog or cat is most commonly a result of chronic blood loss due
to chronic hematuria, chronic Gl bleeding, portal vein hypertension, or
severe flea infestation.242

The most common causes of chronic Gl bleeding are vascular or
inflammatory lesions and tumors, which might be difficult to diagnose,
particularly in the mid- to distal small intestines, with conventional
diagnostic modalities such as ultrasonography, CT, and bidirectional
endoscopy.®® In people with OGIB, VCE is superior to push
enteroscopy and small bowel barium radiography in identifying
lesions in the small bowel. VCE identified 63% of vascular and
inflammatory small bowel lesions as compared to 28% via push
enteroscopy. Video capsule endoscopy detected 42% of small
bowel lesions compared to 6% with small bowel barium radiogra-
phy.® In dogs, the sensitivity and specificity for detection of small
bowel lesions was 64% and 92% for VCE and 37% and 97% for push
enteroscopy, respectively.’

As VCE has the ability to examine the entire Gl tract, this could
provide a useful imaging modality to explore the most common causes
of microcytosis or Gl hemorrhage in dogs when other diagnostic tests
have failed to identify such lesions. This study evaluated the utility of
VCE as a noninvasive diagnostic tool for the identification of Gl
lesions in dogs with microcytosis or low-normal mean corpuscular vol-
ume (MCV) or clinical Gl bleeding.

yInt

2 | MATERIALS AND METHODS
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2.1 | Criteria for selection of cases

Medical records were reviewed from Infiniti Medical, LLC, in Redwood
City, California, and The University of California, Davis, Veterinary Medical
Teaching Hospital, to identify dogs with Gl hemorrhage either evidenced
by microcytosis (MCV < 63.9 fL), low normal MCV (64.0-68.0 fL), or clini-
cal Gl hemorrhage in the form of hematemesis, hematochezia, or melena
that received VCE (ALICAM, Infiniti Medical LLC, Redwood City, Califor-
nia) between June 2015 and March 2018. Dogs receiving corticosteroids
(ie, prednisone, prednisolone, and dexamethasone), nonsteroidal anti-
inflammatory drugs (NSAIDs), gastroprotectants (ie, proton pump inhibi-
tors [PPIs], histamine-2 receptor antagonists, sucralfate, and anti-nausea
medication), antibiotics, prokinetic medications, or a combination of these
medications as empirical treatment for their Gl disease were eligible for
inclusion. Dogs were excluded if there was biochemical or histologically
confirmed evidence of hepatic disease. Data recorded from the medical
record included signalment, history (including diet and medical therapy),
clinical signs, clinicopathologic test results (ie, hematologic, biochemical, Gl
panel (ie, cobalamin, folate, trypsinogen-like immunoreactivity [TLI]), fecal
centrifugation flotation, additional imaging (ie, ultrasound, radiography,
CT), video endoscopic findings, VCE findings, and details of capsule endos-
copy (ie, total images, esophageal TT, gastric TT, and small intestinal TT if
applicable). Ultrasounds and radiographs performed were interpreted indi-
vidually by a board-certified veterinary radiologist, an internal medicine
veterinary specialist, a general practitioner, or unknown. Computerized
tomography was interpreted by a board-certified veterinary radiologist.
Images from the video capsule were downloaded and analyzed by
a board-certified veterinary internist, employed and trained by Infiniti
Medical, LLC. Images of normal segments and any abnormal lesions
within the GI system were saved and reported on a document after
careful review and provided to the primary veterinarian and owner of
the dog tested. Recommendations for treatment were additionally
provided on the document based on the dog's history and clinical

presentation.

3 | RESULTS

Medical records of 16 client-owned dogs that underwent VCE for fur-
ther investigation of microcytosis, a low-normal MCV, or evidence of
Gl hemorrhage were retrospectively evaluated. The median age of
dogs was 8.7 years (range, 8 months to 15 years) with a median body
weight of 21.7 kg (range, 6.9-62.5 kg). A mix of sex (8 female spayed,
1 female intact, 6 male castrated, 1 unknown) was included, and the
following breeds were represented: mixed-breed dogs (4), Boston Ter-
rier (2), Golden Retriever (1), Samoyed (1), Great Pyrenees (1), Cocker
Spaniel (1), Schipperke (1), Whippet (1), German Shepherd (1), Gordon
Setter (1), Shetland Sheepdog (1), and Bernese Mountain dog (1). Data

for the 16 cases are summarized in Table S1.
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Abnormal clinical signs were reported in 15 of 16 dogs
(1 unknown) consisting of diarrhea (7), weight loss (7), vomiting (6),
hyporexia (5), melena (5), hematochezia (2), pica (1), hematemesis (1),
and regurgitation (1).

Microcytosis was observed in 14 of 16 dogs with a median MCV of
53.6 fL (range, 40.1-63.2 fL; reference interval [RI], 64-76 fL) with the
remaining 2 dogs having a low-normal MCV of 66.4 and 67.6 fL,
respectively. Anemia was documented in 11 of 16 dogs, with a median
hematocrit of 26.1% (range, 11.9%-36.0%; RI, 41%-58%). The anemia
of 2 dogs was further characterized as nonregenerative (reticulocyte
count 31 000 and 38 300/pL, respectively), 7 dogs characterized as
regenerative (range 90 000-176 000/pL; RI, >80 000/uL), and 7 dogs
did not have a reticulocyte count reported. Hypoalbuminemia was pre-
sent in 5 dogs, with a median albumin concentration of 2.6 g/dL
(range, 1.6-3.1 g/dL; RI, 3.2-4.1 g/dL). Four dogs had an increased
blood urea nitrogen (31-155 mg/dL; RI 9-26 mg/dL) concentration. A
Gl panel (TLI, cobalamin [B12], folate) was performed in 7 of 16 dogs
with the following results: normal (3), hypocobalaminemia only (2),
hypocobalaminemia and low TLI (1), and increased folate only (1).
Endoparasitic testing via fecal centrifugation flotation was performed
in 3 of 16 dogs and was negative in all dogs tested.

All 16 dogs were evaluated via abdominal ultrasound before
assessment with VCE, and the procedures were interpreted individu-
ally by a board-certified radiologist (n = 12 cases), a board-certified
internal medicine specialist (n = 1 case), and 1 veterinarian of unknown
specialty status (n = 1 case). Four dogs had an abnormal gastrointesti-
nal tract (GIT) on ultrasound, which included thickened gastric mucosa
or submucosa (3 dogs), hyperechoic Gl mucosa (3 dogs). Two dogs had
both thickened and hyperechoic mucosa. The remainder of the dogs
had an “apparently normal” GIT with additional findings as gallbladder
mucosal hyperplasia (1), echogenic biliary debris (3), possible mild cysti-
tis (1), mildly hypoechoic pancreas (1), and mass effect in the right
adrenal gland (1). Four dogs were evaluated via abdominal radiography
before their VCE study, in which reports were interpreted individually
by a board-certified radiologist (n = 1 case), a board-certified internal
medicine specialist (n = 1 case), and 2 veterinarians of unknown spe-
cialty status (n = 2 cases). One dog was additionally evaluated with
thoracic and abdominal CT and interpreted by a board-certified radiol-
ogist. No remarkable findings were observed with radiography or CT in
any of those dogs evaluated.

Treatment before assessment with VCE consisted of prednisone
(median dosage 1.6 mg/kg/day [range, 0.35-2.2 mg/kg/day]) (5), antibi-
otics (3), gastroprotectants (10), maropitant (1), and metoclopramide (1).
No dogs enrolled in the study were administered NSAIDs. Antibiotics
consisted of either PO metronidazole (2) or PO amoxicillin (1). Orally
administered gastroprotectants were used in 10 of 16 dogs, with 3 dogs
receiving omeprazole only and the remaining 7 dogs receiving a combi-
nation of PO gastroprotectants, including omeprazole with a dosage
ranging from 0.64-2 mg/kg/day (9), sucralfate (6), ranitidine at 2.7 mg/kg
(1), and famotidine at 1 mg/kg/day (1). Combination treatment with PPIs
and prednisone was instituted in 4 of 16 dogs.

The capsule endoscope traversed the entire length of the Gl tract

in 14 of 16 dogs, with gastric retention occurring in 2 dogs of >9.6 and

14.5 hours, respectively. The retained capsules were removed from the
stomach shortly thereafter by induced emesis with no complications
after emesis. For dogs in which the entire Gl tract was traversed, the
mean imaging time and the number of images of VCE were 14.9 hours
(SD, 4.3-18.0) and 19 349 images (SD, 6055-34 841), respectively. The
mean esophageal TT, gastric TT, and small intestinal TT of the capsule
were 11.8 seconds (SD, 4-14), 152.1 minutes (SD, 3.9-451.30), and
129.9 minutes (SD, 59-228), respectively. The shortest gastric TT docu-
mented was 3.9 minutes in a dog with a solitary ulcer, which might
have caused additional lesions to have been missed.

Multiple gastric abnormalities were detected via VCE in 15 of
16 dogs, which included erosions or ulcerations (15), areas of irregu-
lar mucosa and hyperemia (5), a polypoid lesion (2, Figure 1B), and a
possible gastric mass (1). The small intestine was abnormal in 12 of
14 dogs in which the capsule traversed the entire Gl tract. Lesions
were present in the duodenum and proximal jejunum (proximal 1/3
Sl) in 8 of 12 dogs, including ulcers or erosions (5), irregular mucosa
(4), and a duodenal mass (1; Figure 1F). Lesions were present in the
mid-jejunum in 6 of 12 (50%) dogs, representing ulcers or erosions
(3, Figure 1D), irregular mucosa (3), active hemorrhage from an ulcer (1),
multiple mass-like effects (1, Figure 1A), and dilated lacteals (2, Figure 1C).
The distal jejunum and ileum revealed irregular mucosa (3) with
1 ulcer identified (Figure 1E). Irregular colonic mucosa was identified
in 1 dog.

The most severe lesions were visualized in the stomach and proxi-
mal Sl in 10 of 14 dogs, which would have been identifiable with con-
ventional video endoscopy. The remaining 4 dogs had the most
severe lesions identified in the mid- to distal jejunum, and abnormal
findings included: (1) normal stomach with irregular SI mucosa of vary-
ing severity throughout its length; (2) small multifocal gastric erosions
and irregular mucosa in the stomach and duodenum with multiple
bleeding ulcerations and a mass effect in the mid-jejunum; (3) suspect
focal gastric ulcer with marked mucosal irregularity and erosions
throughout the Sl; and (4) numerous small gastric erosions with larger
small intestinal ulcerations throughout the SI.

Two dogs underwent conventional video endoscopy before their VCE
study. In both dogs, histopathology demonstrated lymphoplasmacytic
enteritis. Video capsule endoscopy was used in these 2 dogs to monitor
response to treatment, which showed stable to progressive lesions includ-
ing additional erosions.

Of the 10 dogs receiving PPIs before their VCE study, 8 dogs had
evidence of gastric lesions consistent with erythema (1), pinpoint
ulcers or erosions (7), irregular mucosa (1), a polypoid lesion, and a
possible mass (1). The findings in the remaining 6 dogs that did not
receive PPls ranged in severity and included ulcers or erosions (6) with
active bleeding (1), a gastric polyp (1), and irregular mucosa (1). Of the
5 dogs receiving prednisone, 4 had evidence of gastric lesions con-
sisting of erosions or ulcerations, mucosal irregularity, or a gastric
polyp. One dog had normal stomach, and another dog had the capsule
remain in the stomach for the duration of the study. Mild (2) to mar-
ked (1) mucosal irregularity was visualized in 3 of 4 dogs with passing

capsules, along with rare dilated lacteals (1/4), few erosions (1/4), and
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FIGURE 1 Video capsule endoscopy captured images of important lesions throughout the stomach and small intestines. A, Jejunal lesion with
ulcerated mass effect. B, Polypoid lesion with small erosion in the stomach. C, Dilated lacteals in the jejunum. D, Fissure-like area in mid-

jejunum. E, Small intestinal ulceration. F, Duodenal mass

a jejunal mass (1/4). An irregular colon was visualized in 1 dog with

prednisone administration.

4 | DISCUSSION

Gastrointestinal lesions were identified by VCE in all 16 dogs with
unexplained microcytosis for which causative abnormalities were not
detected with other diagnostic imaging modalities. Two of 14 dogs
had the most severe lesions identified in the mid- to distal jejunum
beyond the visualization of conventional endoscopy, consisting of dif-
fuse irregular mucosa, large ulcerations with or without bleeding, and
a mid-jejunal mass effect. Lesions were present within the stomach
and proximal intestines in 15 of 16 dogs that could be visualized with
conventional endoscopy, and capsule retention occurred in 2 dogs.
The lesions identified were similar to those detected in dogs with
Gl hemorrhage14 that utilized a forward-facing capsule endoscope
system. Our study used a capsule endoscope with 4 lateral-facing

cameras, producing a 360° panoramic image. In humans, studies have

been performed comparing the diagnostic yield and complication rates
between lateral- and axial-viewing capsules. Lateral-viewing capsules
have been shown to document more lesions and have a similar num-
ber of adverse effects.?”?® This comparison has not yet been per-
formed in animals.

The present study demonstrated marked variation in esophageal
TT, gastric TT, and small intestinal TT, comparable to a recent study
revealing no significant relationship between gastroenteropathy and
Gl motility in dogs that underwent CE,'* as well as a study comparing
Gl motility in healthy dogs.?’ The capsule traversed the length of the
Gl tract in all but 2 dogs, for which the capsule remained in the stom-
ach for the duration of the study. The abnormal findings in these
2 dogs included severe gastric erosions and numerous pinpoint to
large gastric ulcerations, respectively. Capsule retention has been pre-
viously documented in the dog, and a similar VCE study in dogs docu-
mented capsule retention in 3 of 8 dogs (37.5%) resulting in an
incomplete study.* The incidence of capsule retention appears higher

in dogs compared to people, in which the overall pooled retention rate
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was 1.4% in patients with OGIB, Crohn's disease, and neoplastic
diseases.*°

There were several limitations to the present descriptive study,
including the retrospective design. The duration of medical therapy
before or after VCE was not reported in all dogs. VCE performed
2- and 9-months after conventional endoscopy in 2 dogs demonstrated
static to progressive lesions after medical therapy. VCE could be used
as an initial screening modality for cases with unexplainable micro-
cytosis or Gl hemorrhage, as well as to monitor for treatment response
after a diagnosis has been made with conventional video endoscopy
and biopsies. It is unknown whether the VCE findings altered case man-
agement for the remainder of the dogs.

The aim of this study was to evaluate the utility of VCE in
detecting Gl lesions in dogs with evidence of Gl hemorrhage, not to
determine causality of the lesions. Prior or concurrent administration
of corticosteroids might have precipitated Gl hemorrhage in some
dogs. VCE could be used in future studies to identify risk factors for
the development of hemorrhagic mucosal lesions with various phar-
macologic agents.

One board-specialized veterinary internist (B.H.) trained by Infiniti
Medical, LLC, for assessment of VCE analyzed and interpreted the study
images. The clinical history was included in the analysis, which might
have impacted interpretation of study images by the trained internist.
The interobserver variability with VCE has not been established, and
that was not the aim of the current study. Additionally, the sensitivity of
VCE for the detection of hemorrhagic mucosal lesions in dogs has not
been established. As such, it is possible that lesions within the Gl tract
could be under- or over-interpreted; however, all dogs with microcytosis
or Gl hemorrhage did have lesions detected with VCE.

In people with suspected small bowel hemorrhage manifested as
melena or severe IDA, VCE detected lesions in the small bowel and
non-small bowel (ie, stomach, colon, or both) after negative bidirec-
tional endoscopy.*3! In dogs, VCE revealed a source of hemorrhage
within the GIT of 4 of 7 dogs, although the relevance of pinpoint gas-
tric mucosal erosions to blood loss was unclear.** In the present
study, the degree of microcytosis does not appear to correlate with
the degree of anemia or clinical signs. For example, the 6-year-old
NM German Shepherd dog with the most severe anemia of 11.9%
and a normal MCV 67.6 fL had marked evidence of gastric erosions
with gastric capsule retention throughout the duration of the study,
which could explain at least a part of this dog's clinical signs involving
hematemesis, hyporexia, and diarrhea with melena and hematochezia,
among others. Contrastingly, the 8-year-old SF Whippet with a severe
anemia of 15% and severe microcytosis (MCV 47 fL) with a (resolved)
history of melena had a focal gastric erosion visualized on VCE, as well
as marked SIT mucosal irregularity and pinpoint erosions throughout
the SIT. As VCE's ability to detect 3D-captured images can only detect
lesions on the mucosal surface, it is therefore unable to identify the
depth to which a lesion is present and might be poorly correlated to
the severity of an identified lesion.

No adverse effects or complications of the present VCE study
were noted, with the exception of 2 dogs that had gastric capsule

retention. High-quality images were obtained in the stomach, small

intestines, and proximal portion of the colon, detailing abnormal find-
ings as erosions or ulcerations with or without hemorrhage, irregular
mucosa, polypoid lesions, a gastric mass, a duodenal mass, and a jeju-
nal mass. Video capsule endoscopy shows promise as a diagnostic
modality for the assessment of Gl lesions in dogs with microcytosis
with or without OGIB with otherwise normal diagnostic imaging.
Video capsule endoscopy represents a complementary tool to con-
ventional endoscopy, particularly in dogs with small intestinal lesions
that are beyond the reach of conventional endoscopy. Conventional
endoscopy has the additional benefit of sample collection for histopa-
thology, and, as the majority of lesions would have been identified by
this technique, VCE could be most useful when conventional endos-
copy has already been performed with negative findings as in human

medicine.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.
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