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ABSTRACT 

EVALUATION OF BUN/CREATININE RATIO AND VIDEO CAPSULE ENDOSCOPY    

IN DIAGNOSING GASTROINTESTINAL BLEEDING IN DOGS 

Jenny Stiller Advisor: 

University of Guelph, 2020 Dr. Alice Defarges 

 

Gastrointestinal bleeding (GIB) is a common cause for presentation to veterinary hospitals 

in dogs. While BUN/creatinine ratio and video capsule endoscopy (VCE) are used in 

people to aid in the diagnostic challenge of GIB, the literature on these diagnostics is 

scarce in veterinary medicine. Consequently, the objectives of this thesis were the 

following: assess the usefulness of BUN/creatinine ratio to predict occult GIB and to 

distinguish upper from lower GIB in dogs, and assess diagnostic yield, quality of 

visualization, and complications of VCE in dogs with overt or suspected occult GIB and to 

identify possible risk factors associated with incomplete VCE study. 

In the first study, 89 dogs with GIB and 65 clinically healthy dogs were enrolled retro- and 

prospectively. Gastrointestinal bleeders were classified depending on the presence of 

overt (n=65) or occult (n=24) GIB and localization of bleeding lesions (37 upper GI tract, 

13 lower GI tract, 8 both). Results identified that BUN/creatinine ratio could not predict 

occult GIB nor distinguish upper from lower GIB. Dogs with higher hemoglobin and 
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hematocrit had significantly lower odds of having occult GIB than being clinically healthy 

(P < 0.0001).  

In the second study, 40 dogs were examined by VCE because of suspected occult (n=27) 

or overt (n=13) GIB. The capsules were administered orally (n=29) or deployed 

endoscopically (n=11). In 24 of 39 recordings, bleeding lesion(s) were identified. Quality 

of visualization was poor to limited in the stomach and colon, and adequate to good in the 

small intestine. The most common complication was an incomplete study noted in 15/39 

studies, particularly when capsules were administered orally (13/28). Risk factors for 

incomplete studies after oral administration included administration of simethicone or 

opioids, chronic enteropathy, and capsule gastric transit time > 6 hours. 

In conclusion, BUN/creatinine ratio was not a useful marker of occult GIB and had poor 

discriminatory ability to distinguish upper from lower GIB. VCE could be used to diagnose 

bleeding lesions in the entire GI tract of dogs. Diagnostic yield was decreased by poor 

visibility of the GI mucosa and incomplete studies. The latter was the most common 

complication in our study. 
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1 Literature Review 

1.1 Introduction 

Gastrointestinal bleeding (GIB) continues to be a major cause of hospital admission and 

mortality in people and dogs.1-4 Incidence of GIB in dogs and cats has not been published. 

Clinical signs can vary from subclinical disease without any visible bleeding (occult GIB) 

to visible hemorrhage (overt GIB) in the form of hematemesis, hematochezia, or 

melena.3,5 To properly manage and treat GIB, accurate and prompt identification of GI 

hemorrhage and its underlying cause are required. However, diagnosing GIB can be 

complicated due to the lack of typical clinical signs, lack of reliable biomarkers, and the 

limitations of traditional bidirectional gastrointestinal endoscopy. Identifying the source 

and cause of hemorrhage usually requires timely invasive and expensive procedures such 

as bidirectional endoscopy. In veterinary medicine, the need for anesthesia and the 

associated costs may be prohibitive in some cases, preventing a definitive diagnosis. 

The ratio of blood urea nitrogen (BUN) to creatinine as well as video capsule endoscopy 

(VCE) are both employed in the diagnosis of GIB in people. The BUN/creatinine ratio has 

been used as a diagnostic marker for upper GIB in people since 1939.6 VCE is a more 

recent technological advancement with its introduction 2 decades ago.7 In contrast to 

people, studies about BUN/creatinine ratio and VCE in dogs as diagnostic tools for GIB 

are still rare. Therefore, the purpose of the present research was to investigate the 

usefulness of the BUN/creatinine ratio and VCE in diagnosing GIB in dogs.  

 

1.2 Overview of gastrointestinal bleeding 

1.2.1 Classification  

GIB includes all forms of hemorrhage in the digestive tract extending from the oral cavity 

to the rectum.8 GIB can be classified based on the rate of blood loss and therefore clinical 

presentation as well as on localization. These classifications form the basis for various 

clinical guidelines for diagnosis and management of different types of GIB in human 

medicine.8-10 Similar guidelines have not been developed for dogs.  
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Depending on the rate of blood loss, GIB can be differentiated into overt and occult 

hemorrhage. Overt GIB is grossly visible and includes hematemesis, hematochezia and 

melena. Occult GIB is defined as microscopic hemorrhage that is not visible and may 

present with positive fecal occult blood test and/or iron deficiency anemia.8,11 In a previous 

experimental study in people, the instillation of 150 to 200 ml of blood into the stomach 

was required to consistently produce melena.6 Therefore, occult GIB can be seen in 

patients with upper GI hemorrhage of up to 100 ml per day.12,13 These findings highlight 

the potential frequency and the risk of chronically unrecognized bleeding. In human 

medicine, a third category of GIB has been defined. The term obscure GIB is used to 

describe cases of recurrent GI hemorrhage in which a source of bleeding can not be 

identified using bidirectional endoscopy and small-bowel radiography. It can be either 

overt or occult. The cause of bleeding in people with obscure GIB is commonly located in 

the small intestine.9,11 

The classification based on localization includes the traditional differentiation into upper 

and lower GIB defined as bleeding either orad or aborad to the ligament of Treitz 

(duodenojejunal junction). The upper digestive tract is the most common site of GIB in 

dogs.2,3 In people, upper GIB is also more common than lower GI hemorrhage. The 

reported incidence rate ranges from 61 to 78 cases per 100 000 person years14 compared 

to 33 to 87 cases per 100 000 person years for lower GI hemorrhage.15,16 More recently, 

this traditional definition has been revised in human medicine by the American 

Gastroenterological Association due to advances in endoscopic small bowel imaging.17 

Classification into upper, mid, and lower GI hemorrhage has been recommended. Upper 

GIB is defined as hemorrhage above the major duodenal papilla and can be examined via 

esophagogastroduodenoscopy (EGD). Mid GIB encompasses small intestinal 

hemorrhage from the major duodenal papilla to the terminal ileum and is best investigated 

by VCE.17 Lower GIB is therefore defined as colonic bleeding which can be evaluated via 

colonoscopy.9,17 This differentiation into upper, mid, and lower GIB has not been applied 

yet in veterinary medicine. 

 



 

3 
 

1.2.2 Etiology  

Reported disorders that lead to GIB can be classified, based on the underlying pathology, 

into GI ulceration, coagulopathies, and vascular anomalies.18  

 

1.2.2.1 Ulceration 

GI erosion is defined as a defect that is confined to the mucosa without penetration of the 

muscularis mucosae. An ulcer describes a deeper mucosal injury that extends through 

the muscularis mucosae into submucosa and muscularis propria.19 Imbalance between 

cytoprotective defence mechanisms and overwhelming noxious factors cause mucosal 

defects. Protective mucosal mechanisms include pre-epithelial factors (mucous barrier 

and phospholipids), epithelial protection (surface epithelial cells, tight junctions), epithelial 

cell turnover, trophic factors and prostaglandins, high mucosal blood flow and sensory 

innervation. Examples for possible noxious stimuli are direct injury of the mucosa (e.g., 

due to passage of a foreign body), increased gastric acid secretion, and decreased 

mucosal blood flow.20 

In dogs, GI ulceration is the most common cause for GIB.2,18,21 Primary GI neoplasia,3,5,22-

24 inflammatory gastroenteropathy,3,5,24,25 treatment with nonsteroidal anti-inflammatory 

drugs (NSAIDs),24,26-32 foreign bodies,3,33 and hepatopathies5,24,34-36 are the most 

frequently reported ulcerogenic disorders in dogs. Other diseases associated with the 

development of GI ulceration in dogs include hypoadrenocorticism,37 stress-related 

mucosal disease,38 extreme exercise,39 and acute hemorrhagic diarrhea syndrome 

(AHDS).40 The latter describes a common clinical syndrome characterized by the acute 

onset of bloody diarrhea and vomiting; its exact pathogenesis remains unknown. An 

overview of different diseases associated with GI ulceration in dogs is shown in Table 1.1. 

 

1.2.2.2 Coagulopathy 

Coagulopathies are an important cause for GIB in dogs and usually cause overt bleeding. 

In a previous study in dogs with GIB requiring packed red blood cell transfusions, primary 

coagulopathies were identified in 31% of patients; all of these were diagnosed with primary 
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immune-mediated thrombocytopenia.2 Other reported coagulopathies causing GIB in 

dogs include disseminated intravascular coagulation (DIC),41 von Willebrand disease,42 

factor XII deficiency and impaired prekallikrein activity,43 rodenticide intoxication,44,45 and 

xylitol ingestion.46  

 

Table 1.1: Diseases associated with GI ulceration in dogs; modified from Boysen and McMurray 2015. 

Abbreviations: GI, gastrointestinal; NSAIDS, nonsteroidal anti-inflammatory drugs. 

 

  

Drug administration 

- NSAIDs 

- Corticosteroids 

Mucosal trauma 

- Foreign bodies 

- Iatrogenic (endoscopy) 

Systemic and metabolic diseases 

- Hepatic disease 

- Uremia 

- Pancreatitis 

- Hypoadrenocorticism 

Neoplasia 

- Systemic mastocytosis 

- Gastrinoma 

- GI neoplasm (e.g., lymphoma, 

adenocarcinoma, leiomyoma, leiomyosarcoma) 

Ischemic events 

- Gastric dilatation and volvulus (GDV) 

- Mesenteric volvulus 

- Mesenteric thrombosis 

- Intussusception 

- Hypercoagulability 

 
 

Infectious diseases 

- Fungal (Pythium, Histoplasma) 

- Bacterial (Salmonella, Clostridium, 

Campylobacter) 

- Parasitic (hookworms, whipworms, 

roundworms, coccidia) 

- Viral (parvovirus, coronavirus) 

- Algal (Prototheca) 

Inflammatory diseases 

- Inflammatory bowel disease (IBD) 

- Acute hemorrhagic diarrhea syndrome (AHDS) 

Neurological diseases 

- Intervertebral disc disease 

Stress of critical illness 

- Major surgery 

- Hypovolemia 

- Sepsis 

Miscellaneous 

- Extreme exercise 

- Polyps 
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1.2.2.3 Vascular anomaly 

Vascular malformations of the GI tract are aberrations in the normal architecture of blood 

vessels. Arterial, venous and capillary vessels can be affected.47 Only a few case reports 

about vascular anomalies in dogs have been published suggesting that these disorders 

are less common or underdiagnosed in dogs compared to humans. The most commonly 

described vascular anomaly in dogs with only 7 reported cases is colonic angioectasia.48-

53 This term describes abnormally dilated blood vessels within the mucosa and 

submucosa of the colon. These vessels are lined only by endothelium and contain little or 

no smooth muscle. Destruction of these fragile vessels will result in GIB, which can be 

chronic and intermittent.49-53 The exact etiology of this disease is unknown. In humans, it 

has been suggested that chronic obstruction of the submucosal veins leads to capillary 

dilation and eventually incompetence of a pre-capillary sphincter.47 Risk factors in people 

include age and coagulopathies.47,54 In dogs, potential risk factors have not been 

assessed due to the limited number of cases.  

Other case reports of vascular anomalies in dogs include arteriovenous fistula of the 

jejunum55 and presumptive non-cirrhotic esophageal varices.56 

 

1.2.3 Clinical signs  

Clinical signs of overt GIB include hematemesis, melena, and hematochezia.57 Dogs with 

occult GI hemorrhage present with unspecific signs, such as vomiting, diarrhea, lethargy, 

abdominal pain, and weight loss.3,5 Hematemesis refers to vomiting of frank blood or 

“coffee-ground” emesis. Melena refers to black, tarry feces. Hematochezia describes 

frank red or reddish-brown blood pigments in the feces.57 The black color that 

characterizes ”coffee-ground” vomiting and melena is caused by oxidation of iron within 

hemoglobin producing hematin due to exposure to gastric acid, or digestive or bacterial 

enzymes.58 The presence of hematemesis, melena, or hematochezia depends on the 

amount of blood loss, site of GIB, and GI transit time.18 Hematemesis is caused by upper 

GIB.57 Melena and hematochezia can be caused by either upper or lower GIB. Melena 

requires significant blood loss and sufficient exposure to the gastric and small intestinal 

digestive secretions. Therefore, it is usually caused by upper GIB. However, in cases of 
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decreased GI transit time, lesions in the cecum and colon can result in melena.57,58 

Hematochezia is usually caused by colonic bleeding, though small intestinal hemorrhage 

can also result in feces with frank blood in cases of intestinal hypermotility.57,58 

Hematemesis and melena have been reported in a variable percentage of dogs with upper 

GIB (7% to 80% and 13% to 50%, respectively).24,26 The frequency of hematochezia in 

dogs with lower GIB has not been reported; melena was reported in 1 out of 5 dogs with 

colonic perforation.59  

 

1.2.4 Diagnosis 

Diagnostic tests for GIB can be applied for various purposes: to identify occult bleeding, 

to detect bleeding lesions, for monitoring of lesions, and for diagnosing any underlying 

disorders. The following section focuses on fecal occult blood tests (FOBT) and type of 

anemia as indicators for occult GIB as well as diagnostic imaging and GI endoscopy to 

identify the bleeding lesion. BUN/creatinine ratio and VCE as additional diagnostic tests 

are explained in detail in sections 0 and 1.4. Other diagnostic modalities used in human 

medicine (e.g., scintigraphy and catheter angiography)60 will not be discussed. 

 

1.2.4.1 Fecal occult blood tests 

Fecal occult blood tests can detect blood in feces that is not visible on gross inspection. 

The physiologic amount of blood lost from the GI tract in healthy humans varies from 0.5 

to 1.5 ml per day.61,62 Most FOBT can become positive starting at a level of 2 ml of daily 

blood loss.12 However, for consistent positive test results, larger blood volumes are 

required. The diagnostic accuracy of detecting fecal occult blood depends on the type of 

FOBT, and patient characteristics, such as localization of the bleeding lesion, GI transit 

time and frequency, and severity of bleeding.12,63 Different commercially available tests 

have been developed for use in people. These include chromogenic tests, 

immunochemical-based and heme-porphyrin based assays.12  

Chromogenic tests rely on pseudoperoxidase activity of hemoglobin and a color change 

of an oxidized chromogen. Examples for such assays include guaiac- and benzidine-
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based tests which both have been validated in dogs.64 The latter is rarely used in human 

medicine due to the high-frequency of false positive reactions and carcinogenicity of the 

reagent.65 Guaiac-based tests are the classic and most commonly used assays in human 

and veterinary patients.12,66,67 Due to degradation of hemoglobin in the digestive tract, 

guaiac-based tests are more sensitive for mid and lower GIB versus upper GIB. Its 

specificity can be reduced due to false positive results caused by dietary hemoglobin (e.g., 

meat products) and other peroxidases (e.g., fruits and vegetables), while vitamin C causes 

false negative results.68,69  

Immunochemical FOBT detect globin epitopes and are therefore species-specific. These 

tests have a low sensitivity to detect upper GIB because of digestion of globin.63 A few 

immunological assays have been developed for dogs to detect canine hemoglobin or 

carbonic anhydrase isoenzyme I in feces.70-72 However, their use in clinical practice is still 

very limited since these assays are not commercially available.  

Heme-porphyrin based tests are the most sensitive method of detecting occult blood loss 

from the entire digestive tract. It relies on a spectrofluorometric method to measure 

porphyrin derived from heme.12,73 This assay has not been validated in dogs. Given that 

myoglobin interferes with heme-porphyrin, it is likely that its specificity will be reduced by 

false positive results due to ingestion of meat-based diets in dogs.12 

In contrast to humans, use of FOBT is limited in canine patients due to the lower number 

of validated assays and to interference with dietary meat. Changing the diet several days 

prior to performing FOBT and collecting at least three consecutive bowel movements to 

increase diagnostic yield have been suggested by several authors.74,75 However, these 

interventions would be time-consuming and diet changes might not be feasible in every 

patient (e.g., in case of food allergies). 

 

1.2.4.2 Hematology: Microcytic hypochromic anemia 

Depending on the severity of blood loss, affected patients can become anemic. Chronic 

blood loss results in depletion of iron stores, decreased erythropoiesis and therefore iron 

deficiency anemia. It can be classified into three stages: iron deficiency, iron-deficient 
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erythropoiesis and iron-deficient anemia.76,77 In acute iron deficiency anemia, the anemia 

is normocytic and normochromic. Reticulocytosis is usually present in these early 

stages.77 In chronic iron deficiency, the erythrocyte mean cell volume (MCV) will decrease 

prior to a drop in mean cell hemoglobin concentration (MCHC). It takes weeks to months 

until a sufficient number of microcytes shift the average MCV below the reference range. 

The red blood cell distribution width can be increased due to coexistence of microcytes 

and normocytes.57,77 In a retrospective study of 55 dogs with severe GIB requiring blood 

transfusions, a microcytic hypochromic anemia was therefore only detected in two dogs 

with chronic GI hemorrhage.2 In dogs with gastroduodenal ulceration, 80% of the dogs 

(32 out of 40 dogs) were anemic with normocytic normochromic anemia being the most 

common form (65%, 21 out of 32 dogs). Seven dogs (22%) were diagnosed with a 

microcytic hypochromic anemia.5 Evaluation of erythrocyte cytograms and measurement 

of reticulocyte indices can provide early indicators of iron deficiency anemia.76,77 The 

hemoglobin content and average size of reticulocytes has been associated with other 

markers of iron deficiency in previous studies in dogs.78-80 However, accessibility of these 

diagnostic tests might be limited as special hematology analyzers are required.  

 

1.2.4.3 Diagnostic imaging 

Abdominal radiographs are indicated in dogs presenting with acute, worsening, or 

persistent abdominal signs. Possible radiographic findings in dogs with GIB include 

peritoneal fluid, peritoneal gas, GI foreign bodies, and intrabdominal masses.3 

Pneumoperitoneum and peritoneal fluid are critical radiographic findings and can be 

caused by GI perforation.3,18 In a retrospective study, the sensitivity for abdominal 

radiographs to diagnose perforated ulcers was acceptable at 79%; for non-perforated 

ulcers, abdominal radiographs were reported to have a poor sensitivity of 30%.3  

Radiographic contrast studies can be used to identify focal mucosal lesions. Barium 

solutions are preferred over ionic agents as the latter can cause dehydration, irritation of 

the GI mucosa with subsequent vomiting, and provide poor contrast and detail.81 The 

advantages of barium contrast imaging include wide availability in veterinary medicine and 

better resolution for assessing superficial mucosal lesions.81 However, barium contrast 
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studies of the GI tract can delay GI endoscopy, and therefore possibly definitive diagnosis, 

since barium contact can cause significant damage to an endoscope. Moreover, barium 

studies should be avoided if GI perforation is suspected because of the risk of barium 

extravasation which could exacerbate peritonitis.82  

Given the limitations of radiographs to detect GI ulcers, abdominal ultrasound is commonly 

recommended for diagnostic workup.57 Ultrasonographic findings suggestive of GI ulcers 

are the combination of gastric or intestinal wall thickening with focal mucosal disruption 

and a collection of small hyperechoic foci, most likely representing bubbles.83 Common 

findings in dogs with GI perforation include peritoneal fluid and peritoneal air.3,84 The 

sensitivity of ultrasound for the diagnosis of non-perforated and perforated GI ulcers was 

higher (65% and 86%, respectively) when compared to abdominal radiography.3 

However, an absence of suggestive lesions cannot exclude mucosal defects. Pastore and 

colleagues (2007) found that in dogs that underwent exploratory laparotomy, GI ulceration 

and perforation were the lesions most likely missed during ultrasonography.85 Therefore, 

additional diagnostic tests may be required in dogs in which GI ulcerations are suspected.  

Abdominal computed tomography (CT) is commonly used for investigation of GIB in 

humans.86,87 It was shown to have the highest sensitivity in diagnosing non-perforated and 

perforated ulcers in dogs (67% and 93%, respectively) compared to abdominal 

radiography and ultrasonography.3 However, these numbers also highlight that abdominal 

CT has limited sensitivity for non-perforated ulcers. Disadvantages of CT include costs, 

exposure to radiation, and the need for general anesthesia in some cases.  

The before-mentioned sensitivities for abdominal radiographs, ultrasound, and CT were 

reported without calculation of 95% confidence intervals, thus reducing the interpretability 

of the results.  

 

1.2.4.4 Gastrointestinal endoscopy 

Endoscopy of the upper and/or lower GI tract is considered the diagnostic test of choice 

in dogs and in people with overt and suspected occult GIB.18,20,57,60,88 Advantages of GI 

endoscopy include: visualization of mucosal lesions that cannot be identified by a surgical 
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serosal approach, a safe and minimally invasive procedure, possible immediate diagnosis 

(e.g., angioectasia), ease of biopsy procurement, minimal risk of GI perforation and 

secondary septic peritonitis, and possibility of endoscopic therapy (e.g., placement of 

hemoclips).18,60,89 Reported diagnostic yield of EGD and colonoscopy in people with occult 

GIB to identify a bleeding source ranges from 48% to 71%.90 In patients with recurrent 

bleeding, repeat upper and lower GI endoscopy, may reveal missed lesions in 35% of 

patients.90 Upper GI endoscopy is reported to be more sensitive for the detection of 

mucosal lesions in dogs after meloxicam and/or dexamethasone administration than 

monitoring of clinical signs, packed cell volume, fecal occult blood tests, or histologic 

evaluation.32 Disadvantages of endoscopy are the need for general anesthesia, 

inaccessibility of the jejunum, risk of exacerbating GIB, and iatrogenic ulcer 

perforation.18,89 

Due to the inability to visualize the entire small intestine using bidirectional endoscopy, 

advanced endoscopic devices have been developed for humane use: push enteroscopy, 

overtube-assisted enteroscopy (including double-balloon enteroscopy, single-balloon 

enteroscopy, and spiral enteroscopy) and VCE (section 1.4). Push enteroscopy is an 

extended upper endoscopy performed with a specifically designed long endoscope. 

Balloon-assisted enteroscopy uses the push and pull method for advancement with 

inflation and deflation of the balloons and telescoping of the intestine over the overtube. 

Spiral enteroscopy uses a unique overtube with an outer raised spiral ridge at its distal 

end which allows plication of the small intestine over the overtube.9 Double-balloon 

enteroscopy, the most established technique, has been reported to be diagnostic in 51% 

to 88% of patients with obscure GIB91,92 and has been validated using the oral and anal 

approach in dogs.93-95  

 

1.2.5 Treatment and prognosis  

GI hemorrhage can vary from a mild self-limiting event to a life-threatening condition. Dogs 

can present in shock due to anemia, hypovolemia, endotoxemia, and/or sepsis.18 In such 

severe cases, initial treatment is directed towards cardiovascular stabilization with 

intravenous fluid therapy and blood transfusions. In previous studies, GIB accounted for 
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6 to 12% of packed red blood cell transfusions.2,96 Once the patient has been stabilized, 

diagnosing the cause of GIB, and treatment of the underlying disease are 

recommended.18,57  

Medical treatment of erosions and ulcers include administration of GI protectants. These 

include antacids (e.g., aluminium hydroxide, calcium carbonate), histamine type-2 

receptor antagonists (e.g., famotidine, ranitidine), and proton pump inhibitors (e.g., 

omeprazole, pantoprazole).97,98 The current consensus statement by the American 

College of Veterinary Internal Medicine (ACVIM) recommends the usage of proton pump 

inhibitors in dogs with documented gastroduodenal ulcers and erosions.97 The guidelines 

do not endorse the clinical practice of administering GI protectants for routine 

management of gastritis, pancreatitis, hepatic disease, and renal disease in patients 

without additional risk factors for GIB.97  

Minimally invasive procedures and surgical interventions may be indicated if medical 

management is unsuccessful, or if the risk of severe and possibly fatal hemorrhage 

remains. Endoscopically deployable hemoclips for treatment of canine gastric ulcers,99 

and argon plasma coagulation for management of colonic angioectasia48 are examples of 

minimally invasive therapies with increasing use in veterinary medicine. 

Prognosis for dogs with GIB varies depending on the underlying disease and the severity 

of hemorrhage. Many cases of GI hemorrhage are self-limiting.18 In dogs with severe GI 

hemorrhage requiring blood transfusions, mortality rates of 29% and 45% have been 

reported.2,96 In dogs with perforated and non-perforated GI ulceration, mortality rates of 

23% and 29% respectively, have been documented.3,5 In studies of dogs with GI 

perforation, the mortality rate ranged from 37% to 100%.24,26,27,59 In a retrospective study 

evaluating stress-related mucosal disease in critically ill dogs in an ICU, GIB was 

significantly associated with an increased risk of mortality.38 
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1.3 BUN/creatinine ratio  

BUN and serum creatinine concentrations are part of routine biochemistry testing in 

companion animals. While both parameters are often interpreted together as a marker for 

renal function, each has their unique advantages.100 The BUN/creatinine ratio was 

established to identify disproportionate elevation of BUN in relation to creatinine.101  

 

1.3.1 Blood urea nitrogen 

1.3.1.1 Metabolism of BUN 

Urea is a nitrogenous compound containing a carbonyl group attached to two amine 

groups. It is produced by hepatocytes from ammonia in the hepatic urea cycle and is the 

end product of protein metabolism. The urea cycle converts two amino groups, one 

from ammonia and one from aspartate, and a carbon atom from bicarbonate, to urea at 

the cost of four phosphate bonds. During the cycle, ornithine gets converted to citrulline 

which then forms arginine and subsequently urea and ornithine.102 Ammonia is itself 

generated from catabolism of endogenous and exogenous proteins. Small quantities of 

urea may be ingested and absorbed from the large intestine directly. The rate of hepatic 

urea synthesis is dependent on liver function, digestion and catabolism of protein. Once 

urea enters the intravascular space, it passively diffuses throughout the total body water 

compartment. The kidneys are the most important route of urea excretion; saliva, colon, 

and sweat are other routes. Urea is freely filtered through the glomerulus. It can passively 

diffuse with water from the proximal tubular lumen back into the blood. The amount of 

urea reabsorbed is inversely related to the rate of urine flow through the tubules; the 

remainder of filtered urea is eliminated with the urine. In the presence of antidiuretic 

hormone, urea diffuses from the collecting tubules into the renal interstitium where it plays 

an important role in the medullary concentration gradient.100,103,104  

 

1.3.1.2 Measurement and interpretation of BUN 

BUN measures the amount of urea nitrogen in serum or whole blood, usually expressed 

in mg/dL. Urea measures the whole molecule, usually expressed in SI units (mmol/L). To 
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convert from BUN in mg/dL to urea in mmol/L, the value is multiplied by 0.357. Methods 

of measurement of BUN include reagent strips, chromatographic strips, and colorimetric 

methods. Reagent strips employ urease and can be used to estimate BUN, but are 

considered inaccurate. Chromatographic strip tests are based on ammonia release which 

results in a color change. Colorimetric tests are quantitative and are the preferred method 

of measurement.103,104 

Increased BUN concentration can be due to non-renal causes, prerenal, renal, or 

postrenal azotemia (Table 1.2). Non-renal causes include increased protein catabolism 

and increased protein digestion. Prerenal azotemia is the result of decreased blood flow 

to the kidneys with subsequent decreased glomerular filtration rate (GFR). Early prerenal 

azotemia causes an increase in urea without elevation of creatinine, since GFR initially is 

not affected, but urine flow rates through the tubules decrease. As urea reabsorption in 

the proximal convoluted tubules is inversely related by flow rate through tubules, an 

increased amount of urea is reabsorbed, whereas creatinine is not reabsorbed.100,103,104 

Causes for decreased BUN concentrations are decreased protein intake or protein 

anabolism, increased BUN excretion due to polyuria or acute tubular necrosis, and 

decreased production (e.g., hepatic insufficiency, enzyme deficiencies in urea 

cycle).100,103,104  

 

1.3.2 Creatinine 

1.3.2.1 Metabolism of creatinine 

Most creatinine originates from metabolism of creatine in normal muscle metabolism. 

Creatine is an amino acid that is provided via dietary sources or endogenous synthesis. 

In the muscle, creatine is phosphorylated to phosphocreatine via the enzyme creatine 

kinase. Phosphocreatine is an energy-storing molecule in the muscle; it reacts with ADP 

to yield ATP and creatine via creatine kinase. Creatine is then nonenzymatically converted 

to creatinine. In health, the rate of synthesis and excretion of creatinine is constant, 

resulting in low daily intra-individual variation. Small amounts of creatinine may be 

absorbed from the GI tract when diets contain muscle.105 The creatinine pool is influenced 
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by muscle mass, breed size, and disease which can cause generalized 

wasting.100,103,106,107  

Creatinine is distributed throughout the body water, but due to molecular size, diffuses 

more slowly than urea. Most of the creatinine is excreted via the kidneys. It is freely filtered 

by the glomerulus without any subsequent tubular reabsorption. A small amount of 

creatinine is secreted by the proximal tubules of male dogs. Overall creatinine is a more 

accurate measurement of GFR than BUN because of the lack of tubular reabsorption, 

minimal tubular secretion, and because it is not influenced by protein metabolism. A small 

amount of creatinine is secreted through the GI tract.100,103,106,107  

 

1.3.2.2 Measurement and interpretation of creatinine 

Creatinine can be measured in conventional units (mg/dL) or SI units (µmol/L). The 

conversion factor is 88.4. The most common methods for measurement of creatinine are 

enzymatic methods, and the Jaffe reaction in which creatinine reacts with picric acid. In 

contrast to the enzymatic methods, the Jaffe method is susceptible to interferences by 

binding of non-creatinine chromogens (e.g., glucose, vitamin C). Therefore, enzymatic 

techniques are increasingly employed in laboratories.106,107 

Since creatinine is influenced by muscle mass, its concentration increases with body 

weight and is higher in Greyhounds and other sighthounds.108-111 Pathologic causes for 

creatinine elevation include prerenal, renal, or postrenal azotemia (Table 1.2). Creatinine, 

like BUN, is not a sensitive indicator for renal disease in dogs and cats. At least 75% of 

nephron mass or 35% of renal function (based on inulin clearance) must be lost before 

serum creatinine increases above the reference limit. The sensitivity of creatinine for 

detecting early kidney disease can be improved by serial measurements over 

time.106,107,112,113 Lower creatinine concentrations can be physiologically seen in small 

breeds and young dogs, most likely due to lower muscle mass.114 Other differential 

diagnoses for decreased creatinine include starvation and cachexia leading to muscle loss 

and therefore decreased creatinine concentration.106  
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Table 1.2: Differential diagnoses for increased BUN and creatinine concentrations. 

Abbreviations: BUN, blood urea nitrogen; GFR, glomerulation filtration rate; GIB; gastrointestinal bleeding. 

 
 

1.3.3 Interpretation of BUN/creatinine ratio 

The ratio of BUN to creatinine was originally developed to differentiate renal from prerenal 

azotemia.101 In renal failure, BUN and creatinine usually increase proportionally. Thus, the 

ratio does not increase or decrease. The normal BUN/creatinine ratio in gravimetric units 

(mg/dL) is 10 to 15 in people.115 An increased BUN/creatinine ratio can be caused by 

increased BUN without elevation of creatinine, normal BUN with decreased creatinine, 

and increased BUN and creatinine with disproportionate elevation in BUN (Table 1.3). In 

general, an increased ratio can therefore be the result of: increased protein catabolism, 

increased protein digestion, early prerenal azotemia (without decreased GFR), decreased 

muscle mass, and acute kidney injury.104 A decreased BUN/creatinine ratio can be seen 

in patients with non-renal causes of decreased BUN (e.g., hepatic insufficiency, 

polyuria/polydipsia, low protein diet, decreased renal reabsorption of BUN due to acute 

tubular necrosis) and with non-renal causes of increased creatinine (e.g., increased 

muscle mass).104 

BUN/creatinine ratio has been used in human medicine as a diagnostic marker for GIB 

(section 1.3.4.2) as well as a prognostic indicator in patients with heart failure and in 

Non-renal causes:    
BUN only 

Prerenal azotemia 

Renal azotemia 
Postrenal 
azotemia 

Early prerenal 
azotemia 
(unchanged 
GFR): BUN only 

Decreased GFR: 
BUN and 
creatinine 

• Increased protein 
catabolism:  

Fever, necrosis, 
starvation, prolonged 
exercise, infection, 
corticosteroids 
(endogenous or 
exogenous) 

• Increased protein 
digestion:  

GIB, high-protein diets 

• Shock 

• Dehydration 

• Hypotension 

• Cardiovascular disease 

• Acute kidney 
injury (AKI) 

• Chronic 
kidney injury 

 

• Ureteral 
obstruction 

• Bladder 
obstruction 

• Urethral 
obstruction 
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patients receiving dialysis.116-118 In the past, the ratio was also used to distinguish prerenal  

from renal AKI, but recent research has shown that the ratio can also be increased in renal 

AKI and is therefore not a reliable parameter to differentiate these two forms of renal 

disease.119 The ratio is less often applied in veterinary medicine. Finco and Duncan (1976) 

examined the BUN/creatinine ratio in 111 dogs and cats and concluded that it cannot be 

used to differentiate prerenal, renal, and postrenal azotemia.120 In a 5-year retrospective 

study including over 4000 canine blood samples, 27.5% of dogs had an increased BUN 

concentration with normal creatinine.121 Statistically significantly more small sized dogs 

had an increased BUN/creatinine ratio than medium or large sized dogs. The authors 

concluded that an increased ratio should be interpreted in light of size and muscle mass 

and that non-renal causes should also be considered.121 The ratio was further investigated 

in dogs with GIB (section 1.3.4.3) and more recently in canine babesiosis.1,122-124 

BUN/creatinine ratio is significantly elevated in dogs with babesiosis compared to dogs 

with immune-mediated hemolytic anemia, with BUN being increased and creatinine being 

within normal limits. It was therefore suggested to use this ratio to differentiate canine 

babesiosis from immune-mediated hemolytic anemia. The exact mechanisms for this 

finding are still unknown. Decreased arterial blood pressure, occult GIB, and myocardial 

disease are hypothesized causes of the increased BUN/creatinine ratio.122-124 

 

Table 1.3: Differential diagnoses for increased BUN/creatinine ratio.  

𝑩𝑼𝑵 ↑

𝑪𝒓𝒆𝒂𝒕𝒊𝒏𝒊𝒏𝒆 ↔
 

𝑩𝑼𝑵 ↔/↑

𝑪𝒓𝒆𝒂𝒕𝒊𝒏𝒊𝒏𝒆 ↓
 

𝑩𝑼𝑵 ↑↑↑

𝑪𝒓𝒆𝒂𝒕𝒊𝒏𝒊𝒏𝒆 ↑
 

• Increased protein catabolism: 
Fever, necrosis, starvation, 
prolonged exercise, infection, 
corticosteroids (endogenous 
or exogenous) 

• Increased protein digestion: 
GIB, high-protein diets  

• Early prerenal azotemia:  

Early dehydration, shock, 
hypotension, cardiovascular 
disease  

• Lower muscle mass (with or 
without decreased GFR): 

Small breed dog, young dog, 
cachexia, starvation 

 

• Acute kidney injury 

 

↑, increased; ↑↑↑, markedly increased; ↓, decreased; ↔, unchanged. 

Abbreviations: BUN, blood urea nitrogen; GFR; glomerular filtration rate; GIB, gastrointestinal bleeding. 
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1.3.4 BUN/creatinine ratio in gastrointestinal bleeding 

1.3.4.1 Pathophysiology of elevation of BUN/creatinine ratio 

Two main hypotheses have been proposed to explain an elevation of BUN/creatinine ratio 

in patients with GIB. The first suggests an increased hepatic ureagenesis due to 

absorption and metabolism of blood proteins (e.g., hemoglobin) in the GI tract.6,125,126 

Early experimental studies in people and dogs showed an association between ingestion 

of blood and increased BUN concentration.6,125,127 Indeed, Cohn and colleagues (1956) 

administered 180 g of protein as whole blood to people and noticed an increase in BUN 

levels of 25 to 35%.127 Additionally, Yuile and Hawkins (1941) observed that the maximum 

BUN levels occurred in dogs 4.5 to 10 hours following blood ingestion.125 The second 

hypothesis assumes that early prerenal azotemia due to blood loss with subsequent 

hypovolemia causes an increased BUN without increase in creatinine.127,128 In early 

prerenal azotemia, GFR is unchanged (thus, creatinine is unchanged), but the tubular 

reabsorption of BUN is increased.104 Renal failure as the cause for elevated 

BUN/creatinine ratio in GIB is considered unlikely.129  

Shortly after the initial reports evaluating BUN/creatinine ratio in humans with GIB, 

subsequent studies demonstrated that the BUN/creatinine ratio was significantly higher in 

patients with upper GIB compared to those with lower GIB.126,130-132 A possible explanation 

for this observation is that with upper GIB, the longer GI transit allows enough time for 

proteolysis of blood proteins and absorption of amino acids. Additionally, absorption of 

nutrients within the colon is less compared to the small intestine.133  

 

1.3.4.2 Use of BUN/creatinine ratio in human medicine 

In human gastroenterology, the BUN/creatinine ratio is mainly used as a marker to 

differentiate upper GI from lower GIB.126,134-136 BUN/creatinine ratios above established 

cut-off values ranging from 30 to 36 are most commonly used to predict upper 

GIB.126,129,130,132,135,137 In a recent diagnostic accuracy study, a BUN/creatinine ratio of > 

35 had the best diagnostic performance with a sensitivity of 19.6%, a specificity of 90.2%, 

a positive predictive value of 89.1%, and a negative predictive value of 21.5% to 

distinguish upper from lower GIB. Lower cut-off values did not perform as well and were 
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therefore not helpful in predicting the bleeding location.133 Predicting upper versus lower 

GIB may be helpful to determine the type of endoscopy (EGD versus ileocolonoscopy) 

that would be the most appropriate subsequent diagnostic test for patients with GIB. The 

type of endoscopy is usually guided by the suspected location of bleeding based on 

clinical signs (i.e., hematemesis and melena correspond to upper GIB, hematochezia 

corresponds to lower GIB). However, using this approach, it has been reported that 24% 

of people with GIB receive an endoscopy of the site “opposite” to the lesion (e.g., patients 

with lower GIB receive upper endoscopy and patients with upper GIB receive 

colonoscopy).138  

Another possible, but debated, application of BUN/creatinine ratio is for determining the 

severity of GIB and monitoring the patient’s response to therapy. In 1980, Pumphrey and 

Beck demonstrated a positive correlation between estimated blood loss and plasma urea 

concentration in patients with upper GIB.136 Similarly, Urashima and colleagues later 

found that the severity of GIB could be determined by BUN/creatinine ratio and that a 

decrease of the ratio indicated cessation of hemorrhage.139 Based on these findings, BUN 

was included into the well-validated Glasgow-Blatchford scoring system. This scoring 

system is used to identify how urgently patients require transfusion or endoscopy.140,141 

However, other studies have been unable to find a correlation between severity of 

bleeding and increase in BUN/creatinine ratio or in BUN alone.126,129,130 In a retrospective 

analysis including 209 human patients with nonvariceal upper GIB, BUN at the level of 

initial presentation was only a weak predictor of severity of hemorrhage and did not predict 

the need for blood transfusions.129  

In addition, BUN/creatinine ratio may be useful as a prognostic indicator in people. In a 

recent study, an elevated BUN/creatinine ratio of > 30 was unexpectedly associated with 

a lower risk of 30-day mortality. A possible explanation is that a BUN/creatinine ratio > 30 

may indicate absence of creatinine elevation due to AKI secondary to severe 

hypovolemia.142 
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1.3.4.3 Use of BUN/creatinine ratio in veterinary medicine  

In contrast to extensive research in human gastroenterology, only a few retrospective 

studies have evaluated BUN/creatinine ratio in dogs with GI hemorrhage. Thus far, Prause 

and Grauer (1998) performed the only study assessing the diagnostic value of 

BUN/creatinine ratio in dogs with GIB. In this retrospective analysis, dogs with melena 

and/or hematemesis had a significantly higher BUN/creatinine ratio (median 27.6) than 

control dogs (median 14.4). The authors concluded, that clinical evidence of upper GI 

hemorrhage was associated with increased BUN/creatinine ratios.1 The main limitations 

of this study were the exclusion of dogs with signs of lower GIB and absence of advanced 

imaging to confirm the localization of GIB. Waldrop et al. (2003) evaluated dogs with 

severe GI hemorrhage requiring blood transfusions. The majority of dogs (79%) had a 

ratio > 20 (mean 34, range 9-100).2 However, the ratio among dogs with upper or lower 

GIB was not specified. Furthermore, Hinton and colleagues (2002) reported BUN was 

elevated in 4 out of 15 dogs with gastroduodenal perforation, but BUN/creatinine ratios 

were not calculated.24 To date, research evaluating the use of BUN/creatinine ratio in dogs 

to localize GIB (upper versus lower GIB) and to predict occult GIB has not been 

performed.  

 

1.3.5 Symmetric dimethylarginine  

Symmetric dimethylarginine (SDMA) is a small molecule formed by methylation of arginine 

in all nucleated cells. It is primarily eliminated by renal excretion and has been established 

as a new endogenous marker for GFR in people and dogs.143,144 In contrast to creatinine, 

it is less affected by sex, breed, and muscle mass.144-146 SDMA has a lower index of 

individuality than creatinine and is therefore better suited to be used to create a 

population-based reference interval.147 Furthermore, measurement of SDMA can identify 

a decrease in renal function earlier than creatinine. SDMA is considered to be a more 

sensitive marker of GFR than creatinine.144 However, in a recent study comparing SDMA 

and creatinine, both markers had similar overall diagnostic performance for detection of 

decreased GFR.148 Nonetheless, the role of BUN/SDMA ratio has not been investigated 

in people or dogs. 
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1.4 Video Capsule Endoscopy 

Video capsule endoscopy (VCE) provides a non-invasive endoscopic imaging technique 

that has been increasingly used for 2 decades in human patients. It involves the recording 

of the entire luminal GI tract via an ingestible camera capsule.7,149 VCE offers several 

advantages over traditional GI endoscopy including the visualization of the entire small 

intestine, not usually requiring sedation or general anesthesia, and that it is performed as 

an ambulatory diagnostic test. The main disadvantages of VCE are that GI biopsies 

cannot be collected, capsule movement cannot be controlled, lesions can be missed 

because of absence of insufflation and presence of debris, failure to record throughout 

the entire GI tract, and capsule location is only roughly known within segments of the GI 

tract.150 

 

1.4.1 Technology  

There are two different types of VCE available which differ based on localization of the 

cameras within each capsule. Capsules with axial-viewing have 1 or 2 cameras at the 

extremity(ies), whereas capsules with lateral-viewing have several cameras at the centre 

of the capsule. All capsule endoscopes have similar components (Figure 1.1 A, Figure 1.2 

A): a biocompatible plastic capsule, a digital camera, a compact lens, white-light emitting 

diode (LED) illumination sources, and an internal battery source.  

 

Capsule with axial-viewing (1 to 2 cameras at the extremity/ies): 

These VCE systems consist of the actual VCE and a sensing system that is attached to 

the patient. The images are transmitted from the capsule immediately to an external 

recorder via ultra-high frequency band radio telemetry or human body communications. 

In the latter, the capsule itself creates an electrical field that uses body tissue as a 

conductor for data transmission. Once a capsule endoscopy study is completed, the 

images received and stored by the data recorder are transferred to the workstation. Using 

product specific software, the images can be reviewed and evaluated. The capsules are 

single-use devices.149,151 Given that the cameras are located at the extremities of the 
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capsule (Figure 1.1 A), the retrieved images resemble those of traditional GI endoscopy 

(Figure 1.1 B). 

Currently available capsules are the size of a large vitamin pill (11 x 24-26 mm). The 

cameras take 2 to 3 images per second and their battery life ranges from 8 to 12 hours 

depending on the capsule.149 Newer generation capsules are smaller, have better image 

quality, and longer battery life compared to earlier generation models. Some have an 

adaptive frame rate system that is able to increase to 6 images per second if the capsule 

is accelerated by peristalsis.152 These technological features were developed in order to 

optimize the visualization of the small intestine which remains the primary field for 

application of VCE. Several capsule platforms are approved for human use and available 

worldwide. One of the most established and used capsules in human medicine is 

PillCam® SB (Medtronic, USA).153 In recent years, new capsules have been designed 

with specific characteristics for the diagnosis of either esophageal or colonic disorders 

(e.g., PillCam® ESO and PillCam® COLON, Medtronic, USA).153 

 

 

Figure 1.1 A: Capsule with axial-viewing: the capsule endoscopes consist of an optical dome (1), lens (2), 
white LEDs (3), image capture system (4), batteries (5), transmitter (6) and antenna (7). Modified from 
Gerber et al. 2007. B: Axial view of the small intestine of a dog. Intestinal villi are readily apparent.  

 

  

A B 
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Capsules with lateral-viewing (4 lateral cameras): 

ALICAM® (Infiniti Medical, USA) is currently the only device developed for use in 

veterinary patients. This capsule was also introduced in human medicine (CapsoCam SV-

1®, Capsovision, USA).154 The ambulatory light-based imaging (“ALI”) device has been 

applied in dogs and horses.155-158 It is slightly bigger (11 x 31 mm) than the regular VCE 

(axial-viewing).157 It has a battery life of about 15 to 16 hours and contains a 

microprocessor with an accelerometer that synchronizes camera activity with device 

motion.156 In contrast to VCE systems described above, the ALICAM® does not require a 

telemetry sensing system that is attached to the patient. It contains an internal memory 

system that stores the images (Figure 1.2 A). Another difference compared to regular VCE 

(axial view) is the number and location of the cameras and therefore the obtained 

endoscopic images. The regular capsules contain up to 2 cameras that are located at 

each end of the capsule and they take images through the optical dome (Figure 1.1 A, 

axial-viewing). The obtained pictures resemble the view when using traditional GI 

endoscopes (Figure 1.1 B). The ALICAM® contains 4 cameras that are located beside 

each other in the centre of the capsule (Figure 1.2 A, lateral-viewing). After downloading 

the pictures, special software creates a 360° panoramic view from the pictures of each 

camera (Figure 1.2 B).  

 

 

Figure 1.2 A: The key components of the ALICAM® are a microprocessor and internal memory system (1), 
4 auto-focusing cameras (2), LED lights (3), and 2 batteries (4). B: Lateral view of the small intestine of a 
dog. The intestinal villi are readily apparent.   

A B 
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1.4.2 Bowel preparation  

Preparation of the GI tract prior to administration of VCE is recommended to improve 

visualization quality, diagnostic yield, and completion rate. The latter is defined as the 

percentage of capsules traversing the entirety of the small bowel and reaching the cecum 

(people) or colon (dogs) during battery life.159,160 Several studies in human 

gastroenterology have analyzed different preparation protocols for VCE in order to 

optimize these three criteria.150,161-165 Preparation includes fasting with the potential 

administration of laxatives, antifoaming agents, and/or prokinetics. Current guidelines for 

VCE in human patients recommend bowel preparation, but there is insufficient evidence 

to recommend a specific type of preparation.160 Two canine studies (Chang et al. 2008, 

Rychlik et al. 2014) have focused on effects of different preparation protocols in dogs.166 

Data regarding the preparation protocol are limited in the other published studies in dogs 

(see Appendix I). Like people, there is no standardized preparation protocol in dogs.  

In human medicine, the duration of fasting of solid food depends on the organ of interest: 

2 to 4 hours for an esophageal study; 12 to 24 hours of fasting for visualization of the small 

intestine; and 24 hours of fasting for a colonic study.149,151 In dogs, fasting times from 12 

to 48 hours have been described.166-168 No difference in cleanliness of the colon was noted 

when the dogs were fasted for 24 versus 48 hours.168 

The use of a laxative bowel preparation in the form of polyethylene glycol (PEG) solutions 

is recommended in people since it has been shown to improve small bowel visualization 

and, depending on the study, also diagnostic yield.160-162 It does not improve completion 

rate of VCE.163,164  

Administration of antifoaming agents, such as simethicone, has resulted in improved 

visualization, but without increased diagnostic yield or improved completion rate.163,164 

Additionally, several prokinetics, such as erythromycin and metoclopramide, and their 

effect on the three criteria visualization quality, diagnostic yield, and completion rate have 

been investigated. The use of prokinetics did not improve visualization of the small bowel 

or diagnostic yield. Depending on the study, prokinetics may result in improved completion 

rates (see section 1.4.6).163,165  
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Similar to studies in people, per os administration of PEG solutions to dogs instead of 

physiologic saline resulted in enhanced image quality without affecting the completion 

rate.166 Administration of water in conjunction with metoclopramide resulted in the highest 

rate of complete studies (50%) in 10 healthy Beagle dogs when compared to 

administration without water or metoclopramide (20%), just water (40%), or just 

metoclopramide (20%).169 No studies have been performed yet to evaluate the use of 

simethicone or prokinetics on visual quality, diagnostic yield, and for simethicone, 

completion rate in dogs. 

 

1.4.3 Procedure 

For VCE with axial-viewing, the procedure requires placement of usually 8 sensors and a 

recorder prior to study initiation.150,168 In dogs, a stockinette, a tailor-made jacket and an 

Elizabethan collar have been used to secure the devices (Figure 1.3).166,168 For capsules 

without an external recorder, such as ALICAM®, prior placement of sensors is not 

necessary.  

 

 

Figure 1.3: Dog wearing full body stockinette to protect 8 sensors and to attach external recorder for the 
PillCam®. The 8 sensors are located on thorax and abdomen. 



 

25 
 

All capsules are activated once disconnected from a magnet in its box. The main route of 

delivery is oral administration.149,150 In patients with dysphagia, gastroparesis, abnormal 

upper GI anatomy or in sedated patients, swallowing of the capsule is contraindicated. 

For such instances, an endoscopic delivery device (AdvanCE® capsule endoscope 

delivery device, US Endoscopy, USA, Figure 1.4 A - C) has been developed and used 

safely in people.170,171 In dogs, direct endoscopic placement of VCE into the duodenum 

has been described using a net retriever.167 Upon recovery, patients can leave the hospital 

and can resume normal activity.149,150  

For small bowel studies in people, a diet of clear liquids can be consumed 2 hours and a 

light meal 4 hours after swallowing the capsule.149,150 In canine studies, an 8-hour fasting 

time after administration of the capsule has been reported in one study.157  

 

 

 

Figure 1.4 A: AdvanCE® capsule endoscope delivery device allows for direct endoscopic placement of 
VCE. The device consists of a catheter that is preloaded through the accessory channel of the endoscope. 
A specialized capsule cup is screwed onto its distal end, and the capsule is loaded into the cup. B: 
Endoscopic view of delivery device with loaded ALICAM® just prior to its release into the small intestine of 
a dog. C: View of ALICAM® while being loaded onto delivery device just prior to its release into the small 
intestine of a dog.  

A B 
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Upon completion of the study for VCE with axial-viewing, the reusable data-recorder can 

be disconnected from the patient. The recorder is subsequently connected to the 

workstation for transfer of images. The capsules in which images are transmitted from the 

capsule to an external recorder that is attached to the patient are designed to be 

excreted.149 In contrast to these VCE, the ALICAM® requires retrieval from feces. Once 

the capsule is collected and cleaned, the entire capsule is inserted into a reader that 

downloads the images. 

 

1.4.4 Indications and diagnostic performance of VCE in human medicine  

European and North American guidelines for small bowel VCE have been published in 

2015 and 2017, respectively.160,172 The main indications for use of VCE include small 

intestinal bleeding, iron deficiency anemia, diagnosis and management of Crohn’s 

disease, certain cases of celiac disease, as well as detection of small intestinal tumors 

and polyposis. In general, it is considered a complementary test in patients with 

gastrointestinal disease who have had negative or inconclusive endoscopic or imaging 

studies.60,150,160,172 Colonic VCE studies are not recommended as a routine imaging 

modality prior to traditional colonoscopy due to low sensitivity and specificity.160 For the 

purpose of this thesis, the recommendations regarding the use of VCE in patients with 

GIB and iron deficiency anemia are explained in more detail.  

In patients with overt GIB (excluding hematemesis) and negative findings on bidirectional 

GI endoscopy (i.e., overt obscure GIB), VCE is recommended as the next diagnostic step 

and should be performed as soon as possible.160,172 In these patients, diagnostic yield has 

been significantly higher with VCE compared with small-bowel radiography (27% versus 

4%),173 angiography (53% versus 20%),174 and push-enteroscopy (73% versus 49%).175 

VCE studies that are performed soon after GIB have higher diagnostic yields than later 

studies. The European guidelines therefore recommend to perform VCE within 14 days of 

a bleeding event,172 whereas no concrete timeline is given in the North American 

consensus.160 Exceptions to the recommendation of VCE as the next diagnostic test in 

obscure overt GIB include hemodynamically unstable patients and hematemesis. In 

unstable patients, more urgent endoscopic (e.g., deep enteroscopy) or radiologic studies 
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(e.g., angiography) are considered more appropriate. In patients with ongoing 

hematemesis and previous negative findings on EGD, repeat upper GI endoscopy rather 

than VCE is advised.160 In case of ongoing obscure overt GIB events and negative findings 

of VCE, repeat GI endoscopy and/or VCE are recommended.160 The diagnostic yield of a 

single VCE is reported as 38% for the first procedure, 44% for the second procedure, and 

63% for the combined findings of back-to-back VCE performed within a 24-hour interval.176 

In patients with chronic iron deficiency anemia, VCE only has a moderate diagnostic yield 

(26% to 44%) in unselected patients (i.e., including patients with possible other causes of 

iron deficiency, for example inadequate dietary intake).177-181 Therefore, VCE is only 

recommended in selected cases of iron deficiency anemia. These include males or non-

menstruating females with more severe anemia and patients with persistent or recurrent 

iron deficiency anemia despite adequate iron supplementation.160 

 

1.4.5 Indications and diagnostic performance of VCE in veterinary medicine 

In contrast to human medicine, VCE is not yet widely used in veterinary patients and 

studies in animals are limited. The initial reports in dogs and pigs were conducted as 

experimental studies prior to human use.182-184 More recently, several clinical studies, 

case reports and abstracts were published describing the use of VCE in dogs157,166-169,185-

188 and horses;155,189 their use in feline patients has not been reported at the time of writing 

this manuscript. This is most likely due to the size of the capsule in comparison to the 

cats’ intestinal lumen and therefore the risk of gastric retention, GI obstruction and/or risk 

of perforation.   

An overview of published clinical studies using VCE in dogs is given in Appendix I. The 

most commonly applied capsules at the time of writing this manuscript are Endo Capsule® 

(Olympus America Inc., USA),167,168,185,186 and ALICAM®.157,188 M2A® (first generation 

PillCam®, Given Imaging, Israel)169 and MiroCam® (Intromedic, South Korea)166 have 

each been used in one study. In the initial studies, included dogs were Beagles (healthy,169 

infected with Ancylostoma caninum168,185 or Toxocara canis186). Later studies were 

performed in different breeds, such as in German Shepherd dogs, mixed breeds and 

Golden Retrievers.157,166,167,188 The reported weights of dogs studies ranged from 6.0 ± 
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0.3 kg (mean body weight ± standard deviation; no minimum weight recorded)168 to 62.5 

kg.188 VCE studies were performed for various reasons: assessment of intestinal 

hookworm counts and response to anthelmintics,168,185,186 detection of GIB lesions in dogs 

with overt GIB and/or microcytosis,157,167,188 and comparison of different preparation 

protocols for VCE.166,169  

Overall, the main indications for VCE thus far in canine medicine are GI hemorrhage 

(either overt or suspected occult) and in-vivo assessment of GI antiparasiticides. VCE has 

replaced necropsies in some pharmacologic studies of anthelmintics which has had a 

significant positive impact on animal welfare. The possible role for diagnosis and 

monitoring in dogs with inflammatory bowel disease (IBD) has not yet been investigated.  

  

1.4.6 Complications and contraindications 

VCE is considered an overall safe procedure.160,172 Complications of VCE in people have 

been described in several large case series and meta-analyses.159,190-200 Potential 

complications of VCE can be divided into clinical and technical failures. Clinical 

complications include difficulty or inability to swallow the capsule, incomplete small bowel 

study, and capsule retention. Similar reports focusing on risks of VCE have not been 

published in veterinary medicine, most likely due to low use and availability of capsule 

endoscopy compared to human medicine.  

Contraindications for VCE in people are known or suspected GI obstruction, strictures or 

fistula, dysphagia, and pregnancy.149,150,190,191 Additionally, in dogs, the use of VCE is 

limited to patients weighing at least 4.5 kg (personal communication, J. Solomon). 

 

1.4.6.1 Clinical complications 

Difficulty swallowing the capsule is encountered rarely in people, since dysphagia is 

considered an absolute contraindication of VCE and the procedure is therefore not 

performed in affected patients.190,199 In a large case series of 733 VCE studies, oral 

administration of the capsule was not possible or required sedation and subsequent 

endoscopic placement in 1.5% of human patients despite exclusion of patients with 
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dysphagia. In one patient, aspiration into the airway occurred with spontaneous expulsion 

of the capsule by coughing.190 Difficulties in swallowing with oral administration, or 

aspiration of the capsule have not been reported in dogs.  

Incomplete small bowel studies are the most commonly reported complications in people 

and in dogs.167,190 Reported rates for incomplete studies in people range from 20% to 

30%.190,193,194,201-203 Risk factors associated with incomplete studies include previous 

small bowel surgery, previous bowel obstruction, hospitalization, overt gastrointestinal 

bleeding, suspected or known Crohn’s disease, moderate or poor bowel cleansing, 

delayed gastric transit time, diabetes mellitus, older age, and male sex.193,194,203,204 In a 

previous retrospective analysis of 2300 VCE studies, the PillCam® had the highest rate 

of complete studies in patients with upper GIB (82.5%) compared to the Olympus 

capsule® (73.9%).194 Possible solutions that may improve the completion rate of VCE 

studies include administration of prokinetics (e.g., metoclopramide, erythromycin) and 

purgatives, capsules with longer battery life, endoscopic placement of the capsule into the 

duodenum, and the use of a real time viewer with subsequent interventions if gastric 

emptying is delayed (e.g., endoscopic placement, administration of water or 

prokinetics).160,205 Administration of erythromycin or metoclopramide was shown to 

significantly expedite the gastric emptying time of capsules and was associated with lower 

rates of incomplete procedures.206,207 In contrast to these results, other studies concluded 

that the use of prokinetics did not result in improved completion rates in people.208,209 

Additionally, the standard use of prokinetics may increase the rate of missed mucosal 

abnormalities.210 These contradictory results are most likely due to differences in study 

designs (e.g., in oral versus parenteral administration of prokinetics and timing of 

administration).165 Therefore, the role of prokinetics and purgatives regarding improved 

completion rates of VCE studies is still uncertain.  

In healthy dogs, rates of incomplete studies range from 0%166 to 80%,169 depending on 

the administration protocol. Rates of incomplete studies in sick dogs with and without GIB 

have been reported as 12.5%,188 16.7%,168,186 and 37.5%167 (see Appendix I). These 

differences in completion rates may be due to differences in: health status (e.g., healthy 

versus sick, hospitalized versus ambulant, acute versus chronic disease) or size of dogs, 

the VCE used (e.g., size, battery life), and preparation protocol (e.g., fasting time, PEG 
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administration). Thus far, studies investigating risk factors for incomplete procedures in 

dogs have not been performed. Attempts to translocate the capsule into the duodenum in 

three dogs of different weights (7.7 – 40kg) with incomplete studies included the 

administration of prokinetics (metoclopramide, erythromycin) but two of these dogs 

vomited the capsule up despite addition of prokinetics. In the third dog, a new capsule 

was endoscopically placed into the duodenum using a delivery device.167 In a study from 

2011, the administration of a second VCE was required in 3 Beagles with incomplete 

studies and resulted in complete studies in 2 out of these 3 dogs.168 

Capsule retention is a rare risk, but remains the most relevant procedure-related 

complication of VCE use.195,211 It is defined as the presence of the capsule endoscope in 

the GI tract for a minimum of 2 weeks.194,195,210 Capsule retention has been reported in 

approximately 2% of VCE procedures in people.159,192,194,196-198 The rate of capsule 

retention depends on the clinical condition of the patient; capsule size and patients’ age 

have not been reported as risk factors.195 Higher incidents of capsule retention in 10% to 

25% of patients have been noted in patients with known Crohn’s disease, IBD, strictures 

or obstruction, pelvic or abdominal radiation, previous small bowel resection, chronic use 

of NSAIDs, or suspected tumor.192,194,195,198,212 Patients with obscure GIB are considered 

to be at the lowest risk for capsule retention.211 Most patients with capsule retention are 

asymptomatic. However, long-term capsule retention may lead to capsule fragmentation, 

bowel obstruction, and perforation. Therefore, removal may be recommended in cases of 

long-term capsule retention. Removal may be achieved via medical management (e.g., in 

patients for IBD) or surgical or endoscopic retrieval.195 Capsule retention defined as 

impaction of the capsule for at least 2 weeks within the digestive tract has not been 

reported in dogs.  

 

1.4.6.2 Technical complications 

Technical limitations and failures associated with VCE use include problems that arise 

from malfunctioning of the devices (e.g., failure of capsule activation, failure of 

downloading). Most technical complications occur early in a facility’s experience with VCE 

and decrease with increasing use.190,200 In a retrospective review of 733 VCE procedures 
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using the M2A capsule®, technical problems occurred in 8.6% of the examinations. Many 

of these failures happened within the first 50 cases. The most common failures were the 

occurrence of gaps in the recording and short duration of the batteries.190 In a recent study 

assessing CapsoCam SV-1® (equivalent to ALICAM®) and comparing it to Pillcam SB2®, 

technical limitations were encountered in 13.7% of studies with CapsoCam SV-1® (6.8% 

failure to retrieve capsule from feces, 6.8% recording failures) and in only 1.4% with 

PillCam SB® (recording failure).154 Similar technical complications have not yet been 

described in canine studies. 

 

1.5 Objectives and hypotheses 

Gastrointestinal bleeding can lead to severe clinical implications. Early and accurate 

diagnosis of GIB is therefore necessary for successful treatment. In overt GIB, clinical 

signs are obvious and advanced diagnostic tests and targeted treatment will be pursued 

early. However, diagnosing occult GIB can be challenging. It has been associated with 

prolonged hospitalization and increased use of procedures in people.213 Given the 

insufficient sensitivity and specificity of FOBT and presence of iron deficiency anemia, as 

well as the requirement of general anesthesia for traditional GI endoscopy, there is a need 

for non-invasive diagnostic tests to detect occult GIB in dogs. Additionally, predicting the 

correct site of GIB (upper versus lower) can aid in choosing the appropriate subsequent 

diagnostic test (upper versus lower GI endoscopy). Hence, the objectives of the first study 

(section 2) were to assess the usefulness of BUN/creatinine ratio to detect occult GIB and 

to distinguish upper from lower GIB in dogs. BUN/creatinine ratio was assessed in dogs 

enrolled retro- and prospectively with overt and occult GI hemorrhage as well as clinically 

healthy dogs. We hypothesized that the BUN/creatinine ratio will be higher in dogs with 

occult GIB compared to healthy dogs but lower compared to dogs with overt GIB; and that 

a BUN/creatinine ratio can predict occult GIB. Moreover, we anticipated that the 

BUN/creatinine ratio will be higher in dogs with upper versus lower GIB, and that the ratio 

can predict upper GIB. We also aimed to compare the diagnostic value of BUN/creatinine 

ratio to routine hematological parameters in dogs with GIB. 
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Video capsule endoscopy is a relatively new procedure performed in dogs with only a few 

case reports and studies discussing its use in dogs in general and even less in patients 

with GIB.157,166-169,185-188 Despite a multitude of reports about common complications in 

people,159,190-200 complications and adverse effects have rarely been reported in healthy 

dogs or dogs with GIB. In the second study (section 3), we aimed to assess diagnostic 

yield, quality of visualization, and complications of VCE in prospectively enrolled dogs with 

overt or suspected occult GIB. We hypothesized that VCE would be a safe procedure that 

can detect bleeding lesions in the entire GI tract and that similar to people, incomplete 

studies would be the most common complication. As a secondary objective, we sought to 

identify possible risk factors for incomplete studies.  
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2 Diagnostic evaluation of BUN/creatinine ratio in dogs with 

gastrointestinal bleeding 

 

2.1 Introduction 

Gastrointestinal bleeding (GIB) is a frequent cause of hospitalization in dogs.1-3 Clinical 

signs vary from subclinical disease without any visible bleeding (occult GIB) to visible 

hemorrhage (overt GIB) in the form of hematemesis, hematochezia, or melena.3,5 

Gastrointestinal bleeding can further be distinguished into upper and lower 

gastrointestinal (GI) hemorrhage based on the location of bleeding either orad or aborad 

to the ligament of Treitz (duodenojejunal junction).214 Reported disorders associated with 

GIB can be classified based on the underlying pathology into GI ulceration, 

coagulopathies, and vascular anomalies.215 To properly manage and treat GIB, accurate 

and prompt identification of GI hemorrhage and its underlying cause are required.  

Non-invasive markers of occult GIB, including positive fecal occult blood tests and the 

presence of iron deficiency anemia, have poor sensitivity.68,69,77 Therefore, endoscopy is 

considered the diagnostic test of choice in dogs and people with GIB.18,20,57,60,88 The type 

of endoscopy (upper versus lower GI endoscopy) is usually guided by the suspected 

location of bleeding based on clinical signs; hematemesis and melena suggestive of upper 

GIB, hematochezia suggestive of lower GIB. However, using this approach, it has been 

reported that 24% of people with GIB receive an initial endoscopy of the site “opposite” to 

the lesion.138 Moreover, traditional endoscopy does not allow evaluation of the mid-

jejunum. More recently, video capsule endoscopy (VCE) has been employed to identify 

GIB lesions in dogs along the entire GI tract in addition to traditional endoscopy.157,158,167   

The ratio of blood urea nitrogen (BUN) to creatinine has been used as a simple index to 

discriminate upper (higher ratio) from lower GIB (lower ratio) sources in human 

medicine.126,135,214 Different BUN/creatinine ratio cut-offs to differentiate upper from lower 

GIB ranging from 30 – 36 have been reported in people.131,134,135,139,216 Prause and 

colleagues demonstrated that dogs with melena and/or hematemesis had a significantly 

higher BUN/creatinine ratio than control dogs.1 It is postulated that an increase in BUN in 
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upper GIB is caused by increased hepatic ureagenesis following absorption and 

metabolism of blood proteins (e.g., hemoglobin) in the GI tract.6,125,126 Experimental 

studies in people and dogs showed an association between ingestion of blood and 

increased BUN concentration.6,125,127 An alternative hypothesis assumes that early 

prerenal azotemia due to blood loss with subsequent hypovolemia causes an increased 

BUN without increase in creatinine.127,128 To our knowledge, the diagnostic value of the 

index to predict occult GIB and to localize the GIB lesion in dogs has not been 

investigated. 

The primary objective of this study was to evaluate the usefulness of the BUN/creatinine 

ratio as a diagnostic marker for occult GIB and to distinguish upper from lower GIB in 

dogs. We hypothesized that BUN/creatinine ratio will be higher in dogs with occult GIB 

compared to healthy dogs but lower compared to dogs with overt GIB; and that a 

BUN/creatinine ratio can predict occult GIB. Moreover, we anticipated that the 

BUN/creatinine ratio will be higher in dogs with upper versus lower GIB, and that the ratio 

can predict upper GIB. As a secondary objective, we compared the diagnostic value of 

BUN/creatinine ratio to routine hematological parameters in dogs with GIB.  

 

2.2 Materials and methods 

2.2.1 Patient population 

This was a multicenter, observational, retrospective, and prospective study. Seventy-four 

dogs were included retrospectively and 15 dogs prospectively. For retrospective 

enrollment, electronic medical records of the Ontario Veterinary College Health Sciences 

Centre (OVC-HSC, University of Guelph, Guelph, Canada) between July 2011 and July 

2017 were reviewed. Eligible dogs were identified based on the following keywords: 

“hematemesis”, “melena”, “hematochezia”, “esophageal ulcer”, “gastric ulcer”, “duodenal 

ulcer”, “gastric foreign body”, “mass stomach”, “immune-mediated thrombocytopenia”, 

and “immune-mediated bowel disease”. Additional records of dogs who had received VCE 

(ALICAM®, Infiniti Medical, Menlo Park, California) between July 2015 and July 2017 were 

provided by Infiniti Medical. These patients presented to their family veterinarian for GI-
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related clinical signs or anemia of unknown origin. VCE was administered by the attending 

clinician in different veterinary hospitals throughout the USA.    

Dogs were enrolled prospectively from August 2017 to March 2020 as part of a separate 

prospective study concerning VCE. The study protocol was approved by the University of 

Guelph Animal Care Committee. Owner consent was obtained prior to study enrollment. 

Dogs with VCE documented GIB presented to one of the following veterinary referral 

hospitals: OVC-HSC, Mississauga Oakville Veterinary Emergency and Specialty Hospital 

(Oakville, Canada), and Veterinary Emergency Clinic (Toronto, Canada) were eligible for 

inclusion based on clinical signs of overt GIB or suspected occult GIB. These dogs 

received VCE by ALICAM®, via oral administration or endoscopic placement into the 

stomach or duodenum. Dogs with a body weight of < 4.5kg, coagulopathy, suspected 

partial or complete GI obstruction, or GI perforation were excluded from VCE examination. 

Costs of VCE were partially covered by the study and VCE was often performed as a first-

line endoscopic procedure due to owner preference.  

For all identified eligible dogs (retrospective and prospective case enrollment), the medical 

records were reviewed and the following exclusion criteria applied: presentation in shock, 

moderate or marked dehydration at admission based on physical examination and/or 

signs of hemoconcentration (hematocrit > 0.6 L/L), suspected or confirmed renal azotemia 

(serum creatinine > 2mg/dL, and if available urine specific gravity < 1.030), post-renal 

azotemia, signs of hepatic dysfunction (as determined by serum biochemical analysis, 

and if available fasted ammonia, pre- and postprandial bile acids, coagulation panel, or 

abdominal ultrasonography), documented marked muscle loss, and pyrexia. Patients 

were also excluded if occult GIB could not be confirmed or if temporally relevant BUN and 

serum creatinine values were not available (i.e., at admission when overt GIB was 

present, or within 72 hours of diagnosis of occult GIB). Dogs with steroid exposure were 

initially included for further analysis given previous contradictory study results on the 

influence of steroid exposure on BUN/creatinine ratio in dogs with GIB.1,217   
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2.2.2 Control dogs 

A population of 65 healthy control dogs with available bloodwork (CBC, biochemical 

profile) were selected. These dogs were presented to the OVC-HSC for blood donation, 

for elective castration or spay, and healthy dogs presenting for an unrelated research 

study. Control dogs were deemed healthy based on history, physical examination, and 

clinically unremarkable complete blood count and serum biochemistry profile. Control 

dogs were excluded in case of anorexia, vomiting, diarrhea, pica, regurgitation, or 

abdominal discomfort within the last 2 weeks. Two dogs received phenylpropanolamine 

and one dog received diethylstilbestrol for urethral sphincter mechanism incompetence, 

and one dog received trazodone prior to blood collection. No other medications besides 

preventative flea and tick medication were administered. 

 

2.2.3 Data collection 

For all eligible dogs, medical records were reviewed for the following data: signalment, 

history, clinical signs, medications at the time of presentation, results of bloodwork (BUN 

in mg/dL, serum creatinine in mg/dL, hemoglobin [Hb] in g/L, hematocrit [Hct] in L/L, mean 

corpuscular volume [MCV] in fL, mean corpuscular hemoglobin concentration [MCHC] in 

g/L), results of diagnostic tests to identify bleeding lesions, final diagnosis, and survival to 

discharge. For each dog enrolled prospectively, muscle condition and systemic blood 

pressure at the time of blood collection was documented. Only temporally relevant 

bloodwork results as defined previously were included. All laboratory values were 

obtained from reference laboratories (Animal Health Lab, University of Guelph, Canada; 

IDEXX Reference Laboratories Ltd., Antech Diagnostics Reference Laboratories) or 

standard in-house analyzers. If serum urea and creatinine results were reported in 

international units (mmol/L and μmol/L, respectively), conversion to conventional units 

(mg/dL) was performed for calculation of the BUN/creatinine ratio.  

All dogs included in further analyses were subclassified. Gastrointestinal bleeding was 

defined as all forms of hemorrhage in the digestive tract extending from the oral cavity to 

the rectum. Dogs were defined as overt GI bleeders if melena, hematemesis, or 

hematochezia were present. Dogs classified as occult GI bleeders did not have visible 
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signs of GIB, and GI hemorrhage was confirmed on diagnostic workup. Dogs were 

classified as having upper GIB, lower GIB, or both based on the bleeding source being 

orad, aborad, or both relative to the ligament of Treitz, respectively. 

 

2.2.4 Tests to diagnose gastrointestinal bleeding 

The diagnostic workup performed to identify bleeding GI lesions varied and included at 

least one of the following: conventional GI endoscopy, VCE, exploratory laparotomy, 

and/or necropsy. For all dogs, conventional endoscopy (upper and/or lower GI 

endoscopy) was performed and assessed by a board-certified internist or a resident in 

internal medicine. All VCE examinations were following a 12 – 24 hour fast, and capsules 

were administered orally or endoscopically. Once retrieved from feces by the owners, the 

capsules were evaluated by a single board-certified internist (retrospective part: JP, Infiniti 

Medical; prospective part: AD). Gastrointestinal bleeding was diagnosed on endoscopy 

(traditional or VCE) if an actively or recently bleeding lesion was identified. Exploratory 

laparotomy was performed by a board-certified surgeon at the OVC-HSC. Bleeding 

lesions were identified if GI ulcers or bleeding masses were visualized. Necropsies were 

performed by a board-certified pathologist at the Animal Health Laboratory (University of 

Guelph, Guelph, Canada).  

 

2.2.5 Statistical analyses 

Descriptive statistics were reported for all variables. Categorical variables were presented 

as frequencies and/or percentages. Numerical data were tested for normality using 

Shapiro-Wilk test and inspection of QQ plots. Normally distributed data were expressed 

as mean ± standard deviation (SD). Non-normally distributed data were expressed as 

median and range. Chi-square or Fisher exact tests were used for comparison of 

proportions of sex and neuter status between overt and occult GI bleeders and clinically 

healthy dogs.  

To compare BUN, creatinine, and BUN/creatinine ratio between GI bleeders with and 

without steroid administration, independent t-tests with logarithmic transformed data to 
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meet the test assumptions were performed. Dogs receiving steroids were excluded from 

the remaining statistical analyses, if a statistically significant difference was identified for 

BUN, creatinine, and/or BUN/creatinine ratio between them and dogs not treated with 

steroids. 

To assess if the parameters BUN, creatinine, BUN/creatinine ratio, Hb, Hct, MCV, and 

MCHC were statistically different between the groups (overt GIB versus occult GIB versus 

healthy; upper GIB versus lower GIB versus both), one-way analysis of variance (ANOVA) 

or, if its assumptions were not met, Kruskal-Wallis tests were performed. In case of 

significant test results, Tukey-Kramer (ANOVA) or Dunn-Bonferroni (Kruskal-Wallis) 

comparison post hoc tests were performed to identify significant differences between 

groups. Non-normally distributed data were logarithmically transformed if necessary, to 

meet underlying statistical assumptions.   

To identify predictors of occult GIB and upper GIB, logistic regression models were 

performed. BUN, creatinine, BUN/creatinine ratio, Hb, Hct, MCV and MCHC were each 

included as explanatory variables. Presence of occult GIB (occult versus healthy) and 

presence of upper GIB (upper GIB versus lower GIB) were included as dependent 

variables. The assumption of linearity was examined by including a quadratic term for 

each laboratory parameter. If the P-value for the quadratic term was significant, the 

variable was categorized into quartiles as the assumption of linearity was not met.  

The potential confounding effect of several variables was assessed by including these as 

covariates in the models. The following parameters were included for assessment of a 

confounding or distorting effect: age (assessed for all independent variables), weight 

(assessed for creatinine and BUN/creatinine ratio), presence of weight loss or anorexia 

(assessed for BUN, creatinine, and BUN/creatinine ratio), and presence of overt versus 

occult GIB (assessed for all independent variables in the model to predict upper GIB). If 

the inclusion of these covariates resulted in a 20% or greater change in the coefficient of 

the independent variable being explored, we reported the adjusted odds ratio (OR); 

otherwise only univariable results were reported. 
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Cut-off values for BUN/creatinine ratio were calculated using a receiver operating 

characteristic (ROC) curve if this ratio was a statistically significant predictor of occult or 

upper GIB.  

The fit of models was assessed with the Hosmer-Lemeshow or Pearson goodness-of-fit 

tests depending on whether the data were binary or binomial.218 Scatter plots of residuals 

and predicted values of logistic regression models were used to identify outliers. 

Commercial statistical software packages (MedCalc Statistical Software 18.11.6, 

MedCalc Software bvba, Ostend, Belgium; R statistical software 3.6.2, R Foundation for 

Statistical Computing, Vienna, Austria) were used for all analyses. Significance level α 

was set 0.05.  

 

2.3 Results 

One hundred and seventeen dogs with GIB were identified for inclusion in the study, 28 

were receiving steroids, and 89 were not. Dogs receiving glucocorticoids had significantly 

lower creatinine (median 0.62, range 0.29 – 1.57 mg/dL) and significantly higher 

BUN/creatinine ratios (27.8, 8 – 73.6) compared to dogs that did not receive steroids 

(creatinine 0.85, 0.20 – 1.92, P = 0.042; BUN/creatinine ratio 18.2, 7.2 – 89.4, P = 0.010). 

No statistically significant difference in BUN was noted between dogs receiving steroids 

(17.7, 7.3 – 42.3 mg/dL) and those who did not (15.7, 4.2 – 71.0 mg/dL, P = 0.310). Given 

the significant difference in creatinine and BUN/creatinine ratio, dogs receiving 

glucocorticosteroids were excluded from this study. No dogs were diagnosed with 

hyperadrenocorticism. 

 

2.3.1 Study population 

In total, 89 dogs with GIB were included in our analyses. There were 65 dogs with overt 

and 24 dogs with occult GIB (Figure 2.1). Sixty-five clinically healthy dogs were included. 

Of these, 37 dogs were blood donors, 19 dogs presented for an unrelated research study, 

and 9 dogs presented for elective castration and spay. Signalment and clinical signs of 

overt GI bleeders, occult GI bleeders and control dogs are outlined in Table 2.1 and Table 
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2.2, respectively. Control dogs were significantly younger compared to overt GI bleeders 

(Table 2.1). Of all dogs with GIB and control dogs, a total of 56 breeds were represented, 

with dogs of mixed breed (39; 43.8%), Labrador Retriever (13; 14.6%), Golden Retriever 

(12; 13.5%,) breeds comprising those most frequently represented. Of the 15 dogs 

enrolled prospectively, 2 were documented to have mild muscle loss and all dogs were 

normotensive at the time of blood draw.  

In 58 dogs with GIB (34 overt GIB, 24 occult GIB), further diagnostic tests were performed 

and allowed localization of bleeding along the GI tract (Figure 2.1). The diagnostic tests 

used to identify the causes of bleeding were the following: VCE (27 dogs; 46.6%), 

esophagogastroscopy or esophagogastroduodenoscopy (17; 29.3%), bidirectional GI 

endoscopy (4; 6.9%), exploratory laparotomy (3; 5.2%), ileocolonoscopy or colonoscopy 

(3; 5.2%), rectal or oral examination (3; 5.2%), necropsy (1; 1.7%). Thirty-seven (63.8%) 

dogs had upper GIB, 13 (22.4%) had lower GIB, and 8 (13.8%) had both. Signalment and 

clinical signs of dogs with bleeding of the upper and lower GI tract are presented in Table 

2.3 and Table 2.4, respectively. Most dogs with lower GIB had overt clinical signs whereas 

almost half of the dogs with upper GIB were occult. None of the dogs with lower GIB had 

hematemesis. Six dogs that underwent VCE had an incomplete study defined as failure 

to reach the colon during recording time, but images from the stomach showed bleeding 

gastric lesions.    

The underlying causes of GIB identified in these 89 dogs were erosive or ulcerative lesions 

of different etiology (61; 68.5%), followed by coagulopathies (7; 7.9%) and vascular 

ectasia (2; 2.2%). In 19 (21.3%) dogs, the cause of GIB was not identified. The most 

common coagulopathy was immune-mediated thrombocytopenia; one dog was diagnosed 

with von Willebrand disease.  

Thirty-eight (42.7%) dogs received GI protectants at the time of admission to the hospital 

or prior to performing VCE. Two (2.3%) dogs with GIB were euthanized due to the severity 

of clinical signs and suspicion of underlying neoplasia.  
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Figure 2.1: Flow chart summarizing the number of dogs with gastrointestinal bleeding (GIB) included in the 
analysis and the classification based on clinical signs and on localization of the bleeding lesion. Three 
hundred and seventy-six dogs were identified retrospectively. Of these, 302 cases were excluded from the 
analysis for the following reasons: hemorrhage not confirmed in cases of possible occult GIB (156), missing 
BUN and creatinine measurements at time of clinical signs (overt GIB) or of diagnosis of occult GIB (74), 
presentation in shock and/or moderate or marked dehydration (31), administration of steroids (28), hepatic 
dysfunction (5), renal/postrenal azotemia (5), and pyrexia (3). Forty dogs were prospectively enrolled. Of 
these, 25 dogs were excluded for the following reasons: no bleeding lesions identified (15), administration 
of steroids (8), hepatic dysfunction (1), and marked muscle loss (1). 
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Table 2.1: Signalment of dogs with overt and occult gastrointestinal bleeding and clinically healthy dogs. 

 Overt GIB Occult GIB Healthy P-value 

Total number, n 65 24 65 - 

Age in years, median 

(range) 

8 (0.2 – 14)c 7 (0.8 – 12) 4 (0.5 – 11)c < 0.0001a 

Body weight in kg, 

median (range) 

18.9 (2.9 – 60) 22.0 (4.2 – 67) 28.5 (3 – 66.5) 0.122a 

Sex (female/male) 29/36 11/13 32/33 0.866b 

Neuter status 

(neutered/intact) 

59/6 19/5 52/13 0.177b 

Abbreviations: GIB, gastrointestinal bleeding. 

aKruskal-Wallis test 

bChi-square test 

cPost hoc test revealed significant difference between the equally marked groups. 

 

Table 2.2: Clinical signs of dogs with overt and occult gastrointestinal bleeding. 

 Overt GIB, n (%) Occult GIB, n (%) 

Total number, n 65 24 

GI-related clinical signs 

Anorexia 36 (55.4%)  13 (54.2%) 

Vomiting 36 (55.4%) 9 (37.5%) 

Diarrhea 30 (46.2%) 8 (33.3%) 

Lethargy 33 (50.8%) 8 (33.3%) 

Weight loss 12 (18.5%) 9 (37.5%) 

Abdominal pain 50 (76.9%) 15 (23.1%) 

Pica 6 (9.2%) 3 (12.5%) 

Regurgitation 3 (4.6%) 2 (8.3%) 

Clinical signs of GIB 

Hematemesis 23 (35.4%) - 

Melena 35 (53.8%) - 

Hematochezia 29 (44.6%) - 

Abbreviations: GIB, gastrointestinal bleeding. 
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Table 2.3: Signalment of dogs with gastrointestinal bleeding in the upper, lower, and both parts of the 
digestive system. 

 Upper GIB Lower GIB Both P-value 

Total number, n 37 13 8 - 

Age in years, median 

(range) 

8 (0.6 – 12) 8 (0.8 – 12) 9 (2 – 11)  0.499a 

Body weight in kg, 

median (range) 

22.7 (4 – 67)  21.4 (2.9 – 38) 18.6 (11 – 46) 0.738a 

Sex (female/male) 19/18 5/8 4/4 0.744b 

Neuter status 

(neutered/intact) 

30/7 12/1 7/1 0.864b 

Abbreviations: GIB, gastrointestinal bleeding. 

aKruskal-Wallis test 

bFisher exact test 

 

Table 2.4: Clinical signs in dogs with gastrointestinal bleeding in the upper, lower, and both parts of the 
digestive system. 

 Upper GIB, n (%) Lower GIB, n (%) Both, n (%) 

Total number, n 37 13 8 

GI-related clinical signs 

Anorexia 22 (59.5%) 4 (30.8%) 5 (62.5%) 

Vomiting 21 (56.8%) 1 (7.7%) 4 (50%) 

Diarrhea 13 (35.1%) 7 (53.8%) 5 (62.5%) 

Lethargy 15 (40.5%) 3 (23.1%) 2 (25%) 

Weight loss 15 (40.5%) 1 (7.7%) 4 (50%) 

Abdominal pain 10 (27.0%) 3 (23.1%) 2 (25%) 

Clinical signs of GIB 

Overt GIB 17 (45.9%) 10 (76.9%) 7 (87.5) 

 Hematemesis 2 (5.4%) 0 0 

Melena 5 (13.5%) 0 2 (25%) 

Hematochezia 4 (10.8%) 7 (53.8%) 1 (12.5%) 

Hematemesis and melena 3 (8.1%) 0 0 

Hematemesis and hematochezia 1 (2.7%) 0 2 (25%) 

Melena and hematochezia 2 (5.4%) 3 (23.1%) 2 (25%) 

Occult GIB 20 (54.1%) 3 (23.1%) 1 (12.5%) 

Abbreviations: GIB, gastrointestinal bleeding. 
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2.3.2 BUN, creatinine, and BUN/creatinine ratio in dogs with overt and occult 

gastrointestinal bleeding and clinically healthy dogs 

Descriptive statistics and comparison testing for BUN, creatinine, BUN/creatinine ratio in 

dogs with overt and occult GIB and clinically healthy dogs are presented in Table 2.5. 

BUN was significantly lower in dogs with occult GIB compared to control dogs and dogs 

with overt GIB. Creatinine in dogs with overt and occult GIB was significantly lower 

compared to healthy control dogs. BUN/creatinine ratio was significantly higher in dogs 

with overt GIB compared to control dogs and dogs with occult GIB.   

BUN and creatinine were significantly associated with the odds of having occult GIB 

compared to being clinically healthy, but the BUN/creatinine ratio was not significantly 

associated with this outcome (Table 2.6). Dogs with BUN ≤ 12 mg/dL (first quartile) were 

significantly more likely to have occult GIB than dogs with BUN ranging from > 16 to ≤ 

21.5 mg/dL (third quartile, Table 2.6). The odds of occult GIB were lower in dogs with 

higher levels of creatinine (Table 2.6). BUN/creatinine ratio was not a statistically 

significant parameter, even after controlling for the confounding effects of weight loss and 

anorexia. For each of the logistic regression models of this study, there was no evidence 

of lack of model fit and no outliers were identified.   

As BUN/creatinine ratio was not statistically associated with the odds of occult GIB, a cut-

off value was not estimated. 

 

2.3.3 Hematological parameters in dogs with overt and occult gastrointestinal 

bleeding and clinically healthy dogs 

Hb and Hct were significantly lower in dogs with overt and occult GIB compared to healthy 

dogs (Table 2.5). MCV was not significantly different between groups (Table 2.5). Overt 

GI bleeders had a significantly lower MCHC compared to healthy dogs (Table 2.5).  

Using logistic regression models, dogs with higher Hb and Hct had significantly lower odds 

of occult GIB (Table 2.6). There was no significant association between MCV or MCHC 

and the odds of having occult GIB after adjusting for age (Table 2.6). 
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Table 2.5: Comparison of BUN, creatinine, BUN/creatinine ratio, Hb, Hct, MCV, and MCHC between dogs 
with overt and occult gastrointestinal bleeding and clinically healthy dogs. 

 Overt GIB Occult GIB Healthy P-value 

BUN (mg/dL) 17.6 (4.2 – 71)c 12.3 (5.6 – 44.5)c,d 17.4 (9.2 – 29.4)d 0.026a 

Creatinine 

(mg/dL) 

0.89 ± 0.31c 0.82 ± 0.28d 1.02 ± 0.24c,d 0.002b 

BUN/creatinine 

ratio 

19.4 (8.1 – 89.4)c,d 15.1 (7.2 – 75.7)c 16.2 (8.0 – 47.7)d 0.008a 

Hb (g/L) 136.2 ± 46.2c 122.05 ± 42.2d 174.5 ± 17.09c,d < 0.0001a 

Hct (L/L) 0.43 (0.13 – 0.6)c 0.38 (0.11 – 0.53)d 0.51 (0.42 – 0.65)c,d < 0.0001a 

MCV (fL) 70 (54 – 83) 67 (38 – 89) 71 (64 – 78) 0.312a 

MCHC (g/L) 334 (253 – 372)c 337 (277 – 396) 340 (323 – 366)c 0.011a 

Notes: Sixty-five dogs had overt and 24 dogs had occult GIB; 65 dogs were clinically healthy. The non-
normally distributed data are expressed as median (range). Normally distributed data were expressed as 
mean ± standard deviation. For dogs with overt GIB, Hb, MCV, and MCHC values were available for 62 
dogs, and Hct measurements were available for 63 dogs. For dogs with occult GIB, Hb and MCHC were 
available for 21, Hct and MCV for 22 dogs. 

Abbreviations: BUN, blood urea nitrogen; GIB, gastrointestinal bleeding; Hb, hemoglobin, Hct, hematocrit; 
MCV, mean corpuscular volume, MCHC, mean corpuscular.  

aKruskal-Wallis test 

bANOVA 

c/dPost hoc test revealed significant difference between the equally marked groups. 
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Table 2.6: Results of logistic regression models examining the association of BUN, creatinine, 
BUN/creatinine ratio, Hb, Hct, MCV, and MCHC and the odds of having occult GIB in dogs compared to 
being clinically healthy. 

 n Odds ratio 95% CI P-value 

BUN (mg/dL) 89 - - 0.024 

 1. Quartile (5 > BUN ≤ 12) 22 (Referent) - - 

2. Quartile (12 > BUN ≤ 16) 25 0.22a 0.09 – 1.09 0.069 

3. Quartile (16 > BUN ≤ 21.5) 21 0.07a 0.02 – 0.57 0.009 

4. Quartile (21.5 > BUN ≤ 45) 21 0.26a 0.09 – 1.15 0.081 

Creatinine (mg/dL) 89 0.04 0.01 – 0.33 0.003 

BUN/creatinine ratio 89 1.02a 0.97 – 1.07  0.446 

1.02b 0.95 – 1.09 0.599 

Hb (g/L) 86 0.91 0.87 – 0.95 0.0001 

Hct (L/L) per 100 units 87 0.70 0.58 – 0.84 0.0001 

MCV (fL) 87 - - 0.146 

 1. Quartile (37 > MCV ≤ 38) 22 (Referent) - - 

2. Quartile (68 > MCV ≤ 71) 28 0.58c 0.16 – 2.11 0.408 

3. Quartile (71 > MCV ≤ 73) 20 0.21c 0.04 – 1.06 0.059 

4. Quartile (73 > MCV ≤ 89) 17 1.14c 0.29 – 4.49 0.849 

MCHC (g/L) 86 - - 0.213 

 1. Quartile (332 > MCHC ≤ 339) 22 (Referent) - - 

2. Quartile (332 > MCHC ≤ 339) 21 0.73c 0.19 – 2.53 0.586 

3. Quartile (339 > MCHC ≤ 346) 26 0.26c 0.05 – 1.01 0.051 

4. Quartile (346 > MCHC ≤ 396) 17 0.64c 0.15 – 2.78 0.554 

Notes: Twenty-four dogs had occult GIB; 65 dogs were clinically healthy. For dogs with occult GIB, Hb and 
MCHC were available for 21, Hct and MCV for 22 dogs. BUN, MCV, and MCHC were modeled as categorical 
variable to meet the assumption of linearity. Confounding effect of age was assessed for all parameters, the 
effect of weight was assessed for creatinine and BUN/creatinine ratio, and the presence of anorexia and 
weight loss for BUN, creatinine, and BUN/creatinine ratio. If the inclusion of the covariates resulted in a 20% 
or greater change in the coefficient of the independent variable, the adjusted odds ratio was reported.  

Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; GIB, gastrointestinal bleeding; Hb, 
hemoglobin, Hct, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin 
concentration; n, sample size. 

aadjusted odds ratio after inclusion of presence of weight loss as covariate 

badjusted odds ratio after inclusion of presence of anorexia as covariate 

cadjusted odds ratio after inclusion of age as covariate  
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2.3.4 BUN, creatinine, and BUN/creatinine ratio in dogs with upper and lower 

gastrointestinal bleeding 

Descriptive statistics and results of comparison testing for BUN, creatinine, 

BUN/creatinine ratio in dogs with upper GIB, lower GIB, and hemorrhage at both sites are 

presented in Table 2.7. There was no significant difference between these groups for 

BUN, creatinine, and BUN/creatinine ratio.   

BUN, creatinine, and BUN/creatinine ratio were not significant predictors of upper GIB 

(Table 2.8), even after controlling for the confounding effect of type of GIB (i.e., overt 

versus occult GIB), age, and weight. As BUN/creatinine ratio was not statistically 

associated with the location of GIB, ROC curve analysis was not performed.  

 

2.3.5 Hematological parameters in dogs with upper and lower gastrointestinal 

bleeding 

There was no significant difference between dogs with upper, lower and dogs with both 

upper and lower GIB for all hematological parameters (Table 2.7). Using logistic 

regression models, none of the parameters were significantly associated with localization 

of GIB (upper versus lower, Table 2.8). For each parameter, we controlled for the 

confounding effect of the type of GIB (i.e., overt versus occult GIB).  
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Table 2.7: Comparison of BUN, creatinine, BUN/creatinine ratio, Hb, Hct, MCV, and MCHC in dogs with 
upper GIB, lower GIB and with both upper and lower GIB. 

 Upper GIB Lower GIB Both P-valuea 

BUN (mg/dL) 15.7 (5.6 – 71.0) 18.8 (9.5 – 51.5) 17.9 (10.6 – 35.8) 0.314 

Creatinine 

(mg/dL) 

0.81 ± 0.31 0.86 ± 0.39 0.93 ± 0.19 0.415 

BUN/creatinine 

ratio 

17.0 (7.2 – 75.7) 22.41 (10.4 – 36.3) 19.2 (11.7 – 37.3) 0.674 

Hb (g/L) 141.5 (35 – 201) 155 (43 – 192) 118.5 (36 – 202) 0.949 

Hct (L/L) 0.4 ± 0.11 0.38 ± 0.15 0.39 ± 0.17 0.992 

MCV (fL) 70 (38 – 81) 69 (41.7 – 88.6) 73 (58 – 79) 0.725 

MCHC (g/L) 333 ± 21 334 ± 28 317 ± 30 0.336 

Notes: Thirty-seven dogs were diagnosed with upper and 13 with lower GIB; 8 dogs had both upper and 
lower GIB. Upper GIB was defined as hemorrhage orad to the ligament of Treitz (duodenojeunal junction). 
The non-normally distributed data are expressed as median (range). Normally distributed data were 
expressed as mean ± standard deviation. Values for Hb and MCHC were available from 53 dogs (upper 
GIB, 32; lower GIB, 13; both, 8). MCV was measured in 54 dogs (upper GIB, 33; lower, 13; both, 8), and 
Hct in 55 dogs (upper GIB, 34; lower GIB, 13; both, 8). 

Abbreviations: BUN, blood urea nitrogen; GIB, gastrointestinal bleeding; Hb, hemoglobin, Hct, hematocrit; 
MCV, mean corpuscular volume, MCHC, mean corpuscular hemoglobin concentration. 

aKruskal-Wallis test 
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Table 2.8: Results of logistic regression models examining the association of BUN, creatinine, 
BUN/creatinine ratio, Hb, Hct, MCV, and MCHC and upper gastrointestinal bleeding in dogs compared to 
lower gastrointestinal bleeding. 

 n Odds ratio 95% CI P-value 

BUN (mg/dL) 50 0.99a 0.94 – 1.04 0.606 

Creatinine 

(mg/dL) 

50 0.37a 0.05 – 2.70 0.329 

BUN/creatinine 

ratio 

50 1.01a 0.95 – 1.07 0.789 

1.01b 0.95 – 1.06 0.818 

1.02c 0.95 – 1. 09 0.599 

Hb (g/L) 45 1.01a 0.99 – 1.03 0.262 

Hct (L/L) 47 27.17a 0.09 – 8237 0.257 

MCV (fL) 46 1.03a 0.95 – 1.12 0.436 

1.01d 0.93 – 1.09 0.887 

MCHC (g/L) 45 0.10a 0.97 – 1.03 0.889 

Notes: Thirty-seven dogs were diagnosed with upper and 13 with lower GIB. Upper GIB was defined as 
hemorrhage orad to the ligament of Treitz (duodenojejunal junction). Values for Hb and MCHC were 
available from 53 dogs (upper GIB, 32; lower GIB, 13; both, 8). MCV was measured in 54 dogs (upper GIB, 
33; lower, 13; both, 8), and Hct in 55 dogs (upper GIB, 34; lower GIB, 13; both, 8). Confounding effects of 
age and presence of overt GIB were assessed for all parameters. Additionally, confounding effects of weight 
was assessed for creatinine and BUN/creatinine ratio, and presence of anorexia and weight loss for BUN, 
creatinine, and BUN/creatinine ratio. If the inclusion of the covariates resulted in a 20% or greater change 
in the coefficient of the independent variable, the adjusted odds ratio was reported.  

Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; GIB, gastrointestinal bleeding; Hb, 
hemoglobin, Hct, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin 
concentration; n, sample size. 

aadjusted odds ratio after inclusion of type of GIB (overt versus occult) as covariate 

badjusted odds ratio after inclusion of weight as covariate 

cadjusted odds ratio after inclusion of presence of anorexia as covariate 

dadjusted odds ratio after inclusion of presence of age as covariate 
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2.4 Discussion 

Based on the results of our study, BUN/creatinine ratio is not significantly associated with 

the type of GIB (occult versus healthy) or the localization of GIB (upper versus lower GIB) 

in dogs. These results were unexpected. To our knowledge, this is the first study in 

veterinary medicine assessing the diagnostic usefulness of BUN/creatinine ratio in dogs 

with occult GIB as well as upper and lower GIB.  

The first part of this study aimed to investigate the BUN/creatinine index as a marker for 

occult GIB in dogs. Results disappointedly demonstrated that BUN/creatinine ratios were 

not significantly different from clinically healthy dogs and could not be used to predict 

occult GIB. Similar results have been demonstrated by Tomizawa et al. whereby 

BUN/creatinine ratio was not significantly elevated in human patients with occult upper 

GIB compared to patients without upper GIB who had an upper GI endoscopy performed 

for various reasons; the latter showed that the BUN/creatinine ratio had poor 

discriminatory ability to predict occult upper GIB (AUC of 0.605) in humans.219 Occult GIB 

is characterized by microscopic blood loss whereas significant hemorrhage causes visible 

GIB in cases of overt hemorrhage.8 People with occult GIB can lose up to 100 ml per day 

representing about 22 g of protein loss (7 g total plasma protein, 15 g hemoglobin).12,13 In 

an experiment by Cohn et al., 180 g of blood protein was instilled in the form of diluted 

citrated blood into the stomach of healthy men and a 25-35% increase in BUN was noted 

from baseline.127 It is possible that the amount of protein that is lost and could be absorbed 

in occult GIB is insufficient to cause an increase in BUN in dogs. Alternatively, occult GIB 

may not result in prerenal azotemia. 

When assessing BUN and creatinine separately, BUN was significantly lower in occult GI 

bleeders compared to healthy dogs and compared to overt GI bleeders. Unexpectedly 

dogs with a BUN of ≤ 12 mg/dL were significantly more likely to have occult GIB than dogs 

with BUN ranging from > 16 to ≤ 21.5 mg/dL. It is possible that anorexia blunted a possible 

BUN increase and therefore also an increase in BUN/creatinine ratio secondary to occult 

GIB. Decreased or absent food intake and therefore decreased protein digestion could 

lead to lower BUN concentrations potentially masking increases due to GIB.103 In fact, 

based on previous study results, BUN levels may be more influenced by dietary protein 
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intake than GIB.127 Creatinine in dogs with overt and occult GIB was significantly lower 

compared to healthy control dogs, and the odds of occult GIB compared to being healthy 

were lower in dogs with higher levels of creatinine. We hypothesized that the cause for 

decreased creatinine in the dogs with GIB was decreased body weight and/or muscle 

compared to healthy dogs since it was recently shown that creatinine and lean body mass 

are positively correlated.145 Although marked muscle loss was an exclusion criterion, dogs 

with GIB could have had decreased muscle mass compared to the control dogs. However, 

even after controlling for the confounding effect of anorexia and weight loss in the logistic 

regression model, BUN/creatinine ratio was not significantly associated with presence of 

occult GIB. This may represent a type II statistical error due to small sample size or failure 

to recognize and control another confounding/distorting variable. 

The sensitivity of BUN/creatinine ratio to diagnose GIB of any form may also be decreased 

in our study as the maximum change in BUN could have been missed depending on the 

timing of the analysis versus timing of hemorrhage. It has been shown that in dogs, the 

peak BUN level occurs approximately 4.5 – 10 hours following blood digestion and that 

nearly all BUN concentrations decrease to baseline by 24 hours.220 The timing of GIB to 

blood collection may preclude useful findings, particularly in dogs with suspect GIB 

receiving GI protectants. In the dogs in our study, 42.7% were receiving GI protectants at 

the time of blood sampling.  

In this study, the median BUN/creatinine ratio in dogs with overt GIB was significantly 

higher compared to the control group of clinically healthy dogs and occult GI bleeders. 

Unfortunately, predicting overt GIB is less clinically useful, because overt GIB is not 

diagnostically challenging. Prause and Grauer (1998) conducted a retrospective study 

that included dogs with hematemesis and/or melena and control dogs. Similar to our 

study, BUN, creatinine and BUN/creatinine ratio were significantly higher compared to 

control dogs.1 Compared to our results, medians of BUN, creatinine and BUN/creatinine 

ratio in dogs with upper GIB were higher.1 Similarly, in a study by Waldrop and colleagues 

assessing dogs with severe upper and/or lower GI hemorrhage requiring blood 

transfusions, a higher mean BUN/creatinine ratio of 34 was noted when compared to the 

results of the study herein where the median BUN/creatinine ratio for overt GIB was 19.3 
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(mean 24.9). This difference may be attributed to differences in inclusion criteria, as 

patients in shock and/or moderate to marked dehydration were excluded in our study. 

Dogs with occult and overt GIB were significantly older than the healthy dogs we recruited. 

In a recent study, clinically healthy geriatric dogs (≥ 12 years) had significantly higher 

BUN/creatinine ratios than adult (1 to < 8 years) or senior dogs (8 to < 12 years) with BUN 

being increased and creatinine being decreased in geriatric dogs.221 Consequently, the 

potential confounding effect of age was assessed for BUN, creatinine, and BUN/creatinine 

ratio in our logistic regression model, but none was apparent.  

The results of our study suggest that BUN/creatinine ratio has poor discriminatory ability 

to distinguish upper from lower digestive hemorrhage in canine patients. An increased 

BUN/creatinine ratio was not associated with higher odds of having upper versus lower 

GIB in this study. This was an unexpected finding, as BUN/creatinine ratio cut-offs ranging 

from 30 to 36 are reported markers for upper GIB in people.131,134,135,139,216 These 

contradictory results may be due to differences in inclusion criteria. Many studies in 

humans included only patients with overt GIB,126,130,135,222,223 whereas both overt and 

occult GI bleeders were enrolled in our study. After controlling for the of type of GIB, an 

association between location of GIB and BUN/creatinine ratio was not identified in this 

study. This may represent a type II statistical error due to small patient number, especially 

for lower GI bleeders.  

When comparing BUN/creatinine ratio to routine hematological parameters, the results of 

our study show that a decrease in Hb and Hct is more useful than BUN/creatinine ratio in 

predicting occult GIB. In contrast, MCHC and MCV were not associated with increased 

odds of having occult GIB. Similar to our results, Tomizawa et al. found that a decrease 

in Hb was a better predictor of occult upper GIB in humans than BUN/creatinine ratio.219 

Given a previous study that showed that Hct and MCV are decreased in clinically healthy 

geriatric dogs compared to adult dogs,221 we assessed if age acted as a confounding 

variable and reported adjusted OR if that was the case. However, despite including age 

as a covariate, there was no significant association between MCV or MCHC and the odds 

of occult GIB. 
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In our study, Hb and Hct were not significantly different between dogs with upper and 

lower GIB. This result is consistent with a study that found no significant difference in Hb 

between upper and lower GIB sources in human pediatric patients.222 However, in contrast 

to our study, several other studies in people have found that Hb and/or Hct were 

significantly decreased in patients with upper GIB compared to those with lower 

GIB.135,214,223 In these studies, it was postulated that upper GIB is more severe than lower 

GIB resulting in more severe blood loss. Different inclusion criteria between the studies 

may explain these differences. As stated above, the fact that more dogs with lower GIB 

had overt GIB whereas dogs with upper GIB more frequently had occult hemorrhage could 

explain our results.  

The present study has several limitations. First, the small number of occult GI bleeders, 

as well as the low number of dogs with lower GIB could have decreased the overall 

statistical power and therefore the chance of detecting a true effect. Second, due to the 

partially retrospective nature of the study, information on diet and systemic blood pressure 

at time of blood collection that could have influenced BUN and/or creatinine levels were 

not routinely documented and could therefore not be controlled. Third, further renal 

function testing, such as measurement of SDMA and/or urinalysis, was not routinely 

performed in our retrospectively enrolled patients. Therefore, it is possible that some 

patients had early kidney disease that was not detected by routine bloodwork. A fourth 

limitation is that the control dogs were deemed healthy based on history, physical 

examination, and bloodwork findings but did not have further diagnostic tests performed 

to rule out occult GIB. Preferably, dogs from the same hospitals with clinical suspicion of 

occult GIB (e.g., anorexia, mild anemia) but confirmed absence of GI hemorrhage would 

have provided a more ideal counterfactual control group. A fifth limitation is that 

hematology and biochemistry analysis were performed at different laboratories and 

different in-house analyzers. Therefore, results could have been influenced by interassay 

and interlaboratory variation. Finally, blood parameters were only assessed at one point 

in time. Future studies should assess if trending of BUN/creatinine ratio over time rather 

than a single value can be helpful in predicting occult GIB. 
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2.5 Conclusions 

In conclusion, the data of our study suggests that the BUN/creatinine ratio is not useful in 

predicting occult GIB and has poor discriminatory ability to distinguish upper from lower 

GIB in clinical canine patients. Based on this, an increased BUN/creatinine ratio in a dog 

without signs of overt GIB, especially if its hematocrit is within the middle or upper 

reference interval, should not prompt prescription of GI protectants. Other factors, such 

as anorexia, high protein diet, weight loss, muscle condition, and glucocorticosteroid 

administration should be considered when interpreting the BUN/creatinine ratio. Further 

studies including control dogs with GI-related clinical signs but without GIB are needed to 

assess the ability of the ratio to predict occult GIB, and including dogs with exclusively 

overt GIB to investigate its discriminatory ability between upper and lower GIB are 

warranted.  
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3 Feasibility, complications, and quality of visualization of 

video capsule endoscopy in 40 dogs with overt and 

suspected occult gastrointestinal bleeding  

 

3.1 Introduction 

Video capsule endoscopy (VCE) provides a non-invasive endoscopic imaging technique 

of the gastrointestinal (GI) tract. It has been increasingly used for 2 decades in human 

patients.7 The main advantage of VCE over traditional bidirectional endoscopy is the 

visualization of the entire small intestine. One of the main indications of VCE 

administration in human patients is recurrent or persistent obscure GI bleeding (GIB) [i.e., 

GIB without a lesion identified after upper and lower conventional endoscopy].160,172 

European and North American VCE guidelines addressing indications, bowel preparation, 

reporting, and training are available and support the optimal use of VCE in human 

gastroenterology.160,172 Incomplete studies defined as failure to reach the cecum within 

recording time are the most commonly reported complications in people.194 Other 

complications reported include capsule retention, aspiration of the capsule into the 

airways, and technical complications.190,195,200 

In contrast to human medicine, VCE is not yet widely used in veterinary patients and 

studies in animals are limited. The initial reports in dogs and pigs were conducted as 

experimental studies prior to human use.182-184 More recently, several studies mostly in 

form of retrospective case reports and case series have been published in dogs157,158,166-

169,185,186 and horses.189 In dogs, VCE has been mainly used to detect bleeding lesions in 

patients with overt GIB and suspected occult GIB,157,158,167 and for evaluation of treatment 

response to GI antiparasiticides.168,185,186 Thus far, incomplete studies and vomiting of the 

capsule are the only reported complications in canine patients.158,166-169,186 Davignon et al. 

prospectively assessed the feasibility and diagnostic ability of VCE to detect GIB in 8 

dogs.167 Larger prospective studies in dogs with overt and occult GIB evaluating feasibility, 

quality of visualization, and complications are lacking. This information is crucial for 

veterinarians in order to understand the advantages and limitations of this relatively new 

diagnostic procedure.  
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In this study, we aimed to assess the feasibility, diagnostic yield, quality of visualization, 

and complications of VCE in dogs with overt or suspected occult GIB. We hypothesized 

that VCE is a safe procedure that can detect bleeding lesions in the entire GI tract and 

that similar to people, incomplete studies, where the capsule does not reach the colon 

during recording time, will be the most common complication. As a secondary objective, 

we sought to identify possible demographic and clinical risk factors for incomplete studies.  

 

3.2 Materials and methods 

3.2.1 Dogs 

This was a prospective multicenter study performed in dogs presented with overt or 

suspected occult GIB to one of the following veterinary referral hospitals: Ontario 

Veterinary College Health Sciences Centre (OVC-HSC, University of Guelph, Guelph, 

Canada), Mississauga Oakville Veterinary Hospital (MOVEH, Oakville, Canada), and 

Veterinary Emergency Clinic Toronto (VEC, Toronto, Canada). Dogs were enrolled from 

August 2017 to March 2020. Overt GIB was defined as hematemesis, melena, or 

hematochezia. Occult GIB, defined as non-visible GIB, was suspected if at least 2 of the 

following criteria were fulfilled: presence of GI-related clinical signs (e.g., anorexia, 

vomiting, diarrhea), unexplained anemia, unexplained microcytosis, historical chronic 

enteropathy or historical GI ulceration, ongoing or recent treatment with non-steroidal anti-

inflammatory drugs (NSAIDs) or corticosteroids, or suspicion of GI lesions on abdominal 

ultrasound. The study protocol was approved by the University of Guelph Animal Care 

Committee. Owner consent was obtained for each dog prior to enrollment into the study. 

Costs of VCE were partially covered by the study. Dogs with a body weight of < 4.5kg, 

coagulopathy, suspected partial or complete GI obstruction, and GI perforation were 

excluded from study enrollment. 

 

3.2.2 Video capsule endoscopy procedures 

All dogs received an ALICAM® capsule (Infiniti Medical LLC, California). Dogs were fasted 

for 8 – 12 hours prior to, and for 8 hours following capsule administration. Bowel 
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preparation was not standardized and was performed at the discretion of the attending 

clinicians and included both oral or nasogastric (NG) tube and rectal treatments. Rectal 

protocols included 20 – 40 mL/kg warm water enemas for awake patients, and for 

anesthetized patients rectal delivery of warm water until clear liquid was drained. 

Polyethylene glycol (PEG, 40 – 60 mL/kg, PEGlyte®, Pendopharm, Montreal, Quebec, 

Canada) was given per os or via NG tube 12 – 24 hours prior to capsule administration. 

Simethicone (25 – 200 mg per dog, Ovol® 80mg tablets, Church & Dwight Co., Inc., 

Ewing, New Jersey; Simethicone 180mg capsule, Wal-Mart Canada Corp., Mississauga, 

Ontario, Canada) was administered once per os, 30 minutes prior to capsule 

administration as recommended in humans.224 Prokinetics were included as needed for 

treatment of underlying disease or as a prokinetic for possible improved VCE study 

completion. 

At the time of capsule administration, capsules were activated according to manufacturer 

instructions, by disconnection of the prepackaged capsule from the magnet. The capsule 

was administered orally or endoscopically. Endoscopic deployment was performed if GI 

endoscopy was part of the patient’s diagnostic workup or if oral administration was not 

possible due to dysphagia or the patient’s temperament. The goal of the endoscopic 

deployment was placement of the capsule directly into the duodenum. If this was not 

possible, the capsule was placed into the stomach. Early during the enrollment period, an 

endoscopic basket (Falcon® rotatable retrieval basket, STERIS, Mentor, Ohio) was used 

for deployment. However, due to difficulties of passing the basket through the pylorus with 

the capsule oriented perpendicularly to the scope, a capsule endoscope delivery device 

(AdvanCE® capsule endoscope delivery device, STERIS, Mentor, Ohio) was used after 

December 2018 at all enrolling hospitals. The dogs were discharged home into the care 

of their owners after capsule administration or continued to be hospitalized if required for 

their ongoing care. Owners and hospital staff were instructed to check for capsule 

excretion and to document the time of retrieval. The capsules were all returned to the 

OVC-HSC where the images were downloaded and subsequently analyzed by a board-

certified internist (AD).  
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3.2.3 Outcome measures 

Reported data included bowel preparation, capsule transit time from administration to 

collection, recording time from capsule activation to termination of image acquisition, 

diagnostic results of VCE study, diagnostic yield, quality of visualization, and 

complications. Bleeding lesions were categorized as bleeding erosions and/or ulcers, 

bleeding GI masses, angioectasia, and bleeding of unknown origin. Bleeding lesions 

caused by endoscopic biopsies were not reported. Any other abnormalities that were 

considered clinically significant were also recorded. Diagnostic yield was defined as the 

proportion of dogs in which a GIB source was identified using VCE out of the total number 

of dogs who received VCE. The quality of visualization was scored by one examiner (AD) 

for the stomach, small intestine (proximal, middle, and distal thirds), and colon separately. 

The score was adapted from human medicine, and scored as follows based on the 

percentage of mucosa visualized: score 1, ≤25% (poor visualization); score 2, 25 – 49% 

(limited visualization), score 3, 50 – 74% (adequate visualization), and score 4, ≥75% 

(good visualization).225 Clinical adverse events or complications such as vomiting and 

abdominal discomfort as observed by the owner or clinicians during administration or 

passing of the capsule were documented. Incomplete studies were defined as failure to 

reach the colon within recording time. Capsule retention was defined according the its use 

in human gastroenterology as the presence of the capsule in the GI tract for a minimum 

of 2 weeks.194,195   

 

3.2.4 Statistical analyses 

Categorical variables were presented as frequencies and/or percentages. Numerical data 

were tested for normality using Shapiro-Wilk test and inspection of QQ plots. All numerical 

data were non-normally distributed and were expressed as median and range.  

To identify risk factors for incomplete studies of capsules administered orally, univariable 

logistic regression was performed. We examined the assumption of linearity by including 

a quadratic term for each laboratory parameter. Dogs who received VCE via endoscopic 

deployment were excluded from analysis. Sex, weight, age, body condition score (BCS, 

out of 9), administration of PEG, simethicone, or metoclopramide, rectal enema, 
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hospitalization, recent sedation (butorphanol, dexmedetomidine, ketamine; within 24 

hours of capsule administration) and opioid use (butorphanol, buprenorphine, fentanyl, 

hydromorphone, tramadol; within 24 hours of capsule administration), presence of overt 

or occult GIB, concurrent chronic enteropathy (GI-related clinical signs of at least 3 weeks; 

extra-GI and infectious diseases were excluded), and capsule gastric transit time (CGTT) 

> 6 hours were used as independent variables. Odds ratios (OR) and corresponding 95% 

confidence intervals (CI) were reported for all variables. Ordinary logistic regression was 

performed unless estimates were approaching positive infinity (INF) or zero in which case, 

exact logistic regression was performed and median unbiased estimates of the ORs were 

reported. Goodness-of-fit was assessed via Hosmer-Lemeshow test where continuous 

independent variables were included in the model (i.e., binary data). Scatter plots of 

residuals and predicted values of logistic regression models were used to identify outliers. 

Commercial statistical software packages (MedCalc Statistical Software 18.11.6, 

MedCalc Software bvba, Ostend, Belgium; STATA 15, Stata Corp., College Station, 

Texas) were used for all statistical analyses. Significance level α was set 0.05. 

 

3.3 Results 

3.3.1 Dogs 

Forty client-owned dogs were enrolled. Thirty-six dogs were enrolled at OVC-HSC, 3 dogs 

at MOVEH, and 1 dog at VEC. The median age of dogs was 8 years (range, 4 months – 

15 years) and the median weight was 23.3 kg (6.8 – 51.6 kg). Median BCS was 5 (2 – 8). 

Twenty-one (52.5%) dogs were female (18 spayed, 45%; 3 intact, 7.5%), and 19 (47.5%) 

dogs were male (17 neutered, 42.5%; 2 intact, 5%). A total of 24 breeds were represented, 

with dogs of mixed breed (8 dogs, 20%) and Golden Retriever (6 dogs, 15%) being the 

most common. Other breeds included: Miniature Schnauzer (3 dogs, 7.5%), American 

Cocker Spaniel, Boston Terrier, Labrador Retriever (each 2 dogs, each 5%), Airedale 

Terrier, Akita, Belgian Sheepdog, Border Collie, Boxer, Brittany Spaniel, Bull Terrier, 

Dutch Shepherd, English Springer Spaniel, German Shepherd Dog, Newfoundland, Old 

English Sheepdog, Portuguese Waterdog, Samoyed, Soft-Coated Wheaten Terrier, 

Staffordshire Terrier, and Weimaraner (each 1 dog, each 2.5%). 
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Thirteen (32.5%) dogs presented with overt GIB (6 melena, 4 hematochezia, 2 melena 

and hematochezia, 1 hematemesis and melena). Twenty-seven (67.5%) dogs were 

suspected to have occult GIB based on GI-related clinical signs in combination with 

unexplained anemia (13, 32.5%), administration of NSAIDs (5, 12.5%), administration of 

prednisone, unexplained microcytosis, history of gastric ulcer, and historical chronic 

enteropathy (1 each, 2.5% each), as well as administration of prednisone in combination 

with unexplained anemia (5, 12.5%). Chronic enteropathy was diagnosed in 12 (30%) of 

40 dogs (3 overt, 9 occult). 

In 26 (65%) dogs, VCE was performed as a first-line endoscopic test prior to conventional 

GI endoscopy. Of these, conventional GI endoscopy was performed after VCE as a result 

of its findings in 4 dogs. Three (7.5%) dogs had previous conventional GI endoscopy 

performed in which 2 dogs had no source of bleeding identified, and 1 dog had colonic 

angioectasia diagnosed by previous GI endoscopy and VCE. In 11 (27.5%) dogs, VCE 

was placed endoscopically directly after negative upper and/or lower GI endoscopy. 

 

3.3.2 Video capsule endoscopy procedures 

Thirty-one (77.5%) dogs received rectal enemas, 20 (50%) dogs received oral 

simethicone, and 19 (47.5%) dogs received PEG (Table 3.1). One (2.5%) dog did not 

receive bowel preparation except for fasting. Ten (25%) dogs received metoclopramide 

(0.3 – 0.5 mg/kg every 8 hours PO or SC; 2 mg/kg/day continuous rate infusion IV) at the 

time of capsule administration.  

 

Table 3.1: Overview of bowel preparation in 40 dogs prior to video capsule endoscopy administration. 

 PEG and simethicone PEG Simethicone None 

Rectal enema 9 2 5 15 

No rectal enema 6 2 0 1 

Notes: PEG was administered orally or via nasogastric tube. Simethicone was given orally 30 minutes prior 
to capsule administration. Each cell contains the number of dogs. 

Abbreviations: PEG, polyethylene glycol. 
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Twenty-nine (72.5%) dogs received VCE via oral administration, and 11 (27.5%) via 

endoscopic deployment (Table 3.2). In 10 dogs, GI endoscopy was performed as part of 

the diagnostic workup; in one, oral administration was not possible due to the dog’s 

temperament. Six capsules were successfully placed into the duodenum endoscopically 

using a delivery device. In the remaining 5 patients, the pylorus could not be passed after 

duodenal endoscopic biopsies were obtained, and the capsule was deployed into the 

stomach (in 4 patients using an endoscopic basket, in 1 patient using an endoscopic 

delivery device).  

Of 40 capsules, 39 (97.5%) were retrieved. Recovery by defecation was successful in 36 

(90%) patients, and one (2.5%) capsule was vomited (Table 3.2). Of the 37 studies, transit 

time from administration to excretion or expulsion of the capsule was available in 35 

(94.6%) patients and ranged from 2.5 hours to 8 days (median 30.5 hours). Median 

recording time from capsule activation to termination of image acquisition was available 

in 39 capsules and was 15 hours and 58 minutes (range 8 hours and 42 minutes to 22 

hours and 18 minutes).   

 

Table 3.2: Summary of the administration and recovery of video capsule endoscopies from 40 client-
owned dogs. 

 Total, n (%) Overt GIB, n (%) Occult GIB, n (%) 

Total number, n 40 13 27 

Administration 

Oral administration 29 (72.5%) 7 (53.8%) 22 (81.5%) 

Endoscopic deployment 11 (27.5%) 6 (46.2%) 5 (18.5) 

 Deployment into stomach 5 (12.5%) 3 (23.1%) 2 (7.4%) 

Deployment into duodenum 6 (15%) 3 (23.1%) 3 (11.1%) 

Recovery of capsule 

Fecal excretion 36 (90.0%) 12 (92.3%) 25 (92.6%) 

Expulsion via spontaneous vomitus 1 (2.5%) - 1 (3.7%) 

Recovery during necropsy 2 (5%) 1 (7.7%) 1 (3.7%) 

Notes: Forty dogs received VCE (13 dogs with overt gastrointestinal bleeding, 27 dogs with suspected occult 
gastrointestinal bleeding). Each cell contains the number (percentage) of capsules. 

Abbreviations: GIB, gastrointestinal bleeding; n, number. 
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Two (5%) capsules were retrieved from the stomach on post-mortem examination. One 

dog was euthanized 6 days after administration of the VCE (prior to spontaneous 

excretion) due to worsening anemia. Another dog died unexpectedly at home 

approximately 12 hours after capsule administration. No cause of death was identified on 

post-mortem examination. In both cases, the capsule was located in the stomach and GI 

perforation was not identified. In one patient, focal gastric petechiation as visualized on 

the VCE study was confirmed during post-mortem examination. 

 

3.3.3 Gastrointestinal findings 

Of the 39 capsules available for analysis, 15 (38.5%) studies were incomplete only 

revealing images of esophagus and stomach. All sites of GIB and GI abnormalities 

identified on VCE are reported in Table 3.3. In 24 (61.5%) capsules, bleeding lesions of 

the GI tract were identified. In dogs with overt GIB (13), 10 (76.9%) VCE examinations 

showed actively or recently bleeding lesions. Seven (53.8%) dogs were diagnosed with 

erosion(s) and/or ulcer(s) located in the stomach (4) [Figure 3.1 A and B], as well as in 

proximal and middle third small intestine, distal third small intestine (1), and diffusely in 

the entire small intestine (1). In one dog, colonic angioectasia was identified. One other 

patient had gastric lesions that were highly suspicious of angioectasia. This suspicion 

could not be confirmed due to poor visibility of the stomach caused by retention of food 

and debris, and an incomplete examination. This patient had severe overt GIB and severe 

anemia which resulted in euthanasia 6 days post capsule administration. Necropsy did 

not reveal a cause of GIB. One dog had a focal actively bleeding gastric hemorrhage of 

unknown origin. This patient also had multiple gastric foreign bodies identified; a traumatic 

cause was therefore suspected. 

Bleeding lesions were identified in 14 of 26 (53.8%) dogs with suspected occult GIB (Table 

3.3). Twelve dogs were diagnosed with erosion(s) and/or ulcer(s) located in the stomach 

(12) and colon (1). One dog was diagnosed with a bleeding mass located in the gastric 

fundus that blocked the passage of the capsule through the cardia for 3 hours. One dog 

with previously diagnosed colonic vascular angioectasia was diagnosed with angioectasia 
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affecting the stomach (Figure 3.1 C), proximal third of the small intestine and remaining 

colon (Figure 3.1 D).  

A bleeding lesion was not identified in 12 examinations from dogs with suspected occult 

GIB (4 incomplete studies; 8 complete studies). Interestingly, 3 dogs with overt GIB did 

not have a source of bleeding identified. Two of these 3 non-diagnostic studies were 

incomplete examinations due to temporary gastric retention. The third non-diagnostic 

study was placed endoscopically into the duodenum. During conventional upper GI 

endoscopy, at VCE placement, no bleeding lesions were identified, and VCE did not 

reveal any lesions. Visibility in the colon was poor due to insufficient preparation. However 

clinically, this patient had melena and hematemesis so a lesion in the upper GI tract was 

suspected. 

Capsule endoscopy also identified non-bleeding GI abnormalities and their sites within 

the GI tract (Table 3.3). Non-bleeding lesions included erosions without signs of active or 

recent bleeding, dilated lacteals (Figure 3.1 E), markedly erythematous gastric mucosa, 

and focal hypertrophic irregular distal small intestinal mucosa. In the dogs with dilated 

lacteals, lymphangiectasia was histologically confirmed via traditional endoscopic 

biopsies.  
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Table 3.3: Bleeding and non-bleeding VCE findings of 39 available studies and their respective locations. 

 Total, n (%)  Overt GIB, n (%) Occult GIB, n (%) 

Total number, n 39 13 26 

Actively or recently bleeding 

lesion(s) 

24 (61.5%) 10 (76.9%) 14 (53.8%) 

Erosion(s) and/or ulcer(s) 19 (48.7%) 7 (53.8%) 12 (46.2%) 

GI mass 1 (2.6%) - 1 (3.8%) 

Angioectasia / suspected angioectasia 3 (7.7%) 2 (15.4%) 1 (3.8%) 

Bleeding of unknown origin 1 (2.6%) 1 (7.7%) - 

Location of bleeding site 

Stomach 20 (38.5%) 6 (46.2%) 14 (53.8%) 

Proximal third small intestine 3 (7.7%) 2 (15.4%) 1 (3.8%) 

Middle third small intestine 2 (5.1%) 2 (15.4%) - 

Distal third small intestine 2 (5.1%) 2 (15.4%) - 

Colon 3 (7.7%) 1 (7.7%) 2 (7.7%) 

Clinically significant non-bleeding lesions 

Non-bleeding erosion(s) 8 (20.5%) 3 (23.1%) 5 (19.2%) 

Dilated intestinal lacteals 2 (5.1%) - 2 (7.7%) 

Erythematous mucosa 2 (5.1%) - 2 (7.7%) 

Focal, irregular, hypertrophic intestinal 

mucosa 

1 (2.6%) 1 (3.8%)  

Location of non-bleeding lesions  

Stomach 3 (7.7%) - 3 (11.5%)  

Proximal third small intestine 3 (7.7%) 1 (7.7%) 2 (7.7%) 

Middle third small intestine 3 (7.7%) - 3 (11.5%) 

Distal third small intestine 5 (12.8%) 2 (15.4%) 3 (11.5%) 

Colon 4 (10.3%) 1 (7.7%) 3 (11.5%) 

Notes: Video capsules of 39 dogs were available for analysis (13 dogs with overt gastrointestinal bleeding, 
26 dogs with suspected occult gastrointestinal bleeding). Each cell contains the number (percentage) of 
studies.  

Abbreviations: GI, gastrointestinal; GIB, gastrointestinal bleeding; n, number. 
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Figure 3.1: Video capsule endoscopy images of bleeding (A – D) and non-bleeding (E) lesions. A: Gastric 
ulcer. B: Multiple punctate gastric erosions/ulcers with mainly hematin. C: Gastric angioectasia. D, Colonic 
angioectasia. E: Dilated lacteals in mid third small intestine. 

 

3.3.4 Quality of visualization 

The quality of visualization throughout the GI tract is provided (Table 3.4). The stomach 

was scored in 33 dogs (6 examinations were excluded due to direct duodenal 

deployment), median score was 2. The small intestine and colon was scored in 24 dogs, 

15 examinations were excluded due to incomplete VCE examinations. The median scores 

for proximal, middle, and distal small intestine, and colon were 4, 4, 3, and 1, respectively. 

The majority of dogs had poor or limited (score 1 or 2) quality of visualization of the gastric 

and colonic mucosa due to the presence of food, debris, feces, or bubbles. In the small 

intestine, most dogs had adequate to good quality of visualization (score 3 or 4) of the 

intestinal mucosa. 
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Table 3.4: Scores of visualization quality of the GI mucosae assessed by video capsule endoscopy in client-
owned dogs. 

 Total, n (%)  Overt GIB, n (%)  Occult GIB, n (%)  

Stomach (n = 33) 

 1 15 (45.5%) 6 (60%) 9 (39.1%) 

2 10 (30.3%) 4 (40%) 6 (26.1%) 

3 5 (15.2%) - 5 (21.7%) 

4 3 (9.1) - 3 (13.0%) 

Proximal third small intestine (n = 24) 

 1 2 (8.3%) 1 (11.1%) 1 (6.7%) 

2 2 (8.3%) - 2 (13.3%) 

3 4 (16.7%) 2 (22.2%) 2 (13.3% 

4 16 (66.7%) 6 (66.7%) 10 (66.7%) 

Middle third small intestine (n = 24) 

 1 1 (4.2%) 1 (11.1%) - 

2 5 (20.8%) 2 (22.2%) 3 (20%) 

3 4 (16.7%) 1 (11.1%) 3 (20%) 

4 14 (58.3%) 5 (55.6%) 9 (60%) 

Distal third small intestine (n = 24) 

 1 5 (20.8%) 4 (44.4%) 1 (6.7%) 

2 3 (12.5%) 1 (11.1%) 2 (13.3%) 

3 10 (41.7%) 2 (22.2%) 8 (53.3%) 

4 6 (25%) 2 (22.2%) 4 (26.7%) 

Colon (n = 24) 

 1 14 (58.3%) 6 (66.7%) 8 (53.3%) 

2 7 (29.2%) 2 (22.2%) 5 (33.3%) 

3 2 (8.3%) 1 (11.1%) 1 (6.7%) 

4 1 (4.2%) - 1 (6.7%) 

Notes: The score was based on the percentage of mucosa visualized: score 1, ≤25% (poor visualization); 
score 2, 25 – 49% (limited visualization); score 3, 50 – 74% (adequate visualization); and score 4, ≥75% 
(good visualization). The quality of visualization of the stomach was scored in 33 dogs (excluding 6 dogs in 
whom capsule was deployed directly into duodenum), and of small intestine and colon in 24 dogs (excluding 
15 dogs with incomplete examinations). Each cell contains the number (percentage) of studies. 

Abbreviations: GIB, gastrointestinal bleeding; n, number of examinations. 
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3.3.5 Complications 

The most frequent complication was incomplete recording of the GI tract (Table 3.5). Of 

the 39 capsules available for analysis, 15 (38.5%) studies [4 overt GIB, 10.3%; 11 

suspected occult GIB, 28.2%] were incomplete. All capsules of incomplete studies 

remained within the stomach during the entire recording time. Thirteen (46.4%) of 28 

capsules which were given orally resulted in incomplete studies (Table 3.5). Two of 5 

capsules deployed endoscopically into the stomach resulted in incomplete studies. All 

capsules that were placed directly into the duodenum revealed images of the remainder 

of the GI tract.   

All 29 dogs that received the capsule orally swallowed it without complication. When 

deployed endoscopically, difficulties passing the capsule through the pylorus were 

encountered in all 4 dogs where an endoscopic basket was used and in 1 of 7 dogs using 

the endoscopic capsule delivery device. In the latter, the pylorus could not be passed due 

to persistent pylorospasm (after endoscopic duodenal biopsies were obtained) despite the 

delivery device allowing longitudinal alignment of the capsule.  

One patient, a 9-year-old female spayed Miniature Schnauzer (6.8 kg), vomited the 

capsule 66 hours after administration. Another patient, a 10-year-old female spayed mixed 

breed dog (22.8 kg), was reported to be restless and uncomfortable at home within 6 

hours after capsule administration. Both patients had received pre-procedural bowel 

preparation with PEG per os (24 hours prior), simethicone (30 minutes prior), and 

metoclopramide at the time of capsule administration. On re-evaluation of the mixed breed 

dog, physical examination revealed borborygmi. Abdominal radiographs showed a gas-

filled cecum and colon; the capsule remained within the stomach. The clinical signs 

resolved within 24 hours without any further intervention and prior to spontaneous 

excretion of the capsule. VCE revealed multifocal punctate bleeding gastric 

erosions/ulcers. As mentioned previously, one patient was euthanized prior to 

spontaneous excretion of the capsule due to worsening anemia. Another patient died 

unexpectedly at home prior to excretion of the capsule. In both cases, euthanasia/death 

were concluded to be unrelated to administration of the capsule. No other adverse effects 

during passing of the capsules were reported.  
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One capsule was not collected after excretion and the data were lost. Abdominal 

radiographs ruled out GI retention of the capsule. Capsule retention and technical failures, 

such as failure to record or download images, were not observed.  

 

3.3.6 Risk factors for incomplete study 

Results of univariable logistic regression analysis for all investigated possible risk factors 

for incomplete examinations of VCE that were administered orally are shown in Table 3.6. 

Patients in whom the capsule was deployed endoscopically were excluded from this 

analysis. The risk of incomplete study was highest if CGTT was longer than 6 hours. Other 

significant risk factors for incomplete study were chronic enteropathy, administration of 

simethicone prior to capsule administration, and recent administration of opioids within 24 

hours of capsule administration. Opioids included buprenorphine (0.01 – 0.02 mg/kg IV 

every 8 hours), butorphanol (0.2 – 0.4 mg/kg IV once), hydromorphone (0.025 – 0.05 

mg/kg every 6 – 8 hours), fentanyl (2 – 6 µg/kg IV continuous rate infusion), and tramadol 

(2 mg/kg PO every 12 hours). For each continuous variable, there was no evidence of 

lack of model fit and no outliers were identified. Assumption of linearity was met for each 

variable. 

 

Table 3.5: Classification of incomplete video capsule endoscopy studies in 39 client-owned dogs based on 
method of administration. 

 Total, n (%)  Overt GIB, n (%) Occult GIB, n (%)  

Total number, n  39 13 26 

Incomplete studies 15 (38.5%) 4 (30.8%) 11 (42.3%) 

Oral administration  13 (33.3%) 3 (23.1%) 10 (38.5%) 

Endoscopic deployment  2 (5.1%) 1 (7.7%) 1 (3.8%) 

 Deployment into stomach 2 (5.1%) 1 (7.7%)  1 (3.8%) 

Deployment into duodenum - - - 

Notes: Video capsules of 39 dogs were available for analysis (13 dogs with overt gastrointestinal bleeding, 
26 dogs with suspected occult gastrointestinal bleeding). Incomplete studies were defined as failure to reach 
the colon within recording time. No incomplete studies were identified in dogs with endoscopic deployment 
of the video capsule. Each cell contains the number (percentage) of studies. 

Abbreviations: GIB, gastrointestinal bleeding; n, number. 
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Table 3.6: Univariable logistic regression analysis of risk factors for incomplete studies after oral 
administration of video capsules in 28 client-owned dogs. 

Parameter Dogs, 

n 

Incomplete 

studies, n (%) 

OR 95% CI P-value 

Body weight 28 13  0.95 0.88 – 1.02 0.173 

Age 28 13  0.95 0.78 – 1.15 0.584 

BCS 28 13  0.98 0.57 – 1.66 0.931 

Sex   

13 

15 

 

4 (30.8%) 

9 (60%) 

0.30 0.06 – 1.42 0.128 

 Male  

Female (referent) 

Administration PEG  

18 

10 

 

10 (55.6%) 

3 (30%) 

2.92 0.57 – 15.05 0.201 

 Yes  

No (referent) 

Administration simethicone  

20 

8 

 

12 (60%) 

1 (12.5%) 

10.50 1.07 – 102.48 0.043 

 Yes 

No (referent) 

Administration metoclopramide  

7 

21 

 

4 (57.1%) 

9 (42.9%) 

1.78 0.32 – 10.01 0.514 

 Yes 

No (referent) 

Rectal enema  

19 

9 

 

10 (52.6%) 

3 (33.3%) 

2.22 0.43 – 11.60 0.344 

 Yes 

No (referent) 

Hospitalization  

15 

13 

 

7 (46.7%) 

6 (46.2%) 

1.02 0.23 – 4.53 0.978 

 Yes 

No (referent) 

Recent Sedation  

12 

16 

 

8 (61.5%) 

5 (38.5%) 

4.40 0.89 – 21.78 0.069 

 Yes 

No (referent) 

Opioids  

14 

14 

 

10 (76.9%) 

3 (23.1%) 

9.17 1.64 – 51.43 0.012 

 Yes 

No (referent) 

Presence of overt GIB  

7 

21 

 

3 (42.9%) 

10 (47.6%) 

0.83 0.15 – 4.63 0.827 

 Yes 

No (referent) 
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Chronic enteropathy  

5 

23 

 

5 (100%) 

8 (34.8%) 

10.75* 1.29 – +INF 0.013 

 

 

 Yes 

No (referent) 

CGTT  

16 

12 

 

13 (81.3%) 

-0 

50.51* 6.38 – +INF <0.0001 

 > 6 hours 

< 6 hours (referent) 

Notes: Thirteen of 28 video capsule endoscopy studies (46.4%) were incomplete, i.e., did not reach the 
colon during recording time. In all cases, the capsule remained within the stomach during recording time. 
Sedatives and opioids were administered within 24 hours prior to capsule administration. Sedatives included 
dexmedetomidine (2 – 5 µg/kg IV bolus), butorphanol (0.2 – 0.4mg/kg IV bolus), hydromorphone (0.05mg/kg 
IV bolus), and ketamine (0.1 – 0.6mg/kg/hr IV continues rate infusion). Opioids included buprenorphine 
(0.01 – 0.02 mg/kg IV every 8 hours), butorphanol (0.2 – 0.4 mg/kg IV once), hydromorphone (0.025 – 
0.05mg/kg every 6 – 8 hours), fentanyl (2 – 6 µg/kg/hr IV continuous rate infusion), and tramadol (2mg/kg 
PO every 12 hours). Ordinary logistic regression was performed for all independent variables except for 
chronic enteropathy and CGTT for which exact logistic regression was used. 

Abbreviations: BCS, body condition score; CGTT, capsule gastric transit time; CI, confidence interval; GI, 
gastrointestinal; GIB, gastrointestinal bleeding; +INF, positive infinity; n, number; OR, odds ratio; PEG; 
polyethylene glycol. 

*Odds ratios represent the median unbiased estimate based on exact logistic regression. 

 

3.4 Discussion 

Based on our results, VCE is a safe and easy procedure. It can be used to diagnose a 

variety of bleeding lesions throughout the entire GI tract of dogs. However, diagnostic 

yield can be decreased by poor visibility of the GI mucosa and incomplete studies. The 

latter occurred in 46.4% of capsules administered orally.  

In human gastroenterology, VCE is recommended in patients with overt GIB (excluding 

hematemesis) after negative esophagogastroduodenoscopy and colonoscopy.160,172 In 

previous reports of dogs with overt or suspected occult GIB, VCE was often performed as 

a first-line endoscopic procedure prior to conventional GI endoscopy.157,158,167 Systemic 

illness, high risk for general anesthesia, and owner preference were reported reasons for 

choosing VCE as a primary endoscopic test in these patients.167 Similarly, in our study 

VCE was frequently used as first-line GI endoscopy because of owner preference to avoid 

general anesthesia. Moreover, due to study funding, VCE was less expensive for owners 

than traditional GI endoscopy which may have led to a bias towards performing VCE as a 

first diagnostic step. Our results are therefore not directly comparable to those of human 

VCE studies.  
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Our overall diagnostic yield (overt and occult GIB) to detect bleeding lesions was 61.5%. 

In dogs with overt and occult GIB, diagnostic yield was 76.9% and 53.8%, respectively. In 

human patients with obscure overt GIB (i.e., unknown origin of overt bleeding after 

traditional GI scoping), the reported diagnostic yield of VCE ranges from 50 – 72%160 and 

in iron deficiency anemia, diagnostic yield of VCE is 66%.226 Given that in our study the 

inclusion criteria for patients receiving VCE were less restrictive (i.e., patients without 

obscure GIB or iron deficiency anemia were enrolled) and that VCE was frequently 

performed as a first line endoscopic technique, our results are not comparable to those of 

human reports. In comparison to other canine studies, our diagnostic yields were lower. 

In a study by Davignon et al. (2016), bleeding lesions were identified in all 8 dogs, 6 with 

overt GIB and 2 with occult GIB. Mabry et al. (2019) retrospectively assessed the utility of 

VCE in dogs with microcytosis and/or overt GIB and reported GI erosions and/or ulcers in 

14 of 16 dogs. Differences in inclusion criteria may explain the lower diagnostic yield of 

our study. In contrast to Davignon et al.’s report,167 most dogs in our study did not have 

clinical signs of overt GIB. As the diagnostic yield to identify bleeding lesions in occult GIB 

in people is lower than for overt GIB, this may also be true for dogs since small or 

intermittently bleeding lesions that could cause occult hemorrhage may be more easily 

missed.227 Contrary to the second canine study whose criteria for suspicion of occult GIB 

were microcytosis or low normal mean corpuscular volume, our criteria were less 

restrictive and anemia or microcytosis were possible but not required inclusion criteria. It 

is therefore conceivable that some dogs enrolled in our study for suspicion of occult GIB 

did not actually have GIB. Other reasons for variances in diagnostic yield include 

differences in frequencies of incomplete studies and visibility of the GI mucosa. 

Incomplete studies were also reported in the previously mentioned studies, but it did not 

decrease the diagnostic yield as gastric lesions were visualized in these patients.158,167 

Visibility of the GI mucosa was not assessed in these studies, therefore its influence on 

diagnostic yield cannot be evaluated.158,167 Different types of capsules may have also 

impacted diagnostic yield. In a previous canine study, an axial-viewing capsule was 

used,167 whereas in this and a study from 2019, a lateral-viewing device was used.158,167 

However, in people, image quality and diagnostic yield of lateral- and axial-viewing 

capsules have been reported to be comparable for relevant bleeding lesions.154,228  
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To improve diagnostic yield and image quality, all dogs were fasted for 8 to 12 hours prior 

to VCE examinations. Some dogs also received PEG, simethicone, or rectal enemas. 

Nonetheless, in most dogs a visibility score of 1 or 2 was attributed to the gastric and 

colonic mucosa which indicates that < 50% of the mucosa was visible. Current guidelines 

for VCE in human patients recommend bowel preparation, but there is insufficient 

evidence to recommend a specific type of preparation.160 Similar to people, there are no 

standardized preparation protocols in dogs. However, one canine study reported 

enhanced image quality when dogs were administered per os PEG instead of physiologic 

saline.166 Given that bowel preparation was not standardized in our study, conclusions 

regarding the optimal preparation cannot be drawn. Future studies evaluating different 

protocols for bowel preparation are needed. 

Oral administration of the VCE capsule was well tolerated, and uneventful in all canine 

patients where this was attempted. These findings are consistent with previous studies in 

dogs.157,158,167,168,185,186 On endoscopic administration using an endoscopic basket, 

unsuccessful passage through the pylorus was encountered in all 4 patients. However, 

when using a capsule endoscope delivery device which allowed longitudinal alignment of 

the capsule, deployment in the duodenum was successful in 6 of 7 patients. Similar 

findings have been noted in human medicine where endoscopic deployment using a 

capsule endoscope delivery device was safe and easy in people.170 In our study, 

endoscopic placement of the video capsule was frequently performed after negative 

conventional GI endoscopy while the patient was still anesthetized. In addition, in one dog, 

endoscopic placement was indicated as oral administration could not be performed due 

to its temperament. Although none of our dogs had difficulties swallowing, dysphagia 

would represent another indication for endoscopic placement of the capsule. In people, 

indications for endoscopic placement include dysphagia, gastroparesis, and abnormal 

anatomy.229   

As previously noted, incomplete VCE examination was the most common complication. It 

was encountered in 38.5% of all cases and in 46.4% of capsules administered orally. This 

is consistent with other human and canine reports.158,167,190 Reported risks for incomplete 

studies in people range from 20% to 30%.190,193,194,201-203 Previously reported incidences 

of incomplete studies for orally administered VCE capsules in dogs with GIB were 12.5% 
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(2 of 16 dogs)158 and 37.5% (3 of 8 dogs).167 In studies assessing VCE in dogs with 

intestinal parasitism, 16.7% (3 of 18 dogs) of VCE studies were incomplete.168,186 The 

differences in incomplete study rates in canine reports may be due to differences in health 

status of the dogs (e.g., hospitalized versus ambulant, acute versus chronic disease), size 

of dogs, capsule endoscopes (e.g., size, battery life), and preparation protocol (e.g., 

fasting time). Occult and overt GIB are independent risk factors for incomplete studies in 

people with a reported risk of incomplete studies of 55.6% in people with overt GIB.193 In 

our study, overt GI bleeders were not at higher risk of incomplete study than dogs with 

suspected occult GIB. However, given the low number of dogs with overt GIB, this may 

represent a type II statistical error.  

The administration of simethicone prior to VCE examination was identified as a risk factor 

for incomplete studies. This antifoaming agent was given orally 30 minutes prior to oral 

capsule administration in 20 dogs; this has not been reported in previous canine VCE 

studies.157,158,167 Simethicone was administered in these patients in order to improve 

visualization as shown in human patients.163 Simethicone is a surfactant that reduces 

surface tension causing gas bubbles in the GI tract to coalesce, disperse, and promotes 

the expulsion of intestinal air. Its empirical use is thought to be safe in dogs, but studies 

regarding its utility and adverse effects have not been published.230 In people, 

administration of simethicone has been shown to improve visualization of the mucosa 

without affecting completion rate or diagnostic yield.224 As it promotes expulsion of gas, 

this may have caused abdominal discomfort in some dogs and may have affected GI 

motility. However, as the protocol for bowel preparation was not standardized and given 

the heterogenicity of our patients, randomized and blinded clinical trials assessing the 

effect of simethicone on GI motility and in dogs receiving VCE are required. Until such 

information is available, our results should be interpreted with caution.  

Additional risk factors for incomplete examinations included chronic enteropathy and 

recent administration of opioids within 24 hours of capsule administration. Crohn’s disease 

is a known risk factor for incomplete examination in people.194 Primary GI disease, such 

as inflammatory bowel disease, can cause GI dysmotility.231,232 Similarly, we suspect that 

administration of opioids caused decreased GI motility and possibly ileus resulting in 

incomplete studies.233 Recent sedation with sedatives (including butorphanol) was not a 
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statistically significant risk factor. However, this may represent a type II error due to a 

limited number of cases. Dexmedetomidine and butorphanol have been implicated in 

delayed gastric emptying in people234 and dogs,235 respectively.   

The most significant risk factor for incomplete study was a capsule gastric emptying time 

(CGTT) > 6 hours. In people, a CGTT of > 45 minutes is a reported risk factor for 

incomplete study with an OR of 3.1 (95% CI 1.70-5.70, P < 0.001).203 Although VCE has 

not been assessed yet as a tool for evaluation of GI transit in dogs, wireless motility 

capsules have been validated in dogs to assess solid phase transit times.236,237 In most 

dogs, the capsule did not exit the stomach with the initial meal.237 Therefore the authors 

concluded, that the CGTT cannot be correlated with gastric emptying. Nonetheless, this 

risk factor may be helpful in the future as possible interventions to promote passage of 

the capsule could be implemented in patients in whom the capsule still resides inside the 

stomach after 6 hours.  

Several options to decrease risk of incomplete studies have been evaluated in people. 

Studies assessing the effect of prokinetics, such as metoclopramide and erythromycin, on 

completion rates have had contradictory results. Several studies have shown that 

administration of erythromycin or metoclopramide accelerated the gastric emptying time 

of capsules.206,207 In contrast to these results, other studies have concluded that the use 

of prokinetics did not improve completion rates.208,209 These contradictory results are most 

likely due to differences in study designs, such as oral versus parenteral drug 

administration, timing of administration, and the patient’s health status.165 Therefore, in 

the North American guidelines for the use of VCE, it was concluded that there is only very 

low quality evidence for efficacy of prokinetics to improve study completion in people.160 

Similarly, in veterinary studies, administration of metoclopramide in healthy dogs and in 3 

dogs with GIB did not improve the completion rate.167,169 Administration of metoclopramide 

in our study was not associated with the odds to completing VCE. However, randomized 

clinical trials are needed to assess the efficacy of prokinetics in canine VCE studies. 

Endoscopic deployment of the capsule into the duodenum may increase completion rates 

of VCE. Studies in people have shown differing results with decreased incidence of 

incomplete studies in some reports,238,239 and no significant effect in others.229 These 

conflicting results may be due to differences in indications when endoscopic placement 
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was performed. In our study, all 6 capsules that were deployed endoscopically into the 

duodenum resulted in a complete examination. Duodenal VCE placement was performed 

following non-diagnostic conventional GI endoscopy, and complete GI studies were 

achieved despite these dogs being afflicted by other potential risk factors for incomplete 

studies (such a chronic enteropathy). Further studies are required to assess completion 

rate of endoscopic deployment in dogs with known risk factors of incomplete examination.  

Other possible complications recorded were rare reports of vomiting of a gastric retained 

capsule and abdominal discomfort during the first 24 hours after VCE administration. In 

both cases, it is unclear if the capsule was the cause of these clinical signs. The patient 

who vomited the capsule 66 hours post its administration was the smallest patient. It is 

possible that the capsule was too big to pass through the dog’s pylorus. However, 

successful passage of the ALICAM® was reported in a dog of 6.9kg.158 Vomiting of the 

capsule was also noted in 2 large breed dogs in another study.167 To our knowledge, 

abdominal discomfort after capsule administration has not been reported in people or 

dogs. It is possible that this was caused by medications used for preparation (e.g., 

polyethylene glycol, simethicone) rather than the capsule itself. The capsule was lost in 

one dog due to failure of retrieval from feces despite clear instructions to all owners and 

hospital staff about the necessity to return the capsule. Although this has not been 

reported in other canine studies employing VCE,157,158 it has been documented in 

people.154  

This prospective study had several limitations. First, bowel preparation was not 

standardized. Therefore, conclusions regarding advantages, disadvantages and the effect 

of certain protocols cannot be drawn. Second, the study did not compare the diagnostic 

accuracy of VCE to other endoscopic techniques. Hence, the frequency of missed lesions 

due to the inability to insufflate the stomach or due to coverage of the mucosa by food or 

feces, could not be assessed.  

 

3.5 Conclusions  

In conclusion, VCE is a safe procedure and can be used to diagnose a variety of bleeding 

lesions in the entire GI tract of dogs. Diagnostic yield can be decreased by poor visibility 
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of the GI mucosa and incomplete studies. The latter was the most common complication 

in our study. Risk factors for incomplete studies were pre-VCE administration of 

simethicone, recent administration of opioids, chronic enteropathy, and CGTT > 6 hours. 

Future studies are required to assess different bowel preparation protocols, use of 

prokinetics and simethicone, and endoscopic deployment of the capsule as methods to 

decrease risk of incomplete studies, and to improve image quality as well as diagnostic 

yield in dogs. 
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4 Summary and conclusions 

4.1 Summary 

Gastrointestinal bleeding (GIB) is a common cause for presentation to veterinary hospitals 

in dogs and if not promptly and properly treated can lead to severe clinical complications.1-

3 Early and accurate diagnosis is therefore required for successful treatment. However, 

diagnosing GIB can be challenging due to costs associated with advanced diagnostic 

procedures, the inability to visualize the mid portion of the GI tract using bidirectional GI 

endoscopy, the possible need for general anesthesia, as well as for occult GIB due to 

non-specific clinical signs. BUN/creatinine ratio and video capsule endoscopy (VCE) are 

used in human medicine to address some of these diagnostic challenges. The 

BUN/creatinine ratio is a simple index that is readily calculated based on routine 

biochemistry profile. It has been used to discriminate upper from lower GIB sources in 

humans.126,135,214 Video capsule endoscopy is an imaging technique that allows 

visualization of the entire GI tract. One of the main indications for VCE administration in 

human patients is recurrent or persistent obscure GIB.160,172 As studies regarding the 

diagnostic value of both BUN/creatinine ratio and VCE are scarce in dogs, we aimed to 

evaluate their diagnostic usefulness in canine medicine. The objectives of the first study 

(section 2) were to assess whether BUN/creatinine ratio was a marker of occult GIB and 

of upper versus lower GIB in dogs. In addition, we aimed to compare the diagnostic value 

of BUN/creatinine ratio to routine hematological parameters in dogs with GIB. In the 

second study (section 3), we aimed to assess diagnostic yield, quality of visualization, and 

complications of VCE in dogs with overt or suspected occult GIB as well as possible risk 

factors for incomplete study. We hypothesized that BUN/creatinine ratio could be used to 

predict occult GIB, and to distinguish upper from lower GI hemorrhage. Second, we 

proposed that VCE would be a safe procedure that could detect bleeding lesions in the 

entire GI tract and that incomplete studies would be the most common complication.  

 

Our first study pertaining to BUN/creatinine ratio was a multicenter observational study in 

which dogs were enrolled retro- and prospectively. In total, 89 dogs with GIB and 65 

clinically healthy dogs were included. The patients with GI hemorrhage were classified 
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based on the presence of clinical signs (65 overt, 24 occult) and diagnosed localization of 

bleeding lesions (37 upper GIB, 13 lower GIB, 8 both upper and lower GI tract).  

The results of this study showed that BUN/creatinine ratio is not a useful marker of occult 

GIB and has limited discriminatory ability to distinguish upper from lower GIB in our cohort 

of dogs. Although the index was significantly increased in overt GI bleeders compared to 

both occult GI bleeders and clinically healthy dogs, there was no statistically significant 

difference between occult GI bleeders and healthy dogs. Similarly, using logistic 

regression, the BUN/creatinine ratio was not significantly associated with occult GIB 

compared to health, even after controlling for confounding effects of anorexia and weight 

loss. When assessing BUN and creatinine separately, BUN was significantly lower in 

occult GI bleeders compared to clinically healthy dogs and compared to overt GI bleeders. 

Unexpectedly dogs with a BUN of ≤ 12 mg/dL were significantly more likely to have occult 

GIB than dogs with BUN ranging from > 16 to ≤ 21.5 mg/dL. We speculated that anorexia 

blunted a possible BUN increase. Creatinine in dogs with overt and occult GIB was 

significantly lower compared to control dogs; we hypothesized that the cause for 

decreased creatinine in the dogs with GIB was decreased body weight and/or muscle 

compared to control dogs. In fact, the odds of occult GIB compared to being healthy were 

lower in dogs with higher levels of creatinine. Based on the identified alterations in BUN 

and in creatinine, an increase in BUN/creatinine ratio secondary to occult GIB was not 

observed. However, even after controlling for the confounding effect of anorexia and 

weight loss in the logistic regression model, BUN/creatinine ratio was not significantly 

associated with presence of occult GIB. This may represent a type II statistical error 

related to a small sample size or failure to recognize and control another confounding 

variable. Compared to BUN/creatinine ratio, Hb and Hct were significantly associated with 

occult GIB compared to being clinically healthy. Dogs with higher Hb and Hct had 

significantly lower odds of occult GIB. MCV and MCHC were not associated with the 

presence of occult GIB. 

Regarding the discrimination between upper and lower GIB, none of the examined 

parameters (BUN, creatinine, BUN/creatinine ratio, Hb, Hct, MCV, MCHC) could 

distinguish upper from lower GIB. The initial analyses may have been confounded by the 

different proportions of overt versus occult GIB in the upper and lower GIB classifications. 



 

79 
 

However, even after controlling for this variable, none of the parameters were associated 

with higher odds of upper GIB compared to lower GIB. A type II statistical error should be 

considered given the small patient number.  

In conclusion, the results of our first study suggest that the BUN/creatinine ratio is not 

useful in predicting occult GIB and has poor discriminatory ability to distinguish upper from 

lower GIB in dogs. An increased BUN/creatinine ratio in a dog without signs of overt GIB, 

especially if hematocrit is within the middle or upper reference interval, should not prompt 

prescription of GI protectants. Other factors, such as anorexia, high protein diet, weight 

loss, muscle mass, and glucocorticosteroids administration should be considered when 

interpreting the ratio. 

 

Our second study pertaining to VCE in dogs was a prospective, multicenter, interventional 

study. From August 2017 to March 2020, 40 dogs were examined by VCE (ALICAM®) 

because of suspected occult (27 dogs) or overt (13 dogs) GIB. Bowel preparation was not 

standardized and was performed at the discretion of the attending clinicians. Reported 

data included bowel preparation, capsule transit time from administration to collection, 

recording time from capsule activation to termination of image acquisition, diagnostic 

results of VCE study, quality of visualization, and complications. Clinical adverse events 

or complications such as vomiting or incomplete study were documented. The quality of 

visualization was scored for the stomach, small intestine (proximal, middle, and distal 

thirds), and colon separately. The score was based on the percentage of mucosa 

visualized (Score 1, ≤25%; score 2, 25 – 49%, score 3, 50 – 74%, and score 4, ≥75%).225 

Additionally, possible risk factors for incomplete studies were investigated. 

Results of this study demonstrated that VCE is a safe and easy procedure. Video capsule 

endoscopy can be used to diagnose a variety of bleeding lesions throughout the entire GI 

tract of dogs. Our overall diagnostic yield (overt and occult GIB) to detect bleeding lesions 

was 61.5% (24/39 capsules with bleeding lesions identified). In the 13 overt GI bleeders, 

10 VCE (76.9%) examinations showed actively or recently bleeding lesions. Of 26 

available capsules from dogs with suspected occult GIB, bleeding lesions were identified 

in 14 (53.8%) dogs. The most common bleeding lesions were erosions and/or ulcers (19 
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dogs), followed by angioectasia (3 dogs), a bleeding gastric mass (1 dog), and an actively 

bleeding gastric lesion of unknown origin (1 dog). The diagnostic yield was decreased due 

to limited to poor visualization of the gastric and colonic mucosa, as well as incomplete 

studies. The median scores for quality of visualization for stomach, proximal, middle, and 

distal third of small intestine, and colon were 2, 4, 4, 3, and 1, respectively. The 

visualization of the gastric and colonic mucosa was poor to limited due to the presence of 

food, debris, feces, or bubbles.  

Incomplete recording was the most frequent complication. Of the 39 capsules available 

for analysis, 15 studies (4 overt GIB, 11 suspected occult GIB) were incomplete. All 

capsules of incomplete studies remained within the stomach during the entire recording 

time. Median recording time from capsule activation to termination of image acquisition 

was 15 hours and 58 minutes (range 8 hours and 42 minutes to 22 hours and 18 minutes). 

In contrast, median transit time from administration to collection of the capsule was 30.5 

hours (range 2.5 hours to 8 days). Thirteen of 28 capsules which were given orally resulted 

in incomplete studies. Two of 5 capsules deployed endoscopically into the stomach 

resulted in incomplete studies. All 6 capsules that were successfully placed directly into 

the duodenum revealed images of the remainder of the GI tract. Other complications 

included difficulties passing the pylorus during endoscopic placement (5 dogs), vomiting 

of the capsule (1 dog), abdominal discomfort (1 dog), and failure to collect the capsule 

after fecal excretion (1 dog). One patient was euthanized prior to spontaneous excretion 

of the capsule due to worsening anemia. Another patient died unexpectedly at home prior 

to excretion of the capsule. In both cases, euthanasia/death were concluded to be 

unrelated to administration of the capsule based on results of post-mortem examination. 

The risk of incomplete study was highest if capsule gastric transit time (CGTT) was greater 

than 6 hours. Other significant risk factors for incomplete study were chronic enteropathy, 

administration of simethicone prior to capsule administration, and recent administration of 

opioids within 24 hours of capsule administration.  

In conclusion, VCE can aid in detecting occult GIB and in identifying the bleeding lesion 

in overt GI bleeders. Improving bowel preparation, avoiding VCE examinations in patients 

with risk factors for incomplete study, or direct endoscopic placement of the capsule into 

the duodenum may help to increase diagnostic yield of VCE studies. However, endoscopic 
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placement requires general anesthesia which would negate one of the main advantages 

of VCE in comparison to conventional endoscopy. 

 

4.2 Limitations 

Our studies had several limitations. One of the main limitations of the BUN/creatinine ratio 

study was the small number of patients, especially occult GI bleeders and dogs with lower 

GIB. These limited numbers may have decreased the overall statistical power of the study 

and therefore the chance of detecting a true effect (i.e., type II statistical error). To improve 

statistical power, we compiled data of patients enrolled retro- and prospectively for 

increased patient numbers. Nonetheless, the number of patients with confirmed occult 

and lower GIB remained relatively small. This highlights the challenge of studying 

diagnostics related to occult GIB or identifying the bleeding lesion in overt GIB as it usually 

requires costly procedures and possibly general anesthesia. 

A second main limitation was that our control dogs were deemed healthy based on 

physical examination, bloodwork and history but did not have further diagnostic tests 

performed to rule out occult GIB. Ideally control dogs would have had VCE performed 

demonstrating absence of GIB lesions. However, given that control dogs were screened 

for risk factors of GIB and that they were clinically healthy we believe that the probability 

of undetected GIB in these dogs was low.   

An additional limitation regarding our control group was that healthy dogs were 

significantly older and, although not statistically significant, heavier than the dogs with 

overt or occult GIB. In a previous study, clinically healthy older dogs (≥ 12 years old) were 

reported to have significantly higher BUN concentrations and BUN/creatinine ratios, as 

well as significantly lower Hct and MCV values than healthy younger dogs.221 Creatinine 

is positively correlated with lean body mass and muscle mass.107,121,145 Therefore, 

differences in age, weight, and muscle mass between the different groups of dogs could 

have skewed our results. We tried to control for this limitation by assessing if age or weight 

were confounding the association between the independent variable (e.g., BUN/creatinine 

ratio) and the outcome of occult GIB and by reporting adjusted OR in case of a 

confounding effect. Similarly, as our control dogs were clinically healthy and were 
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therefore not anorexic or experiencing weight loss, their BUN and creatinine 

concentrations were not influenced by these factors in contrast to dogs with GIB. We 

therefore additionally assessed if anorexia and weight loss were confounding parameters 

and included these covariates in the logistic regression models to report adjusted OR. 

Nonetheless, even after controlling for these parameters, BUN/creatinine ratio was not 

significantly associated with higher odds of having occult GIB compared to being healthy. 

An alternative approach for a control group may have been to select a more clinically 

relevant model. Selecting a group of control dogs with similar clinical signs (e.g., anorexia) 

and bloodwork findings (e.g., mild anemia) to our presenting patients but with VCE 

documenting a lack of bleeding foci may have allowed an assessment of BUN/creatinine 

ratio amongst patients for whom diagnostic insight was necessary.  

Other limitations of the BUN/creatinine ratio study relate to the partially retrospective 

nature of the study and therefore missing information on parameters that could have 

influenced BUN and/or creatinine levels. Data concerning diet history (e.g., amount and 

type of protein in diet) could not be collected from medical records as these were not 

routinely recorded. Additionally, as dogs enrolled retrospectively did not routinely have 

systemic blood pressure measurements performed at the time of blood draw, the possible 

influence of hypotension on the reported BUN values could not be assessed. However, 

by excluding patients with moderate and marked dehydration as well as those presenting 

in shock, it is unlikely that a significant number of patients were hypotensive. Lastly, further 

renal function testing, such as measurement of SDMA and/or urinalysis, was not routinely 

performed in the retrospectively enrolled patients. Therefore, it is possible that some 

patients had early kidney disease that was not detected by routine bloodwork.  

Based on the study design, we classified both overt and occult GI bleeders according to 

the localization of bleeding lesions into upper and lower GI bleeders or patients with 

hemorrhage in both parts of the GI tract. This led to an uneven distribution of overt or 

occult GI bleeders in those groups: This could have skewed our results since the degree 

of BUN/creatinine ratio elevation is believed to be correlated with the degree of blood loss 

from the GI tract in people.136,139 We therefore included the type of GIB (overt versus 

occult) as a covariate in the logistic regression models to account for this limitation. 

However, even after controlling for the uneven distribution of overt versus occult GIB, 
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higher BUN/creatinine ratios were still not associated with higher odds of having upper 

GIB. Given the small patient number, this may represent a type II statistical error. 

Another possible limitation is that in retrospectively enrolled patients bleeding lesions 

could have been missed in parts of the GI tract that were not examined (e.g., missed 

gastric lesions in dogs who only had colonoscopy performed). Ideally, only dogs receiving 

both upper and lower GI endoscopy, and/or VCE, would have been included to decrease 

misclassification bias. However, this would have significantly decreased our sample size.  

Including dogs receiving GI protectants may represent a limitation on our study. 

Successful treatment of gastroduodenal ulceration using protein-pump inhibitors or other 

GI protectants could have blunted a possible elevation in BUN/creatinine ratio. Ideally, 

dogs receiving GI protectants would have been excluded from the study. However, most 

dogs enrolled retrospectively had been prescribed these medications prior to referral and 

excluding these dogs would have decreased patient enrollment. Additionally, withholding 

GI protectants in dogs enrolled prospectively despite suspected or confirmed GIB would 

not have been ethical.   

A final limitation of the BUN/creatinine ratio study was that hematology and biochemistry 

analysis were performed at various laboratories and using different in-house analyzers. 

Therefore, bloodwork results may have been influenced by inter-assay and inter-

laboratory variation which we were unable to control.  

 

A major limitation of the VCE study was that bowel preparation (i.e., administration of 

PEG, simethicone, and rectal enemas), and administration of prokinetics was not 

standardized. Therefore, conclusions regarding advantages, disadvantages and the effect 

of certain protocols cannot be drawn. Administration of simethicone or opioids were both 

found to be risk factors for incomplete VCE study after oral administration. However, as 

administration of simethicone and opioids was not randomized, these risk factors for 

incomplete study should be interpreted with caution. 

In the VCE study, early experience identified temporary gastric retention of the video 

capsule, this prompted endoscopic VCE deployment into the duodenum. However, 5 out 
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of 11 cases were encountered where attempts at duodenal endoscopic placement of the 

VCE was not possible and the VCE was placed into the stomach. Attempts at endoscopic 

delivery of the capsule was performed after the duodenum had already been accessed 

endoscopically and in some cases after endoscopic duodenal biopsies had been 

obtained. This could have caused pylorospasm complicating endoscopic deployment of 

the capsule into the duodenum. The reported numbers of capsules whose endoscopic 

placement into the duodenum was unsuccessful either by using an endoscopic basket or 

capsule delivery device could have been exaggerated in our patient population based on 

earlier manipulation.  

Another limitation of the VCE study involved the potential for bias related to diagnostic 

accuracy. First, the VCE studies were evaluated by one examiner who was not blinded to 

the patient information and history. Therefore, interpretation of the examination could have 

biased the results. Second, VCE was often performed as a first-line diagnostic test in our 

patients due to the owner prefering to avoid general anesthesia and as VCE costs were 

partially offset by the study making VCE less expensive than traditional GI endoscopy. 

Therefore, the diagnostic accuracies reported here are not comparable to those reported 

in studies in people in which VCE is performed after negative conventional GI endoscopy. 

Third, the study did not compare the diagnostic accuracy of VCE to conventional 

endoscopic techniques. Hence, the frequency of missed lesions, due to inability to 

insufflate the stomach or due to coverage of the mucosa by food or feces, could not be 

assessed. 

The VCE study utilized a scoring system for quality of visualization adapted from human 

gastroenterology.225 This was the first time that this scoring system was applied in canine 

patients, and it has not yet been validated in dogs. Therefore, inter- and intra-observer as 

well as intra-patient agreement, and clinical efficacy have not been established. However, 

this scoring system has been shown to have excellent inter- and intra-observer as well as 

intra-patient agreement in humans.225   

Last, given the relatively small patient number, other complications or risk factors for 

incomplete study may have emerged if more dogs would had been enrolled. For example, 

capsule retention defined as presence of the capsule within the GI tract for at least 2 

weeks did not occur in our study and has not yet been reported in dogs. However, given 
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that is has been reported in only 2% of VCE procedures in people,195,196 capsule retentions 

should still be considered a possible if rare complication of VCE in dogs.  

 

4.3 Future directions 

This thesis documents the current state of knowledge on BUN/creatinine ratio and use of 

VCE in dogs with GIB and highlights the need for future studies.  

Although BUN/creatinine ratio was not a marker for occult GIB in this study, future 

research could assess the clinical usefulness of monitoring of BUN/creatinine ratios over 

time to detect occult upper GIB. Serial measurements in a patient with consistent diet and 

food intake, may identify small increases in BUN/creatinine ratio that could be predictive 

of occult upper GIB. Further studies could also investigate if the BUN/creatinine ratio is 

more useful as a marker of localization of GIB lesions when using a newly proposed 

classification into upper, mid, and lower GIB. This revised classification was developed by 

the American Gastroenterological Association due to the advances in endoscopic small 

bowel imaging. Accordingly, upper GIB is defined as hemorrhage above the major 

duodenal papilla and can be examined via upper GI endoscopy. Mid GIB encompasses 

small intestinal hemorrhage from the major papilla to the terminal ileum and is best 

investigated by capsule endoscopy. Lower GIB is therefore defined as colonic bleeding 

which can be evaluated via colonoscopy.9,17 Furthermore, control groups for future studies 

should be age- and weight matched and presenting clinical signs and/or 

clinicopathological findings should raise suspicion for occult GIB. Ideally, control dogs 

should receive VCE to rule out GIB.  

Nonetheless, our results mostly highlight the diagnostic drawbacks of BUN/creatinine ratio 

to detect occult GIB. Therefore, future studies should also focus on investigating new non-

invasive biomarkers and tests to accurately diagnose occult GIB in dogs. In humans, fecal 

occult blood tests (FOBT) have been developed that detect fecal transferrin or 

hemoglobin-haptoglobin complex. These tests have good sensitivity and specificity, and 

represent an adjunctive test for the diagnosis of occult GIB.240-244 In the future, assays for 

detection of canine fecal transferrin and hemoglobin-haptoglobin complex may be 
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developed, validated in dogs and may be helpful as a supplementary test to diagnose 

occult GIB.   

Additionally, BUN/SDMA ratio may represent a marker for occult and/or upper GIB. Since 

SDMA is less influenced by muscle mass,145 including SDMA instead of creatinine, i.e., 

BUN/SDMA ratio, may improve diagnostic yield for GIB. Each dog included in the VCE 

study, had SDMA measured (Appendix IV) and BUN/SDMA ratio could be evaluated in 

the future after enrolling more dogs with complete VCE studies. Currently, the number of 

dogs with complete studies per group of GI bleeders (occult versus overt, upper versus 

lower versus both) and non-GI bleeders is very small and would therefore prevent 

statistical analysis with adequate power.  

 

VCE is still a relatively new technique in veterinary medicine. Its clinical usefulness to 

diagnose GIB in dogs,157,158,167 and to monitor treatment response to anthelmintics have 

been evaluated.168,185,186 Two studies investigated different bowel preparation 

protocols.166,169 However, research focusing on other aspects is still lacking. These 

include: (1) inter-observer agreement in describing VCE findings; (2) comparison of image 

quality and diagnostic yield with bidirectional GI endoscopy; (3) comparison of lateral- and 

axial-viewing capsules regarding diagnostic concordance, diagnostic yield, image quality, 

and complications; and (4) assessment of usefulness of VCE in disease processes other 

than GIB (e.g., chronic inflammatory enteropathy, GI neoplasia).  

Future studies should also further investigate findings of our and of previous studies. 

Research, including randomized trials, is warranted to assess different bowel preparations 

and administration of prokinetics regarding their impact on visualization quality, diagnostic 

yield, and completion rate. Complications of VCE procedures and risk factors for 

incomplete study should be continuously documented and reported. The multitude of 

possible future research demonstrates the infancy of the use of VCE in veterinary 

medicine. 
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4.4 Conclusions 

In this thesis, we assessed the diagnostic usefulness of BUN/creatinine ratio and VCE in 

dogs with GIB. Whereas BUN/creatinine ratio was not a marker of occult GIB and had 

poor discriminatory ability to distinguish upper from lower GIB, VCE had good diagnostic 

yield to identify bleeding lesions in the GI tract of dogs with overt and occult GI 

hemorrhage. Results for BUN/creatinine ratio highlighted the limitations of this index. The 

BUN/creatinine ratio may be diagnostically more useful if interpreted in conjunction with 

other factors, such as anorexia, high protein diet, weight loss, muscle mass, and 

glucocorticosteroids administration. Video capsule endoscopy can be used to diagnose a 

variety of bleeding lesions in the entire GI tract of dogs. Diagnostic yield can however be 

decreased by poor visibility of the GI mucosa and incomplete studies. The latter was the 

most common complication. Risk factors for incomplete studies were pre-VCE 

administration of simethicone, recent administration of opioids, chronic enteropathy, and 

capsule gastric transit time > 6 hours. 
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APPENDICES 

Appendix I: Overview of clinical studies using VCE in dogs (2000 – 2019) 

Study Objective Main findings Dogs Capsule 
device  

Procedure Complication:  
Incomplete studies* Number / 

Breed of 
dogs 

Weight 
(kg) 

Health 
status 

Prior 
fasting 
time 

PEG Others Fasting post 
VCE 
administration 

Chang 

et al. 
2008169 
(Article 
in 
Korean) 

• Measure transit 

time & passage 
rate of capsule 

• Compare 4 
groups: only 
capsule, capsule + 
water, capsule + 
metoclopramide, 
capsule + 
metoclopramide + 
water 

• Administration 

of water 
increased 
complete 
passage rate 
(passing 
through 
pylorus), except 
with co-
administration 
of 
metoclopramide 

 

40 / 

Beagles 

7 - 13 Healthy M2A (first 

generation 
PillCam®; 
Given 
Imaging, 
Israel)  

Not 

reported 

Not 

reported 

Metoclopramide 

and/or water 

N/A • Group 1 (capsule): 

80% 

• Group 2 (capsule + 
water): 60% 

• Group 3 (capsule + 
metoclopramide): 
80% 

• Group 4 (capsule + 
water + 
metoclopramide):50
%  

 

Lee et 
al. 
2011168 
 

• Compare worm 
counts acquired 
via VCE with 
necropsy after 

inoculation with 
Ancylostoma 

caninum ± 
treatment 

 

• Strong 
correlation 
between count 
obtained via 

VCE and via 
necropsy 

18 / 
Beagles 

6.0 ± 
0.3  

Inoculated 
with 
Ancylo-
stoma 

caninum 
and 
treatment  

Endo 
Capsule® 
(Olympus 
America 

Inc., USA) 

24-48 
hours 

Not 
reported 

• Water ad 
libitum 

• Enema with 
lubricating gel 

and warm 
water prior to 
VCE 

• Administration 
of VCE with 
5ml of water 

• Fasting post 
administration 
of VCE (no 
duration 

reported) 
 

• First attempt: 3/18 
dogs (16.7%) 

• Second attempt for 
3 dogs with 

incomplete study: 
1/3 dogs (33.3%) 

Lee et 
al. 

2014185 

• Document effects 
of treatment with 

Advantage Multi® 
in dogs with 

Ancylostoma 

caninum infection 
 

• Topical 
application of 

Advantage 
Multi® 
successful 
within 24 hours 

 

4 / 
Beagles 

(at least 4 
VCE per 
dog) 

Not re-
ported 

Inoculated 
with 

Ancylo-

stoma 
caninum 

and 
treatment  

Endo 
Capsule® 

(Olympus 
America 
Inc., USA) 

Overnight 
prior to 

VCE 

Not 
reported 

Not reported Not reported Not reported 

Lee et 
al. 
2015186 

• Assess whether 
averaging the 
counts of Toxocara 
canis from 3 serial 
VCE is superior to 
single VCE 

• Determine if 
efficacy of 
treatment using 
VCE versus 
necropsy is 

comparable 
 

• Single VCE is 
sufficient 

• VCE 
comparable to 
necropsy 

 

20 / 
Beagles 
(untreated 
dogs: 3 
serial 
VCE, 
treated 
dogs: 1 
VCE) 

Not re-
ported 

Inoculated 
with 
Toxocara 
canis and  
treatment  

Endo 
Capsule® 
(Olympus 
America 
Inc., USA) 

24 hours Not 
reported 

• See Lee et al. 
2011 

• See Lee et. al. 
2011 

• At least 3/18 dogs 
(16.7%) 
(2 dogs were 
excluded from total 
20 dogs; 15/18 dogs 
had at least one 
complete study) 
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Rychlik 
et al. 
2014166 

• Compare quality of 
images and mean 
transit time in dogs 
with different 
preparation 
protocols for VCE 

• Protocol I: 30 - 40 
ml/kg 0.9% NaCl 
PO 24 and 20 
hours prior to VCE 

• Protocol II: 25 - 30 

ml/kg PEG 18 and 
12 hours prior to 
VCE 

• Administration 
of PEG 
improved image 
quality 

• PEG did not 
have effect of 
transit time of 
capsule  

 

8 /  
2 German 
Shepherd 
dogs, 6 
mixed-
breed 
(2 VCE 
per dog, 
cross-over 
design) 

20 - 26 Healthy MiroCam® 
(Intromedic, 
South 
Korea) 

48 hours • Proto-
col I 
and II 

• Warm water 
enema 24 and 
4 hours prior 
to VCE 

Not reported • No incomplete study 

• Protocol I: 6/8 dogs 
(75%) were within 
colon until battery 
depletion 

• Protocol II: 4/8 dogs 
(50%) until battery 
depletion 

 

Davigno
n et al. 
2016167 

• Evaluate feasibility 
and ability of VCE 
to detect mucosal 
lesions in dogs 
presenting for GIB 

• VCE can detect 
mucosal lesions 
in dogs 
presenting for 
GIB 

10 / 
different 
breeds 

Dogs 
with 
GIB: 
7.7 - 40 

2 healthy, 
8 
presenting 
for GIB 

Endo 
Capsule® 
(Olympus 
America 
Inc., USA) 

At least 12 
hours 
(fasting 
times not 
recorded) 

Not 
reported 

Not reported Not reported • 3/8 dogs (37.5%) 

• 2/3 dogs with 
incomplete study: 
vomited capsule 
within 36 hours of 

administration 

• 1/3 dog with 
incomplete study: 
endoscopic removal 
of capsule, 
subsequent 
endoscopic 
placement of 
capsule into 
duodenum 

Hardy et 
al. 
2016157 

Case report • VCE can detect 
mucosal lesions 
in a dog with 
occult GIB 

1 / Golden 
Retriever 
(2 VCE 6 
weeks 
apart) 

25 Hyporexia, 
abdominal 
pain 

ALICAM ® 
(Infiniti 
Medical, 
USA) 

24 hours Not 
reported 

Not reported 8 hours • No incomplete study 
 

Mabry et 

al. 
2019188 

• Evaluate utility of 
VCE in dogs with 
microcytosis, low 
normal MCV or 
clinical GIB 

• VCE can 
identify GI 
lesions in dogs 
with 
microcytosis 
with or without 
GIB 

16 / 

different 
breeds 

6.9 – 

62.5 

Microcytos

is, low 
normal 
MCV or 
overt GIB 

ALICAM ® 

(Infiniti 
Medical, 
USA) 

Not 

reported 

Not 

reported 

Not reported Not reported • 2/16 dogs (12.5%, 
capsules were 
removed via 
induced emesis) 

 

Abbreviations: GI, gastrointestinal; GIB, gastrointestinal bleeding; MCV, mean cell volume; NaCl, sodium chloride; PEG, polyethylene glycol; PO, per os; VCE, video capsule endoscopy. 

*Incomplete study is defined as the failure of the capsule to reach the colon during recording time. 
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Appendix II: Box and whisker plots illustrating BUN (A), creatinine (B) and BUN/creatinine ratio (C) in dogs with 

overt (n = 65 dogs), occult GIB (n = 24 dogs) and clinically healthy dogs (n = 65) 

 

 

 

 

 

 

  

 

 

Notes: The central box represents the values from the lower to upper quartile (25 to 75 percentile). The middle line represents the median. The whiskers represent the range of 

concentrations. Dots represent outliers. Stars represent significant differences between the groups (* < 0.05, ** ≤ 0.01, *** ≤ 0.001). 

Abbreviations: BUN, blood urea nitrogen; GIB, gastrointesitnal bleeding; n, sample size. 
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Appendix III: Box and whisker plots illustrating BUN (A), creatinine (B) and BUN/creatinine ratio (C) in dogs with 

upper GIB (n = 37), lower GIB (n = 13), and hemorrhage both in upper and lower GIB (n = 8) 

 

 

 

 

 

 

 

Notes: The central box represents the values from the lower to upper quartile (25 to 75 percentile). The middle line represents the median. The whiskers represent the range of 

concentrations. Dots represent outliers. There was no significant difference between these groups for BUN, creatinine, and BUN/creatinine ratio due to high degree of overlap. 

Abbreviations: BUN, blood urea nitrogen; GIB, gastrointesitnal bleeding; n, sample size.  
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Appendix IV: Patient data and results of diagnostic workup for 40 dogs receiving video capsule endoscopy for 

overt or suspected occult gastrointestinal bleeding 

Nr. Signalment Indications 
for VCE 

Hematological findings BUN/creatinine ratio and BUN/SDMA ratio FOBT VCE findings 

Hb 

(g/L) 

Hct 

(L/L) 

MCV 

(fL) 

MCHC 

(g/L) 

BUN 

(mg/dL) 

Creatinine 

(mg/dL) 

SDMA 

(µg/dL) 

BCR BSR Complete 

study* 

Bleeding 

lesions 

Non-bleeding 

lesions 

1 1 yo, m, 
Belgian 
Sheepdog, 
20.5kg 

Anorexia, 
anemia 

125 0.36 74 350 9.80 
 

0.81 
 

10 
 

12.0 
 

980 Positive Yes Small gastric 
erosions/ulcers 
with adherent 
clots 

Non-bleeding 
small intestinal 
(distal third) and 
colonic erosions 
 
 

2 12 yo, mn, 
Staffordshire 
Terrier, 16kg 

Anorexia, 
anemia 

64 0.21 41.7 305 14.57 
 

0.93 
 

16 
 

15.7 910 Positive Yes None Non-bleeding 
colonic erosion 

3 9 yo, mn, Bull 
Terrier, 32kg 

Anorexia, 
administration 
of NSAID 

142 0.43 70 332 26.05 
 

1.20 
 

15 
 
 

21.7 1737 Positive Yes None Non-bleeding 
gastric and 
small intestinal 
(middle and 
distal third) 
erosions 

4 12 yo, mn, 
Golden 
Retriever, 
35.3kg  

Anorexia, 
anemia 

52 0.19 88.6 280 11.76 
 

0.79 
 

21 
 

14.9 560 Negative Yes Punctate 
bleeding 
gastric 
erosions/ulcers 

None 

5 0.8 yo, f, 
Golden 
Retriever, 

23.8kg 

Anorexia, 
anemia 

46 0.17 62.9 277 11.76 
 

0.86 
 

22 
 

13.7 535 Positive Yes Gastric (antral) 
bleeding mass 

None 

6 8 yo, mn, 
Cocker 
Spaniel, 
12.5kg 

Pica, 
microcytosis, 
previous 
administration 
of NSAIDs 

146 0.47 59 309 6.44 
 

0.38 
 

9 
 

16.8 
 

717 
 

Negative Yes Punctate 
gastric 
erosions/ulcers  

None 

7 3 yo, fs, 
Akita, 28.8kg 

Anemia and 
chronic 
administration 
of NSAID 

115 0.36 60 317 7.00 
 

0.60 
 

5 
 

11.7 
 

1401 
 

Negative Yes Punctate 
gastric 
erosions/ulcers 

Non-bleeding 
small intestinal 
(proximal third) 
erosion 
 

8 8 yo, mn, 
Miniature 
Schnauzer, 
8.7kg 

Intermittent 
hematochezia, 
no signs of 
GIB at time of 
VCE 

administration, 
anemia 

60 0.25 49 238 10.64 
 

0.87 
 

12 
 

12.2 
 

887 Positive No None None 

9 15 yo, fs, 
Golden 
Retriever, 
31.7kg 

Anorexia, 
weight loss, 
anemia 

111 0.37 70 303 9.80 
 

0.74 
 

12 
 

13.3 
 

817 Negative Yes None None 
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10 9 yo, fs, 
Cocker 
Spaniel, 
9.5kg 

Anemia, 
administration 
of steroids 

58 0.22 52 267 20.45 
 

0.62 
 

N.A. 32.8 
 

N.A. N.A. No Punctate 
gastric 
erosions/ulcers 

None  
 

11 9 yo, mn, 
mixed breed, 
10.7kg 

Abdominal 
discomfort, 
history of 
colonic 
angioectasia, 
decreased Hb 

128 0.4 79 323 5.88 
 

0.63 6 
 

9.3 
 

980 
 

Positive Yes Gastric, small 
intestinal 
(proximal third) 
and colonic 
angioectasia  

None 

12 7 yo, mn, 

mixed breed, 
22.4kg 

History of 

gastric ulcer, 
Anorexia 

170 0.52 71 325 10.36 

 

0.87 

 

10 

 

11.9 

 

1036 Positive No None  None 

13 8 yo, fs, 
Golden 
Retriever, 
28.2kg 

Anemia, 
administration 
of steroids  

79 0.25 72 319 21.01 
 

1.78 
 

27 
 

11.8 
 

778 Negative No Punctate to 
small gastric 
erosions/ulcers 

None 

14 6 yo, fs, 
Airedale 
Terrier, 
25.9kg 

Addisonian 
crisis, 
abdominal and 
back pain, 
administration 
of steroids, 
anemia 

124 0.38 72 331 17.65 
 

0.45 7 
 

39.0 2521 Negative No Punctate to 
small gastric 
erosions and 
ulcers 

None 
 
 

15 8 yo, fs, 
Boxer, 27.4kg 

Anorexia, 
anemia 

69 0.23 47 306 15.97 
 

1.13 11 
 

14.1 1451 Positive No Punctate to 
small gastric 
erosions/ulcers 

None 

16 8 yo, mn, 
Boston 
Terrier, 
16.9kg 

Lethargy, 
anorexia, 
anemia 

123 0.37 61 329 15.69 
 

1.13 11 
 

13.9 1426 Positive No None Gastric 
erythematous 
mucosa 

17 9 yo, fs, 
Miniature 
Schnauzer, 
6.8kg 

Vomiting, 
anorexia, 
historical 
chronic 
enteropathy 

139 0.41 71 337 45.38 
 

0.68 14 
 

66.9 
 

3241 
 

Negative No Punctate 
gastric 
erosions/ulcers 

None 

18 10 yo, fs, 
mixed breed, 
22.8kg 

Decreased 
appetite, 
previous 
administration 
of NSAID, 
previous 
spontaneous 

pneumoperiton
eum of 
unknown origin 

143 0.43 79 332 13.17 
 

1.10 14 
 

12 
 

940 Positive No Punctate 
gastric 
erosions/ulcers 

None 
 

19 9 yo, mn, 
Samoyed, 
35.2kg 

Intermittent 
melena and 
hematochezia, 
previous 
administration 
of NSAID 

156 0.49 75 322 30.25 
 

0.78 8 
 

38.8 
 

3781 Negative No None Gastric 
erythematous 
mucosa 

20 1 yo, mn, 
mixed breed 

dog, 24kg 

Anorexia, 
anemia 

84 0.26 70 327 10.08 
 

0.57 
 

11 
 

17.8 
 

917 Positive No None None 
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21 1 yo, f, 
Portuguese 
Waterdog, 
20.6kg 

Pica, anemia 35 0.11 81 307 41.46 
 

0.96 
 

13 
 

43 
 

3189 
 

Positive Yes Two small 
gastric 
erosions/ulcers 

 

None 
 

 

22 11, fs, 
Labrador 
Retriever, 
37.7kg 

Lethargy, 
anorexia, 
panhypo-
proteinemia, 
anemia 

118 0.35 69 334 5.88 
 

0.53 
 

13 
 

11.1 452 Negative Yes None Dilated small 
intestinal 
(proximal and 
middle third) 
lacteals; non-
bleeding colonic 
erosion 

23 7 yo, mn, 
Golden 
Retriever, 
35.7kg 

Recurrent lip 
smacking, 
ptyalism, 
vomiting, low 
red blood cell 
count 

138 0.41 73 337 19.89 
 

1.10 
 

16 
 

18.1 
 

1243 
 

N.A. Yes None None 

24 9 yo, mn, 
mixed breed 
dog, 47kg 

Regurgitation, 
use of NSAID 

164 0.5 72 324 10.08 0.62 9 16.2 1120 Negative Yes None None  

25 11 yo, fs, 
Boston 
Terrier, 7.8 
kg 

Diarrhea, 
anemia, 
administration 
of steroids 

62 0.21 72 302 8.12 0.25 6 32.6 1354 N.A. Yes None Dilated intestinal 
lacteals 

26 11 yo, fs, 
Brittany 
Spaniel, 

21.7kg 

Erythroderma, 
anorexia, 
anemia, 

administration 
of steroids 

82 0.26 64 317 21.01 0.37 13 56.3 1616 Negative Capsule not retrieved 

27 5 yo, fs, 
English 
Springer 
Spaniel, 
23.8kg 

Nausea, 
anorexia, 
hepatopathy, 
administration 
of steroids 

128 0.39 66 327 10.92 0.72 11 15.1 993 Positive Yes Small gastric 
and colonic 
erosions/ulcers 

None 

28 4 yo, fs, Old 
English 
Sheepdog, 
31.6kg 

Hematochezia 185 0.53 70 351 15.97 0.83 13 19.3 1228 Positive No None None  

29 3 yo, fs, 
Newfound-
land, 51.6kg 

Melena 65 0.2 73 325 9.52 1.01 10 9.5 952 N.A. Yes Actively and 
recently 
bleeding 
gastric ulcers 

Non-bleeding 
colonic erosion 

30 7 yo, fs, 

Miniature 
Schnauzer, 
7.7kg 

Melena, 

hematochezia 

52 0.16 91.5 321 24.09 0.75 15 32.3 1606 Positive No Actively 

bleeding 
gastric lesion, 
suspected 
angioectasia 

None 

31 1 yo, mn, 
Soft-Coated 
Wheaten 
Terrier, 
17.1kg 
 

Hematochezia 150 0.47 81 322 6.72 0.74 11 9.1 611 Positive No None None 

32 3 yo, fs, 

Border Collie, 
18.6kg 

Hematochezia 165.0 0.49 74.0 337.0 13.73 0.86 14 16.0 980 Positive Yes Multifocal 

small intestinal 
(distal third) 
erosions/ulcer  

None 
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33 0.4 yo, fs, 
Dutch 
Shepherd, 
10kg 

Melena 75.0 0.24 66.0 311.0 6.16 0.28 16 21.8 385 Positive No Actively 
bleeding 
gastric lesion 
(spurting 
hemorrhage) 
of unknown 
origin 

None 

34 7 yo, mn, 
Golden 
Retriever, 
32.7kg 

Melena 101 0.29 73 343 18.49 0.55 9 33.4 2054 Positive Yes Multifocal 
erosions/ulcers 
throughout 
entire small 

intestine 

None 

35 10 yo, fs, 
mixed breed, 
19.2kg 

Melena 95 0.29 73 335 13.73 1.12 18 12.3 763 Positive Yes Multifocal 
small intestinal 
(proximal and 
middle third) 
erosions/ulcers 

None 

36 9 yo, mn, 
mixed breed, 
8.9kg 

Melena 125 0.38 72 330 10.36 0.42 8 24.8 1296 Positive Yes Gastric ulcer 
with adherent 
clot 

Non-bleeding 
small intestinal 
(distal third) 
erosion 
 

37 15 yo, mn, 
Weimaraner, 
26.5kg 

Melena 162 0.5 74 326 106.72 1.36 13 78.6 8209 Positive Yes Multiple 
punctate to 
small gastric 
erosions/ulcers 

Focal, irregular, 
hypertrophic 
small intestinal 
(distal third) 
mucosa 

38 11 yo, mn, 
Golden 
Retriever, 
34.3kg 

Melena, 
Hematochezia 

77 0.26 73 299 7.56 0.61 11 12.4 688 Positive Yes Colonic 
angioectasia 

None 

39 11 yo, mn, 
German 
Shepherd 
dog, 38.2kg 

Hematochezia 109 0.36 63 302 9.52 0.69 8 13.8 1190 Positive Yes Small to larger 
gastric 
erosions/ulcers 

Multifocal non-
bleeding small 
intestinal 
(proximal third) 
erosions  

40 11 yo, fs, 
mixed breed, 
18.1kg 

Hematemesis, 
melena 

114 0.34 72 336 10.08 0.70 9 14.4 1120 Positive Yes None None 

Abbreviations: BCR, BUN/creatinine ratio; BSR, BUN/SDMA ratio; BUN, blood urea nitrogen; f, female intact; FOBT, fecal occult blood test; fs, female spayed; Hb, hemoglobin; Hct, hematocrit; m, male intact; 
MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; mn, male neutered; N.A., not available; SDMA, symmetric dimethylarginine; VCE, video capsule endoscopy; yo, years old. 

*Complete study was defined as recording of the entire small intestine during recording time.   

 

 

 


