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Simple Summary: This study investigates the coagulation status of dogs with chronic
inflammatory enteropathy (CIE) using a portable device called a Viscoelastic Coagulation
Monitor (VCM Vet®). The aim was to determine whether these dogs show an abnor-
mal coagulation status, as seen in previous studies using other coagulation methods,
such as thromboelastography and thromboelastometry. Dogs were classified as having
immunosuppressive responsive enteropathy (IRE), non-responsive enteropathy (NRE),
food-responsive enteropathy (FRE), or microbiota-related modulation-responsive enteropa-
thy (MrMRE) depending on their clinical response to treatment. The results show that most
dogs with CIE were hypercoagulable, particularly the IRE group. Albumin, cobalamin,
and disease severity scores, assessed using the canine chronic enteropathy clinical activity
index (CCECAI), were significantly different in dogs receiving immunosuppressive medi-
cation. Thromboembolic events were recorded when present. The findings highlight the
potential risks of abnormal hemostasis in dogs with CIE and suggest that the VCM Vet®

could be a useful tool in veterinary medicine with the advantage of being a hand-held and
easy-to-use device.

Abstract: Canine chronic inflammatory enteropathy (CIE) has been associated with coagu-
lation abnormalities, predisposing affected dogs to a hypercoagulable state and potential
thromboembolic events. This study aimed to evaluate the coagulation status in dogs with
CIE using a viscoelastic point-of-care device, a Viscoelastic Coagulation Monitor (VCM
Vet®). A retrospective review of medical records identified 38 dogs diagnosed with CIE
that underwent VCM Vet® testing. Coagulation profiles were classified as hypercoagulable,
normocoagulable, or hypocoagulable. The results demonstrate that 81.5% of dogs exhibited
hypercoagulability, and significant associations were found between the coagulation status
and the type of CIE. Hypercoagulability was more commonly found in immunosuppressive-
responsive enteropathy (IRE) cases. Albumin and cobalamin were significantly higher
in food-responsive enteropathy, whereas the canine chronic enteropathy clinical activity
index (CCECAI) was significantly higher in immunosuppressive-responsive enteropathy
and non-responsive enteropathy. One dog with protein-losing enteropathy (PLE) was
suspected of having developed possible pulmonary thromboembolism. These findings
reinforce previous reports of hypercoagulability in CIE and suggest that VCM Vet® is a
valuable and easy tool to assess coagulation abnormalities in a clinical setting. Further
investigation is warranted to evaluate the clinical implications of hypercoagulability in CIE
and the potential role of anticoagulant therapy in disease management.
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1. Introduction
The Viscoelastic Coagulation Monitor Vet (VCM Vet®, Entegrion, Durham, NC 27703,

USA) is a portable advanced viscoelastic testing device that provides real-time rapid
hemostasis assessment, including clot formation, retraction, and lysis. It also measures
the rate of clot formation, clot strength, and stability on a small volume of a whole blood
sample [1,2]. The acronym VCM refers to Viscoelastic Coagulation Monitor device (VCM
Vet®) and will be used throughout the manuscript. Reference intervals for the VCM
variables have been established for both dogs and cats [3–5]. A recent study comparing the
VCM with thromboelastography (TEG) in dogs with suspected hemostatic disorders found
a variable correlation in clot formation parameters, including variable lysis parameter
agreement between these two devices, but strong correlation in the final cloth strength [4].

Coagulation assessment is crucial in various diseases, including canine chronic in-
flammatory enteropathies (CIEs) [6,7]. Coagulation status assessed using the VCM has
also been found in dogs with pulmonary hypertension [8], primary immune-mediated
hemolytic anemia [9], healthy dogs during the perianesthetic period [10], healthy dogs
after central catheter placement [11], and healthy Greyhounds and non-Greyhound blood
donor dogs [12]. Additionally, VCM coagulation profiles have been compared with TEG
and thromboelastometry (ROTEM) in both healthy and diseased canine patients [4,5,13].
Feline coagulation status assessed using the VCM has also been investigated [14–18].

Canine CIE is characterized by persistent or recurring gastrointestinal signs (≥3 weeks)
such as vomiting, diarrhea, nausea, borborygmi, loss of appetite, flatulence, abdominal pain,
and/or weight loss [19–22]. To diagnose CIE, extra-gastrointestinal diseases such as renal,
pancreatic, or hepatic diseases; hypoadrenocorticism; hypercalcemia; infectious diseases;
or neoplasia must be excluded [23,24]. Once diagnosed, CIE is subclassified based on the
clinical response to treatment into (1) food-responsive enteropathy (FRE); (2) microbiota-
related modulation-responsive enteropathy (MrMRE); (3) immunosuppressant-responsive
enteropathy (IRE); and (4) non-responsive or refractory enteropathy (NRE) [19–21].

Additionally, protein-losing enteropathy (PLE) is a syndrome characterized by protein
loss across the intestinal wall that can be present in CIE, leading to hypoalbuminemia [25–27].
An assessment of coagulation in canine CIE with [6,7,28,29] and without PLE [7,29] has
previously been reported using standard TEG [6,7,29] and ROTEM [28], but also other
hand-held devices such as TEG® 6 s (Haemonetics® Corporation, Braintree, MA, USA) [30],
generally indicating a hypercoagulable state. This hypercoagulability in canine CIE may
be associated with albumin and antithrombin (AT) loss, although one study suggested
that hypercoagulability was not correlated with the severity of decrease in these parame-
ters [6]. Other proposed mechanisms for hypercoagulability include the administration of
prednisolone [31,32] or low-grade gastrointestinal bleeding, which might lead to anemia
and/or thrombocytosis, thereby altering clot dynamics [15,32]. A study assessing dogs
with CIE and normal serum albumin were found hypercoagulable as measured using
TEG [7], possibly due to the hyperfibrinogenemia that occurs in CIE [6,7,33].

The primary aim of our study was to describe the coagulation status of dogs based
on their type of CIE using the VCM and assess whether our results are in accordance with
previous findings in canine CIE described by using TEG, ROTEM, and TEG® 6 s. Our
hypothesis is that dogs diagnosed with CIE would be hypercoagulable when assessed
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using VCM irrespective of the clinicopathologic variables, as previously reported using
other methods/equipment. Our second aim was to compare the coagulation status (hyper-
coagulable, normocoagulable, hypocoagulable, or hyperfibrinolytic), the VCM variables
(CT, CFT, α angle, A10, A20, and MCF), and the type of CIE (FRE, MrMRE, IRE, and
NRE) with clinical and clinicopathological variables. A third aim was to evaluate whether
any patients experienced thromboembolic events and whether coagulation status could
predict such occurrences, given that previous studies have reported a moderate risk of
thromboembolism in patients with PLE [34].

To date, as far as the authors are aware, no studies have specifically evaluated the
coagulation status in dogs based on the type of CIE using the VCM specifically, a portable
point-of-care device that has been increasingly used to characterize hemostatic abnormali-
ties in veterinary medicine. This equipment has the advantage of being a cartridge-based
system, which does not require manual pipetting and provides rapid results. This study
is valuable in assessing the clinical utility of VCM, a tool that is becoming more widely
available in veterinary practice.

2. Materials and Methods
2.1. Study Population

Medical records from client-owned dogs referred to a specialist referral center in the
United Kingdom from September 2021 to February 2025 were retrospectively reviewed to
identify dogs with CIE that underwent VCM testing. Ethical approval for this study was
obtained from the Royal College of Veterinary Surgeons ethical committee.

Dogs were included if they presented with chronic (≥3 weeks) gastrointestinal signs
and had a strong suspicion or confirmed diagnosis of CIE. Included dogs were assessed
based on hematology; serum biochemistry; serum cortisol; folate and cobalamin concentra-
tions; fecal analysis, including Giardia, Salmonella, and Campylobacter; abdominal ultrasound;
and/or Computed Tomography. Bile acids or a bile acid stimulation test was performed in
dogs with hypoalbuminemia and suspected liver dysfunction based on bloodwork and/or
abdominal imaging. Urinalysis and urine protein-to-creatinine (UPC) ratio was performed
in all hypoalbuminemic patients to exclude protein-losing nephropathies.

Hypoadrenocorticism was excluded in all cases if the basal cortisol level was >55 nmol/L
or if the results of the adrenocorticotropic hormone stimulation test were within normal
limits [35]. Trypsin-like-immunoreactivity (TLI) was performed in dogs with suspicion of
exocrine pancreatic insufficiency (weight loss, polyphagia, and/or diarrhea), and normal
results were found in all performed cases.

Patients were excluded if they were diagnosed with diseases other than CIE or neopla-
sia, had received corticosteroids or non-steroidal anti-inflammatory drugs (NSAIDs) within
a week of VCM testing, or if their medical records were incomplete. A total of 624 VCM trac-
ings were reviewed. From these, 115 patients were diagnosed with a gastrointestinal disease.
Seventy-seven dogs were excluded due to a diagnosis of gastrointestinal foreign bodies,
infectious diseases (Parvovirus or Giardia), or gastrointestinal ulceration from NSAID ad-
ministration, as well as dogs diagnosed with CIE already on prednisolone treatment and
those with pancreatitis, acute gastroenteritis, septic peritonitis, neoplasia, intussusception,
oronasal fistula, non-associative immune-mediated thrombocytopenia, and cholangiohep-
atitis. Thirty-eight dogs met the inclusion criteria and were retrospectively included.

Signalment (age, sex and neuter status, and breed), type and duration of clinical signs
were extracted from the medical records. Mean age was 7 years (range 6 months–13 years), and
there were 21 female dogs (neutered, n = 18; entire, n = 3) and 17 male dogs (neutered, n = 8;
entire, n = 9). Breeds included crossbreeds (n = 10), Labrador Retriever (n = 4), Dachshund
(n = 3), Chihuahua (n = 2), Cocker Spaniel (n = 2), and one of each of German Shepherd,
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Pointer, Jack Russell Terrier, West Highland White Terrier, Alaskan Malamute, New Zealand
Huntaway, Hungarian Vizsla, English Bull Terrier, French Bulldog, Cavalier King Charles
Spaniel, Rough Collie, Pomeranian, Pug, Bichon Frise, Border Collie, Yorkshire Terrier and
Hungarian Puli.

Mean duration of clinical signs before presentation was 12 weeks (range 3–60 weeks)
and included vomiting (n = 28), diarrhea (n = 27), reduced appetite (n = 18), weight loss
(n = 11), hematochezia (n = 11), lethargy (n = 8), borborygmi (n = 7), abdominal discomfort
(n = 6), polyuria/polydipsia (n = 4), regurgitation (n = 3), melena (n = 2), ascites/abdominal
distension (n = 2), hypersalivation (n = 1), peripheral edema (n = 1), and flatulence (n = 1).
Clinical signs are summarized in Table 1.

Table 1. Summary of clinical signs.

Clinical Sign Number of Cases (n) Percentage of Total (%)

Vomiting 28 73.68
Diarrhea 27 71.05
Reduced appetite 18 47.37
Weight loss 11 28.95
Hematochezia 11 28.95
Lethargy 8 21.05
Borborygmi 7 18.42
Abdominal discomfort 6 15.79
Polyuria/polydipsia 4 10.53
Regurgitation 3 7.89
Melena 2 5.26
Ascites 2 5.26
Hypersalivation 1 2.63
Peripheral edema 1 2.63
Flatulence 1 2.63

2.2. Laboratory Testing

Blood was collected from the jugular vein in all patients as none were clinically
suspected to have thrombocytopenia at the time of sampling. Jugular venipuncture was
preferred to minimize the risk of platelet clumping and ensure optimal sample quality.
A 22 G needle and syringe were used for blood sampling, and approximately 4–5 mL
was required for all determinations, including 0.5 mL in EDTA for hematology, 0.35 mL
whole blood for VCM analysis, and 3–3.5 mL in serum tubes for biochemistry. These blood
samples were used to perform hematology, serum biochemistry, cobalamin, folate, TLI, bile
acids, cortisol, and VCM analyses.

Hematology was analyzed using an automated hematology analyzer (Sysmex XT-2000
iV, Sysmex Corporation, Kobe, Japan). Serum biochemistry, cobalamin, folate, TLI, bile
acids, and cortisol were measured using blood samples submitted to the Veterinary Pathol-
ogy Laboratory in the United Kingdom (VPG, UK). All tests were performed following the
laboratory’s standard operating procedures. Serum biochemistry was analyzed using the
IDEXX Catalyst DX (IDEXX Laboratories, Inc., Westbrook, ME, USA). Cobalamin, folate,
and TLI were measured using the IDEXX Cobalamin/Folate/TLI assay (IDEXX Labora-
tories, Inc., Westbrook, ME, USA). Bile acids were assessed using the IDEXX Bile Acids
test (IDEXX Laboratories, Inc., Westbrook, ME, USA). Cortisol levels were analyzed using
IMMULITE 2000 (Siemens Healthineers, Erlangen, Germany). Reference intervals were
provided by the Veterinary Pathology Laboratory based on species-specific validation for
canine patients.

Hematocrit (HCT), platelet count, albumin, cobalamin, and folate were recorded.
They were considered normal if the values were within the laboratory reference inter-
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vals (HCT, 37–55%; platelet count, 140–700 × 109/L; albumin, 24–40 g/L; cobalamin,
400–908 ng/L [36–38]; and folate, 7.7–24.4 ng/L).

Anemia was classified as mild (HCT 30–36%), moderate (HCT 20–29%), or severe
(HCT < 20%) based on the degree of the drop in HCT. All dogs with a platelet count below
the reference range used by the laboratory (140–700 × 109/L) on the analyzer had a manual
blood film examination to confirm a normal platelet count by performing average platelet
count in 10 oil immersion fields and multiplying by 15,000 [39].

Hypoalbuminemia was defined as a serum albumin concentration of <24 g/L, while
concentrations ≥ 24 g/L were considered consistent with normoalbuminemia. Hypoalbu-
minemia was stratified into the following groups: mild (20–24 g/L), moderate (15–19 g/L),
and severe (<15 g/L). Hypocobalaminemia was classified as mild (200–400 ng/L), mod-
erate (100–199 ng/L), or severe (<100 ng/L). Hypercobalaminemia was defined as serum
cobalamin > 908 ng/L [38].

Endoscopic gastrointestinal biopsies were performed, and histological results were
recorded in 19 patients.

2.3. Coagulation Testing

For the VCM analysis, a volume of 350 µL of whole blood was transferred as soon as
collected into a pre-heated (37 ◦C) VCM cartridge, and analysis was started immediately,
according to the manufacturer’s instructions [1], by laboratory technicians who had been
previously trained on how to use the equipment. Variables measured using the VCM
are similar to the ROTEM and TEG instrumentation and include the clot time (CT), clot
formation time (CFT), α-angle, maximum clot firmness (MCF), A10 (amplitude at 10 min),
A20 (amplitude at 20 min), and lysis indices at 30 min (LI30) and 45 min (LI45) after CT.

Using the laboratory reference intervals, VCM tests for included dogs were categorized
as hypocoagulable, hypercoagulable, or normocoagulable [5]. Hypocoagulability was
defined as the presence of ≥2 parameters indicating this state, including prolonged CT/CFT,
decreased α angle, decreased A10/A20, and/or decreased MCF. Hypercoagulability was
defined as the presence of ≥2 parameters indicating this state, such as shortened CT/CFT,
increased α angle, increased A10/A20, and/or increased MCF [40]. Inconclusive tracings
were defined as those with both hypocoagulable and hypercoagulable VCM parameters.
Hyperfibrinolysis was defined as a decreased LI30 or LI45 value compared to the reference
intervals established for this equipment. The VCM tracings were classified as normal if
they were not hypercoagulable, hypocoagulable, inconclusive, or hyperfibrinolytic [13,41].

2.4. Disease Categorization

Dogs were classified as having FRE if there was a positive response to one or more
dietary trials, and the response was deemed positive if there was an improvement in clinical
signs and CCECAI scores. Among the 16 patients included in the FRE group, 15 responded
to the first diet trial, 12 of them responded to a hydrolyzed protein diet, and 3 of them
responded to a low-fat diet (2 to a gastrointestinal low-fat diet and 1 to a home-cooked
low fat diet), while 1 patient required 2 diet trials (first a hydrolyzed diet and then a novel
protein diet) to resolve the clinical signs.

One dog underwent several diet trials with no clinical response but improved af-
ter the addition of a high-dose multi-strand probiotic and was therefore classified as
having MrMRE.

Dogs were classified as having IRE if diet and microbiota-related modulation treatment
trials failed, and immunosuppressive medication was necessary to control the clinical signs
(all of them had prednisolone at a dose of 1–2 mg/kg orally once daily, 3 of them required
the addition of a second immunosuppressant—cyclosporin was used in 2 dogs at a dose of
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5–10 mg/kg orally once daily, and chlorambucil in one dog dosed at 2 mg/m2 orally once
daily). Seven out of fifteen patients with PLE were prescribed antithrombotic prophylactic
therapy with clopidogrel (loading dose of 4–10 mg/kg once on the first day of therapy
followed by 2 mg/kg once daily as a maintenance dose). All these medications were
initiated after VCM testing was performed.

Dogs were classified as having NRE when no clinical response was seen despite diet,
probiotics, and/or fiber and immunosuppressive therapy.

Canine chronic enteropathy clinical activity index (CCECAI) scores were calculated,
and severity of disease was defined as insignificant (0–3), mild (4–5), moderate (6–8), severe
(9–11), or very severe (≥12) [42,43].

2.5. Statistical Analysis

Because of the categorical or skew nature of the data, non-parametric methods were
used throughout. Categorical data were summarized as frequencies and percentages
and compared between groups using Fisher’s exact test. Continuous/ordinal data were
summarized by medians and absolute ranges and compared between the groups using
Mann–Whitney or Kruskal–Wallis tests adjusted for ties. The MrMRE group was excluded
from the latter because it was only represented by a single dog. Associations between
continuous/ordinal variables were tested using Spearman rank correlations. Significance
was taken as p < 0.05. Analysis was conducted in Minitab21 and R 4.3.3. Sample size
calculations were also conducted using a significance level of 0.05 and a power of 80%; a
sample of 33 dogs was required to detect a correlation coefficient of rs = 0.6, which indicates
moderately strong correlations, using a non-parametric test.

Groups were defined as hypercoagulable, normocoagulable or hypocoagulable accord-
ing to the above Section 2.3. Differences between the coagulation status groups and between
type of CIE for clinicopathological variables (age, duration of clinical signs, HCT, platelet
count, albumin, cobalamin, folate and CCECAI scores) were assessed by Kruskal-Wallis
tests adjusted for ties and for sex/neuter status using Fisher exact tests. The VCM variables
(CT, CFT, MCF, α angle, A10 and A20) were tested for association with clinicopathological
variables using Spearman rank correlation and for differences between types of CIE using
Kruskal-Wallis tests adjusted for ties.

3. Results
3.1. Group Characteristics

A total of 38 dogs were included. Of these, 31 dogs were hypercoagulable, 7 dogs were
normocoagulable, and no dog was found hypocoagulable or hyperfibrinolytic. All included
VCM results and variables are summarized in Table 2. The most frequent abnormalities
observed were increased A20 in 37 dogs, elevated MCF in 29 dogs, and increased A10 in
26 dogs, followed by increased α angle in 13 dogs, decreased CFT in 10 dogs, and decreased
CT in 6 dogs.

Of the 38 dogs, 16 were diagnosed with IRE, 16 with FRE, 1 with MrMRE, and 5 with
NRE. Clinical and clinicopathological data, including age, sex and neuter status, duration
of clinical signs, HCT, platelet count, albumin, cobalamin, folate, CCECAI score, VCM
result, and type of CIE, are summarized in Table 3, and abnormal values are marked with
an asterisk (*).
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Table 2. Summary of VCM variables and VCM results for all included dogs.

Case CT (RI
241–470 s)

CFT
(104–266 s)

α Angle (RI
43–64 Degrees)

A10 (RI 16–30
VCM Units)

A20 (RI 22–28
VCM Units)

MCF
(RI 29–44) VCM Result

1 393 124 60 34 * 43 * 47 * Hypercoagulable

2 319 128 64 28 35 * 36 Normocoagulable

3 378 163 56 27 35 * 45 * Hypercoagulable

4 426 127 61 31* 39 * 47 * Hypercoagulable

5 345 172 55 24 33 * 65 * Hypercoagulable

6 360 156 58 29 38 * 44 Normocoagulable

7 392 108 65 * 32 * 41 * 45 * Hypercoagulable

8 382 80 * 67 * 44 * 50 * 51 * Hypercoagulable

9 314 97 * 64 43 * 52 * 56 * Hypercoagulable

10 306 110 65 * 32 * 40 * 47 * Hypercoagulable

11 206 * 108 63 30 38 * 47 * Hypercoagulable

12 305 104 63 38 * 45 * 51 * Hypercoagulable

13 333 126 50 31 * 26 43 Normocoagulable

14 179 * 56 * 72 * 57 * 62 * 64 * Hypercoagulable

15 106 * 111 59 50 * 58 * 64 * Hypercoagulable

16 283 131 58 32 * 41 * 51 * Hypercoagulable

17 320 160 51 36 * 47 * 57 * Hypercoagulable

18 303 125 60 33 * 41 * 48 * Hypercoagulable

19 281 94 * 69 * 34 * 42 * 46 * Hypercoagulable

20 284 122 59 33 * 41 * 49 * Hypercoagulable

21 262 66 * 69 * 67 * 71 * 73 * Hypercoagulable

22 425 125 59 37 * 46 * 52 * Hypercoagulable

23 362 152 55 32 * 41 * 47 * Hypercoagulable

24 333 147 54 30 37 * 41 Normocoagulable

25 326 80 * 73 * 34 * 42 * 45 * Hypercoagulable

26 464 196 47 26 34 * 38 Normocoagulable

27 354 121 61 33 * 43 * 51 * Hypercoagulable

28 169 * 117 62 28 35 * 42 Hypercoagulable

29 310 120 65 * 29 37 * 52 * Hypercoagulable

30 350 86 * 65 * 50 * 55 * 58 * Hypercoagulable

31 186 * 54 * 76 * 46 * 54 * 85 * Hypercoagulable

32 233 * 80 * 70 * 41 * 48 * 52 * Hypercoagulable

33 287 106 66 * 34 * 42 * 49 * Hypercoagulable

34 417 165 54 27 35 * 42 Normocoagulable

35 330 146 58 28 36 * 45 * Hypercoagulable

36 267 110 66 * 32 * 40 * 49 * Hypercoagulable

37 414 175 56 23 31 * 41 Normocoagulable

38 255 75 * 73 * 39 * 43 * 43 Hypercoagulable

* Asterisks denote values outside of reference interval. Abbreviations: A10 = amplitude at 10 min, A20 = amplitude
at 20 min, CT = clot time, CFT = clot formation time, MCF = maximum clot firmness, VCM = viscoelastic
coagulation monitor.
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Table 3. Summary of clinical and clinicopathological results for all included patients.

Case Age
(months)

Sex and
Neuter Status

Duration of
Clinical Signs

(weeks)

Hct
(37–55%)

Platelet Count
(140–700 × 109/L)

Albumin
(24–40 g/L)

Cobalamin
(400–907 ng/L)

Folate
(7.7–24.4 ng/L) CCECAI Score VCM Result CIE Type

1 68 MN 4 41 154 28 171 * 18 5–mild Hypercoagulable IRE

2 32 FN 40 53 162 33 448 10 6—moderate Normocoagulable FRE

3 99 FN 16 61 166 26 185 * 7 * 8—moderate Hypercoagulable IRE

4 17 ME 5 51 167 31 1000 * 11 6—moderate Hypercoagulable FRE

5 107 FN 16 59 173 32 593 8 7—moderate Hypercoagulable FRE

6 135 FN 20 48 271 38 265 * 21 8—moderate Normocoagulable FRE

7 112 FN 8 41 189 32 413 6 * 8—moderate Hypercoagulable IRE

8 18 FN 16 42 363 16 * 1000 * 12 12—very severe Hypercoagulable FRE-PLE

9 108 FN 4 47 284 11 * 217 * 5 * 14—very severe Hypercoagulable IRE-PLE

10 15 FN 4 52 253 23 * 140 * 6 * 6—moderate Hypercoagulable IRE-PLE

11 79 ME 15 54 339 33 500 5 * 6—moderate Hypercoagulable FRE

12 76 MN 60 45 307 33 1216 * 13 8—moderate Hypercoagulable FRE

13 6 FE 12 37 250 33 213 * 14 5—mild Normocoagulable MrMRE

14 84 ME 5 10 * 427 32 149 * 10 9—severe Hypercoagulable NRE

15 150 FE 8 44 376 34 493 16 6—moderate Hypercoagulable IRE

16 126 FN 9 50 386 16 * 164 * 23 6—moderate Hypercoagulable IRE-PLE

17 111 FN 16 43 490 18 * 385 * 18 9—severe Hypercoagulable IRE-PLE

18 85 MN 9 44 314 12 * 140 * 18 10—severe Hypercoagulable IRE-PLE

19 103 MN 14 54 84 * 37 1223 * 16 8—moderate Hypercoagulable IRE

20 36 ME 60 53 197 30 923 * 12 5—mild Hypercoagulable FRE

21 141 FN 14 53 236 38 287 * 8 3—insignificant Hypercoagulable FRE

22 53 MN 8 24 * 267 22 * 273 * 23 4—mild Hypercoagulable FRE-PLE

23 90 FN 5 49 161 33 141 * 8 6—moderate Hypercoagulable FRE

24 47 FN 10 52 650 26 218 * 6 * 10—severe Normocoagulable NRE

25 20 FN 3 44 150 17 * 167 * 10 13—very severe Hypercoagulable IRE-PLE

26 118 MN 3 54 214 12 * 97 * 4 * 12—very severe Normocoagulable NRE-PLE
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Table 3. Cont.

Case Age
(months)

Sex and
Neuter Status

Duration of
Clinical Signs

(weeks)

Hct
(37–55%)

Platelet Count
(140–700 × 109/L)

Albumin
(24–40 g/L)

Cobalamin
(400–907 ng/L)

Folate
(7.7–24.4 ng/L) CCECAI Score VCM Result CIE Type

27 103 ME 3 48 906 * 13 * N/A N/A 16—very severe Hypercoagulable IRE-PLE

28 27 ME 4 46 144 32 315 * 30.6 * 6—moderate Hypercoagulable FRE

29 138 FN 6 65 205 19 * 228 * 9.4 8—moderate Hypercoagulable IRE-PLE

30 74 ME 4 37 351 9 * 182 * 4.2 * 14—very severe Hypercoagulable IRE-PLE

31 96 MN 24 39 509 15 * 1000 * 8 13—very severe Hypercoagulable NRE-PLE

32 112 FN 3 54 449 12 * 224 * 7.4 * 10—severe Hypercoagulable IRE-PLE

33 156 MN 4 53 209 37 485 9.8 4—mild Hypercoagulable IRE

34 136 ME 6 49 337 32 565 7.3 * 5—mild Normocoagulable FRE

35 84 FN 3 61 217 34 246 * 9.6 7—moderate Hypercoagulable FRE

36 16 FE 3 60 310 16 * 745 10.3 10—severe Hypercoagulable NRE-PLE

37 46 ME 8 49 359 34 797 15.3 5—mild Normocoagulable FRE

38 91 FN 16 64 440 34 700 2.2 * 3—insignificant Hypercoagulable FRE

* Asterisks denote values outside of reference interval. Abbreviations: CCECAI = canine chronic enteropathy clinical activity index, CIE = chronic inflammatory enteropathy, FE = female
entire, FN = female neutered, FRE = food-responsive enteropathy, HCT = hematocrit, IRE = immunosuppressive-responsive enteropathy, ME = male entire, MN = male neutered,
MrMRE = microbiota-related modulation-responsive enteropathy, NRE = non-responsive enteropathy, PLE = protein-losing enteropathy, VCM = viscoelastic coagulation monitor.
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Moderate non-regenerative anemia was observed in one dog (case 22, Table 3), likely
secondary to chronic disease (FRE-PLE), which was resolved following the resolution of
clinical signs. Another dog exhibited severely regenerative anemia (case 14, Table 3) with a
hematocrit of 10% secondary to gastrointestinal blood loss documented by the presence of
melena and hematochezia. Mild thrombocytopenia was identified in one patient (case 19,
Table 3), but a manual blood smear confirmed that the thrombocytopenia was artifactual
due to platelet clumping.

Hypoalbuminemia was observed in 15 dogs, with mild hypoalbuminemia (20–24 g/L)
being observed in 2 cases, moderate hypoalbuminemia (15–19 g/L) in 7 dogs, and severe
hypoalbuminemia (<15 g/L) in 6 dogs [44]. Clinical and clinicopathological values were
summarized by minimum and maximum values based on the type of CIE, as shown in
Table 4, organized by the type and subtype of CIE.

Table 4. Minimum and maximum values of clinical and clinicopathological results by type of CIE.

CIE Type CIE
Subtype

Number
of Dogs

Age
(months)

Duration
of Signs
(weeks)

Hct (%)
Platelet
Count
(×109/L)

Albumin
(g/L)

Cobalamin
(ng/L)

Folate
(ng/L)

CCECAI
Score

FRE PLE 2 18–53 8–16 24–42 267–363 16–22 273–1000 12–23 4–12

Non-PLE 14 17–141 3–60 45–64 144–440 31–38 141–1216 2.2–30.6 3–8

IRE PLE 10 15–138 4–16 43–65 150–906 9–23 140–385 4.2–26 6–16

Non-PLE 6 68–156 4–16 41–61 84–376 26–37 171–1223 6–18 4–8

MrMRE Non-PLE 1 68 12 41 154 28 213 18 5

NRE PLE 3 47–84 3–24 39–60 427–650 12–16 97–1000 4–10.3 10–13

Non-PLE 2 16–118 5–10 10–52 214–509 26–32 149–218 6–10 6–10

Abbreviations: CCECAI = canine chronic enteropathy clinical activity index, CIE = chronic inflammatory en-
teropathy, FRE = food-responsive enteropathy, HCT = hematocrit, IRE = immunosuppressive-responsive en-
teropathy, MrMRE = microbiota-related modulation-responsive enteropathy, NRE = non-responsive enteropathy,
PLE = protein-losing enteropathy.

Hypocobalaminemia was detected in 21 cases, of which 11 were mild (200–400 ng/L),
9 were moderate (100–199 ng/L), and 1 was severe (<100 ng/L). Hypercobalaminemia
(>908 ng/L) [38] was detected in six patients. Hypofolatemia was detected in nine cases,
and hyperfolatemia was found in one dog. Cobalamin and folate were not measured in one
patient that was receiving oral supplementation when seen, and no prior blood assessment
was performed by the referring veterinarian.

Histology was performed by board-certified pathologists and/or residents in 19 of the
38 included patients. Histology from the stomach (n = 19), duodenum (n = 19), and/or colon
(n = 8) were consistent with an inflammatory enteropathy that was classified as neutrophilic,
lymphocytic, plasmocytic, eosinophilic, or a combination of these. Inflammation was
further classified as mild, moderate, or severe. Lymphangiectasia was found in two
patients with IRE, lamina propria fibrosis in three IRE cases, crypt abscessation in two
IRE cases, and villous atrophy in one IRE case. Of the 19 dogs without histology results,
12 were classified as having FRE and 1 as MrMRE, all of which had a resolution of the
clinical signs after one or more diet trials and/or the addition of probiotics. These FRE dogs
remained well controlled during the available follow-up period. Four dogs were classified
as having IRE and did not undergo endoscopy and biopsies due to financial restraints but
responded to immunosuppressive therapy, and the remaining two dogs were classified
as having NRE and died before endoscopy could be performed without any response to
previous treatments prescribed.
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3.2. Coagulation Status (Normocoagulable vs. Hypercoagulable) Association with Type of CIE

In the IRE group, all patients were hypercoagulable, while in the FRE group, 75%
were hypercoagulable and 25% normocoagulable. The MrMRE case was normocoagulable.
In the NRE group, 60% of dogs were hypercoagulable, and 40% were normocoagulable
(Table 5).

Table 5. Summary of coagulation status and type of CIE.

CIE Subtype Number of Dogs (%) Coagulation Status

FRE 16 (42.1%) 12 hypercoagulable (75%)
4 normocoagulable (25%)

IRE 16 (42.1%) 16 hypercoagulable (100%)
0 normocoagulable (0%)

MrMRE 1 (2.6%) 1 normocoagulable (100%)

NRE 5 (13.2%) 3 hypercoagulable (60%)
2 normocoagulable (40%)

Abbreviations: CIE = chronic inflammatory enteropathy, FRE = food-responsive enteropathy, IRE = immunosuppressive-
responsive enteropathy, MrMRE = microbiota-related modulation-responsive enteropathy, NRE = non-responsive
enteropathy.

Overall, patients diagnosed with suspected CIE in our hospital displayed a hyperco-
agulable trace (81.5%, n = 31), with 18.5% (n = 7) having a normocoagulable trace (Figure 1).
No hypocoagulable or hyperfibrinolytic results were obtained.

Figure 1. Distribution of type of CIE by coagulation status. Abbreviations: FRE = food-responsive
enteropathy; IRE = immunosuppressant-responsive enteropathy; MrMRE = microbiota-related
modulation-responsive enteropathy; NRE = non-responsive enteropathy.

From the 31 hypercoagulable results, 16 patients were classified as having IRE (51.6%),
12 were classified as having FRE (38.7%), and 3 were classified as having NRE (9.6%). Of
the seven normocoagulable patients, four were classified as having FRE (57%), two were
classified as having NRE (28%), one was classified as having MrMRE (14.2%), and none
were classified as having IRE (Figure 1 and Table 4).
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Fisher’s exact test (p = 0.012) indicated a statistically significant difference between the
coagulation status and the type of CIE, with hypercoagulability more commonly observed
in dogs with IRE and normocoagulability more commonly observed in dogs with FRE.

3.3. Clinical and Clinicopathological Variables Compared with Coagulation Status and Type of CIE

Coagulation status was not significantly associated with age (p = 0.763), sex and neuter
status (p = 0.804), duration of clinical signs (p = 0.427), HCT (p = 0.970), platelet count
(p = 0.707), albumin (p = 0.219), cobalamin (p = 0.712), folate (p = 0.877), or CCECAI score
(p = 0.296).

The type of CIE was not significantly associated with age (p = 0.164), sex and neuter
status (p = 0.225), duration of clinical signs (p = 0.079), HCT (p = 0.679), platelet count
(p = 0.139), or folate (p = 0.420) (Figure 2).

Figure 2. Boxplots of clinicopathological variables by type of CIE (blue boxplots represent FRE;
red boxplots represent IRE; and green represents NRE). The boxes represent the median and in-
terquartile range; individual values are indicated by solid symbols. The three variables indicated
by an asterisk differ significantly between types of CIE according to Kruskal-Wallis tests adjusted
for ties. Abbreviations: CCECAI = canine chronic enteropathy clinical activity index; FRE = food-
responsive enteropathy; IRE = immunosuppressant-responsive enteropathy; MrMRE = microbiota-
related modulation-responsive enteropathy; NRE = non-responsive enteropathy.

Serum albumin (p = 0.005), the cobalamin concentration (p = 0.028), and CCECAI
scores (p = 0.004) were significantly different between the types of CIE (Figure 2 marked
with asterisks, Table 6). Albumin and cobalamin concentrations were higher in dogs with
FRE vs. dogs with IRE and NRE. The score severity index, CCECAI, was higher in dogs
with IRE and NRE when compared with FRE cases.
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Table 6. Median (minimum–maximum) values of albumin, cobalamin, and CCECAI score by type of
CIE, analyzed using Kruskal-Wallis tests adjusted for ties.

Parameter FRE IRE NRE p-Value

Albumin (g/L) 33 (16–38) 18 (9–37) 16 (12–32) 0.005

Cobalamin (ng/L) 532 (141–1216) 217 (140–1223) 218 (97–1000) 0.028

CCECAI 6 (3–12) (insignificant
to very severe)

8 (4–16) (mild to
very severe)

10 (7–13) (severe
to very severe) 0.004

Abbreviations: CCECAI = canine chronic enteropathy clinical activity index, FRE = food-responsive enteropathy,
IRE = immunosuppressive-responsive enteropathy, NRE = non-responsive enteropathy, PLE = protein-losing
enteropathy.

3.4. VCM Variables: Association with Clinical and Clinicopathologic Variables and Type of CIE

The VCM variables (CT, CFT, MCF, α angle, A10, and A20) were correlated with age,
sex and neuter status, duration of clinical signs, HCT, platelet count, cobalamin, folate,
albumin, and CCECAI scores using Spearman rank correlation for continuous/ordinal data
and Fisher exact tests for categorical data. Only the statistically significant correlations are
reported in Figure 3. There was a significant weak positive correlation between platelet
count and A10 (rs = 0.365, p = 0.024), platelet count and A20 (rs = 0.384, p = 0.017), and
platelet count and MCF (rs = 0.332, p = 0.042), and there was a significant moderate negative
correlation between HCT and A10 (rs = −0.456, p = 0.004) and between HCT and A20
(rs = −0.433, p = 0.007) (Figure 3).

Figure 3. Correlation of hematocrit and platelet count with A10, A20, and MCF where Spearman rank
correlation was significant. Abbreviations: A10 = amplitude at 10 min, A20 = amplitude at 20 min,
MCF = maximum clot firmness, VCM = viscoelastic coagulation monitor.
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Other correlations did not achieve statistical significance, although some were close to
reaching significance, including a positive correlation between age and MCF (p = 0.068),
a negative correlation between albumin and MCF (p = 0.078), and a positive correlation
between the CCECAI and MCF (p = 0.071).

No significant differences were found between VCM variables (CT, CFT, MCF, α angle,
A10, and A20) and type of CIE (FRE, IRE, and NRE) based on Kruskal-Wallis tests adjusted
for ties.

3.5. Suspected Thromboembolic Events

Pulmonary thromboembolism (PTE) was suspected in one patient classified as NRE
(case 26, Table 3) that presented with chronic small intestinal diarrhea that was non-
responsive to diet, metronidazole, and fenbendazole. The patient was diagnosed with
a PLE leading to peripheral edema. This patient underwent bloodwork, fecal and urine
analyses, thoracic radiographs, and abdominal ultrasound. Endoscopy was planned for
the following day; however, the patient developed acute respiratory distress, suspected
secondary to a possible PTE, and subsequently suffered cardiopulmonary arrest. A VCM
trace showed that the dog was normocoagulable on presentation.

4. Discussion
The primary objective of this study was to describe the coagulation status in dogs

diagnosed with CIE using the VCM system, which has become increasingly accessible to
veterinary practices. We also aimed to assess whether our findings are in accordance with
those from previous studies that utilized TEG, ROTEM, and TEG 6 s. Our results indicate
that dogs with CIE tend to exhibit a hypercoagulable state when assessed using the VCM,
consistent with prior reports using other coagulation testing methods. Specifically, 81.5%
of CIE-affected dogs were hypercoagulable, while 18.5% were normocoagulable. Although
our study did not include a group of healthy controls, the use of VCM in healthy canine
patients has been previously validated in other research studies [5,13].

Among the different CIE subtypes, hypercoagulability was significantly more frequent
in IRE cases, all of which exhibited a hypercoagulable profile, which accounted for 51%
of all the hypercoagulable traces. In contrast, normocoagulability was more frequently
observed in dogs with FRE, representing 57% of normocoagulable cases. Previously
reported prevalences of hypercoagulability in CIE patients when assessed using TEG
or ROTEM range between 44.7 and 76% [7,29], and this value increases to 82% when
assessed by TEG® 6 s [30] and to 100% in dogs with PLE [6,28]. Similarly, in our cohort, 93%
(14/15) of hypoalbuminemic dogs were hypercoagulable. Among the 23 non-PLE patients,
74% (17/23) exhibited hypercoagulability, while 26% were normocoagulable (6/23). No
statistically significant difference was observed between albumin levels and coagulation
status, consistent with prior reports on dogs with CIE assessed using TEG [7].

Previous studies correlating VCM and ROTEM showed that VCM was not deemed
sensitive to detect hypercoagulability, although this could be influenced by the small num-
ber of hypercoagulable patients in those studies [13]. In contrast, most of our patients
exhibited a hypercoagulable trace, which aligns with the previously reported prevalence
of hypercoagulability in dogs with CIE as assessed by TEG [6,7]. One of the main chal-
lenges in defining hypercoagulability lies in the absence of a true gold standard test for
its diagnosis. In human medicine, the correlation between a hypercoagulable profile on
viscoelastic tests and a clinically hypercoagulable state remains under investigation [45].
Therefore, although our findings suggest that VCM may detect coagulation alterations in
CIE patients, its clinical utility in evaluating hypercoagulability must be interpreted with
caution. Further validation studies, ideally involving comparing VCM results to other
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viscoelastic methods or clinical outcomes, are necessary before drawing firm conclusions.
Viscoelastic coagulation monitor testing offers distinct advantages over TEG and ROTEM,
including portability, ease of use, and reliability as a coagulation testing monitor.

It is important to highlight the role of microbial dysbiosis and intestinal inflammation
in driving coagulation abnormalities in dogs with CIE. Recent studies have highlighted
the interplay between gut microbiota and the immune system, with altered microbiota
potentially contributing to systemic inflammation and dysregulated coagulation [46,47].
The exact mechanisms through which gastrointestinal diseases like CIE contribute to
abnormal coagulation require more in-depth research, particularly in terms of the effects
of cytokines, bacterial endotoxins, and other inflammatory mediators on the coagulation
cascade. We only had one dog with MrMRE, and this dog was normocoagulable, so a study
with a larger sample size would be required to make conclusions about this form of CIE.

Our second aim was to compare the coagulation status, the VCM variables, and
type of CIE with clinical and clinicopathological variables. When comparing clinical and
clinicopathological variables with the type of CIE, the CCECAI scores and albumin and
cobalamin concentrations were statistically significantly different compared to the type of
CIE. Additionally, the correlation of HCT and platelet count with A10, A20, and MCF was
statistically significant.

The CCECAI, the disease severity score, was significantly higher in dogs with IRE and
NRE when compared with those with FRE, which is in accordance with what has been
previously reported [48,49], and although no significant association was found between
age and the type of CIE in our population, previous studies have shown that dogs with FRE
tend to be younger animals with lower disease severity scores [20,50]. Interestingly, there
was no significant association between coagulation status and CCECAI scores, contrasting
with recent studies using other hand-held devices [30]. This suggests that the coagula-
tion abnormalities observed in CIE may be more influenced by disease pathophysiology
rather than by the severity of clinical signs alone. The lack of a strong association between
coagulation status and disease severity highlights the complexity of the pathophysiol-
ogy of CIE and suggests that coagulation abnormalities may occur independently of the
disease severity.

Albumin levels were significantly higher in dogs with FRE compared to those with
IRE and NRE. In our cohort, 15 hypoalbuminemic patients were identified, representing
39.5% of all CIE cases included. In the FRE group, only 12.5% of patients had PLE, whereas
60% and 62.5% of NRE and IRE patients had PLE, respectively. The serum albumin concen-
tration can be decreased in dogs with CIE because of gastrointestinal protein loss and is
of prognostic value [27,42,48,51–53]. Previous studies documented that hypoalbuminemia
was more commonly found in NRE and IRE comparatively to FRE patients, likely relat-
ing to the severity of the disease [22]. The FRE dogs in our study were less likely to be
hypoalbuminemic, but a similar prevalence of hypoalbuminemia was found in both IRE
and NRE patients.

We initially hypothesized that patients would present hypercoagulable irrespective of
their albumin level, and albumin level was not significantly associated with VCM variables
or with overall coagulation status (hypercoagulable vs. normocoagulable). While 93% of
hypoalbuminemic dogs were hypercoagulable, 74% of normoalbuminemic dogs were also
hypercoagulable. Previous studies have shown that CIE dogs exhibit hypercoagulability, as
assessed by TEG, regardless of albumin, like in this study, or antithrombin levels [6,7,29].
One study reported a moderate correlation between serum albumin and MA assessed by
TEG [29], but we did not observe any significant correlation between albumin levels and
VCM variables.
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In human medicine, cobalamin and folate deficiencies and hyperhomocysteneimenia
are considered risk factors for hypercoagulability [54,55]. Hyperhomocysteinemia has
been identified in cobalamin-deficient dogs [56], which could indicate a potential link to
hypercoagulability. In our study, 21 dogs were hypocobalaminemic (6 had FRE, 11 IRE,
3 NRE, and 1 MrMRE), and 11 were hypofolatemic (6 had IRE, 3 FRE, and 2 NRE), which
is not unexpected in dogs with CIE, but no significant association was found when com-
paring these concentrations with the coagulation status or VCM variables. Cobalamin
concentrations were significantly higher in dogs with FRE compared to those with NRE
or IRE. This aligns with previous studies, which have shown that cobalamin serves as a
negative prognostic indicator, generally associated with higher disease severity scores and
concurrent hypoalbuminemia in many cases [21,36,42,57,58]. Concurrent hyperfolatemia
and hypocobalaminemia were found in one patient (case 28, Table 3) with FRE.

Hypercobalaminemia (>908 ng/L) was detected in six dogs, four of whom were
classified as having FRE, one as having IRE, and one as having NRE. This was previously
related to severe inflammatory, immune-mediated, and neoplastic conditions [59,60]. In the
present study, variable disease severity was found among hypercobalaminemic patients;
one had mild disease, three had moderate disease, and two had very severe disease
according to the CCECAI scores. These findings suggest that further studies are needed to
better understand the significance of hypercobalaminemia in CIE.

Folate levels were decreased in 11 dogs, and 6 of these were concurrently hypocobal-
aminemic (5 had IRE and 1 had NRE). However, folate did not have a significant association
with the type of CIE, coagulation status, or VCM variables, whereas cobalamin showed a
significant difference when compared with the type of CIE. This further highlights hypofo-
latemia as an inferior biomarker in dogs with CIE when compared to hypocobalaminemia,
as noted in previous studies [61].

The associations between hematocrit, platelet count, folate, duration of clinical signs,
sex and neuter status, and age with the type of CIE were not statistically significant. This
lack of significance may be attributed to the relatively small sample size, which could have
limited the ability to detect meaningful associations. Hematocrit and platelet count can
influence both the rate of clot formation and clot strength [2,9,44,53,56,62]. There was a
significant positive correlation between the platelet count and MCF, A10, and A20, which
are three different measurements of clot firmness, indicating that higher platelet counts are
associated with increased clot firmness. This finding is not surprising given the importance
of platelets in clot formation, and MCF represents a phase of coagulation that occurs at the
platelet surface and is therefore influenced by platelet concentration [63,64].

Anemia has been linked to hypercoagulable states [9,29,65]. An important consid-
eration in interpreting viscoelastometric results is the potential impact of anemia on clot
dynamics. Anemia has been shown to affect viscoelastic parameters, often resulting in a
hypercoagulable profile. This effect is likely due to the increased proportion of plasma in
whole blood samples from anemic patients, which can lead to enhanced clot formation
independent of a true hypercoagulable state [66]. Therefore, the presence of anemia in
some of our CIE patients may act as a confounding factor, and this must be considered
when interpreting VCM results. In our study, a significant moderate negative correlation
was found between HCT, A10, and A20, which measure clot amplitude at 10 and 20 min,
respectively, and reflect clot firmness, indicating superior clot firmness in patients with a
lower HCT. These results suggest that lower hematocrit levels are associated with superior
clot firmness, reinforcing the connection between anemia and hypercoagulability. In the
hypercoagulable group, two anemic patients were included (cases 14 and 22, Table 3), both
hypercoagulable. One dog (case 22, Table 3) had a moderate non-regenerative anemia,
suspected to be secondary to chronic disease, and one had a severe regenerative anemia
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(case 14, Table 3) secondary to melena and hematochezia, which required a packed red
blood cell transfusion after VCM testing. Anemia could have potentially influenced the
results, leading to a hypercoagulable state through compensatory mechanisms, such as
increased platelet count and fibrinogen levels, which contribute to enhanced clot forma-
tion. Additionally, anemia of chronic disease may also lead to a hypercoagulable state
due to elevated levels of procoagulant factors, such as fibrinogen, and alterations in the
balance of the coagulation system. These changes can, in some cases, increase the risk of
thrombosis [9,29,65].

The most frequent abnormalities observed were increased A20 in 37 dogs, elevated
MCF in 29 dogs, and increased A10 in 26 dogs. Specifically, A10 and A20 reflect clot
firmness 10 and 20 min after clot initiation, respectively, and are influenced by fibrin poly-
merization and platelet–fibrin interactions. Their consistent elevation suggests accelerated
clot formation and increased clot strength at early and intermediate stages of coagulation.
Similarly, MCF, which represents the final overall strength of the clot, was also elevated
in most dogs, indicating enhanced clot stability—often due to elevated fibrinogen levels,
increased platelet function, or both [2]. Together, the predominant elevation of A10, A20,
and MCF—parameters closely linked to clot strength and firmness—strongly supports the
presence of a hypercoagulable profile in the majority of dogs with CIE.

Our third aim was to evaluate the presence of thromboembolic events and whether
these could be anticipated by VCM results. One of the dogs in our study showed clinical
signs compatible with possible pulmonary thromboembolism (PTE) during the observation
period. This finding underscores the need for ongoing monitoring of coagulation status
in dogs with CIE, especially those with PLE or other predisposing factors for thromboem-
bolism. The patient suspected to have possibly developed pulmonary thromboembolism
(case 26, Table 3) was diagnosed with very severe PLE according to the CCECAI score,
leading to peripheral pitting edema, and was found to be normocoagulable on presenta-
tion. Upon admission, point-of-care abdominal and thoracic ultrasound were conducted,
showing no abdominal, pleural, or pericardial effusions. An abdominal ultrasound showed
moderate, diffuse thickening of the duodenal mucosa and colon, but no loss of layer-
ing, masses, or foreign bodies were visualized. Thoracic radiographs found traces of
pleural effusion and a caudodorsal interstitial-to-alveolar pattern. The patient developed
tachypnea, dyspnea, hemoptysis, and hemorrhagic small intestinal diarrhea, resulting
in cardiopulmonary arrest. This led to the suspicion of possible pulmonary thrombosis
and disseminated intravascular coagulation (DIC), which can present in different forms.
Typically, DIC is initiated by a prothrombotic or hypercoagulable state, which may tran-
siently progress through a balanced phase where normocoagulability is observed, and
eventually evolves into a decompensated state characterized by hypocoagulability due to
the consumption of coagulation factors and platelets, often accompanied by hypofibrinoly-
sis [67–69]. Alternatively, a hyperfibrinolytic form of DIC may occur, marked by excessive
fibrinolysis and severe hemorrhage, without preceding coagulation factor consumption [70].
The normocoagulable trace observed in this patient may reflect a transient stage in the
progression of an underlying coagulopathy, such as evolving DIC, rather than indicating
the absence of coagulation abnormalities. Although the patient exhibited clinical signs
suggestive of PTE, this was more likely a consequence of a preceding hypercoagulable
state rather than a cause of the normocoagulable profile. This patient did not undergo
endoscopy and gastrointestinal biopsies to confirm a diagnosis of CIE leading to PLE, but
non-responsive enteropathy was suspected based on clinical presentation and response
to treatment.

Hypercoagulability represents a risk from thromboembolic events, but the exact inci-
dence is yet unknown and non-predictable [71]. Thromboembolism has been demonstrated
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in human and canine patients suffering from CIE; PLE is associated with a moderate to
strong risk of arterial or venous thrombosis in 2.6% of cases, more commonly pulmonary
thromboembolism, as suspected in our case, which suggests that this is a relevant complica-
tion of PLE [65,72–78]. Many of the patients in previous studies documenting thrombosis
were also receiving corticosteroids, so multiple factors could have affected the coagulation
status. Additionally, many studies were not designed to assess thromboembolic events,
so the prevalence could be underestimated. Given the hypercoagulability in CIE dogs,
particularly in the IRE group, it is likely that these dogs are at an increased risk of de-
veloping thromboembolic events, particularly those with PLE. Future studies with larger
sample sizes and longer follow-up periods will be essential to determine whether abnormal
coagulation profiles, as measured by the VCM, can predict thromboembolic events in dogs
with CIE. Additionally, clinical trials assessing the efficacy of anticoagulant therapies in
managing coagulation abnormalities and preventing thromboembolic complications in
these dogs could provide valuable insights for improving patient outcomes. Antithrombotic
therapy has been recommended for dogs with PLE, unless risks associated with therapy
outweigh individual benefits [28,34,76]. Treatment is normally reserved for patients with
PLE and/or documented emboli [34,79], but the use of prophylactic antithrombotic therapy
in CIE patients warrants further investigations. In our study, 7 of the 15 patients with
PLE were prescribed antithrombotic prophylactic therapy with clopidogrel (loading dose
of 4–10 mg/kg once daily on the first day of therapy, followed by 2 mg/kg once daily
as a maintenance dose), they were all classified as having IRE-PLE, and all of them were
moderately to severely hypoalbuminemic.

The reported prevalence of FRE among dogs with CIE is reported to be around
50–65% [48,50]. Our cohort included 16 FRE patients, 42% of all included patients, which
is lower than the previously reported prevalence. Of these, 15 responded to the first diet
trial, 12 of them responded to a hydrolyzed protein diet, and 3 of them responded to a
low-fat diet (2 on a gastrointestinal low-fat diet and one on a home-cooked low-fat diet),
while 1 patient required two diet trials (first a hydrolyzed diet and then a novel protein
diet to resolve the clinical signs), reiterating the importance of more than one diet trial if
required [20].

From the IRE group, all the patients were prescribed prednisolone therapy (dose range
of 1–2 mg/kg orally once daily), with three of them requiring a second immunosuppressive
medication, such as cyclosporin (n = two dogs, one with IRE-PLE and one with IRE, with a
dose range of 5–10 mg/kg orally once daily) or chlorambucil (n = one dog with IRE-PLE,
with a dose of 2 mg/m2 once daily). Four dogs were classified as having IRE and did
not undergo endoscopy and biopsies due to financial concerns but responded well to
immunosuppressive therapy.

The limitations of this study include its retrospective nature limiting the uniformity
and design of the study. Regarding VCM testing, the device is sensitive to external factors
such as movement and vibrations [80]. Therefore, variations in how the device is handled,
especially when operated by different laboratory technicians, could impact the consis-
tency of the results. Secondly, clinician-dependent decisions affected the standardization
of therapy and could have influenced the classification of cases. Since recent updated
guidelines on classification in dogs with CIE included the category of MrMRE [20], and
a large proportion of our cases presented before this, a low number of MrMRE patients
were encountered. Additionally, while we used the VCM as a point-of-care device, further
validation studies comparing VCM results with other coagulation tests (e.g., TEG, ROTEM,
TEG 6 s, and standard coagulation tests) in larger, diverse populations of dogs with CIE
are needed. We used the equipment reference intervals for VCM analysis, but using a
control group of healthy dogs will provide additional value in future studies. One last
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limitation is that four dogs in the IRE group did not undergo endoscopy and biopsies due
to financial concerns, but a good response was seen to immunosuppressive therapy during
the available follow-up period. Additionally, two dogs that were classified as having NRE
died within 24–36 h of hospitalization and also did not undergo endoscopy and biopsies.

5. Conclusions
In conclusion, this study found that hypercoagulability is common in dogs with CIE,

particularly in those with IRE and NRE, aligning with previous research. Additionally,
coagulation abnormalities were not significantly associated with disease severity scores,
suggesting that they are more influenced by the underlying pathophysiology rather than
clinical signs alone. Cobalamin levels were significantly higher in FRE patients, while
hypoalbuminemia was more common in IRE and NRE patients. Hypercobalaminemia was
detected in several patients, particularly those with FRE, although no statistical difference
was found, and further studies are required to understand its clinical significance in CIE.
Although this study identified a proportion of CIE dogs with a hypercoagulable viscoelastic
profile, the limited number of observed or suspected thromboembolic events precludes any
conclusion about a direct correlation between hypercoagulability and thrombotic risk. It is
important to recognize that thromboembolism is a multifactorial process, influenced not
only by coagulation status but also by factors such as endothelial injury and blood flow
alterations [67]. Further research with larger case numbers and confirmed thromboem-
bolic events is needed to clarify the clinical relevance of viscoelastic hypercoagulability in
this context.

Our study suggests that VCM could be a reliable coagulation testing monitor to be
used in the clinical setting in patients with CIE, with similar findings to other published
studies using different methodologies in this disease [6,7,30]. The VCM has the advantages
of being a portable device and being easy to use, allowing for rapid, real-time hemostasis
assessment, including clot formation, retraction, and lysis, from a small whole-blood
sample. Thromboelastography counts on evidence-based guidelines for its performance in
companion animals [41,81]; however, such guidelines are lacking for VCM analysis, and
further research is warranted to further validate this method.
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