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Abstract

Background: The effect of assisted enteral feeding on treatment outcome in dogs
with protein-losing enteropathy (PLE) is unknown.

Objectives: To determine if dogs with inflammatory PLE that had an enteral feeding
tube placed had better outcome vs dogs with inflammatory PLE without a
feeding tube.

Animals: Fifty-seven dogs with inflammatory PLE.

Methods: A retrospective study at a UK referral hospital identified dogs with inflam-
matory PLE using a standard diagnostic criterion. Positive outcome was defined as
survival greater than 6 months or death unrelated to PLE and negative outcome as
death related to PLE within 6 months of diagnosis. Several variables were assessed
to identify factors for positive outcome using logistic regression.

Results: Thirty-five (61%) and 22 (39%) dogs had a positive and negative outcome at
6 months, respectively. Of the 21 dogs that had a feeding tube placed within 5 days
of gastrointestinal biopsy, 16 (76%) had a positive outcome and 5 (24%) had a nega-
tive outcome. Dogs treated with dietary treatment alone (P = .002) and dogs with an
enteral feeding tube (P = .006) were significantly associated with a positive outcome.
When stratified by treatment, assisted enteral feeding was significantly associated
with a positive outcome in dogs treated with concurrent immunosuppressive treat-
ment (P = .006), but there was insufficient data to evaluate dogs treated with dietary
treatment alone.

Conclusions and Clinical Importance: Assisted enteral feeding in dogs with inflamma-
tory PLE could be associated with improved treatment outcome, especially in those
receiving immunosuppressive treatment, and should be considered in the treatment

plan of these dogs.
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1 | INTRODUCTION

The prognosis for inflammatory protein-losing enteropathy (PLE) in
dogs is guarded with disease-associated death occurring in 54.2% of
dogs with this condition.* To date, research on PLE in dogs has pre-
dominately focused on determining negative prognostic indicators,
with studies identifying serum albumin, bodyweight, serum blood urea
nitrogen, and vitamin D metabolites as potential indicators,>”
whereas comparatively fewer studies have assessed treatment.®°

Although the histopathology of inflammatory bowel disease (IBD)
is different between humans and dogs, parallels can be drawn with
the treatment approach for both species.!! Dietary treatment is an
important component in the management of IBD in humans, with
studies showing diet can downregulate mucosal pro-inflammatory
cytokines, reduce antigenic stimulation, and reduce prevalence of
invasive gastrointestinal (GI) bacterial species.*?* Furthermore,
enteral feeding is important in human patients with IBD, with use of
nasogastric tubes improving remission rates compared to patients
administered the dietary treatment PO.*® Similarly, dietary treatment
is important in dogs with PLE,%?? with dogs that are responsive to
dietary treatment alone having improved clinical outcomes and
increased survival times when compared to dogs receiving immuno-
suppressive treatment.>” However, the effects of assisted enteral
feeding in dogs with PLE have not yet been assessed.

Anorexia and hyporexia occur in almost 50% of dogs with PLE
due to chronic enteropathy and lymphangiectasia.”® In human
patients, anorexia can lead to suppressed crypt cell proliferation, mar-
ked decrease in Gl-associated lymphoid tissue and function, increased
intestinal permeability, and increased risk of bacterial transloca-
tion.1”"*” Dogs with PLE that are anorexic or hyporexic might be at
risk of malnutrition, which is associated with numerous detrimental
effects in humans, such as immunosuppression, delayed wound
healing, loss of muscle mass, and increased in-hospital mortality and a
longer duration of hospital stay in IBD patients.2°2® Therefore, as
anorexia and malnutrition might be associated with a weakened
immune system and increased risk of intestinal bacterial translocation,
commencing glucocorticoids in these dogs might worsen their
response to treatment. In contrast, promoting nutritional intake and
addressing malnutrition through assisted feeding might result in a
stronger enterocyte and immune function. This might lead to an opti-
mal response to immunosuppressive treatment, thereby improving
the treatment outcome of dogs with inflammatory PLE.

The aim of our study was to determine whether dogs with inflam-
matory PLE that had an enteral feeding tube placed at around the
time of diagnosis had a better outcome to treatment at 6 months
compared to dogs with inflammatory PLE that did not have an enteral
feeding tube placed. Age, neutering status, sex, serum albumin and
vitamin B12 concentrations, body condition score (BCS), appetite,
canine chronic enteropathy clinical activity index (CCECAI), type of
dietary treatment, treatment (whether the dogs received dietary treat-
ment alone or immunosuppressive treatment combined with dietary
treatment), and year of diagnosis were also evaluated as prognostic

indicators for treatment outcome. Our study hypothesized that

assisted enteral feeding, initiated at around the time of diagnosis,
would improve treatment outcome of dogs with inflammatory PLE at

6 months.

2 | MATERIALS AND METHODS

21 | Data collection
The electronic medical records of dogs referred to a teaching hospital
in the United Kingdom between 2005 and 2020 were reviewed retro-
spectively to identify dogs with a clinical diagnosis of inflammatory
PLE. The following criteria were required for a clinical diagnosis of
inflammatory PLE: (a) Evidence of hypoalbuminemia with serum albu-
min <28 g/L, (b) history of chronic (>3 weeks) Gl clinical signs such as
weight loss, vomiting, diarrhea, or decreased appetite, (c) exclusion of
extraintestinal Gl disease such as protein-losing nephropathy and
hepatic disease with diagnostic tests including CBC, serum biochemis-
try profile, urinalysis, fecal parasitology, abdominal ultrasound, basal
cortisol or ACTH stimulation test, vitamin B12 and folate, trypsin like
immunoreactivity, and canine pancreatic lipase immunoreactivity,
(d) histopathologic confirmation of inflammatory Gl disease, defined
as a greater increase in lymphocytes, plasma cells or both lymphocytes
and plasma cells, in combination with villous architectural changes, or
the presence of any number of neutrophils. The final histopathologic
diagnosis was based on the predominant inflammatory cell type. All
intestinal biopsy specimens and histopathologic diagnoses were
reviewed and assigned by a board-certified veterinary pathologist.
Cases with histopathologic confirmation of neoplastic Gl disease were
excluded.

The following information was collected and evaluated as risk fac-
tors from dogs included in the study at the time of histologic

diagnosis.

211 | Age, sex, and neuter status

Age (years) was categorized into 4 groups?* for analysis: <3, 3 to 5.9,
6 to 8.9, and >9. Sex and neutering status were examined as categori-
cal variables. The breed type was recorded but not included in the risk

factor analysis due to inadequate numbers within each breed group.

2.1.2 | Assisted enteral feeding

Dogs were categorized into 2 groups based on whether they had
received assisted enteral feeding as part of their treatment protocol.
Dogs categorized as yes for assisted enteral feeding had a nasogastric,
esophagostomy, gastrostomy, or jejunostomy feeding tube placed
within 5 days of Gl biopsy collection. Dogs categorized as no for
assisted enteral feeding did not receive any form of assisted enteral
feeding as part of their treatment protocol. The type of feeding tube,
the number of days the feeding tube was in place, whether the dog
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was discharged from the hospital with the feeding tube, and any com-
plications associated with the feeding tube were all recorded for dogs
categorized as yes for assisted enteral feeding when the information

was available in the clinical notes.

21.3 | CCECAIscores

The CCECAI scores were used to assess disease severity?> and were
taken from the clinical notes when written by the clinician; however,
when this was not provided, a CCECAI score was calculated retro-
spectively based on information provided in the history, physical
exam, and diagnostic test results. When the required information was
not available to calculate CCECAI, a score was not given. The CCECAI
scores were categorized into 4 groups®’: insignificant (score 0-10),

mild (score 11-15), moderate (score 16-20), and severe (score 21-27).

214 | Appetite scores

Appetite scores were given based on information provided in the clini-
cal notes and was defined as the appetite of the dog based on subjec-
tive owner assessment at the time of clinical presentation. Appetite
scores were defined into 4 separate categories to include anorexia,
hyporexia, normal (unchanged), and polyphagia.

21.5 | Serum vitamin B12 and albumin
concentration

For serum vitamin B12 concentration, the concentration within
1 month of histologic diagnosis was used, provided that the animal
had not received vitamin B12 supplementation within 1 month of the
diagnostic test. Vitamin B12 concentration (ng/L) was categorized as
within the reported reference range (>200), lower than the reference
range (<200), and unknown. The serum albumin concentration (g/L) at
the time of histologic diagnosis was taken and categorized into
4 groups?®: <12, 12 to 14, 15 to 19, >20 (reference range, 28-38 g/L).

2.1.6 | BCSscore

A BCS score at the time of histologic diagnosis was taken from the
clinical notes and categorized into 3 groups of under-condition, ideal
body condition, and over-condition, based on the 9-point BCS scale?®:
1to 3,4to0 5, >5.

21.7 | Type of dietary treatment
The type of dietary treatment used during time of hospitalization was
recorded and categorized into 4 groups: limited-ingredient novel pro-

tein, hydrolyzed, other, and unknown. In addition, the type of dietary

American College of

Veterinary Internal Medicine
treatment prescribed after hospitalization was recorded. The amount
of food consumed before, during, or after hospitalization was not
recorded, as this information was not available in the clinical records

for the majority of cases.

2.2 | Year of diagnosis
Dogs were categorized into 3 groups based on their year of histologic
diagnosis: 2005 to 2010, 2011 to 2015, and 2016 to 2020.

221 | Treatment

Treatment was characterized based on whether the dog received die-
tary treatment alone such as a limited-ingredient novel protein diet or
dietary treatment combined with immunosuppressive drugs, including
combination treatment with glucocorticoids, cyclosporine, and
azathioprine.

222 | Treatment outcome

The treatment outcome for dogs included in the study was recorded.
Treatment outcome was determined using information provided in
the electronic medical records. When this information was not avail-
able, referring veterinarians were contacted to determine the treat-
ment outcome of the dog. The minimum follow-up time required after
date of diagnosis was 6 months. Date of diagnosis was the date at
which a histologic diagnosis of inflammatory Gl disease was obtained.
Treatment outcome was defined as either negative or positive out-
come. Positive outcome were dogs that had a survival time equal to
or greater than 6 months or death unrelated to PLE. Negative out-
come was defined as death related to PLE less than 6 months after
diagnosis. Survival time was defined from the time of PLE histologic
diagnosis to death or end of the study, or to the last observation
recorded before the animal was lost to follow-up.

2.3 | Statistical analysis

For the evaluation of risk factors, data collection, checking, and
cleaning were performed in Microsoft Excel (2019) producing 1 record
per dog, which was then imported into IBM SPSS (Statistical Product
and Service Solutions) version 26 statistical software for analysis. Cat-
egorical data were summarized with count and percentage. Median
and range were calculated for continuous variables. Statistical analysis
using univariable logistic regression was performed to test for associa-
tions between variables and positive outcome. Variables that were
broadly significant within each of the univariable analyses (P < .2)
were carried forward for multivariable evaluation. Collinearity was
assessed between all variables taken forward for multivariable consid-

eration using either Chi-square or Fisher's exact test. A manual
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backward stepwise elimination method was used for development of
the logistic regression model. Final variables were evaluated for
pairwise interaction and statistical significance was set at the 5%
level.

Univariable logistic regression was also performed to test for an
association between the type of treatment given (dietary treatment
alone or immunosuppressive treatment combined with dietary treat-
ment) and CCECAI or serum albumin. In addition, for the dogs that
received assisted enteral feeding, a Mann-Whitney U test was used to
assess for a significant difference in the number of days the feeding

tube was in place and CCECAI or outcome.

3 | RESULTS
3.1 | Studysample
3.1.1 | Neutering status, sex, and breed

Fifty-seven dogs met the inclusion criteria: 4 intact females,
28 neutered females, 11 intact males, and 14 neutered males. The
study sample had a median age of 6.3 years (range, 0.9-14.6). Repre-
sented breeds are included in the Supporting Information.

3.1.2 | Histologic diagnosis
All dogs had small intestinal biopsy specimens collected for histologic
diagnosis; 53 dogs (93%) via upper Gl endoscopy and 4 (7%) via
exploratory laparotomy. All dogs were diagnosed with chronic inflam-
matory enteropathy; a total of 30 dogs (53%) had lymphoplasmacytic
enteritis; 12 (21%) had lymphoplasmacytic enteritis with concurrent
lacteal dilatation; 5 (9%) had lymphoplasmacytic and eosinophilic
enteritis; 5 (9%) had lymphoplasmacytic and neutrophilic enteritis;
2 (4%) had lymphoplasmacytic, eosinophilic, and neutrophilic enteritis;
1 (2%) had eosinophilic enteritis; 1 (2%) had neutrophilic enteritis; and
1 (2%) had neutrophilic and eosinophilic enteritis.

Colonic biopsy specimens were collected in 24 dogs (42%),
13 (23%) of which also had ileal biopsies performed. These results are

included in the Supporting Information.

3.1.3 | Serum albumin and vitamin B12
concentration, CCECAI, and BCS

All dogs had hypoalbuminemia (median: 17 g/L; range, 10-27.7; refer-
ence range, 28-38 g/L). Of the 44 dogs with serum vitamin B12 con-
centrations available, 28 (64%, 28/44) had concentrations below the
reference range. The median for the dogs that had serum vitamin B12
concentrations available was 175 ng/L (range, <150 to 833; reference
range, >200 ng/L). The median CCECAI for all dogs was 8 (range,
4-19) and the median BCS was 3 (range, 1-8). Eighteen (32%, 18/56)
CCECAI scores were calculated retrospectively by 1 of the authors

with the remaining 38 (68%, 38/56) calculated by the clinician at the
time of diagnosis. There was insufficient information available to cal-

culate the CCECAI retrospectively for 1 dog.

3.2 | Treatment outcome

Of the 57 dogs with inflammatory PLE, 35 (61%) had a positive out-
come and 22 (39%) had a negative outcome. The median survival time
for all dogs with PLE was 360 days (range, 0-3766 days). The median
survival time for dogs with a positive outcome was 996 days (range,
180-3766 days) compared to a median survival time of 12.5 days
(range, 0-174 days) for dogs with a negative outcome.

3.21 | Age, neutering status, and sex

The median age for the positive outcome group was 6.2 years (range,
1.0-14.6 years) similar to 6.5 years (range, 0.9-14.6 years) for the neg-
ative outcome group. Neutering status was similar between the

2 groups (Table 1).

3.2.2 | Appetite, BCS, CCECAI, serum albumin
concentrations, serum vitamin B12 concentrations,
and type of dietary treatment

The number of dogs in the positive and negative outcome groups for
each of these variables is summarized in Table 1. The median BCS
score for the positive outcome group was 3 (range, 2-8), which was
the same for the negative outcome group (range, 1-5.5). The median
CCECAI score for the positive outcome group was 8.5 (range, 4-19)
similar to 8 (range, 4-17) for the negative outcome group.

Median serum albumin concentration for the positive outcome
group was 18.5 g/L (range, 10.0-27.7; reference range, 28-38 g/L)
compared to 16.0 g/L (range, 10.3-27.0) for the negative outcome
group. Median serum vitamin B12 concentrations were 184 ng/L
(range, <150 to 833; reference range, >200 ng/L)) for the positive out-
come group, compared to 165 (range, <150 to 593) for the negative
outcome group.

All dogs that survived to discharge were prescribed the same diet
that they received during hospitalization. Of the dogs included in the
“other” category for dietary treatment, 3 received a therapeutic Gl
diet, 2 received a therapeutic low-fat diet, and 1 received a therapeu-
tic high fiber diet.

3.23 | Treatment

For all dogs with PLE, 40 (70%) received immunosuppressive treat-
ment combined with dietary treatment and 17 (30%) received dietary
treatment alone. Of the 40 dogs with PLE that received immunosup-

pressive treatment combined with dietary treatment, 18 (45%)
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TABLE 1 Descriptive and univariable logistic regression results for predictors of a positive outcome at 6 months after a histologic diagnosis of
inflammatory protein-losing enteropathy in dogs

Positive outcome Negative outcome Odds 95% Confidence Variable
Variable Category no. (%) no. (%) ratio interval P value
Age (y) <3 4(57) 3(43) ref .9
3-5.9 11 (61) 7 (39) 1.2 0.2-6.9
6-8.9 11 (69) 5(31) 17 0.3-10.3
>9 9 (56) 7 (44) 1.0 0.2-5.8
Neutering status Entire 7 (47) 8(53) ref .18
Neutered 28 (67) 14 (33) 2.2 0.7-7.6
Sex Female 20 (62) 12 (38) ref .85
Male 15 (60) 10 (40) 0.9 0.3-2.6
Vitamin B12 Normal 12 (75) 4 (25) ref .34
(ng/L® Low 17 (61) 11(39) 05 0.1-20
Unknown 6 (46) 7 (54) - -
BCS® >3-5 14(78) 4(22) ref 22
1-3 14 (52) 13 (48) 3.2 0.8-12.5
>5 1(50) 1(50) 0.9 0.1-16.4
Unknown 6 (60) 4 (40) - -
Appetite Normal 12 (67) 6(33) ref 9
Hyporexia 10 (59) 7 (41) 0.7 0.2-2.8
Anorexia 13 (62) 8(38) 0.8 0.2-3.0
Unknown 0(0.0) 1 (100) — -
Albumin (g/L)° >20 13 (68) 6(32) ref .85
15-19 15 (56) 12 (44) 0.9 0.1-12.3
12-14 5(63) 3(38) 0.8 0.1-4.3
<12 2(67) 1(33) 0.6 0.2-2.0
CCECAI¢ Insignificant 21 (58) 15 (42) ref .37
Mild 5 (50) 5 (50) 0.7 0.2-2.9
Moderate 8 (80) 2 (20) 29 0.5-15.4
Unknown 1 (100) 0(0) — -
Dietary Novel protein 17 (65) 9 (35) ref 43
treatment Hydrolyzed 14 (78) 4(22) 1.9 05-7.3
Other® 3(50) 3(50) 0.5 0.1-3.2
Unknown 1(14) 6 (86) - -
Year of 2005-2010 16 (57) 12 (43) ref 74
dlegress 2011-2015 13 (68) 6(32) 16 0.5-5.5
2016-2020 6 (60) 4 (40) 11 0.3-4.9
Treatment Immunosuppressive’ 19 (48) 21 (53) ref .008
Dietary® 16 (94) 1(6) 17.7 2.1-146.4
Enteral feeding” No 19 (53) 17 (47) ref .09
Yes 16 (76) 5 (24) 29 0.9-9.5

Abbreviations: BCS, body condition score; CCECAI, canine chronic enteropathy clinical activity index; ref, referent.

?Reference range: >200 ng/L.

bBody condition score.

‘Reference range: 28-38 g/L.

dCanine chronic enteropathy activity index; insignificant (0-10), mild (11-15), moderate (16-20), severe (21-27).

®Other diets refer to therapeutic gastrointestinal diet (n = 3), therapeutic low fat diet (n = 2), or therapeutic high fiber diet (n = 1).

Dogs that received immunosuppressive treatment combined with dietary treatment.

8Dogs that received dietary treatment alone (without immunosuppressive treatment).

"Dogs categorized into 2 groups based on whether they had received assisted enteral feeding as part of their treatment protocol with the feeding tube
placed within 5 days of gastrointestinal biopsy.
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received prednisolone alone, 9 (23%) received prednisolone and cyclo-
sporine, 5 (13%) received cyclosporine alone, 4 (10%) received pred-
nisolone and azathioprine, 2 (5%) received prednisolone and
chlorambucil, and 2 (5%) received prednisolone with azathioprine and
cyclosporine.

In the positive outcome group, 19 (54%) received immunosup-
pressive treatment combined with dietary treatment and 16 (46%)
received dietary treatment alone. In contrast, the majority of the dogs
in the negative outcome group received immunosuppressive treat-
ment combined with dietary treatment (96%, 21), with only 1 dog
(5%) receiving dietary treatment alone (Table 1).

3.24 | Assisted enteral feeding

The study included 21 (37%) dogs that had an assisted enteral feeding
tube (esophagostomy tube [19], gastrostomy tube [1], and nasogastric
tube [1]). The median number of days the feeding tube was in place
was 11 (range, 3-90 days). However, 3 dogs in the enteral feeding
tube group had no information available with regards to when their
feeding tube was removed. Two dogs had their assisted enteral feed-
ing tube removed prior to discharge from the hospital due to signifi-
cant improvement in voluntary food intake. The remaining dogs were
discharged from the hospital with their assisted enteral feeding tube
in place, except for 1 that died during hospitalization.

Complications associated with the enteral feeding tube were
reported for 3 (14%) dogs. The first dog developed purulent discharge
at the insertion site on day 6 after esophagostomy tube placement
resulting in the feeding tube being removed. In the second dog, the
clinician reported mild redness and soreness on the skin around
the gastrostomy tube at day 23 after placement; however, the
gastrostomy tube was kept in place until day 61. In the third dog, the
esophagostomy tube became displaced at day 16 after placement and
was subsequently removed. For the 1 dog that had a nasogastric tube,
this was in place for 8 days.

For the 21 dogs that received assisted enteral feeding, 14 (67%)
had anorexia, with the remaining 7 (33%) being hyporexic. For the
36 dogs that did not receive assisted enteral feeding; 18 (50%) had a
normal appetite; 10 (28%) were hyporexic, 7 (19%) were anorexic, and
1 (3%) was unknown.

The median survival time for dogs with an assisted enteral feeding
tube was 559 days (range, 6-3149 days), whereas the median survival
time for dogs without an assisted enteral feeding tube was 282 days
(range, 0-3766 days; Figure 1).

3.3 | Statistical analysis

There was no statistically significant association between treatment
(whether dogs received dietary treatment alone or immunosuppres-
sive treatment combined with dietary treatment) and CCECAI

(P = .16) or serum albumin (P = .93). In addition, there was no statisti-

1.0 Feeding Tube
—I1No tube
~M1Tube
No tube-censored
0.8 ; —+ Tube-censored

@
2
< 06 |
< ,
§ T
£
g
g o4 ﬁx
8
o w—l_‘
0.2
0.0
(1] 1000 2000 3000 4000

Time after diagnosis ( days)

FIGURE 1 Kaplan-Meier estimates of survival based on death in
dogs with inflammatory protein-losing enteropathy that received
assisted enteral feeding (Tube) compared to dogs that did not receive
assisted enteral feeding (No Tube). Marks in the lines indicate
censored dogs, which were defined as dogs alive at time of follow-up

cally significant difference in the number of days the enteral feeding
tube was in place and CCECAI (P = .31) or outcome (P = .18).

Univariable analysis identified only treatment, whether dogs
received immunosuppressive treatment combined with dietary treat-
ment or dietary treatment alone, as a statistically significant variable
between positive and negative outcome groups (P = .005, Table 1). All
other variables were nonsignificant between positive and negative
outcome groups (Table 1).

After univariable analysis, the variables retained for multivariable
modeling were assisted enteral feeding, treatment, and neutering sta-
tus. The final multivariable model identified both assisted enteral
feeding (P = .006) and treatment (P = .002) as statistically significant
variables between positive outcome and negative outcome groups.
Dogs with PLE that received assisted enteral feeding had 7.0 times
the odds of a positive outcome (95% confidence interval [CI] = 1.8-
28.2) compared to dogs that did not receive assisted enteral feeding
as part of their treatment protocol. At the multivariable level, dogs
with PLE that received dietary treatment alone had 36.1 times the
odds of a positive outcome (95% Cl = 3.9-333.6) compared to dogs
with PLE that received immunosuppressive treatment combined with
dietary treatment. There was no significant association between treat-
ment and assisted enteral feeding (P = .07). Therefore, the likely rea-
son the multivariable analysis resulted in large changes in odds ratios
(ORs) and wide CI for both treatment and assisted enteral feeding is
due to only 1 dog in the dietary treatment alone group having a nega-
tive outcome.

Therefore, a stratified analysis by treatment was carried out to
evaluate the effect of enteral feeding on treatment outcome. For
those dogs that received immunosuppressive treatment combined
with dietary treatment, assisted enteral feeding increased their odds
of a positive outcome by 6.9 times (95% Cl = 1.7-28.0, P = .006). For

those dogs that received dietary treatment alone, there was
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TABLE 2
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Stratified logistic regression model with assisted enteral feeding separated by treatment groups (immunosuppressive treatment

combined with dietary treatment vs dietary treatment alone) and a positive outcome at 6 months after a histologic diagnosis of inflammatory

protein-losing enteropathy in dogs

Treatment Enteral feeding® Positive outcome no. (%)
Immunosuppressive® No 6(27)

Yes 13 (72)
Dietary” No 13(93)

Yes 3 (100)

Abbreviation: ref, referent.

Negative outcome no. (%) Oddsratio  Confidence interval P value
16 (73) ref .006
5(28) 6.9 1.7-28.0
1(7) ref 1

0(0) = =

?Dogs that received immunosuppressive treatment combined with dietary treatment.
PDogs that received dietary treatment alone (without immunosuppressive treatment).
“Dogs categorized into 2 groups based on whether they had received assisted enteral feeding as part of their treatment protocol with the feeding tube

placed within 5 days of gastrointestinal biopsy.

insufficient data to evaluate the effects of assisted enteral feeding, as
only 1 dog in the dietary treatment alone group had a negative out-
come. Also, of the 3 dogs that received dietary treatment alone via
assisted enteral feeding, none had a negative outcome, therefore an
OR and Cl could not be calculated (Table 2).

4 | DISCUSSION

In our study, the use of assisted enteral feeding was significantly asso-
ciated with a positive outcome in dogs with inflammatory PLE that
received immunosuppressive treatment combined with dietary treat-
ment. There was insufficient data to evaluate the effects of assisted
enteral feeding in dogs that received dietary treatment alone. In hos-
pitalized dogs and cats, animals that receive 0% to 33% of their calcu-
lated maintenance energy requirement are significantly associated
with a poorer hospital outcome.?” Therefore, ensuring that the dietary
requirements of hospitalized dogs with PLE are met via assisted
enteral nutrition might have helped to improve their outcome. How-
ever, it is still possible that assisted enteral feeding might be less likely
to influence the treatment outcome in dogs that receive dietary treat-
ment alone compared to dogs that receive concurrent immunosup-
pressive treatment. One explanation for this could be that anorexia
might be associated with impaired Gl mucosal immune function and

increased risk of bacterial translocation,'”:*8

administering glucocorti-
coids in these dogs might worsen their response to treatment. There-
fore, promoting nutritional intake via assisted feeding in these dogs
might result in a stronger enterocyte and immune function, which
might lead to optimal response to immunosuppressive treatment and
improved treatment outcome.

In our study, nearly 70% of dogs in the negative outcome group
had decreased appetite, which might have limited their nutritional
intake of vitamin D, essential amino acids, and other essential nutri-
ents important for gut health. Dogs with chronic enteropathy with
moderately/severely decreased appetite have significantly lower
serum 25 hydroxyvitamin D (25(OH)D) concentrations than do dogs
with chronic enteropathy with normal appetite.!® Decreased serum

25(OH) D concentrations are associated with a negative outcome in

dogs with PLE® and are associated with increased severity of disease
in human IBD patients.?® Furthermore, the essential amino acid, tryp-
tophan could play a role in the pathogenesis of PLE in dogs, as serum
concentrations are significantly lower in dogs with PLE compared to
healthy control dogs.?? Although, all dogs on assisted enteral feeding
received complete diets, the absolute dietary intake of vitamin D and
essential amino acids, such as tryptophan was not evaluated in our
study.

The use of enteral feeding tubes in human IBD patients improves
compliance to dietary treatment, resulting in higher remission rates
compared to patients administered the dietary treatment PO.%° Simi-
larly, in our study, assisted enteral feeding might have improved
owner compliance to dietary treatment. Adequate owner compliance
to dietary treatment is essential, as this might result in an increased
likelihood that the dog receives 100% of its daily caloric and nutrient
requirement. However, as absolute food intake was not measured or
recorded for the dogs at any time point during our study, the effect of
enteral feeding on increasing compliance could not be confirmed.

In our study, 17/36 (47%) dogs that did not receive assisted
enteral feeding were hyporexic or anorexic. It was not recorded why
these dogs did not receive assisted enteral feeding; however, the deci-
sion to not place an enteral feeding tube in dogs with PLE with
decreased appetite might occur for a number of reasons. For example,
owner preference, increased anesthesia time, the assumption that
appetite will improve following glucocorticoid treatment,3® complicat-
ing factors associated with the disease such as coagulopathies®! and
increased healing time due to hypoalbuminemia.®? In our study, the
complication rate for dogs with assisted enteral feeding was 14%,
compared to 43.1% with esophagostomy tubes.*3 This could suggest
that the complication rate might be underreported in our study.
Underreporting might have occurred due to dogs included in our
study being lost to follow-up. For example, dogs receiving assisted
enteral feeding might have a greater likelihood in presenting to their
referring veterinarian instead of the referral hospital for minor feeding
tube complications. However, all feeding tube complications reported
in our study were considered as minor and easily manageable, similar
to that reported in previous studies.3*>3* Therefore, our study might

be considered to be important in highlighting the benefits of assisted
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enteral feeding in dogs with inflammatory PLE despite the potential
risks involved and should be used to guide the decision making on
whether to place an assisted enteral feeding tube in these dogs.

Our study also identified that dogs with PLE that received dietary
treatment alone had improved treatment outcome compared to dogs
that received immunosuppressive treatment combined with dietary
treatment. Dogs with PLE that receive immunosuppressive drugs are
significantly associated with a negative outcome.® Also, dogs with PLE
that are responsive to dietary treatment alone have longer survival
times compared to dogs that require corticosteroid treatment.” One
explanation for our results might be that dogs that were responsive to
dietary treatment alone were more likely to have a reduced severity
of disease compared to dogs that received immunosuppressive treat-
ment, as the CCECAI of dogs that are food-responsive are signifi-
cantly lower than dogs that are immunosuppressant-responsive.’ The
CCECAI score, which is used as a marker of disease severity, is associ-
ated with a negative clinical outcome.®”?> However, in our study
there was no significant association between CCECAI score and
serum albumin and whether the dog received dietary treatment alone
or immunosuppressive treatment combined with dietary treatment. In
addition, there was no significant association between CCECAI and
treatment outcome. Therefore, in our study, it is unlikely that lower
clinical disease activity was a significant reason for improved treat-
ment outcome in dogs receiving dietary treatment alone. However, a
proportion of the CCECAI scores were calculated retrospectively in
our study, which might have prevented a significant association from
being found between the CCECAI score and treatment or outcome.

Another explanation for our results could be that dogs with PLE
that received dietary treatment alone might have had increased intes-
tinal mucosal healing compared to dogs that received concurrent
immunosuppressive treatment, thereby improving their treatment
outcome. Human IBD patients that receive enteral nutrition (poly-
meric, semi-elemental, and elemental diets) have better mucosal
healing compared to IBD patients that receive corticosteroid treat-
ment (64.8% vs 40%).3> However, prospective studies standardizing
clinical disease activity, type and route of dietary treatment and the
dose and type of immunosuppressive treatment, with follow-up intes-
tinal biopsy specimens collected would be needed to confirm this
finding.

In addition to the limitations of our study described above, others
include the majority of our cases not having ileal biopsies taken;
therefore, intestinal neoplasia might have been missed in these dogs,
which would have affected the prognosis.* However, lymphoma, the
most common primary intestinal neoplasia in dogs, predominately
affects the duodenum (85% of dogs) compared to the ileum (55% of
dogs).2¢ However, this only applies to small cell lymphoma and does
not include other types of intestinal lymphoma or neoplasia. Addition-
ally, histopathologic diagnosis and severity were not evaluated as risk
factors in our study, which might have affected the outcome. How-
ever, there are no differences in histopathologic grading scores in
dogs with chronic enteropathies that are food-responsive vs steroid-

responsive and no difference in histopathologic grading scores with

clinical response to treatment.®” Another limitation of our study
includes grouping dogs together if they received immunosuppressive
treatment regardless of which drug(s) was used, despite dogs with
PLE having an improvement in survival times with the use of glucocor-
ticoids alone compared to glucocorticoids combined with a second

immunosuppressive agent.'°

Unfortunately, previous diet history and
time to voluntary food intake was not recorded in our study and
should be evaluated in future studies. Furthermore, the primary die-
tary therapies used in our study were novel protein and hydrolyzed
diets, with the remaining diets classified into a third “other” category.
This might have prevented a statistical significance from being
reached between the novel protein and hydrolyzed diets, as dogs with
IBD that receive hydrolyzed diets have a greater significant improve-
ment compared to novel protein diets.*® In addition, the use of low
fat and ultra-low-fat diets are associated with good clinical response
in dogs with non-neoplastic PLE.”*° Therefore, standardizing dietary
and immunosuppressive treatment as well as the fat content is
required for future studies in order to better compare the effect of
dietary treatment alone vs combined with immunosuppressive treat-
ment on treatment outcome in dogs with inflammatory PLE. Unfortu-
nately, the type of assisted enteral feeding was not standardized in
our study, which might have led to the wide range observed in the
duration the feeding tube was in place. Alternatively, dogs with a
feeding tube placed for a longer duration might have had a greater
severity of disease due to taking a longer time to reach adequate vol-
untary food intake. However, in our study the number of days the
feeding tube was in place was not significantly associated with treat-
ment outcome or CCECAI. A large prospective study that addresses
our study limitations is required to definitively assess the effects of
assisted enteral feeding on treatment outcome in dogs with
inflammatory PLE.
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