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OBJECTIVE
To investigate an association between pancreatitis and chronic kidney disease (CKD) in cats.

ANIMALS
154 client-owned cats: 77 cats with pancreatitis and 77 control cats with no evidence of pancreatitis.

METHODS

Retrospective record review from October 1, 2017, to October 1, 2022, including cats with gastrointestinal clinical
signs, pancreatic lipase immunoreactivity (PLI) > 8.8 ug/L or PLI 4.5 to 8.7 ug/L with sonographic evidence of pan-
creatitis. Control cats had a PLI < 4.4 ug/L with no sonographic evidence of pancreatitis.

RESULTS

Cats with pancreatitis had significantly higher International Renal Interest Society CKD stages than controls (P <
.001; OR, 13 [95% Cl, 6.3 to 31]), and mean creatinine was on average 0.79 mg/dL (95% Cl, 0.56 to 1.0) higher than
controls (P < .001; age covariate ANCOVA, P = .003). Odds of CKD in cats with pancreatitis compared to controls
increased significantly with age (P =.002). Cats aged 10 to < 15 years and 15 to 20 years with pancreatitis had sig-
nificantly higher prevalence of CKD stage 2 to 4 compared to controls (P <.001; OR, 10.9 [95% CI, 3.4 to 44]; and P
=.001; OR, 66 [95% Cl, 4.6 to > 1,000], respectively). Cats with pancreatitis had significantly more sonographic renal
infarcts (P =.004; OR, 6.9 [95% CI, 1.8 to 46]) and concurrent diabetes mellitus (P =.002; OR, 6 [95% Cl, 1.9 to 27D).
Cats with pancreatitis were fed more exclusively dry-food diets compared to controls (P =.014).

CLINICAL RELEVANCE

Pancreatitis is associated with CKD in cats. Investigating and treating these diseases concurrently early in the dis-
ease process may reduce morbidity and mortality due to progressive disease and expensive hospitalizations. Renal
infarcts may be associated with pancreatitis in cats without overt cardiac disease.
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Feline acute and acute on chronic pancreatitis are
common conditions resulting in reduced quality of
life with the potential for the development of distant
organ damage. In 2007, histopathologic evaluation
of 115 cats presented for necropsy demonstrated an
overall prevalence of pancreatitis in 67%, chronic pan-
creatitis in 50.4%, acute pancreatitis alone in 6.1%, and
acute on chronic pancreatitis in 9.6%. Of these cats,
45% were noted to have been clinically healthy with-
out associated clinical signs.> Additionally, it has been
reported that chronic or acute on chronic pancreatitis
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accounts for 65% to 89% of all cases of feline pancre-
atitis.2 An important relationship that has not yet been
elucidated in veterinary literature is the potential asso-
ciation between pancreatitis and an increased preva-
lence of chronic kidney disease (CKD). Chronic kidney
disease in cats is defined and staged via serum creati-
nine levels using the International Renal Interest Society
(IRIS) staging guidelines, with substaging based on the
presence of hypertension and/or proteinuria.®> Current
literature suggests that the overall prevalence of CKD
in cats is 2% to 4%% or 1.6% to 20%,° increasing up to 30%
to 40% in cats > 10 years of age.*

A retrospective analysis of cats hospitalized for
pancreatitis indicated that domestic shorthairs with
a mean age of 9.5 years are predisposed. Clinical
signs on presentation included dehydration, leth-
argy, anorexia, vomiting, weight loss, hypothermia,
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tachypnea, icterus, abdominal pain, diarrhea, and
fever.® Definitive diagnosis of feline pancreatitis re-
mains challenging due to nonspecific clinical signs,
reported abdominal ultrasound sensitivity of 24% to
67%,” lack of consistent findings on CBC and serum
biochemistry, and interference regarding pancreatic-
specific lipase concentrations in cats with renal insuf-
ficiency.8 However, pancreatic lipase immunoreactiv-
ity (PLD) testing has proven to be reliably specific for
feline pancreatitis® while being unaffected by the pa-
tient’s renal status,® including in-house qualitative
feline PLI testing, which is reportedly 100% specific
if the corresponding PLI is > 7.9 ug/L.1! Quantita-
tive feline PLI is currently the most consistently per-
formed and reliable antemortem pancreatitis test,
and a prospective study?? using histological assess-
ment for diagnosis of feline pancreatitis noted that
PLI assays carry a 100% sensitivity in cats with mod-
erate to severe pancreatitis and a specificity of 100%
in cats without pancreatitis. Another study?? indicat-
ed a quantitative feline PLI sensitivity and specificity
of 79% and 82%, respectively.

Acute kidney injury (AKID) in humans is report-
ed to occur secondary to severe acute pancreatitis
(SAP) due to septic shock, abdominal compartment
syndrome, and/or prerenal azotemia secondary to
peripancreatic fluid sequestration and extracellu-
lar fluid volume reduction, among other causes. In 1
study,# 32% (32/100) of human patients with SAP
developed AKI, and SAP with subsequent AKI devel-
opment resulted in a ten-fold increase in mortality.1®
Severe acute pancreatitis in humans has also been as-
sociated with significant deleterious systemic effects
and target organ damage.6 Research into pancreati-
tis in humans using murine and canine models has
demonstrated a complex network of inflammatory
cascades.1® The consequences of these cascades in-
clude systemic inflammation and target organ dam-
age secondary to the cytokine storm, hypovolemia,
coagulation anomalies, and/or other associated fac-
tors.16 Systemic complications are not as well defined
in cats, and acute severe pancreatitis may result in
systemic inflammatory response syndrome and target
organ damage.1®-18 Although the zymogen-inflam-
matory pathogenesis applies to acute pancreatitis, it
is plausible that this event could incite the onset of
chronic pancreatitis in cats,’® as chronic pancreatitis
in humans is considered a consequence of repeated
inflammatory insults.2% Chronic pancreatitis in cats is
characterized by pancreatic mononuclear infiltration
and fibrosis, as opposed to neutrophilic inflamma-
tion, and the course of disease is prolonged and can
be subclinical.” Additionally, a correlation has been
suggested between CKD and pancreatitis in humans,
although the direction of causation is unclear.2 In hu-
mans, renal infarcts are a recognized consequence
of cardioembolic disease, atrial fibrillation, renal ar-
tery injury, fiboromuscular dysplasia, hypercoagulable
states potentially attributable to chronic inflamma-
tion, and other conditions.??

In this study, we primarily hypothesized that pan-
creatitis would be associated with an increased preva-
lence of IRIS stage 2 to 4 CKD and increased serum

creatinine in cats. We secondarily hypothesized that
pancreatitis would be associated with the develop-
ment of renal infarction in cats, that cats with pancre-
atitis consume more exclusively dry-food diets, and
that cats with pancreatitis have an increased preva-
lence of diabetes mellitus (DM). Our study briefly
reviewed the existing epidemiological data, clinical
signs at presentation, and ultrasound data as they
pertain to feline pancreatitis.

Methods

Gastrointestinal panels were obtained for cats
presenting with gastrointestinal signs to BluePearl
Specialty Pet Hospital internal medicine or emergen-
cy departments in 2 locations between October 1,
2017, and October 1, 2022. Pancreatic lipase immu-
noreactivity values at the time of initial presentation
were analyzed, and cats were included and divided
into a pancreatitis group if their PLI was 8.8 to > 50
1g/L or a control group if their PLI was < 4.4 ug/L
according to the most current 2023 Texas A&M Uni-
versity Gastrointestinal Laboratory guidelines. Cats
that were within the equivocal pancreatitis range
(PLI, 4.5t0 8.7 ug/L) required sonographic evidence
of pancreatitis and compatible clinical signs to be in-
cluded in the pancreatitis group. Control cats could
not have any evidence of pancreatitis on abdominal
ultrasound in addition to a PLI < 4.4 ug/L. Cats with
clinical neoplasia, with moderate to severe peritone-
al effusion (defined as diffuse and readily amenable
to abdominocentesis) that was suspected to be due
to another medical issue, or without biochemical
data were not included in either group. Initial inclu-
sion consisted of 136 pancreatitis cats and 83 control
cats. A complete review of the medical record from
presentation and prior referral records was conduct-
ed for each cat.

Epidemiological data and clinical signs at pre-
sentation were recorded for both the pancreatitis
and control cats. Particular attention was given to
the presence or absence of vomiting, diarrhea, con-
stipation, anorexia, weight loss, pain, and lethargy.
History of “picky eating” and pica in the absence of
concurrent anemia were also noted. Known or sus-
pected comorbidities and medication history were
noted for each cat. Dietary data were recorded in-
cluding whether cats were fed an exclusively dry-
food diet or whether canned food was also fed. Di-
etary data were determined from thorough consulta-
tion history, and cats received their reported diet for
at least 50% of their lives, with most cats having been
fed only this diet during their lifetime.

Complete blood count, serum chemistry, venous
blood gas, and urinalysis data corresponding to the
date the gastrointestinal panel or PLI was performed
were recorded. A small number of cats did not have
these data available due to owner constraints, and in
these cases these data were required to be available
from the referring clinic within 1 week prior to pre-
sentation and while experiencing the same clinical
signs to be included. Particular attention was given to
BUN in mg/dL, creatinine in mg/dL, albumin in g/dL,
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phosphorus in mg/dL, absolute RBC count in million
cells/uL, urine specific gravity (USG), and urine sedi-
ment. Pancreatitis and control cats were divided into
4 groups on the basis of IRIS CKD staging guidelines.
Cats without CKD (creatinine < 1.6 mg/dL and sono-
graphically normal kidneys) and cats with CKD stage 1
(creatinine < 1.6 mg/dL, with chronic kidney changes
as described below) were combined into 1 group. The
remaining cats were divided by IRIS stage 2 (creatinine,
1.6 to 2.8 mg/dL), stage 3 (creatinine, 2.9 to 5.0 mg/
dL), and stage 4 (creatinine > 5.0 mg/dL). Feline im-
munodeficiency virus and feline leukemia virus status,
urine cultures, and total T4 levels were noted where
available. For the pancreatitis group, cats were exclud-
ed for an equivocal PLI result (4.5 to 8.7 ug/L) with
no abdominal ultrasound evidence of pancreatitis, pre-
sumptive AKI based on acute creatinine increase with-
in 1 week of > 0.3 mg/dL or phosphorus > 10 mg/dL,
pyelonephritis (active urine sediment, inflammatory
leukogram, hematuria, pyuria, bacteriuria), urolithiasis,
suspected or established urinary tract infection, hyper-
thyroidism, prednisolone or budesonide administration
that may have confounded the USG, furosemide ad-
ministration, hypertrophic cardiomyopathy, polycystic
kidney disease, hyperadrenocorticism, immune-medi-
ated hemolytic anemia, bladder mass, gastrointestinal
mass, and chronic lymphocytic leukemia. Overt dehy-
dration (> 5% on physical examination, albumin > 4.0
g/dL, total protein > 8.5 g/dL, and RBCs > 11 million
cells/uL) also resulted in exclusion. Cats were excluded
from the control group if they could not demonstrate
PLI < 4.4 pg/L, abdominal ultrasound demonstrated
evidence of pancreatitis, they demonstrated a PLI > 4.4
ug/L at any point in their referral records, predniso-
lone was administered and confounded USG, they had
cholelithiasis, or they had confounded or conflicting
ultrasound or record information. For the purposes of
this study, cats with previously diagnosed DM were in-
cluded due to the lack of current evidence for diabetic
nephropathy as a confounding factor.2*> Urine specific
gravity was not available for all cats, and for those with
USG data, these data were used to ensure no unidenti-
fied confounding renal factors were overlooked. Sym-
metric dimethylarginine was not commonly performed
on these cats.

Abdominal ultrasonographic data for each cat
were reviewed where available. Ultrasounds were
performed by either a registered diagnostic medical
sonographer with image loops reviewed by a board-
certified veterinary radiologist or a board-certified
small animal internal medicine specialist. For each
cat, evidence of acute and/or chronic pancreatitis
was noted in the left limb, right limb, body of the
pancreas, or diffusely. Acute pancreatitis was de-
fined as pancreatic enlargement with diffusely or
focally hypoechoic pancreas, hyperechoic peripan-
creatic fat, and mild peripancreatic peritoneal ef-
fusion of a volume considered unsafe for sampling.
Acute on chronic pancreatitis was defined as pan-
creatic enlargement with heterogenous pancreatic
echotexture, cystic pancreas, or nodular pancreas.?4
Cats with constipation or diarrhea with pancreatitis
noted in the left limb of the pancreas were noted.

Gastrointestinal changes were noted including thick-
ening of the duodenal or jejunal submucosa (> 0.36
mm) and/or muscularis (0.35 mm) or generalized
wall thickening (> 2.2 mm duodenum, jejunum, and
ilium),2> disruption of normal wall layering, and mu-
cosal stippling while fasted. Renal architecture was
assessed for changes including hyperechoic kidneys,
perirenal effusion, pyelectasia (> 2 mm), and chronic
changes including loss of corticomedullary distinc-
tion, chronic renal cortical infarction, renal cortical
cysts, and irregular contours.26 Hydronephrosis, hy-
droureter, nephrolithiasis, ureterolithiasis, polycystic
kidney disease, and cystolithiasis were also noted,
and cats were excluded for these signs as previously
noted. When possible, acute on chronic pancreatitis
was differentiated from acute pancreatitis on the ba-
sis of ultrasonographic appearance of the pancreas,
prior records of PLI>8.8 ug/L, and history of gastro-
intestinal clinical signs.

Overall, initial inclusion criteria for the pancre-
atitis cats included PLI > 8.8 ug/L or PLI 4.5 to 8.7
1g/L with sonographic evidence of pancreatitis and
CBC and serum chemistry data available at the time
of presentation or within 1 week of presentation
while experiencing the same gastrointestinal clinical
signs. Initial inclusion criteria for control cats includ-
ed a PLI < 4.4 ug/L with no sonographic evidence of
pancreatitis, no referral history of a PLI > 8.8 ug/L
at any available time point, available CBC and se-
rum chemistry data, and no evidence of the disease
processes noted above. For renal infarcts, suggestive
cardiac disease could not be present based on cardiac
auscultation, previous history of cardiac disease, N-
terminal pro brain natriuretic peptide, and/or cardiac
enlargement on thoracic radiographs.

Cats with pancreatitis were compared to con-
trols without evidence of pancreatitis for prevalence
of CKD stage 2 to 4, renal infarcts, DM, and diet com-
position. To better compare cats within specific age
groups, pancreatitis and control cats were then sub-
divided by age: < 5 years, 5 to < 10 years, 10 to < 15
years, and 15 to 20 years. Each group was similarly
compared for prevalence of CKD stage 2 to 4. Renal
infarcts were then compared between all cats in the
no CKD/CKD stage 1 group and all cats in the CKD
stage 2 to 4 group to determine whether CKD stage
2 to 4 significantly affected the prevalence of renal
infarcts in our population. Left-limb pancreatitis and
prevalence of diarrhea and constipation were evalu-
ated. Finally, epidemiological and presenting clinical
sign data were noted for the pancreatitis cats.

Statistical analysis

All statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc). A significance thresh-
old of .05 was used. Histograms, Q-Q plots, and skew-
ness were used to confirm normality of age and cre-
atinine by group. The single raw diet was excluded
from the analysis of diet. Wilson 95% Cls were cal-
culated on binomial proportions. Age and creatinine
concentrations were compared between pancreatitis
and control cats by Welch t tests. An ANCOVA was
used to compare creatinine concentrations between
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pancreatitis and control cats including age as a covari-
ate. Creatinine concentrations were log-transformed
prior to analysis with the ANCOVA due to nonhomo-
geneous variance. ANCOVA assumptions (normality
and homoscedasticity of model residuals) were evalu-
ated via inspection of Q-Q plots, histograms, and re-
sidual plots. Chronic kidney disease IRIS stages were
compared between pancreatitis and control cats by a
Mann-Whitney t test. Association of pancreatitis with
CKD, renal infarcts, DM, diet, and CKD separately by
age categories and associations of left-limb involve-
ment with diarrhea and constipation were tested with
likelihood ratio x2 tests. Association of CKD with renal
infarcts was also tested with likelihood ratio x? tests.
Multiple logistic regressions with CKD, renal infarcts,
or DM as the outcome variable and pancreatitis and
age covariate as predictors were used to test wheth-
er the associations with pancreatitis changed on the
basis of age. Log-likelihood P values and ORs with
profile-likelihood Cls were reported. When quasi-
separation (eg, 0% in 1 group) was present, Firth bias-
reduced penalized log-likelihood ratio test P values
and Cls were reported.

Results

Of the initially included pancreatitis cats (n =
136), cats were excluded for equivocal PLI with
no ultrasonographic evidence of pancreatitis (17),
AKI (12), dehydration > 5% on physical examination
(5), hyperthyroidism (5), confounded USG due to
prednisolone or budesonide (3), hypertrophic car-
diomyopathy (3), suspected urinary tract infec-
tion or pyelonephritis (4), urolithiasis (2), recent
furosemide administration (2), polycystic kidney
disease (1), feline hypercortisolism (1), immune-
mediated hemolytic anemia (1), and suspected
or confirmed neoplasia including bladder mass,
chronic lymphocytic leukemia, and gastrointesti-
nal mass (3). Of the initial control cats (n = 83),
cats were excluded for conflicting referral records
including prior elevated PLI or evidence of pan-
creatitis (4), prednisolone administration (1), and
cholelithiasis (1). For the pancreatitis group, 111
of the initial cats received abdominal ultrasounds.

In the control group, 83 of the initial cats received
abdominal ultrasounds.

In total, 77 cats were included in the pancreatitis
group and 77 cats were included in the control group.
Among the pancreatitis group, breeds consisted of
domestic shorthair (n = 62 [80%]), Siamese (4), Maine
Coon (2), Ragdoll (2), Sphynx (1), Tonkinese (1), Scot-
tish Fold (1), Russian Blue (1), Bombay (1), Singapura
(1), and Oriental Shorthair (1). Castrated males ac-
counted for 57% (n = 44); spayed females, 40% (31);
intact males, 3% (2); and no intact females were pres-
ent. No cats were subjectively overweight, with all cats
receiving a body condition score of 5/9 or lower. The
presenting clinical signs included weight loss in 64 of
77 (83%), anorexia in 52 of 77 (68%), vomiting in 52 of
77 (68%), gastroesophageal reflux in 49 of 77 (64%),
lethargy in 46 of 77 (60%), discriminate appetite/picky
eating in 36 of 77 (47%), constipation in 22 of 77 (29%),
diarrhea in 16 of 77 (21%), pain in 15 of 77 (19%), and
pica in 12 of 77 (16%). All cats demonstrated at least
one of these clinical signs. Control cats demonstrated
similar clinical signs, and this comparison was not as-
sessed for significance as these cats presented for gas-
trointestinal signs not secondary to pancreatitis.

Results are summarized in Table 1. Cats with
pancreatitis were on average 5.1 (95% Cl, 3.9 to 6.4)
years older than control cats (P < .001). Cats with
pancreatitis had serum creatinine levels that were on
average 0.79 mg/dL (95% Cl, 0.56 to 1.0) higher than
control cats (univariable P < .001; ANCOVA P = .003,
with age added as a covariate). The mean (SD) serum
creatinine level in pancreatitis cats was 2.1 mg/dL
(1.0 mg/dL) and in the control cats was 1.3 mg/dL
(0.4 mg/dL). In the pancreatitis group, 22 of 77 cats
demonstrated a creatinine < 1.6 mg/dL, while 64 of
77 control cats demonstrated a creatinine < 1.6 mg/
dL. Cats with pancreatitis had significantly higher
CKD IRIS stages, with 22 stage 1 or no CKD, 41 stage
2,13 stage 3, and 1 stage 4 than control cats, with 65
stage 1 or no CKD, 12 stage 2, and no stage 3 or 4 (P
<.001; Figure 1). The prevalence of CKD stage 2 to 4
(univariable OR, 13.5 [95% CI, 6.3 to 31]; P < .001),
DM (univariable OR, 6.0[95% Cl, 1.9t0 271; P=.002),
and renal infarcts (univariable OR, 6.9 [95% CI, 1.8
to 461; P = .004) was significantly higher in pancre-

Table 1—-0dds ratios and 95% Cls for odds of chronic kidney disease (CKD) stage 2 to 4 overall and among 4
matched age groups, renal infarcts, and diabetes mellitus in 77 cats with pancreatitis compared to 77 control cats
presenting to a specialty hospital between October 2017 and October 2022. Odds ratios are reported as univariable
analysis as well as multivariable analysis to account for the age difference between groups.

Proportion in

Proportion in OR

pancreatitis group  control group OR (95% ClI; P value
Outcome (95% CI) (95% CI) (95% CI) P value? multi) (multi)
CKD stage 2-4 71% (61%-80%) 16% (9%-25%) 13.5(6.3-31) <.001 6.7 (2.8-16.3) <.001
CKD stage 2-4 (age 0-5 ) 0% (0%-49%) 5% (1%-23%) 1.5(0.01-34) .813b
CKD stage 2-4 (age 5-10y) 63% (31%-86%) 25% (13%-43%) 5.0 (0.98-30) .053
CKD stage 2-4 (age 10-15y)  68% (52%-80%) 16% (6%-35%) 10.9 (3.4-44) <.001
CKD stage 2-4 (age 15-20y)  92% (75%-98%) 0% (0%-66%) 66 (4.6->1,000) .001°
Renal infarcts 19% (11%-30%) 3% (1%-11%) 6.9 (1.8-46) .004 5.0 (1.0-37) .043
Diabetes mellitus 19% (12%-30%) 4% (1%-11%) 6.0 (1.9-27) .002 12.4 (3.1-68) <.001
NC = Noncalculable.
aLikelihood ratio test, unless otherwise noted. PFirth penalized likelihood ratio test.
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Figure 1—Seventy-seven cats with pancreatitis com-
pared to 77 control cats presenting to a specialty hos-
pital between October 2017 and October 2022 assessed
by International Renal Interest Society (IRIS) chronic kid-
ney disease (CKD) stage. Stage 1 represents both stage
1 and no evidence of CKD. Each box is drawn from the
25th percentile to the 75th percentile (IQR). The mean
IRIS stage is represented by an “X.” The whisker extends
from the upper edge of the box to the largest-observed
value < 1.5 X IQR above the 75th percentile. Observa-
tions outside the whiskers are identified with an “O.”

atitis cats compared to controls. When including age
as a covariate, the prevalence of CKD stage 2 to 4
(multiple OR, 6.7 [95% Cl, 2.8 t0 16.3]; P <.001), DM
(multiple OR, 12.4 [95% Cl, 3.1 to 68]; P < .001), and
renal infarcts (multiple OR, 5.0 [95% Cl, 1.0 to 37]; P =
.043) was still significantly higher in pancreatitis cats
compared to controls. When analyzed inversely, cats
with CKD stage 2 to 4 had increased odds of having
pancreatitis, which was identical to the odds of cats
with pancreatitis developing CKD stage 2 to 4 (uni-
variable OR, 13.5 [95% CI, 6.3 to 31]; P < .001; and
multivariable OR, 6.7 [95% CI, 2.9 to 16.3]; P <.001).
When analyzing cats with no CKD or CKD stage 1
with renal infarcts (5/68 [7.4%]) and without renal
infarcts (63/68 [92.6%]) compared to CKD stage 2
to 4 cats with renal infarcts (9/56 [16.1%]) and with-
out renal infarcts (47/56 [83.9%]), the comparison
between CKD stage and renal infarcts was not sig-
nificant (P =.127). No cats with renal infarctions had
evidence of cardiac disease. The prevalence of CKD
stage 2 to 4 in pancreatitis cats compared to controls
significantly increased with increasing age (Figure 2).
Cats aged 10 to < 15 years (P < .001) and 15 to 20
years (P = .001) were significantly more likely to de-
velop CKD, DM, and renal infarction in the pancreatitis
group compared to age-matched controls. Within the
5- to < 10-year age group, more cats with pancreatitis
demonstrated CKD stage 2 to 4 (5/8 [63%]) than con-
trol cats (8/28 [29%1); however, this result did not rise
to significance (P = .053). The distribution of diet was
significantly different between pancreatitis cats (52%
[36/69] canned or mixed, and 48% [33/69] dry) and
control cats (72% [52/72] canned or mixed, and 28%
[20/72] dry; P =0.014) (Table 2).

Regarding abdominal ultrasound data for the
pancreatitis cats, in-house ultrasound successfully

0 to <5 years 5to <10 years | 10 to <15 years | 15 to 20 years
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Figure 2—International Renal Interest Society CKD
stage of pancreatitis and control cats described in Fig-
ure 1, evaluated by age groups (0 to < 5 years, 5 to <
10 years, 10 to < 15 years, and 15 to 20 years). Stage 1
represents both stage 1 and no evidence of CKD. Each
box is drawn from the 25th percentile to the 75th per-
centile (IQR). The mean is represented by an “X,” and
the median is represented by the solid line within the
box. Whiskers extend from the upper edge of the box
to the largest-observed value < 1.5 X IQR above the
75th percentile, and from the lower edge of the box to
the smallest-observed value > 1.5 X IQR below the 25th
percentile. Observations outside the whiskers are iden-
tified with an “0.”

Table 2—Number of pancreatitis cats eating exclusively
dry-food diets versus diets with canned food added
compared to control cats described in Table 1.

Pancreatitis

Diet N Y Total

Canned or mixed 52 36 88
72.22 52.17

Dry 20 33 53
27.78 47.83

Total 72 69 141

Frequency missing = 13.
P=.014, likelihood ratio x2. The single raw diet case was not
included in the analysis.

identified acute or acute on chronic pancreatitis
in agreement with PLI in 91%. Subsequent radiol-
ogy review via telemedicine successfully identified
pancreatitis in 70% of the cats. The overall accuracy
between in-house and radiologist review was 80%.
For cats with chronicity data available, 24% (8/33)
of cats demonstrated purely acute pancreatitis on
the basis of lack of prior episodes of PLI > 8.8 and
presence of only acute pancreatic changes on ultra-
sound. Seventy-six percent (25/33) of cats demon-
strated acute on chronic pancreatitis on the basis
of prior PLI > 8.8 ug/L in their records and chronic
changes noted on ultrasound. There was no signifi-
cant difference between those that demonstrated
left-limb pancreatitis on abdominal ultrasound and
development of diarrhea (P = .269) or constipation
(P = .655). However, among the cats that demon-
strated these clinical signs, 9 of 11 (82%) cats with
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diarrhea had pancreatitis involving the left limb and
14 of 15 (93%) cats with constipation had pancreati-
tis involving the left limb.

Discussion

In this study, we hypothesized that pancreatitis
would be associated with an increased prevalence of
IRIS stage 2 to 4 CKD and increased median serum
creatinine in cats. On the basis of our results, cats
with a higher CKD stage and higher serum creatinine
have a higher prevalence of pancreatitis, proving our
hypothesis after statistical analyses to evaluate for
disparate ages between groups. This was most evi-
dent in the age groups of 10 to < 15 years and 15 to
20 years, and while more cats with pancreatitis aged
5 to < 10 years had stage 2 to 4 CKD, this result did
not achieve significance. When evaluated together
with 76% of the cats with chronicity data available
demonstrating evidence of acute on chronic pancre-
atitis, these findings strongly support an association
between pancreatitis, particularly acute on chronic
pancreatitis, and CKD in cats. The pathophysiologic
interaction between pancreatitis and CKD in cats has
not been established; however, this relationship is
likely bidirectional. Although not specifically evalu-
ated in this study, 25 of 33 (76%) cats with pancreati-
tis with chronicity data available demonstrated pre-
vious PLI > 8.8 ug/L prior to development of CKD.
A prospective study is warranted to further evaluate
for potential directionality between feline pancreati-
tis and CKD.

We secondarily hypothesized that pancreatitis
would be associated with the development of renal
infarction in cats, that cats with pancreatitis consume
more exclusively dry-food diets, and that cats with
pancreatitis have an increased prevalence of DM.
Our results supported these hypotheses after statis-
tical evaluation correcting for age disparity between
groups, and significantly more renal infarcts were
noted in cats with pancreatitis. When compared for
significance between CKD stage and prevalence of
renal infarcts, significance was not achieved, though
this may be due to type 2 error. This finding also sup-
ports a relationship between pancreatitis and CKD,
although, again, causality cannot be determined in
this study. Cats with pancreatitis had a higher preva-
lence of DM as previously reported. Cats with pan-
creatitis were fed more exclusively dry-food diets for
> 50% of their lives, with most cats having been fed
the same diet lifelong.

A statistically significant number of our cats
demonstrated evidence of acute or acute on chronic
pancreatitis, which, given the relationship to CKD,
demonstrates that these processes should be evalu-
ated together. Without recognizing this association,
cats can undergo multiple lengthy and financially
cumbersome hospitalizations due to progressive
CKD and AKls with only isolated renal supportive
treatments having been pursued. This can lead to
poor outcomes that we hope can be avoided with
greater awareness at the primary care level. Pan-
creatitis, specifically acute on chronic pancreatitis,

should be considered concurrently or as a differential
diagnosis for any cat demonstrating IRIS stage 2 to 4
CKD and/or renal infarction. This is particularly true
if the patient is young, an AKI occurs in a young to
middle-aged cat for no clinically obvious reason, or a
patient’s CKD is rapidly progressive. We recommend
performing a PLI on cats with CKD as part of a well-
ness screen or if gastrointestinal signs are present,
and these cats may benefit from sonographic evalu-
ation of both the pancreas and kidneys. Conversely,
any cat with a known history of pancreatitis should
be carefully monitored for the development of CKD.
A prospective study is warranted to further validate
these findings and recommendations.

The pathophysiological mechanism driving the
relationship between pancreatitis and CKD in cats is
likely multifactorial. As chronic dehydration is con-
sidered a potential contributor to development of
both chronic pancreatitis and subsequent or isolated
CKD in cats,?” the addition of canned food was as-
sessed between groups. Dietary data were deter-
mined from thorough consultation history, and cats
received their reported diet for at least 50% of their
lives, with most cats having been fed only this diet
during their lifetime. Cats with pancreatitis were fed
significantly more exclusively dry-food diets, while
control cats were fed significantly more diets that in-
cluded canned food. Cats fed an exclusively dry-food
diet may experience unresolved chronic whole-body
water depletion. In 1 study,?8 cats fed a canned food
diet obtained 91% of their moisture from the diet.
When fed a dry-food diet, total water intake was
only 49% of those eating the canned diet, indicating
a lack of resolution via voluntary drinking. Therefore,
an explanation for the increased prevalence of pan-
creatitis in cats fed an exclusively dry-food diet may
be that they are chronically dehydrated, resulting in
disrupted pancreatic microcirculation and chronic
pancreatitis. Exclusively dry-food diets and chronic
dehydration may also contribute to the development
of CKD, and the effect between pancreatitis and CKD
is likely bidirectional. As our study suggests, certain
lifestyle changes such as the addition of canned food
and ensuring adequate dietary moisture may help
delay or prevent the onset of chronic pancreatitis as
well as CKD in cats. Although our study suggests a
potential link between dry-food diets and pancreati-
tis, prospective studies are warranted to further ex-
plore this conclusion.

A well-recognized mechanism of kidney injury in
humans with acute pancreatitis involves the systemic
inflammatory response and target organ damage sec-
ondary to the cytokine storm.” Chronic and acute on
chronic pancreatitis are known to occur due to contin-
uous activation of the pancreatic inflammatory path-
ways, in particular the NF-kB pathway and sustained
proinflammatory cytokine production.?® Rarely, auto-
immune pancreatitis has been implicated as a cause
for chronic pancreatitis in humans. On the basis of
lymphoplasmacytic infiltrates noted with pancreatic
histopathology in cats with chronic pancreatitis, the
pathogenesis of feline chronic pancreatitis is likely
similar to chronic pancreatitis in humans.1® Regardless

JAVMA | MAY 2024 | VOL 262 | NO.5 645

Unauthenticated | Downloaded 06/23/25 01:03 PM UTC



of the inciting cause, a sustained proinflammatory cy-
tokine cascade may negatively impact renal function
in cats via target organ damage, as is well established
in human medicine.

A third potential pathophysiological mechanism
for the relationship between pancreatitis in CKD in
cats involves the development of a hypercoagula-
ble state and subsequent thromboembolic disease.
It has been established that human patients with
pancreatitis are twice as likely to develop a venous
thromboembolism. A recent study3° noted that acute
pancreatitis results in a transient hypercoagulable
state in mice as demonstrated by thromboelastogra-
phy, an increased maximum amplitude, Lysis 30 of O,
and significantly increased coagulation index. In the
mice, significantly elevated circulating tissue factor
resulted in enhanced platelet aggregation and devel-
opment of deep vein thrombosis with significantly
increased clot weight and clot length. In dogs, gen-
eral hypercoagulability and portal venous thrombo-
sis have been associated with acute pancreatitis.3%32
A case report33 was identified in which 1 Jack Russell
Terrier developed a cerebellar infarct secondary to
acute pancreatitis, although an association between
pancreatitis and renal infarction specifically is absent
from the veterinary medical literature at large. Given
the extent of pancreatic and renal microcirculation,
sustained hypercoagulability secondary to chronic
pancreatitis in cats may result in thromboembolic
events leading to renal infarction, progressive CKD,
and potentially further episodes of pancreatitis sec-
ondary to disrupted pancreatic microcirculation due
to thrombi. Alternatively, studies have demonstrated
the possibility of a mild hypercoagulable state in hu-
mans with CKD, suggesting that CKD may also cause
impaired microcirculation and pancreatitis in cats.34
Further studies investigating findings of thrombo-
elastography, fibrinogen, and d-dimers in cats with
pancreatitis and CKD are warranted.

Our study further supports an association be-
tween pancreatitis and development of DM in cats.
It is well established that a link exists between these
common comorbidities, either through direct in-
flammation and necrosis of pancreatic B cells and/
or via amyloidosis secondary to pancreatitis and
subsequent B cell destruction.3> Feline DM results in
significant morbidity, mortality, financial hardship,
and owner compliance challenges. Prevention of DM
through prevention and/or active management of
pancreatitis can significantly improve longevity and
quality of life in cats, as well as improving client sat-
isfaction. Control of pancreatitis in cats with previ-
ously diagnosed DM may also markedly improve gly-
cemic control by preventing insulin-resistant states.
Therefore, prevention of feline DM should include
prevention or management of pancreatitis.

Our study noted similar presenting clinical signs
with feline pancreatitis as reported in previous lit-
erature,1® with the most common signs being weight
loss, anorexia, vomiting, and lethargy and fewer cats
presenting with diarrhea, constipation, pica, pain on
abdominal palpation, and picky or discriminate appe-
tite. Interestingly, 64% of cats presented with evidence

of gastroesophageal reflux such as hard swallowing,
enlarged tonsils without concurrent severe dental or
respiratory disease, reluctance to eat in the morn-
ing, and/or hacking cough in the absence of respira-
tory pathology.36 This is potentially due to intestinal
dysmotility and delayed gastric emptying secondary
to direct pancreatic inflammation and/or systemic
inflammatory cytokine release and oxidative dam-
age.’” Pancreatitis should be a differential diagnosis
in cats demonstrating signs of gastroesophageal re-
flux, though it should be noted that evaluation of gas-
troesophageal reflux is regarded as highly subjective.
Because these signs can be indistinguishable from in-
flammatory bowel disease, small-cell gastrointestinal
lymphoma, and other primary gastrointestinal pathol-
ogy, a complete diagnostic analysis is warranted.

Additionally, although our study did not find sig-
nificance between left-limb pancreatitis and cats that
developed diarrhea or constipation, 82% of cats with
diarrhea and 93% of cats with constipation had pan-
creatitis involving the left limb. Lack of significance
may be due to type 2 error, given the small subset of
cats for which these results could be determined (n
=11 and 15, respectively). These findings may have
implications for chronically constipated cats that were
previously diagnosed with idiopathic constipation
and required repeated deobstipation procedures and
hospitalizations and that later progressed to demon-
strating megacolon. Constipation in cats is known to
occur secondary to CKD,38 which by extension may
involve chronic pancreatitis on the basis of results of
our study. A currently unknown mechanism may also
contribute to left-limb pancreatitis and colonic distur-
bances. Further research with a larger sample size is
required to demonstrate the statistical significance of
left-limb pancreatitis and diarrhea or constipation in
cats. While colonic disturbances can indicate pathol-
ogy in any portion of the Gl tract, it is important that
any constipated cat be evaluated for pancreatitis,
specifically in the left limb of the pancreas.

There were several limitations associated with our
study, the most significant of which being its retro-
spective nature. General bias may have been intro-
duced due to presentation to a referral hospital and
potentially greater magnitude of illness, stringent ex-
clusion criteria for the pancreatitis cats, and the dif-
ference in ages between pancreatitis and control cats.
Multivariable statistical analysis was used to attempt
to minimize any bias due to age, and stratification into
age groups was performed for direct comparisons.
Two cats in our initial pancreatitis group were exclud-
ed for significant peritoneal effusion upon suspicion
of unconfirmed underlying neoplasia, which may have
introduced mild bias into the initial inclusion. We also
combined cats without evidence of CKD with cats
demonstrating CKD stage 1, which could have poten-
tially distorted nuance between the groups but was
deemed appropriate given standardization using IRIS
CKD staging guidelines and our division of cats by
CKD stage 2 and higher. Our study also did not control
for CKD but rather pancreatitis in cats, and follow-up
studies are warranted to control for CKD. A significant
limitation of any retrospective study of pancreatitis is
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the lack of a true gold-standard diagnostic method
for antemortem diagnosis aside from histopathology.
Because pancreatitis was suspected in many of the
pancreatitis cats, pancreatic biopsy was not pursued
due to the potential for worsening their quality of life.
However, antemortem pancreatic biopsy is also con-
sidered to be significantly fallible due to the segmen-
tal nature of histopathologic pancreatic changes and
low sensitivity.3® No nonsurviving cats were submitted
for necropsy to confirm histopathologic pancreatitis.
We relied upon PLI values together with abdominal
ultrasound and clinical signs, which may have result-
ed in a small number of false-positive cases. A future
prospective study that includes histopathology of the
pancreas and kidneys at necropsy can provide stron-
ger evidence of association. Regarding renal infarcts,
an echocardiogram was not performed with a cardi-
ologist, and data regarding murmurs, N-terminal pro
brain natriuretic peptide, and thoracic radiographs
were used as a surrogate for cardiac evaluation. Of
the original cohort of 136 cats, 12 cats presented
with fulminant AKI and were excluded from analyses.
However, it is worth noting that nearly 10% of the cats
presenting with possible pancreatitis had concurrent
AKI. Given our parameters of an increase in serum
creatinine > 0.3 mg/dL within 1 week or phosphorus
> 10 mg/dL at presentation, it is possible that addi-
tional cats with AKI were overlooked. However, stable
presentation to internal medicine, cats that were not
transferred from the emergency department and lack
of subsequent hospitalization increased our confi-
dence. Additionally, CKD cats were not hospitalized
and it is not known whether their IRIS stages would
have improved with hospitalization. Some cats had
concurrent pancreatic changes and gastrointestinal
changes on abdominal ultrasound, which may have
caused distortions of the presenting clinical sign data.
A prospective study would ideally include gastroduo-
denoscopy with Gl biopsies or surgical Gl biopsies.
Additionally, ultrasounds performed by a boarded
internal medicine specialist were not reviewed by a
veterinary radiologist. Urine specific gravity and sym-
metric dimethylarginine data were not available for
all cats due to owner constraints and clinician pref-
erences, and existing USG data were used to deter-
mine whether confounding renal factors were present
that should exclude subjects from analysis. A goal of
a prospective study would be to ensure a urinalysis
is performed for each patient. For the diet analysis,
diets were fed for more than half the lifetime of each
cat; however, potential individual variations in diet
composition could not be accounted for. Assessing
dry-food diet in cats in our study was confounded
by the effect of dehydration on both pancreatitis and
CKD and the bidirectional relationship between these
conditions. Further studies are warranted to deter-
mine the effect of diet composition on development
of pancreatitis and CKD.

In conclusion, feline pancreatitis, particularly acute
on chronic pancreatitis as evidenced in 76% of our cats,
is associated with an increased prevalence of CKD. This
is most evident between the ages of 10 and 20 years,
but younger cats were also affected at a rate of over 2:1.

Cats with pancreatitis have a significantly higher preva-
lence of renal infarction in the absence of overt cardiac
disease, which may provide clues to the pathogenesis of
this relationship; however, further studies are needed. The
relationship between CKD stage and prevalence of renal
infarction was not significant, though further studies are
warranted. As previously noted, cats with pancreatitis are
significantly more likely to have DM. Diets that included
canned food were associated with reduced prevalence of
pancreatitis. Cats demonstrating subjective signs of gas-
troesophageal reflux should be evaluated for the pres-
ence of acute or acute on chronic pancreatitis. Diarrhea
or constipation in cats may be due in part to pancreatitis
involving the left limb of the pancreas where this finding
is noted. Pancreatitis is an important comorbidity and/
or differential diagnosis that should be considered and
promptly treated in any case of CKD, renal infarction,
DM, gastroesophageal reflux, and potentially diarrhea or
constipation in cats. Future prospective studies that are
designed to reduce confounding factors are warranted to
further evaluate these conclusions.
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