
Topics in Compan An Med xx (2012) xxx
Exocrine Pancreatic Insufficiency in the Dog: Historical Background, Diagnosis, and
Treatment

Elias Westermarck, DVM, Dipl. ECVIM-CA, PhD, and Maria Wiberg, DVM, PhD
A B S T R A C T
This overview summarizes research performed during the last decades that has had an impact on the diagnosis
and management of exocrine pancreatic insufficiency (EPI) in dogs. Pancreatic acinar atrophy is by far the most
common cause for the maldigestion signs of canine EPI. The ability to diagnose pancreatic acinar atrophy in the
subclinical phase before the development of total acinar atrophy and manifestation of clinical signs has offered
new possibilities to study the pathogenesis of the disease. Diagnosis of exocrine pancreatic dysfunction is based
on typical findings in clinical histories and clinical signs and is confirmed with pancreatic function tests. In
recent years, the measurement of serum canine trypsin-like immunoreactivity has become the most commonly
used pancreatic function test to diagnose canine EPI. Serum trypsin-like immunoreactivity measurement is
species- and pancreas-specific. When clinical maldigestion signs of EPI appear, enzyme replacement therapy is
indicated. Despite accurate enzyme supplementation, only a small portion of orally administered enzymes are
delivered functionally intact into the small intestine. In dogs, the highest enzyme activity in the duodenum has
been obtained with nonenteric-coated supplements: raw chopped pancreas or powdered enzymes. Aside from
dietary enzyme supplements, dietary changes are often made to improve clinical response, but sometimes
weight gain and stool quality remain suboptimal. Other medications for treatment of gastrointestinal tract signs
are often used in such dogs with EPI. Antibiotics are the most common adjunctive medication. Of the antibiotics
administered, tylosin is used in Finland almost exclusively.
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Hardly any organ has been known for so long and yet remained so
relatively poorly understood as the pancreas. This puzzling gland and
its significance in digestion have concerned the most famous scien-
tists throughout the ages. The onewho finallymade the breakthrough
was ClaudeBernard,whopublished a book in 1856 entitledMemoir on
the Pancreas and on the Role of Pancreatic Juice in Digestive Processes
Particularly in the Digestion of Neutral Fat.1 Bernard made pancreatic
fistulas in dogs, rabbits, and cats, and his experimental results con-
firmed that fatswere emulsified and broken down into fatty acids and
glycerol by pancreatic juice. He also concluded from his studies that
pancreatic juice is absolutely essential to the absorption of fats, and
therefore fatty stools were often a symptom of pancreatic disease. In
1859, Alexander Fles showed for the first time that a human patient
with exocrine pancreatic insufficiency (EPI) could be treated by inges-
tion of raw calf pancreas with every meal.2

EPI in Dogs

Exocrine pancreatic function may be diminished by chronic dis-
eases leading to inadequate production of digestive enzymes and
classic signs of maldigestion. EPI is a functional diagnosis based on
measuring decreased pancreatic secretion capacity by pancreatic
function test. The exocrine pancreas has a large reserve secretory ca-
pacity, and maldigestion signs are usually not seen until 90% of the
secretory capacity is lost. Exocrine pancreatic diseases in dogs that
may result in clinical signs of EPI include pancreatic acinar atrophy
(PAA), much more rarely by chronic pancreatitis, and very rarely by
pancreatic neoplasia.3-8

Etiopathogenesis

EPI has been reported in many different breeds, but some breeds
appear to be more predisposed than others. EPI is most commonly

found in German Shepherds, followed by Rough-coated Collies, Chow
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Chows, and Cavalier King Charles Spaniels.5,7,9-12 Female dogs are re-
ported to be overly represented with EPI.12 The prevalence of the
arious pancreatic diseases causing clinical signs of EPI is difficult to
ssess, because pancreaticmorphologic examination is needed for the
pecific diagnosis. However, PAA is reported to be by far the most
ommon cause of severe EPI in dogs. Of all dogs diagnosed with EPI,
pproximately 50% to 70% were German Shepherds, and in Finland
0% of the cases are found in Rough-coated Collies.5,11,12 In German
hepherds and Rough-coated Collies, the underlying cause for EPI is
ssentially always PAA. The estimated prevalence of the disease
ithin these 2 breeds is approximately 1%.5,10 A similar etiopathogen-

esis to classical PAA is suspected in other breeds.12,13

Pancreatic Acinar Atrophy

The characteristic finding in dogs with PAA is a selective destruc-
tion of the digestive enzyme producing acinar cells. Loss of acinar
tissue leads to inadequate secretion of pancreatic enzymes and to
signs of maldigestion typical of EPI. The endocrine function of the
pancreas is usually spared in this process.3,4,7,14 Canine PAA is a
nique disease compared with that in other species. In humans, PAA
as been reported but in associationwithmultiorgan diseases such as
j×gren’s and Shwachman-Diamond syndromes, associations not rec-
gnized in veterinary medicine.15 Congenital isolated deficiencies in
ancreatic enzymes are reported in humans15 but not in dogs. Exper-
mental studies show that acinar atrophy can be a result of multiple
athogenetic processes involving the exocrine pancreas, such as pan-
reatic duct obstruction, ischemia, toxicity, nutritional deficiencies or
mbalances, and defective secretory and/or trophic stimuli.8 That said,
there is no evidence to support the involvement of these factors in
naturally occurring PAA in dogs.8,16 Congenital exocrine or compound
exocrine and endocrine pancreatic hypoplasia in young puppies has

been reported.17-19 Westermarck et al20 followed the morphologic
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changes in the pancreas of a German Shepherd puppy bred from par-
ents with PAA. The puppy was born with a grossly and histologically
normal pancreas but developed EPI later in life. This finding supports
the hypothesis that PAA in this breed is neither hypoplastic nor con-
genital, but rather an acquired progressive disease process.

The clinical signs of EPI caused by PAA are usually seen in young
adults 1 to 4 years of age, although sometimes the clinical diseasemay
develop later in life.21 The hereditary nature of PAA has been demon-
strated in German Shepherds, Rough-coated Collies, and recently in
Eurasian dogs. Pedigree analyses suggest that the disease in these 3
breeds is heritable by an autosomal recessive trait.9,10,13,22,23 Results
f a test mating between 2 German Shepherds with PAA showed that
nly 2 of the 6 offspring were affected, thus suggesting that EPI is not
single-gene disease but rather a polygenic disease.24

Recent etiopathogenetic studies showed that PAA in German
Shepherds and Rough-coated Collies has some features of autoim-
munedisease.25,26 These features include genetic susceptibility to dis-
ease and characteristic morphologic and immunologic findings dur-
ing progression of disease. The ability to diagnose PAA by assay of
serum trypsin-like immunoreactivity (TLI) before development of to-
tal acinar atrophy and manifestation of clinical maldigestion signs
permits the progression to atrophy to be closely monitored.11 The
progression of PAAwas divided into a subclinical phase characterized
by partial acinar atrophy and a clinical phase with severe end-stage
atrophy. In the subclinical phase, both atrophied and normal acinar

Fig. 1. Dog with subclinical EPI showing a markedly diminished pancreatic mass,
including areas of normal glandular structure and areas of tissue having lost its
glandular appearance.

Fig. 2. Exocrine pancreas of a dog with subclinical EPI. Severe mononuclear cell

inflammatory reaction is associated with gradual destruction of acinar architecture
(border zone active).
parenchyma were found. Grossly, the normal pancreatic mass was
diminished, and scattered areas of atrophied tissue were found
among the normal tissue (Figs. 1 and 2) No hemorrhagic or fibrotic
tissuewas observed. The histologic findings during the progression of
atrophy were typical for an autoimmune disease showing marked
lymphocytic inflammation into the partially atrophied acinar paren-
chyma. Gradual destruction of acinar structure was found in associa-
tion with the inflammatory reaction. Lymphocytic inflammation was
most extensive in the border zones of the normal and affected acinar
parenchyma, and lymphocytes spread into the normal acinar paren-
chyma and intra-acinar areas. As tissue destruction progressed, the
findings became more typical of end-stage PAA.25

Clinical signs appear only in the end stages of PAA. The gross patho-
logicfindingsare typical, showing thinand transparentpancreaswithno
signs of fibrosis. The normal glandular structure is hardly recognizable
and the pancreatic ducts are clearly visible. Histologically, no normal
acinar tissue is left in the end stages, or if normal tissue is present, it is
found insmall, isolated lobuli. Thenormalacinarparenchyma is replaced
by atypical tissue, and ductal structures are prominent. Fibrous tissue is
not generally increased, and in some cases the normal tissue is replaced
by adipose tissue. Inflammatory cells, lymphocytes, and plasma cells
may be found, but in general inflammation is less prominent than in the
subclinical phase (Figs. 3 and 4). The endocrine part of the pancreas in
dogs with PAA is usually well preserved.3,7,14,27

Fig. 3. The duodenal limb of the pancreas of a dog with pancreatic acinar atrophy.

Fig. 4. Pancreas of a dog with clinical EPI, showing typical changes of pancreatic

acinar atrophy. Note severe atrophied parenchyma consisting of ductal structures
and disorganized cells.
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Further immunologic studieswith dogswith partial PAA have sug-
gested that both cellular and humoral immune responses play a role
in the pathogenesis of acinar atrophy, although tissue destruction
appears to be largely mediated by cellular immune mechanisms.26

Immunohistochemical analysis showed that at the onset of acinar cell
destruction,most of the infiltrating lymphocyteswere T-cells,with an
almost equal number of CD4� T-helper and CD8� cytotoxic T-lym-
phocytes. Cytotoxic T-cells predominated in sections in which the
gradual destruction of the acinar parenchymawas present.26 The role
f the humoral immune response was previously studied, in which
erum pancreatic-specific antibodies in dogs with clinical signs of EPI
ere comparedwith those of healthy controls, but the study found no
ifferences between these 2 groups.28 A recent study showed that
erum auto-antibodies reacting at low intensity with pancreatic aci-
ar cells were found in some dogswith partial and end-stage PAA, but
ot in healthy control dogs, suggesting that the humoral immune
esponse was also activated.26

As lymphocytic pancreatitis with active destruction of acinar
structures preceded the end-stage atrophy, the term “autoimmune-
mediated atrophic lymphocytic pancreatitis” has been suggested to
describe the pathologic findings.25,26 The rate of progression of the
atrophy from the subclinical to the clinical phase is highly unpredict-
able, and the factors affecting it are not yet identified. Long-term fol-
low-up of dogs with partial PAA shows that they may remain in the
subclinical phase for years or sometimes for life. No diagnostic mark-
ers predicting which dogs will develop clinical disease have been
found.29 Autoimmune diseases are often multifactorial. Genetic sus-
ceptibility, environmental factors, and immunologic abnormalities
are all involved in this pathogenesis. Environmental factors, either
microbial or nonmicrobial, are usually needed to initiate a clinical
autoimmunedisease in genetically susceptible individuals.30 The pos-
sible contribution of various environmental factors, such as feeding,
housing, training, stress, and viruses, in the pathogenesis of PAA has
been proposed, but there are no comprehensive studies available on
their roles. A survey failed to show any common triggering environ-
mental factors in the histories of dogs with EPI.21

Chronic Pancreatitis

Chronic pancreatitis is infrequently the underlying cause for EPI in
dogs. Unlike the situation in autoimmune atrophic pancreatitis, there
is usually a progressive destruction of both exocrine and endocrine
pancreas in chronic pancreatitis. Clinical history usually shows more
nonspecific gastrointestinal signs, or the signs of EPI also can develop
after those of diabetes mellitus. The pathologic findings in chronic
pancreatitis are clearly different from those of PAA. Macroscopically,
the pancreas is usually hard, shrunken, and nodular, and theremay be
adhesions to adjacent abdominal organs. The characteristic histolog-
ical findings in chronic pancreatitis involve an increase in interlobular
and intralobular fibrosis and disorganized acinar lobuli, with or with-
out inflammatory cells in the interstitium.3,4,7,31

Clinical Signs

The typical clinical signs of EPI include increased fecal volume and
defecation frequency, yellowish feces, weight loss, and flatulence.
Other common signs are polyphagia, poorly digested, loose, andpulpy
feces, and coprophagia. Nervousness or aggressivenessmay occur and
these are suspected to result from abdominal discomfort because of
increased intestinal gas. Severe, watery diarrhea is usually only tem-
porary. Although atypical, some patients vomit and may rarely be
intermittently anorexic, perhaps also reflecting abdominal discom-
fort. Skin disorders including seborrhea have also been reported. Al-
though these signs of EPI are characteristic, they are not pathogno-
monic for the disease, because small intestinal diseases may show

similar signs of malabsorption.8,21 e
Diagnosis

The diagnosis of exocrine pancreatic dysfunction is based on typ-
ical findings in clinical histories and clinical signs and is confirmed
with a pancreatic function test. Complete blood cell count and routine
serum biochemistry often show unremarkable changes. Serum amy-
lase and lipase activities are not useful in the diagnosis of EPI. Var-
ious pancreatic function tests, which measure pancreatic enzyme
concentrations in the blood and feces, have been used to diagnose
canine EPI. The diagnostic value of these tests lies in their ability to
distinguish whether the maldigestion signs are caused by exocrine
pancreatic or small intestinal disease, as well as in their practical-
ity. When needed to verify the underlying pathologic process caus-
ing the clinical signs, morphologic examination of the pancreas
should be performed.32

Themeasurement of canine serum TLI has become one of themost
commonly used pancreatic function tests in the diagnosis of canine
EPI.33 Serum TLI assays are species- and pancreas-specific. Current
reference ranges for canine TLI (cTLI) in healthy dogs are 5.7 to 45.2
�g/L (Texas A&M University, Gastrointestinal Lab, College Station,
X). Abnormally low serum TLI concentrations (� 2.5 �g/L), with the
ypical clinical signs ofmaldigestion, are considered highly diagnostic
or severe EPI and indicate severe loss of the digestive enzyme-pro-
ucing acinar cells.33 In general, the lower the TLI value, the more
aluable a singlemeasurement is in assessing pancreatic dysfunction.
Fecal proteolytic activity measurement has been used for the di-

gnosis of EPI. The reliability of the different tests varies, and a com-
on problem with these tests is that sometimes normal dogs also
howdecreased proteolytic activity.8,34,35 To avoid this problem, fecal
roteolytic activity was measured from repeated fecal samples and
fter using pancreatic stimulation by including ground raw soybeans
n the food during the test period.35 This soybean stimulation test is
aluable for diagnosing severe EPI, but the test is insufficiently sensi-
ive to detect subclinical EPI. A recent study showed that in dogs with
rotein-losing enteropathy, increased fecal loss of �1-proteinase in-
ibitor is associated with a decrease in fecal proteolytic activity and
ay result in a false diagnosis of EPI.36

A new fecal test for diagnosing exocrine pancreatic dysfunction is
the enzyme-linked immunosorbent assay determination of fecal pan-
creatic elastase. Canine fecal pancreatic elastase is a species- and pan-
creas-specific test with high sensitivity but relatively low specificity.
A single fecal elastase concentration � 20 �g/g can be used to exclude
EPI in dogswith chronic diarrhea. Values�20�g/g in associationwith
typical clinical signs of EPI are suggestive of severe pancreatic dys-
function.37-39 This test is not sufficiently sensitive to diagnose subclin-
cal EPI and partial PAA.40

Accurate diagnosis may be made by assay of stimulated output of
pancreatic enzymes in the lumen of the proximal small intestine, and
this approach is considered the gold standard for the diagnosis of EPI
in humans.14 However, this relatively cumbersome approach is not
ecessary to demonstrate the severe loss of pancreatic enzymes typ-
cally seen in dogs with EPI. To avoid duodenal intubation, in vivo
ssay has been achieved in the dog by oral administration of the chy-
otrypsin substrate bentiromide (N-benzoyl-L-tyrosyl-p-amino-

benzoic acid, BT-PABA) and subsequent assay of PABA in blood or
urine: low levels of PABA indicate EPI.41 This test was introduced in
he 1970s and was considered an important advance in diagnosis of
PI for the first few years after its introduction, although its use re-
ained largely restricted to university referral centers because it is

elatively impractical for widespread application. However, some
roblems in interpretation emerged, because it was found that there
ould be overlap between results from dogs with EPI and those with
mall intestinal disease. This test is now really only of historical inter-

st.
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Diagnosis and Treatment of Subclinical EPI and Partial PAA

Wiberg et al11 showed that it is possible to diagnose exocrine pan-
creatic dysfunction in the early phase, before severe destruction of
acinar structure and typical clinical signs occur. In this study, which
included dogs from different breeds, the prevalence of a subnormal
but not diagnostic serumTLI concentration (2.5-5.0�g/L)was 6% of all
samples in which serum TLI was measured. To study whether a sub-
normal TLI value was a predictor of impending decline of pancreatic
function, repeateddeterminations of serumTLIweremade. This study
demonstrated that a single TLI concentration in the range of the sub-
normal TLI has questionable value in evaluation of the long-term sta-
tus of the exocrine pancreas, and normal concentrations were found
on retesting in about 50% of the dogswith previous TLI concentrations
in the range of 2.5 to 5.0 �g/L. The explanation for these transient
subnormal TLI concentrations remains unknown. When first pre-
sented, most of these dogs had no typical clinical signs of EPI, but
many had either sporadic or chronic gastrointestinal signs. On retest-
ing,most of these dogswere clinically normal or only occasionally had
gastrointestinal signs. The remaining 50% of dogs in this study dis-
played a repeatedly low serum TLI (� 5.0 �g/L but usually above 2.5
�g/L), but still showed no clinical signs indicative of EPI. Pancreatic
athology was verified by laparotomy and pancreatic biopsy, reveal-
ng partial PAA in all dogs. The dogs were all either German Shepherd
ogs or Rough Collies. Despite the low fasting serum TLI values and
he reduced pancreatic mass, the residual secretory capacity of the
ancreas was apparently sufficient to prevent the appearance of clin-
cal signs, thus a diagnosis of subclinical EPI (SEPI) wasmade. Some of
hese dogs with subclinical disease sometimes showed TLI values as
owas those found indogs already showing clinical signs (less than2.5

�g/L). Presumably, this variation in the expression of clinical signs
eflects variation between dogs in the extrapancreatic digestive ca-
acity due to gastric and intestinal enzymes.Wiberg et al11 concluded
hat repeatedly low serum TLI values (� 5.0 �g/L) in clinically healthy
dogs are a valuablemarker of the subclinical EPI and highly suggestive
of partial PAA. Because changes in serum TLI concentration in these
dogs are so unpredictable, repeated determinations are needed to
increase the accuracy of diagnosis, especially when subnormal serum
cTLI values (2.5-5.0 �g/L) are found.

At present, cTLI measurement is the most valuable pancreatic
unction test for diagnosing subnormal pancreatic function in dogs.
he diagnostic value of other tests, i.e., fecal proteolytic activity, ca-
ine fecal pancreatic elastase measurements, and BT-PABA, were
ound to be insufficiently sensitive to detect subclinical EPI, although
he tests are good indicators of clinical EPI. With regard to fecal elas-
ase measurement, subclinical dogs showed marked day-to-day fluc-
uations with overlap between subclinical and control dogs.40

To further evaluate the secretory capacity of exocrine pancreas,
the TLI-stimulation test (TST) has been used.11 The TST is performed
s follows. After fasting overnight, serum samples for TLI assay are
ollected. Directly after, the pancreas is stimulated by intravenous
dministration of both secretin and cholecystokinin infused over 1 to
minutes, and a serum sample for the second TLI assay is collected 20
inutes after stimulation. Secretin stimulates secretion of pancreatic
icarbonate-rich fluid, which increases pressure in pancreatic ducts,
nd results in leakage of enzymes into the bloodstream. Cholecysto-
inin acts as a direct stimulant of enzyme secretion. In dogs with
linical EPI, the pancreas has no reserve capacity to respond to stimuli,
ut control dogs and dogs with SEPI show a significant response.
owever, the TST is not more valuable in diagnosing SEPI than re-
eated TLI measurements. In dogs with SEPI, the true clinical value of
STmay be as a predictive test. By following TST results in an individ-
al dog, it may be possible to predict more precisely gradual impair-

ent of exocrine pancreatic function.
erification of Underlying Pathological Process

Pancreatic morphological examination is performed when it is
ecessary to identify the underlying pathological process causing
ancreatic dysfunction. In dogs with either partial or end-stage PAA,
he clinical histories, clinical signs, and results of function tests are
sually already highly suggestive of the underlying pathological pro-
ess, and at least with breeds predisposed to PAA, morphological ex-
mination is rarely needed. Morphological examination can, how-
ver, be useful in someatypical cases. The disadvantage of laparotomy
nd laparoscopy is that they are invasive. Further, the morphological
hanges in the pancreas are usually unevenly distributed, thus the
everity of findings is greatly dependent on the site of biopsy. Pancre-
tic biopsies can be taken without further complications by laparot-
my to dissect a small pancreatic sample or by laparoscopy using
rushing forceps. No complications have been observed even when
epeated biopsies are taken from the same dog during follow-up of
isease progression.24,42

Treatment and Prognosis of Subclinical EPI with Partial PAA

The ability to diagnose PAA in the subclinical phase raised the
question of whether stopping the autoimmune-mediated destruction
of acinar tissue is possible, thus preventing the appearance of clinical
signs. A long-term follow-up study (from 1 to 6 years) was performed
comparing 2 groups of dogswith SEPI due to partial PAA.29 One group
f 7 dogs received long-term immunosuppressive therapy with aza-
hioprine and the other groupof 13dogs receivedno treatment.While
eceiving azathioprine, dogs had no clinical signs of EPI; however, 2
ogs showed signs somemonths after immunosuppressive treatment
as withdrawn. The other dogs in the group remained clinically
ealthy the whole follow-up time. In the untreated group, 5 dogs
eveloped clinical disease during follow-up, whereas others re-
ained in the subclinical phase. It was concluded that dogs may stay

n the subclinical phase of EPI for years or sometimes for life, with or
ithout immunosuppressive treatment, and that the rate of this nat-
ral progression to the clinical phase can vary markedly. No markers
hat predict which dogs will go on to develop clinical disease have
een identified. The value of immunosuppressive treatment in slow-
ng acinar atrophy is therefore questionable.29 Further studies are
eeded to identify what factors are involved in initiating clinical dis-
ase.
When dogs with partial PAA show no gastrointestinal signs (SEPI),

o treatment is needed. However, some dogs with partial PAA do
how chronic or intermittent gastrointestinal signs not typical of EPI.
diagnostic dilemma is whether the signs are due to subnormal pan-
reatic function and presumed autoimmune pancreatitis, or due to
oncurrent small intestinal disease, or a combination of both. For
hese dogs, a diagnostic workup should be done first, followed by
reatment for concurrent small intestinal disease. If there is no re-
ponse, a trial treatment with enzymes should be initiated.

reatment of Clinical EPI and End-stage PAA

Replacement therapy with enzyme supplements is needed to
ompensate for the lack of enzyme production in dogs with EPI.43

Around the turn of the 20th century,missing enzymeswere for the
first time shown to be successfully replaced by oral administration,
thus resolving the signs resulting from their absence, and preventing
the ultimate starvation of affected patients. Somepancreatic digestive
enzymes,most notably pancreatic lipase, are very sensitive to acid pH,
and so passage through the stomach in such a way that they do not
lose significant activity is a challenge. Both amylase and lipase are
destroyed very rapidly at a pH below 3.5. Trypsin is very tolerant of
acid pH, and thus remains unaffected by normal conditions of the

stomach. In humans only 17% of lipase ingested with a meal can be
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recovered intact from the duodenum.44 To improve passage of func-
tional pancreatic enzymes through the stomach, many companies
have developed different kinds of enteric-coated pancreatic enzyme
preparations. Given the fragility of pancreatic enzymes, themanufac-
turing process must be gentle, and many factors must be considered
to ensure that the enzymes are not destroyed. Although much is al-
ready known about pancreatic enzyme supplementation, modern re-
placement therapymust be improved. Despite adequate enzyme sup-
plementation, digestion capacity does not return to normal in either
human beings or dogs with EPI. Only a small portion of the orally
administered enzymes are delivered functionally intact to the small
intestine.43 For maximum digestive efficiency, pancreatic enzyme
reparations should be formulated 1) to protect acid-labile enzymes
rom gastric inactivation, 2) to provide concomitant gastric emptying
f the enzymes with the meal, and 3) to deliver maximal enzyme
ctivity to the proximal duodenum. To fulfill these criteria, formula-
ion of a sustained-release preparation of pancreatic extracts that re-
eases enzymes over a prolonged period to a site favorable for their
unction is underway. Unfortunately, this preparation is not yet com-
ercially available, and preparations formulated for human beings
ay not work similarly in dogs.45

Several studies have been published concerning the gastric emp-
tying rate of nondisintegrating dosage forms of enzymes. Earlier stud-
ies have stated that particles reduced to a size of 2 mm or less are
emptied from the full stomach of dogs as rapidly and randomly as
liquids.46 More recently, however, in normal dogs and a dog with EPI,
ost multiple-unit preparations (diameter 1-1.7 mm) have been
hown to remain in the stomach of dogs for up to 6 to 8 hours before
eing swept into the duodenum by the intestinal “housekeeper
ave.”47 Most pancreatic enzymes prepared in granule form obvi-
uslywould never be emptied from the stomach simultaneouslywith
ood. Even a reduction of granule size to 0.3mmhad no clear effect on
he gastric-emptying time of these preparations. It can thus be con-
luded that even smaller granules than the present ones are needed to
ptimize the gastric emptying of multiple-unit preparations in pan-
reatic therapy. However, such developments would aggravate the
xisting problems in manufacture associated with the granulation
nd coating of particles.45 In humanswith chronic pancreatitis or cys-
ic fibrosis, encapsulated enteric-coated microspheres and minimi-
rospheres (diameter � 1.7 mm) are considered the enzyme treat-
ent of choice. However, full reversal of EPI with enzyme

eplacement therapy cannot be obtained in all patients.48

To study the effect of different enzyme preparations in the treat-
ment of dogs with EPI, 2 dogs had the cranial part of their jejunum
cannulated.49 Their foodwas supplementedwith commercial enzyme
preparations in turn as follows: powder, granules, capsules, enteric-
coated tablets, and finely chopped raw pig pancreas. Jejunal samples
werewithdrawn through the cannula at 0.5-hour intervals for 6 hours
after feeding. The activities of proteases, amylase, and lipase were
determined in jejunal samples and in feces. The control subjects com-
prised 14 healthy dogs and 1 subclinical EPI dog. This dog had about
90% of the pancreas atrophied, but showed no symptoms of poor di-
gestion. The jejunal enzymatic activity of this dog represented the
minimal activitywithwhich a dogwould normallymanage. The high-
est lipase activities in the jejunal samples were achievedwith raw pig
pancreas. Powder achieved the secondhighest activities, but the other
commercial porcine enzyme preparations yielded activities thatwere
only one tenth of those attained with the raw pancreas. With the raw
pancreas, the jejunal lipase activities were not as high as those in
control dogs but exceeded those in the subclinical EPI dog. Raw pan-
creas and commercial enzyme preparations increased the activities of
proteases and amylase well beyond those found in the jejunum of the
subclinical EPI dog. With the commercial powder preparation and
with the raw pancreas, jejunal enzyme activity was detected imme-

diately after feeding. Capsules and granules delayed the appearance of i
jejunal enzymatic activity by 1 to 2 hours and enteric-coated tablets
by 5 hours. Measuring enzymatic activity in feces was not reliable for
evaluating the potency of pancreatic enzyme preparations added to
food. Lipase activity was seldom found, and amylase and protease
activities showed substantial variation.

The effect of the 2 uncoated enzyme supplements, raw chopped
pancreas, and porcine pancreatic powder preparationwere compared
in a long-term clinical study.50 The study included 76 dogs with EPI,
and powdered enzymes were given to 40 dogs and raw chopped pan-
creas to 36 dogs. When comparing the prevalences of 11 gastrointes-
tinal tract signs classified as typical of EPI, no significant difference
was observed between the 2 groups of dogs. The study showed that in
practice, selection between these supplements is usually based on
economics and practicality. The raw chopped pancreas was only one
fourth as expensive, but practical difficulties, mainly in availability,
handling, and storing, were considerable, compared with powdered
enzyme supplements. Themost common source of raw chopped pan-
creas was from pigs (72%), followed by cattle (19%) and sheep or rein-
deer (9%). Themean amount of raw chopped pancreas was 87 g/meal.
Raw pancreas can be stored frozen for several months before feeding.
All dogs given powdered enzyme were given the same product (Vio-
kase V; Fort Dodge Laboratories, Fort Doge, IA), and themean amount
was 3.0 g/meal. No significant correlation was found between body
weight and amount of enzyme fed.

Because raw chopped pancreas is not available in many countries,
powder enzyme supplementation is the most common treatment re-
gime for dogs with EPI.

Widely accepted recommendations in the literature are that treat-
ment in dogs with EPI be initiated at a dose of 2 teaspoons of pow-
dered pancreatic extract per 20 kg body weight at each meal.51 En-
ymes should bemixedwith food immediately before themeal is fed.
wners are able to decrease the dose of pancreatic enzymes based on
heir pet’s response.Most dogs require at least 1 teaspoon of enzymes
er meal. Little additional improvement was observed after doubling
r quadrupling this dose in EPI dogs with ligated pancreatic ducts.52

Side effects of porcine pancreatic extracts are rare. It has, however,
been reported that high doses of pancreatic enzyme supplements can
cause oral bleeding in dogs with EPI, but that oral bleeding can be
successfully managed by dose reduction in most dogs.53

Numerous attempts have been made to increase the effectiveness
of enzyme supplementation in dogs. Antacids orH2-receptor blockers
have been recommended in the therapeutic regimen to reduce gastric
acid–induced destruction of orally administered enzymes. This prac-
tice is, however, costly and does not increase efficacy of pancreatic
enzyme supplementation.51,54 In humans, a double-blind, placebo-
controlled crossover study was conducted to measure the effect of
acid suppressant therapy (ranitidine or omeprazole) on fat absorption
in patients with cystic fibrosis. No overall significant improvement in
fat absorption could be demonstrated with adjuvant therapy.55 Con-
urrent oral administration of bile salts and pre-incubation of the
ealwith pancreatic enzymes for 20 to 30minutes before feeding did
ot improve the response.56

Aside from porcine pancreatic extracts, bacterial lipase has been
reported to be effective in correcting steatorrhea in dogs with exper-
imental EPI.57 Bacterial lipase is secreted by Burkholderia plantarii
uring fermentation. It is resistant to acid denaturation and protease
igestion and does not require colipase for lipolytic activity. Bacterial
ipase maintains activity also in the presence of bile acids. The effects
f bacterial lipase were compared with those of a powered porcine
ancreatic enzyme preparation (Viokase powder; A. H. Robins Com-
any, Richmond, VA) in alleviating steatorrhea in dogs with EPI. The
esults showed that correcting steatorrhea required 75 times more
orcine lipase than bacterial lipase by weight (18 vs. 240 mg). Im-
roved fat absorption with use of bacterial lipase does not, however,

mprove absorption of the other nutrients, and thus proteases and
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amylase are necessary to correct protein and carbohydrate malab-
sorption, if present. The study57 further showed that in using bacterial
or porcine lipase to treat dogs with experimental EPI a high-fat and
high-protein diet improved fat absorptionmore efficiently thanwhen
the dogs were fed a low-fat, low-protein diet. Enzyme preparations
fromplants and fungi are also available and it is sometimes stated that
they are as effective as ordinary pancreatic extracts; these prepara-
tions contain lipases extracted from molds and the protease papain
from the tropical papaya tree. Nevertheless, preparations obtained
from an animal (porcine) pancreas are demonstrated to be the ideal
replacement enzymes and can never be replaced by vegetable fer-
ments.58 An experimental study in dogs has, however, shown that
fungal lipase may prove to be useful in treating dogs with EPI.59

Supportive Treatments

Aside from dietary enzyme supplements, dietary changes are of-
ten made to improve clinical response (cross reference to Alex Ger-
man’s chapter), but sometimes weight gain and stool quality remain
suboptimal.60-62 Other medications for treatment of gastrointestinal
tract signs are often used in such dogs with EPI. Antibiotics are the
most common adjunctive medication. Of the antibiotics adminis-
tered, tylosin is used in Finland almost exclusively.63-67

Clinical Pharmacology

Tylosin is a macrolide, bacteriostatic antibiotic that has activity
against most gram-positive and gram-negative cocci, gram-positive
rods, and Mycoplasma. However, the gram-negative bacteria Esche-
ichia coli and Salmonella spp. are intrinsically tylosin resistant. Tylo-
sin is used only in veterinary medicine, and the most common indi-
cations are for treating pigs with diarrhea or poultry with chronic
respiratory diseases. Tylosin has also been used as a feed additive in
food animal production, and it has been shown to increase weight
gain and feed efficiency, especially in pigs. There is debate into the
mechanisms underlying tylosin-mediated growth enhancement.

Tylosin is used in a powder form for pigs and poultry. For small
animals tylosin powder is usually reconstituted in capsules or mixed
with the food for administration. In some European countries, tylosin
is also available in tablet form, which facilitates its use in dogs.

Therapeutic Use

Our experience with tylosin was first derived from studies in dogs
having EPI and continued diarrhea after appropriate enzyme ther-
apy.63 These studies found that tylosin had a favorable effect as an
djunctive therapy for dogs with EPI and diarrhea. Although most of
he studies below involved dogs without EPI, the clinical responses
re similar in dogs with EPI andwe believe that the underlyingmech-
nisms for tylosin-responsive diarrhea (TRD) are probably simi-
ar.64-67

Recently in Finland, tylosin has become the most frequent antibi-
otic used in the treatment of idiopathic intermittent or chronic diar-
rhea in dogs. Anecdotal reports from veterinarians and dog owners
reveal that many dogs with diarrhea respond quickly to tylosin treat-
ment, generally within a few days of initiation of therapy.When tylo-
sin is discontinued, the diarrhea often reappears within a matter of
weeks or months. Some of these dogs require ongoing treatment for
very long periods. It was also observed that tylosin’s effect in control-
ling diarrhea signs does not appear to diminish with time and the
need for an increased dosage is not required. No apparent tylosin-
associated adverse effects have been reported.

Our clinical experience indicates that TRD affects dogs of all breeds
and ages, but is most often observed in middle-aged, large-breed
dogs. Signs often begin as intermittent diarrhea that becomes pro-

gressively more frequent and often persistent. Abnormal, loose fecal w
consistency is the predominant sign. Most of the owners describe
their dogs’ feces as having awatery ormucoid consistency, suggesting
that TRD involves both small- and large-bowel mechanisms. In-
creased frequency of borborygmus and flatulence typically are also
described, and vomiting is reported occasionally during the diarrheal
outbreaks.

Diagnostic evaluation of TRD cases has failed to identify an under-
lying etiology. Routine blood parameters, fecal examinations, and di-
agnostic imaging studies are usually normal.When intestinal biopsies
are obtained, the histologic findings are considered either to be nor-
mal or to have only mild inflammatory changes.

Clinical Studies Using Tylosin for Chronic Diarrhea

Only a few studies treating diarrhea in dogswith tylosin have been
published. In 1976, VanKruiningen reported that tylosinwas effective
in the treatment of unspecific canine diarrhea.68 Recently, our study
roup performed 3 prospective clinical trials to obtain more informa-
ion on TRD.64-66 The first study64 consisted of 14 adult client–owned
dogs of 12 different breeds. Each dog’s diet remained unchanged
throughout the study. All dogs had chronic or intermittent diarrheal
signs for a period of longer than 1 year. All dogs previously had been
treated successfully with tylosin for at least 6 months. Tylosin had
been discontinued at least twice, but the diarrhea had always re-
curred. These dogswere then considered to have TRD.When the study
commenced, all dogs had been on tylosin for at least 1 month and
were healthy and free of diarrhea. Tylosinwas then discontinued, and
the dogs were monitored for a period of up to 1 month to determine
whether signs of diarrhea would reappear. Diarrhea reappeared in 12
of 14 dogs (85.7%) within 30 days. Tylosin, prednisone, or a probiotic
treatment trial was initiated when diarrhea was present. Tylosin re-
sulted in resolution of diarrhea in all dogswithin 3 days of initiation of
therapy, withmost resolvingwithin 24 hours. In contrast, prednisone
did not completely resolve diarrheal signs, and the probiotic Lactoba-
cillus rhamnosus GG did not prevent the relapse of diarrhea in any of
the dogs.

In a second study,65 7 beagles with chronic diarrhea for a duration
f at least 1 month were identified from an experimental dog colony.
reatment trials of antibiotics, prednisone, and diet were used. Tylo-
in was administered for 10 days, and during that time the feces be-
ame significantly firmer, although they remained unacceptably
oose. When the treatment was discontinued, diarrhea reappeared
ithin 3 weeks. Next, treatment trials with other antibiotics (metro-
idazole, trimethoprim-sulfadiazine, or doxycycline) and prednisone
ad almost no effect on fecal consistency in these dogs. The diet was
hen changed for a 10-day period from a highly digestible, moist pet
ood to a dry food developed for normal adult dogs. The feces again
ecame significantly firmer, although the fecal consistency remained
oose in some dogs. The dry food feeding periodwas then extended to
months, and the fecal consistency continued to fluctuate from ideal
o diarrhea. Because the consistency was not satisfactory on diet
lone, tylosin was added to the therapy for 10 days. The fecal consis-
ency became normal and remained so throughout the 3-month fol-
ow-up time of this study. The study demonstrated that, in this group
f experimental dogs having chronic diarrhea, the fecal consistency
ecame significantly firmer with tylosin in conjunction with dietary
odification. Neither treatment alone was sufficient to obtain ideal

ecal consistency, but when the dogs were treated simultaneously
ith both regimens, ideal fecal consistency was achieved and main-
ained. The study suggests that tylosin and feeding regimens had a
ynergic effect. In our latest placebo-controlled, randomized, double-
linded, prospective clinical trial67 on dogs with suspected TRD, we
imed to assess the effect of tylosin on fecal consistency compared
ith a placebo treatment and also to establishwhether tylosin in dogs

ith recurrent diarrhea is as effective as empiric studies and anec-
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dotal reports suggest. The proportion of dogs with normal fecal con-
sistency at the end of the 7-days-long treatment periodwas 85% in the
tylosin group and 29% in the placebo group. Our findings indicate that
tylosin is significantly more effective than placebo in treating recur-
rent diarrhea in dogs, and it remains our antibiotic of choice for EPI
patients with persistent or recurrent diarrhea after enzyme supple-
mentation. In the placebo-controlled study we used the tylosin dos-
age 25mg/kg every 24 hours, but the results of a recent study (unpub-
lished) indicate that a suitable dose could be as low as 5 mg/kg once
daily.

Other Supportive Treatments

Cobalamin (vitamin B12) deficiency in dogs with EPI is probably
largely a result of increased uptake of cobalamin by the intestinal
bacteria and perhaps partly to reduce secretion of pancreatic intrinsic
factor, which is required for normal absorption of cobalamin. Enzyme
treatment alone does not lead to increasing serum cobalamin lev-
els.69-71 Because cobalamin deficiency is common in canine EPI, se-
rum cobalamin should be measured in dogs that are clinically sus-
pected of having EPI or that do not respond satisfactorily to enzyme
treatment, and probably every 1 to 2 years after diagnosis. Once sub-
normal serum concentrations are observed, cobalamin should be ad-
ministered by subcutaneous injection and the dose currently recom-
mended is 250 to 1000 �g depending on the size of the dog, weekly
nitially and then monthly.72

Although malabsorption of fat-soluble vitamins may be expected
with EPI, the clinical importance of vitamin A, D, E, and K deficiency in
this syndrome has not been reported. When the treatment response
to enzymes and supportive therapies is still unsatisfactory, concomi-
tant small intestinal disease should be suspected, and further diag-
nostic studies and treatment should be performed.8
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