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Summary: Pancreatic disease in horses is rare and diagnosis is difficult due to lack of available diagnostic tests. Acute pancreatitis is as-
sociated with acute colic signs and gastrointestinal reflux; chronic pancreatitis with weight loss, anorexia, lethargy, and mild recurrent colic
symptoms. Therefore, horses presented with such unspecific symptoms are often treated routinely and a concurrent pancreatic disorder may
be missed. A prospective study was initiated to investigate the occurrence of pancreatic disease in horses with corresponding clinical signs.
During the study period from 2018-2019, sixty-seven horses (39 geldings, 26 mares, 2 stallions) aged 1-26 years with Warmbloods being
the predominant breed were included. In 48 horses, the pancreatic enzymes a-amylase (AMY) and DGGR-lipase (LIP) were measured in serum
(S) and peritoneal fluid (PF). In addition, cytologic examination from PF, complete blood count (CBC) and serum biochemistry (SBC) were
performed. In 19 horses, including 14 control horses without clinical signs, pancreatic enzymes were measured from serum samples only. In
one horse with colic symptoms, LIP was elevated in S; in another horse with duodenitis-proximal jejunitis and septic peritonitis, LIP was elevat-
ed in PE. In both horses, a pancreatic component was considered to play a role. A third horse had measured enzymes within normal ranges,
but postmortem examination revealed chronic pancreatitis. These results suggest that pancreatic disease has a low prevalence in horses, but

should be considered as an additional differential diagnosis in patients with indistinct abdominal symptoms.
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Introduction

Pancreatic disease has been described for decades as a rare
disorder in equids and is diagnosed mostly at necropsy due
to lack of available and reliable antemortem diagnostic tests
(Higginson 1937, Talbot et al. 2011, Yamout et al. 2012,
Edery et al. 2015, Newman 2015). Both primary and sec-
ondary pancreatitis can occur. Primary pancredtitis is defined
as pancreatic lesions as the main or only pathological finding,
whereas secondary pancreatitis occurs as a result of any other
underlying disorder (Yamout et al. 2012).

Postmortem findings include acute, chronic and chronic active
pancreatitis (Breider et al. 1985, Taintor et al. 2006, Bakos et
al. 2008, Talbot et al. 2011, Ollivett et al. 2012, Yamout et
al. 2012, Newman 2015) and neoplasia (Ross et al. 1983,
Church et al. 1987, Carrick et al. 1992, Rendle et al. 2006,
Barsnick et al. 2008, Spanton et al. 2009, Brot et al. 2014,
Herbach et al. 2014).

Diagnosing pancreatitis remains challenging. Whereas acute
pancreatitis in adult horses is characterized by severe abdom-
inal pain, ileus with duodenogastric reflux and hypovolemia

(Bakos et al. 2008, Schmidt et al. 2010, Yamout et al. 2012,
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Newman 2015, Lack et al. 2020), chronic pancreatitis pres-
ents with weight loss, lethargy, mild recurrent colic and inap-
petence (Breider et al. 1985, Yamout et al. 2012, Leipig et al.
2015). Coma and cerebral dysfunction as predominant clin-
ical findings have been reported in two cases of severe acute
pancreatitis in foals (Taintor et al. 2006, Ollivett et al. 2012).
Currently there is no standardized test to diagnose pancre-
atitis in horses. Elevated serum enzyme activities of amylase
(AMY) and lipase (LIP), secreted by the acinar cells of the
pancreas, are considered useful to diagnose acute pancre-
atic disease in horses, although they are of limited diagnos-
tic accuracy.

For diagnosing acute pancreatitis in humans, measurement
of LIP is preferred because it is tissue-specific and has a sen-
sitivity between 64% and 100%, whereas sensitivity of AMY
for diagnosis of acute pancreatitis is between 45% and 87 %
(Ismail and Bhayana 2017). The specificities for both enzymes
range between 92% and 99 %. LIP has a larger time slot than
AMY, as it rises 3-6 hours after onset of clinical signs and
remains elevated for up to two weeks, whereas AMY peaks
rapidly after the onset of clinical signs, has a short half-life of
10-12 hours and returns to normal within three to five days
(Ismail and Bhayana 2017).
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In recent research, the 1°2-o-dilauryl-rac-glycero-3-gluta-
rate- (6"-methylresorufin) ester (DGGR) lipase assay has been
determined to be a pancreas-specific parameter in horses
(Johnson et al. 2019). Determination of DGGR-LIP (LIP) and
AMY in horses is expected to be of diagnostic value for pan-
creatic disease, although AMY has limitations as a single as-
say. AMY activity in the pancreas is low (Lorenzo-Figueras et
al. 2007, Johnson et al. 2019) and activity of AMY is a one-
half LIP half-life period in plasma (Johnson et al. 2019). Be-
sides, hyperamylasemia can also occur in intestinal and renal
disorders (Clink et al. 1982), which are more common than
pancreatic disease. This preliminary research aimed to inves-
tigate the occurrence of elevated pancreatic enzymes (AMY
and LIP) in horses with gastrointestinal disorders in serum
(S) and peritoneal fluid (PF). The objective was to determine
if measurement of pancreatic enzymes can be helpful as a
screening tool to identify horses with pancreatic disease ante
mortem and to document clinical cases. The study hypothesis
was that pancreatic disease occurs in horses with clinical signs
of gastrointestinal disease.

Material and methods

The study was performed from 2018 to 2019 and included 67
horses (39 geldings, 26 mares, 2 stallions) aged 1-26 years
(median age 13 years) with Warmbloods being the predomi-
nant breed (50.7 %), divided into two groups. Group A includ-
ed 53 horses, which were presented for diagnostic workup of
gastrointestinal and hepatic disease with one or more of the
following symptoms: acute colic signs with and without duode-
nogastric reflux, peritonitis, weight loss, anorexia, lethargy, mild
recurrent colic symptoms and elevated liver enzymes. The pan-
creatic enzymes AMY and LIP were measured in S and PF sam-
ples taken at admission. Unfortunately, in five horses no peri-
toneal fluid could be obtained. Complete blood count (CBC)
and serum biochemistry (SBC) were performed as point-of-care
examinations (IDEXX ProCyte, IDEXX Catalyst One). Cytolo-
gy from PF was performed at the IDEXX reference laboratory.
Group B included 14 clinically healthy horses as negative con-
trol group, presenting for orthopedic complaints without signs
of gastrointestinal disease (5 geldings, 8 mares, 1 stallion, me-
dian age 12.5 years). In these horses, routine blood work was
performed, and available samples served for measurement of
AMY and LIP. For this study, institutional animal care and use
committee approval was not required as residual material from
routine diagnostic work-up was used. Owner consent was ob-
tained for use of remaining samples for research purposes.

Blood samples were centrifuged and serum was refrigerated
at 4°C. Peritoneal fluid samples were smeared immediately
after sampling and the remainder equally refrigerated at 4°C
until handling in the laboratory. All samples were sent over-
night and analyzed at the IDEXX reference laboratory the fol-
lowing day and results were available 1-2 days after sending.

Enzymes were measured by photometry, for lipase an enzymat-
ic colorimetric assay with 6-methyl-resorufin ester as substrate
(Roche; Beckman Coulter AU680 clinical chemistry analyzer)
was performed. Alpha amylase was measured by a kinetic col-
orimetric assay with ethylidene-G7PNP as substrate (Beckman
Coulter; Beckman Coulter AU680 clinical chemistry analyzer).
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Reference values for LIP (laboratory specific internal validation)
were serum activity < 250 international units per litre (IU/L) and
0-4001U/L for AMY (Kraft Dirr, Klinische Labordiagnostik, 5.
Auflage, Schattaver Verlag, 1999). For PF, laboratory-specific
reference ranges were not available. Cytologic examinations
of PF were performed of direct smears and after cytospin,
May-Grinwald-Giemsa staining was conducted (IDEXX GmbH).

Results

In group A, mean S AMY was 14.51U/L, S LIP 271U/L, PF AMY
12.91U/L, and PF LIP 27.441U/L. Based on the enzyme activi-
ties, two horses were suspected to have a pancreatic disease.

Details of these two cases are described in detail, as well as
a third horse, which had normal enzyme activities but post-
mortem diagnosis of chronic pancreatitis. In group B, serum
enzymes were within the reference ranges in all cases, mean

S AMY was 10.81U/L, mean S LIP was 131U/L.

Clinical cases
Case 1

Case 1 was a 20-year-old Appaloosa mare, presenting with
colic symptoms of one day duration. Treatment by the refer-
ring veterinarian consisted of N-butylscopolamine (0.2 mg/
kg per bodyweight [bwi] intravenously [IV], metamizol-natri-
um 25mg/kg bwt IV, Buscopan comp.®)° and butorphanol
(Torbugesic®Vet, 0.01 mg/kg bwt IV)b. Two months before pre-
sentation the horse underwent celiotomy due to large colon
displacement in another hospital.

On arrival, the horse showed mild signs of abdominal dis-
comfort, vital parameters were within normal ranges. Naso-
gastric intubation revealed no net reflux, feed was obtained
during flushing. Transrectal palpation and transabdominal
ultrasound examination (5-2 MHz-probe, Sonosite®)c were
unremarkable.

CBC showed a mild hypochromic anemia (packed cell vol-
ume [PCV] 0.23L/L, reference range [rr] 0.32-0.40L/L). Red
blood cells (RBC) were decreased (5.07 T/L, rr6.4-10.4 T/L),
haemoglobin was 8.8 mmol/L (rr10.7-16.5mmol/L).

Abdominocentesis revealed clear peritoneal fluid with a
normal total nucleated cell count ([TNCC] 3.4 x 10%L,
rr<5.0x10%L), lactate (0.89 mmol/L, rr<1.78mmol/L),
and total protein ([TP] 12g/L, rr<25g/L). Cytology of the
abdominal fluid was unremarkable.

Another period of mild colic three hours later resolved after
administration of N-butylscopolamine (0.2 mg/kg bwt V), and
metamizol-natrium (25 mg/kg bwt IV, Buscopan comp®)e.

Gastroscopy (gastroscope, 320 cm, STORZ®)¢ was performed
the following day. The stomach was still filled with gastric con-
tent despite fasting for 14 hours. After treatment with meto-
clopramide (0.25mg/kg IM every 6 hours, Metomotyl®)e, the
stomach was completely empty the next day and the gastric
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mucosa was unremarkable in all aspects. The horse was re-
fed and did not show clinical signs of discomfort again. Di-
agnosis was spasmodic colic with secondary gastric dilation
and repeated CBC due to mild anemia was recommended.
The owner reported that the mare was doing well a few days
after discharge.

Laboratory results of AMY, LIP and cytology arrived after dis-
charge of the horse. Serum AMY was within the reference
range measured 1891U/L, S LIP was 489 IU/L (rr < 2501U/L).
In PE, AMY was 39 1U/L and LIP measured 1051U/L.

The elevated LIP activity in S was suggestive of concurrent
pancreatitis. In PF, LIP activity was also high in comparison
to reference ranges of S, as there are no laboratory specific
reference ranges for PF.

Cytology of the abdominal fluid was unremarkable.

Case 2

A 9-year-old Haflinger gelding presented due to acute
colic symptoms for a few hours and suspected small intes-
tinal obstruction. The horse was referred after administra-
tion of flunixine-meglumine (1.1 mg/kg bwt IV, Flunidol®)
and obtaining 10 L of duodenal reflux into the stomach by
nasogastric intubation.

On arrival, the horse was reduced in behaviour, tachycardic
(heart rate 56 beats per minute [bpm]) and showed mild signs
of colic. Capillary refill time was prolonged and nasogastric
intfubation revealed 5L of duodenogastric reflux. Routine
blood work showed mild haemoconcentration (PCV 0.38L/L,
rr0.32-0.40L/L) with hyperproteinemia (87 g/L, rr56-79 g/L)
and hyperalbuminemia (34 g/L, rr19-32g/L), neutrophilic
leucocytosis with left shift (WBC 12.97G/L, rr4.9-11.1G/L),
elevation of Alkaline Phosphatase ([ALKP] 829 U/L, rr10-
326 U/L), elevated y-Glutamyltransferase ([GGT] 181 U/L,
rr0-87 U/L), increased globulin (53 g/L, rr24-47 g/L) and hy-
perglycemia (9.05mmol/L, rr3.55-8.32 mmol/L). Mild colon
impaction of the flexura pelvina was palpated transrectally,
transabdominal ultrasound examination showed increased
free abdominal fluid and a few distended small infestinal
loops. Peritoneal fluid obtained by abdominocentesis was tur-
bid with an elevated TNCC 21.77 x 10%/L (rr<5.0 x 107/L)
and elevated lactate of 5.1 mmol/L (rr < 1.78 mmol/L).

Due to severe signs of colic, diagnostic laparotomy via ventral
midline incision was performed immediately and enteritis was
diagnosed. The amount of peritoneal fluid was increased and
turbid. The flexura pelvina of the colon ascendens was impact-
ed and slightly displaced to the right side, the caecum was dis-
placed caudally. The stomach was distended with gas, the jeju-
num was gas-distended and showed marked hypomotility, the
ileum wall was thickened. An enteritis was suspected on base
of the findings during surgery. Full-thickness biopsies from jeju-
num and ileum showed marked oedema of the infestinal wall
at histopathologic examination without signs of inflammation.

Serum AMY (< 101U/L) and LIP (801U/L) were within normal
ranges. In PF, both enzymes were elevated compared to serum
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values, AMY was 342 1U/L and LIP measured 706 1U/L. Cytol-
ogy revealed an inflammatory peritoneal effusion of increased
cellularity with a high amount of partially degenerated neutro-
phil granulocytes. Bacterial culture growth of E. coli ssp. with
haemolysis was present. Diagnosis of septic peritonitis was
made. Based on the high activities of PF AMY and LIP concur-
rent pancreatitis was suspected. Cytology results and enzyme
activities were available one day after surgery.

Postoperative treatment consisted of lidocaine (Lidocainhy-
drochloride 2%®)¢ as constant-rate infusion ([CRI], 0.05mg/
kg/hour after initial bolus of 1.3mg/kg/hour over 15 min-
utes), procain penicillin G (Procain Penicillin G®, 22.0001U/
kg IM once daily)", gentamicin (Gentacin®, 6.6 mg/kg IV once
daily)’, metronidazole (Metrobactin®,15mg/kg orally every 8
hours)i, flunixin-meglumine (Flunidol®, 0.5mg/kg IV every 12
hours)' for 5 days and fluid therapy (Braun NaCl 0.9 %®, sa-
line 0.9% in combination with balanced electrolyte solution,
Ursolyt 1535® 90ml/kg/24 hours) . Nasogastric intubation
was performed every 6 hours during the first day, and duode-
nogastric reflux was not observed after surgery. Vital parame-
ters were within normal ranges, borborygmi, defaecation and
behaviour were normal. The horse was offered water and a
handful hay and mash 24 hours postoperatively, but appetite
was reduced. Gastroscopy was performed 4 days postoper-
atively. The stomach was filled with gastric content despite
restricted feeding and fasting for 14 hours. Due to delayed
emptying metoclopramide was administered (Metomotyl®,
0.25mg/kg IM every 6 hours)® before gastroscopy was re-
peated the next day. The stomach was empty then and mild,
equine glandular gastric disease (EGGD) was observed as
multifocal, hyperemic lesions of the pylorus as well as mild
inflammation of the duodenal mucosa. Duodenal biopsies re-
vealed a neutrophilic inflammation with evidence of mucosal
barrier disruption.

Medical therapy with betanechol (Myocholine Glenwood®,
0.05mg/kg orally every 8 hours)™ and sucralfate (Sucralfat®,
12mg/kg every 12 hours)" was initiated. The horse started
eating and showed normal appetite. Five days postoperative-
ly, ventral oedema and mild purulent exudation at the incision
site were apparent. Daily wound cleaning was performed.

Behaviour was normal and the remainder of the postoperative
period was uneventful until discharge eight days postopera-
tively. The horse was fed with maintenance requirements of
hay and mash at discharge, the owner was advised to start
handwalking 5 minutes daily.

At re-examination four weeks later, wound healing was ad-
vanced. The owner reported of an uneventful recovery, with-
out any signs of gastrointestinal disease. Gastroscopy still re-
vealed mild EGGD of the pyloric region in addition to equine
squamous gastric disease (ESGD), grade I/1V, gastric empty-
ing was normal. Abdominocentesis was performed for mon-
itoring and revealed turbid fluid with an elevated TNCC of
17.44 x10%/L (rr<5.0x 10?/L) and elevated total protein of
40g/L (rr<20g/L). Based on cytological findings, a modified
transudate with a mixed cell population and small amounts
of non-degenerated neutrophils was diagnosed without in-
dication of septic inflammation. Serum AMY was < 101U/L,
serum LIP was 131U/L, AMY in PF was OIU/L and LIP in PF

517



Occurrence of elevated amylase and lipase enzymes in horses with gastrointestinal disease

was 81U/L. Therapy with betanechol was tapered over 3 days
and sucralfate was replaced by misoprostol (Cytotec®, 5ug/
kg every 12 hours)° for 3 more weeks.

Three weeks later, lesions of both the squamous and glandu-
lar mucosa showed almost complete healing at gastroscopy.
Attempted abdominocentesis was unsuccessful, as peritoneal
fluid could not be obtained. For evaluation of inflammatory
processes, serum amyloid A (SAA) and fibrinogen were mea-
sured and within normal ranges. Misoprostol administration
was continued for further gastric therapy for one week. The
owner reported the horse doing well 3 months after discharge
without any complaints.

Case 3

Case 3 was a 24-year-old lrish Tinker mare, presented with
lethargy, sweating, signs of acute colic and severe neurologic
deficits. The horse had a history of fever over 3 days up to
40°C ten days before presentation and routine blood work
performed by the referring veterinarian revealed markedly el-
evated liver enzymes. The day of referral, N-butylscopolamine
and metamizole-natrium (Buscopan comp.®) of unknown
dosage was administered.

On arrival, the horse was somnolent and showed ataxia; vital
parameters were within normal ranges. Oral mucous mem-
branes were jaundiced, CRT was 2 seconds. CBC and SBC re-
vealed haemoconcentration (PCV 0.47L/L, rr0.32-0.40L/L),
neutrophilic leucocytosis (WBC 11.25G/L, rr4.9-11.1G/L;
neutrophils 9.53 G/L, rr2.5-6.9 G/L), lymphopenia (1.32 G/L,
rr1.5-5.1G/L), markedly elevated ALKP (700U/L, rr10-
326 U/L), elevated GGT (509 U/L, rr0-87 U/L), hyperglobu-
linemia (64 g/L, rr24-47 g/L), hyperglycemia (11.38 mmol/L,
rr3.55-8.32mmol/L), hyperproteinemia (TP 93g/L, rr56—
74 g/L), hyperbilirubinemia (59 g/L, rr0-35g/L) and severe hy-
perammonemia (276 umol/L, rr0-90umol/L). Bile acids were
markedly increased (31.61 umol/L, rr < 12umol/L, IDEXX ref-

DGGR-Lipase Amylase
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400 200+ °
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0l amm  adwm 0l e g,
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Fig.1 Lipase has been elevated in case 1 (red) in serum and in

case two (blue) in peritoneal fluid. Amylase as a less organ-specific
enzyme has been higher in both cases, but still within normal ranges.
Lipase war bei Fall T im Serum erhéht (rot) und bei Fall 2 in der Peri-
tonealflissigkeit (blau). Amylase als weniger organspezifisches Enzym
war bei beiden Féllen héher, aber noch im Referenzbereich.
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erence laboratory). Transabdominal ultrasound examination
showed mildly increased peritoneal fluid, fluid content within
the colon ascendens and heterogenous echogenicity of the liv-
er. Abdominocentesis revealed turbid PF with a normal TNCC
(2.97 x10%/L, r<5.0x10%L) and TP (18g/L, rr<25g/L),
lactate was elevated (4.1 mmol/L, rr < 1.78 mmol/L). Diagno-
sis of hyperammonemic encephalopathy was made. AMY and
LIP results were available the next day, serum enzymes were
within normal ranges (AMY < 101U/L, LIP 91U/L), enzyme ac-
tivities in PF were also low in comparison to reference intervals
of serum (AMY 51U/L, LIP 191U/L). Treatment consisted of IV
fluids (Braun NaCl 0.9%®, saline 0.9% in combination with
balanced electrolyte solution, Ursolyt 1535® 90ml/kg/24
hours)*!, penicillin (Penicillin-G-Natrium®, 22.000 1U/kg every
6 hours IV), gentamicine (Gentacin®, 6.6 mg/kg IV once daily)’,
metronidazole (Metrobactin®, 15mg/kg every 8 hours PO,
flunixine-meglumine (Flunidol®, 0.25mg/kg IV every 8 hours)!
and lactulose sirup (Lactulose-ratiopharm®,1 ml/kg bwt every
8 hours PO) to decrease ammonium absorption. Neurologic
signs progressed, the mare showed circling, aimless walking,
head pressing and lack of orientation. Glaucoma of the right
eye developed the following day, and euthanasia was elected.

Tissue samples were taken immediately post-mortem from
liver and pancreas for histopathologic examination. Aque-
ous humor from the right eye was also taken postmortem
for measurement of ammonium which was markedly elevat-
ed (134umol/L, rr for serum ammonium < 90uml/L, IDEXX
reference laboratory). Histopathologic diagnosis was severe,
chronic cholangiohepatitis with marked cirrhosis and chron-
ic pancreatitis with mild fibrosis. Microbial culture performed
from the liver tissue revealed Clostridium butyricum growth.

Discussion

In humans, a threefold lipase increase above the upper ref-
erence limit in conjunction with abdominal pain is required
to make a diagnosis of acute pancreatitis (Greenberg et al.
2016). Diagnosis of chronic pancreatitis is more challenging
and requires computed tomography and magnet resonance
imaging (Steer et al. 1995, Barry 2018, Singh et al. 2019).
Measurement of serum enzyme activities has a low sensitivity
especially when large amounts of fibrotic fissue, which are
unable to synthesize digestive enzymes, have replaced the
normal pancreas (Steer et al. 1995). This may be an explana-
tion for the third case in our study, in which pancreatic serum
enzymes have been within normal ranges despite chronic in-
flammation and fibrosis found in histopathology. During the
acute phase of the disease process, this case probably could
have been detected by measurement of enzyme activities. An
early diagnosis of acute pancreatitis in horses may help to
guide therapy and thus prevent chronic disease stage.

In dogs and cats, acute pancreatitis is a common disease
(Watson 2015, Forman et al. 2021) and diagnosis is based
on ultrasonographic examination, serum lipase immunore-
activity (PLI) and cytology or histopathology of the pancreas
(Xenoulis 2015). Measurement of canine pancreatic lipase
immunoreactivity (cPLI) and lipase activities in PF also has di-
agnostic value in dogs with acute pancreatitis (Chartier et al.

2014).
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In horses, measurement of enzyme activities currently seems
to be the best diagnostic tool although there is a lack of infor-
mation about the degree of increased pancreatic enzymes re-
quired to diagnose acute pancreatitis. In humans, AMY peaks
rapidly after the onset of clinical signs, has a short half-life of
10-12 hours and returns to normal within three to five days
(Ismail and Bhayana 2017). LIP rises within 3 to 6 hours after
onset of signs, peaks within 24 hours and remains elevated
for up to two weeks (Lippi et al. 2012). LIP is a large protein
which cannot easily cross serosal or capillary barriers (Charti-
er et al. 2014), thus elevations of PF lipase may not be reflect-
ed in serum enzyme activity. Peritoneal fluid is an ultrafiltrate
of plasma and constituents are dependent on different fac-
tors, which are Starling forces, vascular permeability, meso-
thelial lining integrity, and lympathic drainage (Conrado and
Beatty 2021). Therefore besides cardiovascular and hydration
state of the patient, fluid therapy may have a high impact on
measured enzyme activities in S and PF This is important for
interpretation of results of the present study, as some horses
already were treated with fluids before referral. Due to these
physiologic properties and different time slots of AMY and
LIP repeated enzyme measurement in S and PF is required fo
monitor disease course and severity in horses. Whereas this is
a preliminary study to investigate the occurrence of elevated
pancreatic enzymes (AMY and LIP) in horses with gastroin-
testinal disorders in S and PF, measurements were performed
only once. It is one limitation that measurement of enzyme
activities has not been repeated following standardized time
intervals.

Results show that pancreatic disease has a rare occurrence in
horses, as enzyme activities were elevated in 2 out of 48 hors-
es presenting with gastrointestinal or hepatic disease, in which
S and PF could be obtained and in none of the control horses.
Those 2 horses, presented with signs of acute colic, had mod-
erately elevated LIP activity in serum (4821U/L, rr <2501U/L,
case 1) respectively peritoneal fluid (LIP 706 1U/L, case 2). The
third case, with postmortem diagnosed chronic pancreatitis,
revealed no elevated enzymes.

In recent research, LIP activity was measured in frozen plasma
samples in 192 colic horses retrospectively and was shown
to be elevated in 30.2% of horses with gastrointestinal dis-
orders (Lanz et al. 2022). Previously published reference val-
ves were used (Desjardins et al. 2017, Johnson et al. 2019)
and an increased enzyme activity above 2 X upper reference
limit occurred in 15.6%, which was significantly associated
with surgical treatment, strangulating disease and non-sur-
vival (Lanz et al. 2022). Patients presented due to colic were
included, regardless of the underlying cause if blood samples
had been submitted to the laboratory within 24 hours and if
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frozen left-over plasma samples were available (Lanz et al.
2022). In the present study, colic signs were not the criterion
for inclusion in all cases, as some horses were presented with
more subtle and unspecific signs of gastrointestinal or hepatic
disease. Results suggest pancreatic damage to be a common
secondary finding in gastrointestinal disease which occurs
more frequently than primary pancreatitis does (Yamout et al.
2012, Newman 2015). These published reference intervals
with plasma lipase activity <211U/L (Desjardins et al. 2017,
Johnson et al. 2019) and <421U/L, respectively (Lanz et al.
2022) may deviate from reference intervals in our study prob-
ably due to different methods.

The present study has some major limitations. Enzyme mea-
surements were performed in an external laboratory due to
reasons of study implementation and results were available
with time delay of 1-2 days. Suspicion of pancreatic disease
based on elevated enzyme activities was not confirmed by his-
topathology and a definitive diagnosis has not been made.
Both horses had mild disease courses and were discharged
from hospital quickly, so further diagnostic procedures were
not conducted. In man, approximately 80% of acute pancre-
atitis cases have mild, self-limited disease and are discharged
within several days (Forsmark et al. 2016). This mild course
of acute disease may also occur in horses and contribute to
equine pancreatitis as an under-diagnosed disorder.

Another limitation is that measurements of AMY and LIP have
not been repeated for follow-up. Positive results were found in
either serum or PF. Besides in 5 horses enzyme activities have
been determined in S only, so elevated activities in PF may
have been missed. The low incidence of elevated enzymes in
the Gl diseases group makes the chance of a positive case in
the control group very low and thus the number of horses in
the control group could have been higher. The low number of
horses included is another limitation, further research with a
larger population size is necessary.

Currently equine pancreatic disease is most commonly diag-
nosed postmortem. The obtained results in sixty-two horses re-
vealed two horses that had elevated enzymes (S or PF) which
might be indicative for secondary pancreatic disease. In future,
routine inclusion of pancreatic enzymes into equine biochem-
istry profiles and PF examination as point-of-care examination
could be helpful. It is a low-cost diagnostic procedure for acute
pancreatic disease due to lack of other diagnostic options. The
two patients recovered without any specific tfreatment, however,
knowing that a horse might have a pancreatic disease addi-
tionally might change the therapeutic approach. Treatment of
acute equine pancreatic disease should be performed corre-
sponding to guidelines from humans and small animals.

Table 1 List of clinical cases with suspected pancreatic disease |  Liste der klinischen Félle mit dem Verdacht auf eine Pankreaserkrankung.
A breed S AMY S LIP PF AMY PF LIP di . +
sex ge ree UL UL UL UL iagnosis outcome
1 mare 20y Appaloosa 189 489 39 105 Gastric impaction discharged
. . Duodenitis-proximal jejunitis, .
2  gelding 9y Haflinger <10 80 342 706 ) I discharged
septic peritonitis
3 mare 24y Irish Tinker <10 9 5 19 Hyperammonemic encephalopathy, euthanized
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High sensitivity and specificity for pancreatic lipase in PF has
been shown in dogs (Chartier et al. 2014), in horses further
research is necessary.

In cases with elevated enzyme activities in S or PF, pancreatic
biopsies should be performed in further studies. Improving
diagnostic imaging modalities may also help in future for di-
agnosis of equine pancreatic diseases.

In conclusion, pancreatic disorders in horses may be underdi-
agnosed and may be missed due to mild courses which are
not differentiated from gastrointestinal diseases. DGGR-Li-
pase determination from serum and peritoneal fluid is a least
invasive, organ-specific, inexpensive and widely available tool
which may contribute to diagnose acute pancreatic disorders
in horses. Prospective evaluation of the utility of DGGR-Lipase
for the prediction of pancreatic disease in a larger number of
cases is required.
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