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Abstract

To describe the clinical presentation, diagnosis, perioperative management and the

short- and long-term outcomes of a dog diagnosed with pancreatic torsion. A 3-

month-old female intact Bernese Mountain dog presented for an acute onset of

vomiting, anorexia and abdominal pain. Abdominal ultrasonography showed a hypoe-

choic mass effect cranial to the stomach. A pancreatic torsion was diagnosed during

exploratory laparotomy and treatedwith partial pancreatectomy. Histopathology con-

firmed pancreatic torsion. The patient recovered uneventfully and pancreatic function

and inflammation testing that was performed 14 months postoperatively showed no

evidence of ongoing dysfunction. This is the first report that demonstrates long-term

follow-up with pancreatic function testing in a patient who had a partial pancrea-

tectomy due to pancreatic torsion. There was no evidence of long-term pancreatic

dysfunction due to partial pancreatectomy secondary to pancreatic torsion. Addi-

tionally, this is the youngest patient with pancreatic torsion to be described in the

veterinary literature.

KEYWORDS

canine, pancreas, pancreatic lipase immunoreactivity, pancreatic torsion, partial pancreatectomy,
small animal surgery

1 CASE DESCRIPTION

A 3-month-old female intact Bernese Mountain dog was referred to a

specialty veterinary referral hospital on suspicion of a gastrointestinal

foreign body. She had presented to her primary care veterinarian ear-

lier that day for evaluation of acute onset vomiting of 4-day duration.

Her appetite hadprogressed fromhyporexia to complete anorexiawith

nodiarrhoea or change in defecation noted. Shewas previously healthy

and incompletely vaccinated. She had a history of dietary indiscretion

and had been noted to chew on plantmaterial 4 days prior to presenta-

tion. Primary care laboratory testing revealed parvoviral antigen Snap
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test negative.a A complete blood count showed a neutrophilic leucocy-

tosis (neutrophils 25.49× 109/L, reference range 3–11.8× 109/L, total

white blood cells 30.32× 109/L, reference range 6–17× 109/L). Serum

biochemistry showed an mild elevation to glucose (6.9 mmol/L, ref-

erence range 3.3–6.1 mmol/L), phosphorous (0.48 mmol/L, reference

range 0.16–0.37 mmol/L), total calcium (0.67 mmol/L, reference range

0.48–0.61 mmol/L), alkaline phosphatase (260, reference range 20–

150 U/L) and amylase (1564, reference range 200–1200 U/L). There

was also noted to be a mild decrease in globulins (1.1 mmol/L, refer-

a CPVAntigen SNAP Parvo, IDEXX Laboratories,Westbrook,ME, USA.
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F IGURE 1 Ventrodorsal abdominal radiographwith soft tissue
mass effect highlighted by arrows in a 3- month-old BerneseMountain
dog treated for pancreatic torsion.

ence range 1.4–3.2 mmol/L) and blood urea nitrogen (0.33 mmol/L,

reference range 0.29–1.4). Abdominal radiographs performed at the

primary care veterinarian showed amild reduction in serosal detail and

a suspected soft tissue opacity mass effect cranial to the stomach on

the ventrodorsal view (Figure 1). Based on these findings, the patient

was referred to a local referral specialty emergency hospital for further

diagnostics and treatment.

Physical examshowedher tobebright, alert and responsive. Shehad

pale pink tacky mucous membranes and was estimated to be 5% dehy-

drated. She was panting and noted to have mild mid-cranial abdominal

discomfort on palpation without a focal mass effect palpable. There

was no diarrhoea noted during rectal exam and increased borborygmi

were noted on abdominal auscultation. Triage abdominal ultrasonogra-

phy showed scant effusion as expected for the patient’s age. A venous

blood gas analysis and electrolyte analysis showed a mild hypocapnia

(29.9 mmHg, reference range 30–47), low base excess (−5.2 mmol/L,

reference range −5.0 to 5.0), low sodium (139 mmol/L, reference

range 140–151) and low blood urea nitrogen (0.33 mmol/L, reference

range 0.29–1.4). There was an ionised hypercalcaemia (1.46, reference

range 1.13–1.42mmol/L). The packed cell volume and total solidswere

37% and 6.6 g/dL respectively. Prothrombin time and activated partial

thromboplastin timewere within normal limits.

Abdominal ultrasonography showed a 6 × 8 cm mixed echoic

partially fluid filled mass between the stomach and liver, caudally dis-

placing the stomach (Figure 2). The pancreas was evaluated and the

right limbwas noted to beminimally enlarged andhypoechoicwith sur-

rounding hyperechoic fat consistentwith inflammation. The left limbof

the pancreas was not able to be identified. All other structures were

ultrasonographically normal for the age of the patient. Based on these

findings, surgical exploration was recommended.

The patient was started on intravenous fluids (lactated ringers solu-

tion – LRSb) at a rate of 90 mL/kg/day and administered maropitant

citratec 1 mg/kg IV. After 6 h of rehydration and volume replacement,

the patient was premedicated with midazolamd 0.3 mg/kg, fentanyle

5 μg/kg, ketaminef 4 mg/kg IV. General anaesthesia was induced with

propofolg IV to effect (required 1.8 mg/kg to facilitate intubation). The

patient was intubated and maintained on 100% oxygen with sevoflu-

raneh gas inhalant anaesthesia. A transabdominal plane block under

ultrasonographic guidance (bupivacainei 1 mg/kg, ketamine 1 mg/kg,

dexmedetomidinej 1 μg/kg) was performed preoperatively for anal-

gesia (Campoy et al., 2022). During preparation for surgery, a single

dosage of glycopyrrolatek 0.02 mg/kg IV was administered once for

relative bradycardia. Perioperative antibiotic coverage was cefazolinl

22 mg/kg IV Q 90min under anaesthesia. In surgery, a single 10 mL/kg

bolus of LRSwas required for a transient mild hypotensive episode.

A routine 18 cm ventral midline celiotomy was performed, and the

falciform fatwas excisedwith electrosurgerym to aid exposure and sur-

gical manipulations. A mild volume of serosanguinous fluid was noted

within the abdomen and a 5 mm umbilical hernia was also identified.

The distal ⅔ of the left pancreatic limb was noted to be severely

engorged, firm and reddened (approximately 4 cm × 6 cm) (Figure 3).

There was an apparent torsion immediately proximal to this area

of the pancreas. Pancreatic tissue proximal to the torsion appeared

normal. The torsed left pancreaswasexcisedwitha ligasurevessel seal-

ing devicem as previously described (Wouters et al., 2011). No other

abnormalities were identified within the abdomen. The abdomen was

lavaged with 0.9% sterile salinen and closed with a routine 3 layer clo-

sure (linea albawith 0 polydioxanone,o subcutis and intradermal layers

with 3/0 poliglecaprone 25p). The umbilical hernia was repaired during

the primary abdominal closure. A nasogastric feeding tube was placed

during recovery due to concern for postoperative pancreatitis in the

remaining organ and to enable early enteral nutrition.

The patient recovered uneventfully from anaesthesia, postopera-

tive analgesia and anxiolysis provided with fentanyl CRI @ 3 μg/kg/h,
gabapentinq 100 mg PO Q8, trazodoner 75 mg PO Q8 as required.

The patient was continued on IV fluid therapy (LRS @ 90 mL/kg/day);

b Lactated Ringer’s Injection USP, Baxter, Deerfield, IL, USA.
c Maropitant citrate, Cerenia, Zoetis, Kalamazoo,MI, USA.
d Midazolam injection USP, Almaject Inc., Morristown, NJ, USA.
e Fentanyl citrate injection USP, Fresenius Kabi, Lake Zurich, IL, USA.
f Ketamine hydrochloride injection, Dechra Veterinary Products, Overland Park, KS, USA.
g Propofol injectable emulsion, Sagent Pharmaceuticals, Schaumburg, IL, USA.
h Sevoflurane USP, Lannett Company Inc, Philadelphia, PA, USA.
i Bupivacaine hydrochloride injection USP, Hospira Inc, Lake Forest, IL, USA.
j Dexmedetomidine Hydrochloride, Dexmesed, Dechra Veterinary Products, Overland Park,

KS, USA.
k Glycopyrrolate injection USP, Hikma Pharmaceuticals USA Inc., Berkeley Heights, NJ, USA.
l Cefazolin for injection, USP, Hikma Pharmaceuticals USA Inc., Berkeley Heights, NJ, USA.
m Covidien Ligasure 10 mm to 20 cm handpiece on a Covidien Valleylab Forcetriad Unit,

Medtronic, Minneapolis, MN, USA.
n 0.9% Sodium chloride irrigation USP, B Braun, Irvine, CA, USA.
o PDS*Plus Antibacterial, Polydioxanone suture, Ethicon, Raritan, NJ, USA.
p Monocryl* Poliglecaprone 25 suture, Ethicon, Raritan, NJ, USA.
q Gabapentin capsules USP, ACI Healthcare USA Inc, Coral Springs, FL, USA.
r Trazodonehydrochloride tabletsUSP,ZydusPharmaceuticals (USA) Inc, Pennington,NJ,USA.
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F IGURE 2 Ultrasonographic image of heterogeneousmass effect (highlighted by arrows), cranial to stomach (highlighted by circle) in a
3-month-old BerneseMountain dog treated for pancreatic torsion.

F IGURE 3 Markedly enlarged left pancreatic limb of a
3-month-old BerneseMountain dog treated for pancreatic torsion.
Arrow indicates engorged distal tip. Circle indicates proximal point of
torsion.

this was weaned to the calculated RER when hydration had improved

on physical exam. Prior to the commencement of nasogastric tube

feeding, the patient began to eat voluntarily. The gastric residual vol-

umes were noted to be minimal overnight, and no nausea, vomiting,

or diarrhoea were noted. The patient was transitioned to oral medica-

tions (maropitant citrates 30mg, gabapentin 100mg, trazodone75mg)

and discharged to the owners care 28 h postpresentation through the

emergency room.

Histopathology of the mass showed moderate to marked haem-

orrhage and oedema throughout the pancreas and peripancreatic

adipose tissue with occasional fibrin thrombi. In the most severely

affected areas, there was noted diffuse coagulative necrosis. Mod-

erately affected areas had multifocal coalescing areas of coagulative

necrosis. Few scattered neutrophils were noted with mild mesothelial

hypertrophy.Marked pancreatic and peripancreatic haemorrhagewith

pancreatic infarction were noted. No evidence of neoplasia, infection

or primary inflammatory disease was noted; the scant inflammation

was considered response to tissue necrosis. The haemorrhage and

necrosis were typical of infarction secondary to torsion.

The patient had no complications following discharge and was

reportedly normal 14 days postoperatively. The owner was con-

tacted 14 months postsurgery for long-term follow-up. The owner

reported she had been clinically well with no chronic gastrointesti-

nal clinical signs or difficulties in growth. Physical exam noted a body

condition score of 7/9 and no other clinically significant abnormal-

ities. A Texas A&M University Laboratory maldigestion profile was

submitted assessing trypsin-like immunoreactivity (TLI), pancreatic

s Maropitant citrate, Cerenia tablets, Zoetis, Kalamazoo,MI, USA.
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lipase immunoreactivity (pLI), serum cobalamin and serum folate to

evaluate for evidence of chronic pancreatitis or exocrine pancreatic

insufficiency. This yielded normal TLI/pLI indicating no long-term pan-

creatic inflammation or exocrine pancreatic dysfunction. The TLI was

21.2 μg/L, reference range 5.7–45.2 μg/L on a fasted sample, and

the pLI was 39 μg/L with a reference range of <200 μg/L. Normal

cobalamin and folate indicated no evidence of chronic enteropathy or

malabsorption.

2 DISCUSSION

To date, only a single case report describing the clinical findings and

surgical management of pancreatic torsion in a dog exists in the lit-

erature (Brabson et al., 2015). This is the first recorded case with

long-term follow-up of pancreatic function regarding this condition.

A torsion is a disorder whereby an organ undergoes axial rotation

about its long axis that often results in occlusionof the supplying vascu-

lature and subsequent ischaemic injury (Brabson et al., 2015). Volvulus

describes rotation of an organ around themesenteric root (Flores-Ríos

et al., 2015). The author chose to use torsion as opposed to volvulus

as this nomenclature is in keeping with the previously published vet-

erinary case report and is more anatomically correct as the rotation is

around the long axis rather than the mesenteric root (Brabson et al.,

2015; Flores-Ríos et al., 2015). In the human literature, both volvu-

lus and torsion have been used interchangeably to describe abnormal

rotation of the pancreas with subsequent ischaemia (Chevallier et al.,

2001; Colombo et al., 2020; Flores-Ríos et al., 2015; Priyadarshi et al.,

2013; Seif Amir Hosseini et al., 2019; Sheflin et al., 1984; Zimmermann

& Cohen, 2000). It is likely this inconsistency in nomenclature is due to

the relative infrequency of this condition causing a lack of consensus in

the literature. Furthermore, human pancreatic malpositioning is more

commonly associated with involvement of other abdominal organs

which may further confuse consistent nomenclature (Chevallier et al.,

2001; Colombo et al., 2020; Flores-Ríos et al., 2015; Priyadarshi et al.,

2013; Seif Amir Hosseini et al., 2019; Sheflin et al., 1984; Zimmermann

&Cohen, 2000).

In both this case and the previously reported case of pancreatic

torsion, the left limb of the pancreas was the affected limb (Brabson

et al., 2015). Anatomically the right limb of the pancreas is embedded

in the mesoduodenum and the central body is adjacent to the pylorus,

whereas the left limb lies within the greater omentum, with less con-

nective tissue attachment to surrounding anchored structures (Evans

&DeLahunta, 2013). The left limb still has someanatomic attachments:

the omentum and the vascular structures of the gastroepiploic, splenic

and small branches of the coeliac arteries (Evans & DeLahunta, 2013).

It is possible that the left limb of the canine pancreas is more suscep-

tible to torsion due to the reduced connective tissue when compared

to the mesoduodenal and pyloric attachments of the remainder of the

organ.

This degree of mobility likely both facilitates the torsion and allows

for the different imaging findings between the reported veterinary

pancreatic torsions. In the previous report, abdominal imaging showed

a soft tissue mass effect adjacent and caudal to the greater curvature

of the stomach displacing the ascending and transverse colon cau-

dally (Brabson et al., 2015). In the current case, the torsed pancreas,

detected as a mass effect, was located on the left side, cranial to the

stomach and caudal to the liver. Thismasswas unable to be definitively

linked with the pancreas ultrasonographically. Colour flow Doppler

may have been helpful to demonstrate a lack of blood flow within

the torsed pancreatic limb. Contrast-enhanced computed tomography

(CT) would have been useful in determining the organ of origin and

lack of blood flow in this case (Colombo et al., 2020; Priyadarshi et al.,

2013; Seif Amir Hosseini et al., 2019; Zimmermann & Cohen, 2000).

Contrast-enhanced CT was not performed in this case due to a combi-

nation of patient and logistic factors. There was poor CT availability on

the day of presentation, and it was viewed that CT would not alter the

owner’s decision to proceed with surgical exploration. Contrast CT is

the diagnosticmodality of choice and is utilised in themajority of acute

abdominal presentations in the human literature.

Pancreatic torsion (also referred to as pancreatic volvulus) has been

rarely reported in the human literature and is often associated with

splenic malpositioning (Colombo et al., 2020; Flores-Ríos et al., 2015;

Priyadarshi et al., 2013). This is likely due to anatomic differenceswhen

compared to the canine patient. The human pancreas is a single tailed

organwith the head anchored to themesoduodenumand tail affixed to

the splenic hilum (Standring, 2020). As such, the majority of reported

pancreatic torsions are secondary to splenic torsion or ‘wandering

spleen’ (Colomboet al., 2020; Flores-Ríos et al., 2015; Priyadarshi et al.,

2013; Seif Amir Hosseini et al., 2019; Sheflin et al., 1984; Zimmermann

& Cohen, 2000). It has also been reported secondary to other congen-

ital abnormalities such as hiatal hernia (Chevallier et al., 2001). This

closer association between the pancreatic tail and spleen in humans

may be why pancreatic torsion in the absence of other visceral organ

malpositioning has not been reported. In the human literature, there

is a biphasic presentation of this wandering spleen in young rapidly

growing children and women of child bearing age (Flores-Ríos et al.,

2015; Priyadarshi et al., 2013; Seif Amir Hosseini et al., 2019). It is sus-

pected that the ligamentous laxity in these groups predisposes them

to ‘wandering spleen’ and subsequent splenic and pancreatic torsion

(Flores-Ríos et al., 2015; Priyadarshi et al., 2013; Seif Amir Hosseini

et al., 2019). This rapid growth and ligamentous laxity may be why the

reported canine cases of pancreatic torsion have been young, rapidly

growing large andgiant breeds. This changeof abdominal domain could

be a risk factor for the development of this rare disorder in the canine

patient.

As the majority of partial pancreatectomies are performed for the

treatment of neoplastic conditions, there is limited information on

long-term outcomes for animals treated with partial pancreatectomy

(Buishand, 2022; Del Busto et al., 2020; Hixon et al., 2019; Trifonidou

et al., 1998). The majority of studies evaluate survival and prognosis

regarding the neoplastic cause for pancreatectomy (Del Busto et al.,

2020; Hixon et al., 2019; Trifonidou et al., 1998). There was a reported

10% mortality associated with pancreatectomy primarily reported in

a population of pancreatic malignancy (Wolfe et al., 2022). There is

a reported 10% incidence of postoperative pancreatitis in the acute
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phase and 24.2% reported vomiting (Hixon et al., 2019). In one 2020

paper, there was a 19% incidence of persistent diabetes mellitus fol-

lowing partial pancreatectomy for insulinoma in dogs (Del Busto et al.,

2020). This paper also demonstrated a 10% incidence of suspected

postoperative pancreatitis (Del Busto et al., 2020). To the author’s

knowledge, there is no literature reassessing exocrine pancreatic func-

tion or inflammatory markers longer term in canines. Reassessment

of the TLI/PLI, once the patient was fully grown, allows us to assess

for chronic inflammation or evidence of exocrine pancreatic insuffi-

ciency. In addition, the patient had no clinical signs such as polyuria,

polydipsia orweight loss consistentwith diabetesmellitus noted at any

point. It is likely that the reason for this normal pancreatic function-

ality is secondary to hypertrophy of the remaining pancreas following

the surgery; however, without histologic assessment of the remaining

pancreas, this cannot be proven.

Histologically the submitted pancreas was less severely necrotic

and inflamed when compared to previously reported pancreatic tor-

sion (Brabson et al., 2015). This is suspected to be due to the shorter

duration of clinical signs prior to presentation to the veterinarian (4

vs. 7 days), potentially indicating a more chronic torsion in the prior

case (Brabson et al., 2015). The prior case also had a moderate volume

sterile neutrophilic exudate, likely indicative of the greater necrosis

present histologically (Brabson et al., 2015). There was a small volume

of abdominal effusion present in the current case; however, this was

not deemed to be outside the acceptable normal range for a 3-month-

old puppy. This fluid was not sampled and an inflammatory effusion

cannot be ruled out.

The clinical presentation of pancreatic torsions has beennoted tobe

similar tomany other acute abdominal presentationswith clinical signs

of vomiting, abdominal pain and hyporexia. Pancreatic torsion should

be considered as a differential diagnosis in young large breed dogswith

a mass effect in the general area. Partial pancreatectomy for pancre-

atic torsion is a viable treatment with good outcomes. There was no

long-term pancreatic inflammation or exocrine dysfunction noted in

this case.
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