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Abstract

Arterial enhancement is the commonly described characteristic of canine insulino-

mas in contrast-enhanced computed tomography (CECT). However, this finding is

also reported as inconsistent. The main aim of this single-center retrospective obser-

vational study was to describe the contrast enhancement (CE) pattern of canine

presumed and confirmed insulinomas and presumed metastases in three consecu-

tive (early, mid, and late) arterial phases. Included dogs had a medical-record-based

clinical or cytological/histopathological diagnosis of insulinoma and quadruple-phase

CECT. The arterial phases were identified according to published literature. The arte-

rial enhancement of confirmed and presumed lesions was assessed using a visual

grading score. Twelve dogs with a total of 17 pancreatic nodules were analyzed. Three

dogs had multiple pancreatic nodules and nine had solitary findings. Four insulinomas

were histopathologically confirmed. Late arterial phase (LAP) images demonstrated

the largest number of pancreatic nodules reaching the highest enhancement scores

(n = 13, 76%). All analyzed dogs had CT evidence of arterially enhancing nodules in

the liver (n = 12), seven in the hepatic, splenic, or colic lymph nodes, and three in

the spleen. Three out of five sampled livers and three lymph nodes were metastatic.

All sampled spleens were benign. Avid arterial enhancement was the most dominant

feature of canine presumed and confirmed insulinomas and presumed metastases in

quadruple-phase CECT. The highest enhancement scores were observed primarily in

LAP, followed by MAP. Authors, therefore, recommend including LAP in the standard

CT protocol for dogs with suspected pancreatic insulinomas.
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1 INTRODUCTION

Diagnostic imaging findings, in combination with appropriate clinical

signs and serum biochemistry, are often used to reach a presumptive

diagnosis of insulinoma in dogs.1–5 Multiple modalities are employed

in the diagnosis of pancreatic tumors, including standard (US) and

contrast-enhanced ultrasonography (CEUS), contrast-enhanced com-

puted tomography (CECT), single-photon emission computed tomog-

raphy (SPECT), scintigraphy and MRI.6–8 CECT remains the most

widely used technique for the detection of canine insulinomas, provid-

ing comparable results to human medicine.9 Ultrasonography remains

operator dependent and its sensitivity is low in diagnosing indistinct

pancreatic nodules.1,7 Scintigraphy and SPECT as single modalities are

inferior to CECT and not commonly available.7,8,10 MRI has shown

good results in detecting canine insulinomas and their metastases but

it is often less available in veterinary medicine than CECT.6

Preoperative detection and localization of pancreatic insulinomas

are essential for surgical planning and successful resection of the

tumor.4,11 Exact localizationof pancreatic nodules also affects thedeci-

sion to perform open or laparoscopic surgery, whichmay becomemore

availablewith current technical advances.12,13 The laparoscopic access

is determined by the location of the tumor which in turn dictates sur-

gical positioning.12 Pancreatic vascular supply is exclusively arterial,

therefore late arterial and pancreatic phases have been reported to

provide the best contrast between normal pancreas and parenchy-

mal presumed lesions.14,15 The scanning speed of multidetector CT

(MDCT) scanners allows multiple arterial phases to be obtained after

a single dose of contrast medium. In the early arterial phase (EAP), the

contrast is not yet observed in the portal vein, whereas in the late arte-

rial phase (LAP, also called portal inflow phase), initial enhancement

of the portal vein and no or minimum hepatic parenchymal enhance-

ment are present.15–20 The difference between LAP and portal venous

phase (PVP) is that in PVP the portal vein, portal tributaries, and the

intrahepatic branches are fully enhanced, and the liver parenchyma

demonstrates a peak of CE.20 PVP is followed by the equilibrium phase

when both portal and hepatic veins, and the liver parenchyma are

homogenously enhanced.20 The pancreatic phase represents the con-

trast phase, between arterial and portal phases when peak pancreatic

enhancement occurs.14,21,22

CECT is widely used in many second opinion or referral veteri-

nary centers and has shown good sensitivity in the detection of canine

insulinomas.9,10,12,23 Triple-phaseCECTwas proven superior to single-

and double-phaseCECT in tumor localization for presurgical staging.12

Hyperattenuation in the arterial phase has been established as the

most common CECT characteristic of human and canine insulino-

mas and their metastases.15,17,18,23–25 However, more recent studies

reported mixed results in the detection of arterially hyperattenuat-

ing insulinomas and their metastases in CECT.7,9,10,12,15 Fukushima

et al. and Buishand et al. reported only 22.2% and 47.1%, respec-

tively, of arterially hyperattenuating insulinomas,whereas a later study

documented predominance of tumor detection in the arterial phase

.9,10,12

Considering the disparity in previous results, the aims of this study

were (1) to investigate the arterial CE pattern of canine confirmed and

presumed insulinomas and their presumedmetastases in three consec-

utive arterial phases and (2) to determinewhether one phasewasmore

helpful than others. We hypothesized that there would be a difference

in the conspicuity of pancreatic nodules and their presumedmetastatic

lesions depending on the arterial phase.

2 MATERIALS AND METHODS

2.1 Selection and description of subjects

This was a single-center retrospective clinical observational study. The

initial inclusion criterium focused on dogs with quadruple-phase CT

of the abdomen performed as described in detail below. The imag-

ing database at Queen Mother Hospital for Animals of the Royal

Veterinary College was searched for suitable cases between August

2018 and March 2022 using the DICOM “study description” tag

with the institutional DICOM viewer (eUnity, Mach7 Technologies

Canada Inc.) From all dogs with quadruple-CT images, the follow-

ing criteria were used for inclusion in the study: medical records

describing a clinical diagnosis of insulinoma, appropriate clinical signs

(e.g., lethargy, weakness, seizures), appropriate biochemistry findings

(persistent hypoglycemia and inappropriate hyperinsulinemia), appro-

priate imaging findings, and/or histopathology and/or cytology. Cases

with quadruple-CT images and no clinical diagnosis of insulinomawere

excluded. Institutional animal care and use approval was not obtained

due to the retrospective study design. Decisions regarding patient

inclusion or exclusion were reached by consensus by an ECVDI radi-

ology resident (A.S.) and an ECVDI-certified veterinary radiologist

(F.L.D.).

2.2 Data recording and analysis

The signalment (age, sex, breed, body weight), clinical signs, biochem-

istry, appearance of insulinoma and metastases in the CT, cytological

and histological results, and the time interval between imaging and

sampling were recorded by the second year ECVDI resident (A.S.).

Pre- and postcontrast abdominal CT images of the abdomen of the

included dogs were also reviewed by the radiology resident (A.S.) and

the arterial phaseswere characterized as early,middle, and late arterial

phases. Based on our review of the literature, this proposed classifi-

cation had not been described for veterinary patients. Therefore, the

following definitions were used in the current study (Figure 1A–D). In

the EAP, solely the hepatic arteries were opacified. A partial opacifica-

tionof thehepaticCVCwithnoor very faint contrast blush in theportal

vein (PV) was considered as the middle arterial phase (MAP). The LAP

was identified when clear inflow of contrast was observed in the PV at

the porta hepatis with increased opacification of the CVC compared

with MAP. All phases were characterized by marked enhancement of
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836 SKARBEK ET AL.

F IGURE 1 Transverse computed tomography images of a 10-year-old female neutered Labrador retriever illustrating; A, early (EAP); B, middle
(MAP); C, late (LAP) arterial phases; D, venous phase. Progressive opacification of caudal vena cava (+) is noted. In LAP, the portal influx of contrast
is observed in the portal vein (*). This is not observed inMAP. The arrow indicates progressive enhancement of the insulinoma graded as 0 in EAP, 2
inMAP, 3 in LAP, and 1 in venous phase. All images are displayed in soft tissue window (width: 400, level: 40), a slice thickness of 2.0mm.

the abdominal aorta. Median time to threshold-aortic enhancement,

interscan delays, median times to initiate each arterial phase, and

median scan duration per arterial phasewere retrospectively analyzed

based on the bolus graphs generated for each CT study.

The CT studies were first reviewed during a single session by a

radiology resident (A.S.) and an ECVDI-certified veterinary radiolo-

gist (F.L.D.), both of whom were aware of the clinical diagnosis. All

cases were separately analyzed by another ECVDI-certified veteri-

nary radiologist (V.F.L.), blinded to the previous observer assessments

but not the clinical diagnosis of insulinoma. The final interpretation

was reached by consensus of these three collaborators in a single

session.

All assessments were performed with the same DICOM viewer

(eUnity, Mach7 Technologies Canada Inc.) and a soft tissue window

(window width: 400, window level: 40). Transverse images were eval-

uated for all cases, with adjustable multiplanar reconstructions, if

necessary. The term “ metastasis” was used to describe arterially

enhancing foci identified in CT in organs other than the pancreas and

which were consistent with previously reported imaging criteria for

canine insulinomametastasis.9,17,25 For each pancreatic nodule or pre-

sumed metastatic lesion, the area with the highest enhancement was

graded, regardless of the dimensions or degree of heterogeneity. The

following data were recorded for each arterial phase: (1) presence and

number of the arterially enhancing pancreatic nodules (each nodule

was assessed individually); (2) visual grading score (VGS) of the CE of

each pancreatic presumed lesion on a 4-point subjective grading scale

(0, none/inconspicuous enhancement; 1, poor; 2, good; 3, excellent [the

subjectively strongest aortic enhancement in EAP, MAP, or LAP was

used as a reference for the “excellent” grade in the VGS]); (3) the loca-

tion of the pancreatic nodules (body, right or left pancreatic lobes) and

the agreement between CT and the surgical localization of pancre-

atic nodules; (4) presence, number and the same VGS of the arterially

enhancing lymph nodes, hepatic, and splenic presumed lesions. If more

than 50 avidly arterially enhancing hepatic nodules were identified, a

>50 cut-off was recorded. In the spleen, only clearly defined arterially

enhancing nodules were counted. The spleens with poorly-defined dif-

fuse contrast distribution were excluded, as inhomogeneous contrast

distribution may be normal in early phases.15,16 HU values were not

used for grading the CE of the presumed lesions since this study aimed

to test the practical clinical application of each arterial phase for the

detection of canine insulinomas and presumed metastases. The mean

radiation doses of the quadruple-phase CTswere recorded and subjec-

tively compared with the other routinely performed oncological (head,

neck, thorax, and abdomen) and dynamic (temporal acquisitions) intra-

venous urography studies at the same institution. The effective doses

(ED, mSv) were estimated based on dose length product (mGy*cm) and

conversion factors (k-factors) for the abdomen adapted from human

medicine, as described elsewhere.26
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All data were entered into a spreadsheet (Excel for Mac, ver-

sion 16.56, Microsoft) and initial descriptive analyses were performed

by the radiology resident (A.S.). Additional descriptive statistics of

the collected data were performed by the radiology resident (A.S.)

and ECVDI-certified veterinary radiologist (F.L.D.) using commercially

available software (SPSS IBM, New York, NY). The Mantel Haenszel

Chi-square test was used to test the relationship between the arterial

phase classification and VGS values.

3 RESULTS

3.1 Signalment

Twelve dogs were included in analyses. Breeds were as follows: cross-

breed (n = 4), Labrador retriever (n = 2), French bulldog (n = 2),

Yorkshire terrier (n = 1), Boxer (n = 1), Cocker spaniel (n = 1), Stan-

dard Poodle (n = 1). The median age was 10 years (range: 5–15) and

the median body weight was 27 kg (range: 8–32.1 kg). The group con-

sisted of neuteredmales (n= 6), neutered females (n= 5), and an intact

male (n = 1). All the dogs presented with hypoglycemia, inappropriate

hyperinsulinemia, abnormal mentation, lethargy, and weakness. Five

dogs presentedwith seizures.

3.2 Imaging techniques

The CT studies were performed under general anesthesia in three

dogs and under sedation in nine. The standard sedation protocols con-

sisted of intravenous administration of butorphanol (0.2–0.3 mg/kg,

Dolorex 10mg/mL,MSDAnimal Health) andmedetomidine (5mcg/kg,

Medetor 1 mg/mL, Virbac Limited). The anesthetic protocols var-

ied between patients and consisted of premedication (methadone

0.1 mg/kg, Synthadon 10 mg/mL, Animalcare Limited; and/or mida-

zolam 0.2 mg/kg, Hypnovel 10 mg/5 mL, Roche Products Ltd; and/or

butorphanol 0.2 mg/kg, Dolorex 10 mg/mL, MSD Animal Health)

and induction agents (alphaxalone 1 mg/kg, Alphaxalone Multidose

10 mg/mL, Jurox Animal Health; or propofol 1 mg/kg, PropoFlo Plus

10 mg/ml, Zoetis). The anesthesia was then maintained with a mixture

of volatile anesthetic agents in oxygen. The CTs images were acquired

in sternal recumbency with a 320-slice CT (Aquilion ONE-Genesis,

Canon Medical Systems, Japan) before and after contrast (2 mL/kg;

Omnipaque, 300 mg iodine/mL, GE Healthcare, UK) administration via

the cephalic vein using a pressure injector (Medrad Stellant CT dual

Injection System, BayerMedical Care B.V., the Netherlands). The imag-

ing protocol included three arterial and a venous phase (VP) with the

following settings: 120 kVp, slice thickness 2–3 mm, 0.8–1.4 pitch,

matrix size 512 × 512, a soft tissue/smooth reconstruction algorithm

and image field-of-view tailored individually. The mAs was individually

modulated, using SUREExposure™ software (Canon Medical Systems,

Otawara, Japan). A fixed injection duration (20 s)27 and bolus tracking

technique, triggered at 180Hounsfield units (HU) in the regionof inter-

est (aorta at the diaphragmatic hiatus) were used. The contrast flow

rates were adjusted according to the body weight based on previously

described protocols.27,28 The first images were obtained from cranial

to caudal immediately followed by the second and third arterial phases

obtained in caudal to cranial and cranial to caudal directions, respec-

tively. A 60-s delayed (from contrast injection initiation) postcontrast

phase was then acquired. The start and end locations for the arterial

phaseswere the diaphragmand pelvic inlet/coxofemoral joints, respec-

tively. The end location of the venous phase was set just caudal to the

perineum.

3.3 Description of pancreatic nodules and patient
outcome

A detailed description of number, location, and means of diagnosis and

sampling results for each patient is provided in Supporting information

S1. A total of 17 pancreatic nodules were assessed. Nine dogs had soli-

tary presumed lesions, two had three nodules each, and one dog had

two pancreatic nodules. All nodules demonstrated arterial enhance-

ment. The size, shape, and CT features of the pancreatic nodules were

variable and described as rounded, ovoid, or irregular, well to poorly

defined presumed lesions with heterogenous or homogenous arterial

CE.

In eight dogs the diagnosis was established based on a combina-

tion of clinical signs, biochemistry, and CT findings. Four dogs of the

total 12 dogs (three with solitary and one with two pancreatic nod-

ules, total n=5pancreatic nodules) underwent partial pancreatectomy

with histological confirmation of insulinomas. The distribution of the

pancreatic nodules in CT varied, but the majority were identified in

the body (n = 8), five in the right lobe and four in the left lobe of the

pancreas. From four surgical cases, the CT localization of four nodules

agreedwith the surgical findings. In one of the dogswith a solitary nod-

ule, CT localization was the pancreatic body but the tumor was found

in the left lobe of the pancreas in surgery.

Eight out of 12 dogs (two with confirmed insulinomas and six with

clinical diagnosis) improved after surgery and/or medical treatment

initiation. One dog suffered a fatal cardiac arrest whilst recovering

fromgeneral anesthesia after theCT scan.Onedogunderwent elective

euthanasia postdiagnosis. Two dogs developed postsurgical complica-

tions (severe acute pancreatitis and aspiration pneumonia) and were

euthanized 19 and 7 days after surgery, respectively.

3.4 Cytological/histopathological results of the
“metastatic” presumed lesions

Cytology and/or histopathology results of presumed metastases were

available for five dogs (Supporting information S1). The ultrasound-

guided sampling occurred immediately or within 2 days of the CT. One

dog underwent surgery and biopsies two weeks after imaging. Two of

four dogs that underwent surgery had surgical biopsies of the liver

and identified abnormal regional lymphnodes.Histopathologyof those

samples revealed benign hepatic disease for both cases andmetastatic
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TABLE 1 Visual grading scores of insulinomas in consecutive contrast phases.

Visual grading score
������������Contrast phases

None/inconspicuous

enhancement

(grade 0)

Poor contrast

enhancement

(grade 1)

Good contrast

enhancement

(grade 2)

Excellent contrast

enhancement

(grade 3)

EAP 11 (65%) 6 (35%) 0 0

MAP 0 1 (6%) 15 (88%) 1 (6%)

LAP 0 0 4 (24%) 13 (76%)

Venous phase 10 (59%) 7 (41%) 0 0

Note: Number of pancreatic nodules (n= 17) in each grading category across the different contrast phases according to the applied visual grading score.

Abbreviations: EAP, early arterial phase; LAP, late arterial phase;MAP, middle arterial phase.

splenic and hepatic lymph nodes, respectively. Three dogs with clini-

cal diagnosis of canine insulinomas had ultrasound-guided fine needle

aspirations (FNAs) of the identified hepatic nodules. The cytology from

all sampled hepatic presumed lesions revealedmetastatic insulinomas.

The cytology of the hepatic lymph node of one of those dogs also

revealed metastatic insulinoma. The cytology (n = 1) and histopathol-

ogy (n = 1) of the sampled splenic presumed lesions showed benign

processes. The cytologically or histopathologically confirmed lesions

mentioned above all demonstrated avid arterial enhancement.

3.5 Visual grading score of the pancreatic and
presumed metastatic lesions

The VGS values recorded for each of the pancreatic nodules in each

arterial and venous phase are presented in Table 1. The largest num-

ber of non-/inconspicuously enhancing nodules was identified in EAP

and the VP (65% and 59%, respectively). The largest number of nod-

ules reaching excellent CE was achieved in LAP (76%). In MAP, most

of the nodules (88%) scored good and only one (6%) reached excel-

lent CE. In both MAP and LAP, none of the nodules were graded with

none/inconspicuous enhancement. Conversely, none of the nodules

reached good or excellent CE in EAP or VP.

Arterial contrast enhancement characteristics previously reported

with metastasis12 and interpreted as possible metastases for the cur-

rent study were identified in 12 livers, 8 lymph nodes in 7 patients, and

3 spleens (Supporting information S1). CE of these presumed lesions

was similar to the pancreatic nodules with the tendency of increasing

enhancement toward LAP. In the liver, the presumed lesions presented

as multiple-rounded, poor to well-defined, avidly contrast-enhancing

nodules of variable sizes and locations in the hepatic parenchyma.

Six dogs had fewer than 10 nodules, four between 10 and 20, and

two dogs had more than 50 nodules. Eight arterially enhancing lymph

nodeswere recorded - three hepatic, three colic, and two splenic lymph

nodes. The affected lymph nodes were described as mildly enlarged.

TheVGSof thehepatic presumed lesions andenhancing lymphnodes in

each arterial andVParepresented inTable2 (Figures2A–Dand3A–D).

None/inconspicuously enhancing hepatic presumed lesions and lymph

nodes were identified only in EAP and VP. In those phases, none of the

presumed lesions reached excellent CE. The largest number of hepatic

presumed lesions and lymph nodes reaching excellent CEwas achieved

in LAP (59% and 50%, respectively). In MAP, most of the hepatic nod-

ules and lymph nodes reached good CE (50% and 40%, respectively).

In MAP and LAP, none of the presumed lesions were graded with

none/inconspicuous enhancement.

The possible relationships between the arterial phases and the

grading score in all three anatomical locations (pancreas, liver,

and lymph nodes) were tested using the Mantel Haenszel Chi-

square test. Despite the low numbers across the different possible

phases/scores/anatomical locations, a significant statistical correlation

(P < 0.001) was found for each location, indicating an association

between the consecutive arterial phases and the grading score, with

more “excellent” grades seen in late arterial phases on all three

anatomical locations.

In three cases, well-defined arterially enhancing presumed lesions

were identified as possible metastases in the spleen. Those presumed

lesions were not seen in precontrast images and EAP In MAP, two

spleens reached good enhancement whereas in the third dog, the pre-

sumed lesion was only poorly enhancing. The same proportions were

found in LAP (two spleens with good and onewith poor enhancement).

In the venous phases, two spleens were graded as poor and one as

none/inconspicuous CE.

3.6 Timings of contrast phases

The median time to threshold-aortic-enhancement from the start of

the injection was 23.5 s (range: 11.5–32 s). The median time delay

from reaching the 180HU threshold to the first arterial acquisition

was 3.75 s (range: 3–7 s) and the median interscan delay between

phaseswas 5.5 s (range: 3.1–8.3 s). These are dictated by themachine’s

hardware and software-related factors with an option of manual

adjustment. The median time to EAP, MAP, and LAP after initiation of

contrast administrationwas27 s (range: 14–36 s), 33 s (range: 23–44 s),

and 39.5 s (range: 30–54 s), respectively. The median scan duration of

each arterial phase was 2.5 s (range: 1.8−4 s).

In ten (83.3%) out of twelve dogs, the CT characteristics of the con-

secutive arterial phases corresponded with the proposed definitions.

In two dogs (16.6%), the timings of the arterial phases did not correlate

with the definitions. In one patient, the labeled VP corresponded with

LAP. In the other dog, the labeled MAP was compatible with LAP and

the LAPwith PVP.
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TABLE 2 Total number of presumedmetastatic livers (n= 12) and lymph nodes (n= 8) in each grading category and across themultiple phases
according to the applied visual grading score.

Number of cases in each grade������������Contrast phases

None/inconspicuous

enhancement

(grade 0)

Poor contrast

enhancement

(grade 1)

Good contrast

enhancement

(grade 2)

Excellent contrast

enhancement

(grade 3)

EAP Liver 9 (75%) 2 (17%) 1 (8%) 0

Lymph nodes 4 (50%) 3 (38%) 1 (12%) 0

MAP Liver 0 5 (42%) 6 (50%) 1 (8%)

Lymph nodes 0 1 (12%) 4 (40%) 3 (38%)

LAP Liver 0 1 (8%) 4 (33%) 7 (59%)

Lymph nodes 0 1 (12%) 3 (38%) 4 (50%)

Venous phase Liver 7 (59%) 4 (33%) 1 (8%) 0

Lymph nodes 8 (100%) 0 0 0

Abbreviations: EAP, early arterial phase; LAP, late arterial phase;MAP, middle arterial phase.

F IGURE 2 Transverse computed tomography images of a 10-year-old female neutered Labrador Retriever illustrating an example of the visual
grading of cytologically confirmed hepatic metastatic lesions of insulinoma (arrowheads). A, grade 1 in EAP; B, grade 2 inMAP; C, grade 3 in LAP; D,
grade 0 in the venous phase. All images are displayed in soft tissue window (width: 400, level: 40), slice thickness of 2.0mm.

3.7 Radiation dose

The estimated ED for the twelve patients (median: 30.9 mSv; range:

20.45–44.45 mSv) was lower than the estimated ED of dogs with

a similar body weight that underwent dynamic intravenous urogra-

phy (median: 54.38 mSv; range: 39.87–63.83 mSv) or a full body CT

(head, neck, thorax, and abdomen) for the Oncology service (median:

39.94mSv; range: 18.54–59.56mSv).

4 DISCUSSION

Based on our review of the literature, this is the first published study

describing CE patterns of confirmed and presumed canine insulino-

mas in three consecutive arterial phases. All obtained images were

of diagnostic quality and the scanning protocol allowed identifica-

tion and separation of the described arterial and venous contrast

phases. LAP provided excellent enhancement of the majority (76%)
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840 SKARBEK ET AL.

F IGURE 3 Transverse computed tomography images of a 10-year-old female neutered crossbreed dog illustrating an example of the visual
grading of a histopathologically confirmedmetastatic splenic lymph node (arrows). A, grade 0 in EAP; B, grade 2 inMAP; C, grade 3 in LAP; D, grade
0 in the venous phase. All images are displayed in soft tissue window (width: 400, level: 40), slice thickness of 2.0mm.

of pancreatic nodules and presumed metastatic lesions. MAP was the

second-best phase as nearly all insulinomas (88%) reached good CE,

whereas the presumed nodules were mainly indistinct from the pan-

creatic parenchyma in EAP and VP and some of them might have

gone unnoticed if not for the help of the concurrently displayed MAP

and LAP. Moreover, a statistically significant relationship was found

when testing the consecutive arterial phases and the higher enhance-

ment score across the three different tested anatomical locations, with

more excellent grades seen in late arterial phases. This agrees with

our hypothesis that one of the phases would be superior at detect-

ing the arterially enhancing presumed lesions. The results of this study

also agreewith the previously established arterial hyperattenuation of

canine insulinomas as themost commonCT feature.24

The lower incidence of arterial hyperattenuation described in pre-

vious studies could have resulted from various patient-, injection-, and

scanning-related factors since differentMDCTs, scanning, and contrast

injection protocols were used. Unlike pancreatic adenocarcinomas,

insulinomas are highly arterially vascular tumors, and therefore images

acquired during arterial or pancreatic phases typically clearly demar-

cate the lesions.17,24 Therefore, the progressive temporal arrival of

contrast to the pancreas can explain the increasing enhancement of

the presumed lesions toward excellent in LAP in 10/12 cases fitting the

authors’ definitions of EAP,MAP, and LAP.

The 320-row MDCT used in this study could routinely obtain

three diagnostic arterial phases with minimal, if any, respiratory

motion-related artifacts and supports the previous recommendation

of selecting a fixed injection duration technique as a reproducible

and less operator-dependent method of obtaining multiphasic post-

contrast images with good vascular conspicuity. The description of

three consecutive arterial phases is a novel addition to pancreatic

imaging. We used a combined subjective assessment of the enhance-

ment within the PV, CVC, and aorta at the level of porta hepatis to

distinguish the phases. Portal influx of contrast in LAP has been pre-

viously described as a normal finding, likely due to equal distribution

of contrast-enhanced blood within the aorta and cranial mesenteric

vein during the arterial phase.16,27 In veterinary and human literature

the pancreatic phase falls between the arterial and portal phases15

and is often defined by a 35–50 s scan delay, peak enhancement of

the pancreatic parenchyma, and visible enhancement of the cranial

mesenteric vein.10,19,21,24 This phase is then followed byPVP,when the

intrahepatic portal and hepatic veins are homogenously enhanced.20

In our study, the median times to reach MAP and LAP after initiation
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of contrast administration were 33 and 39.5 s, respectively, and

therefore the pancreatic phase may overlap or be equal to LAP, as

suggested in human medicine.17–19 Additionally, the temporal window

between LAP and the pancreatic phase may be too short and variable

to successfully obtain both phases in a single study. The enhancement

of the pancreatic parenchyma was not objectively quantified here,

thereforemore investigations are necessary to evaluate this further.

LAP may be more difficult to achieve in slower scanners or with

different contrast injection methods as it typically immediately pre-

cedes PVP. In our case, the median arterial scan delay for EAP after

time to aortic-threshold detection was 3.75 s, linked to table trans-

lation, but the acquisition was automatically triggered as soon as the

bolus tracking threshold was reached. As a result of our study, at

our institution, this interval to first arterial acquisition could be pro-

longed to 10–15 s for an insulinoma protocol when only LAP was

sought. A similar variation could be tested with other scanners if

the aortic threshold and the injection technique could be duplicated.

Our results demonstrated that MAP (median 33 s after initiation of

contrast administration) also provided adequate visualization of the

pancreatic nodules in most of the patients. Practitioners with differ-

ent MDCTs could therefore use those results as a guide to streamline

their scanning protocols. A protocol could be devised so that, even

with slower scanners, LAP (orMAP, depending onminimumscandelays

between acquisitions) and a delayed VP could be obtained, bypassing

PVP.

Patient-related factors, such as weight and cardiac output, are

important to consider when undertaking CECT.20,29 The temporal pat-

tern of CE is influenced by cardiovascular circulation, with cardiac

output being inversely correlatedwith arterial enhancement.15,28 Both

test-bolus and bolus tracking techniques are tailored to individual

patients; however, the test-bolus method is still operator dependent

and may not be ideal for fast scanners.27 At our institution, the con-

trast injection time is fixed at 20 s and the flow rate is then tailored to

body weight. Longer injection duration with lower injection rates can

trigger a later and lower aortic peak enhancement; however, this did

not decrease thequality of the images, regardless of thebodyweight, in

previous reports and in our study.27,28 Moreover, with a fixed-duration

injection protocol, most of the acquired arterial phases (83.3%) cor-

responded with the definitions proposed by the authors. Only two

dogs showed disparity between the labeled phases and the actual

features of the acquired images. This possibly resulted from physio-

logical patient-related factors. Previous reports describingCT features

of canine insulinomas used fixed-flow rates and/or variable injection

times, which could negatively influence the incidence of arterial hyper-

attenuating. In agreement with previous studies,16,26,27 the authors

recommendusing a fixed injection duration time of 20 s to obtainwider

bolus geometry and best vascular conspicuity in insulinoma CT pro-

tocols. In summary, the bolus tracking with fixed-injection-duration

technique allowed consistent acquisition of all desired arterial phases

providing arterial hyperattenuation of the insulinomas in all included

dogs and would be the recommended injection technique to use when

trying to apply the timings of the arterial phases from this study to

other CT scanners.

Similar to primary tumors, insulinoma metastases to the liver,

spleen, and local lymph nodes are also reported as hypervascular, and

thus arterial phases presumably provide the best contrast between

the lesions and the surrounding parenchyma.25 Since 45%–55% of

insulinoma cases have developed metastases at the time of pre-

sentation, identification of those lesions is an important prognostic

factor.1 Several studies described arterially enhancing lesions in the

liver and regional lymph nodes in dogs with insulinomas.9,10,12,23 Con-

firmed metastatic lesions in patients with insulinomas identified in

MRI shared a similar appearance as the primary tumors.6 Although

less uniform, the enhancement pattern of the confirmed and pre-

sumedmetastatic lesions in this study followed the tendency observed

for insulinomas. Most of the presumed lesions could be identified

both in LAP and MAP, showing good or excellent arterial enhance-

ment. The latter was observed mainly in LAP. In EAP and VP, the

hepatic presumed lesions were mainly non-/inconspicuously enhanc-

ing. A similar pattern was noted in the lymph nodes whereas in the

VP all of them were already inconspicuous. Lymphadenomegaly with-

out arterial enhancement was observed in two dogs. Due to absent

arterial enhancement, these lymph nodes were not included in the

descriptive part of the study; however, metastatic involvement can-

not be excluded. Sampling of those lymph nodes was not performed.

Definite diagnosis of metastasis requires cytological or histopatho-

logical confirmation. The CT appearance of confirmed malignant and

benign lesions was impossible to distinguish based on imaging fea-

tures alone. In humans, ultrasound-guided FNAs have been proven

effective for the diagnosis of neuroendocrine tumors.30,31 In our study,

only hepatic cytology from FNAs confirmed insulinoma metastases

whereas surgical biopsies diagnosed benign hepatopathies. This may

have resulted from improved precision when targeting focal presumed

lesions that may not be visible in surgery due to their deep location.

Similar to FNAs, surgical biopsies represent only a fractionof a sampled

organ, and lesions macroscopically indistinguishable from surrounding

parenchyma during surgical assessment may remain unnoticed. In this

study, noneof the sampled spleenswere found tobemetastatic. Benign

hypervascular hepatic and splenic lesions have been described.32–34

Splenic extramedullary hematopoiesis, hepatomas, hepatic lymphoid,

andnodular hyperplasiamaypresent as arterially enhancingnodules or

masses.32–34 Benign hepatic lesions showed contrast retention during

later CECT phases in a study.33 This was not observed with iden-

tified confirmed and presumed metastasis included in this study. A

recently published case series reported a sensitivity of 75% and 67%

for thedetectionof hepatic and lymphnodemetastases, respectively.12

In that study, only 8% of lymph nodes and 40% of livers with pre-

sumedmetastases on theCTdid not correspondwith histopathological

results. This is comparable with our study where the CT appearance

of all sampled confirmed metastatic lymph nodes and 3/5 (60%) liv-

ers with confirmed metastatic lesions agreed with pathology results.

Further investigations are necessary to better characterize metas-

tases of canine insulinomas, considering both arterially enhancing and

nonenhancing, abnormal organs.

Atypical insulinomas, which are iso- or hypoattenuating to the pan-

creatic parenchyma on contrast images, have been reported in human
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medicine.23,25,35 One report described a similar atypical appearance of

a histopathologically confirmed insulinoma in CEUS and CECT where

no CE was noted in any of the modalities.36 This was not observed in

our study, however, the lack of contrast enhancement in some insuli-

nomas reported elsewheremeans that the authors cannot exclude this

possibility.9,10 It is hoped that the careful evaluation of three consecu-

tive arterial phasesmay have limited the possibility of lack of detection

of presumed lesions enhancing at unusual timings. Further studies are

required to investigate the occurrence and incidence of atypical canine

insulinomas.

The main limitations of this study were the small sample size and

its retrospective nature. All the images were initially reviewed in a sin-

gle session by nonblinded observers; however, those results were later

compared with the analysis of a third investigator, blinded to the pre-

vious grading. The investigators could assess all the arterial phases

within a single window/hanging protocol, which could have influenced

the identification of the poorly enhancing presumed lesions in EAP

or VP. It is possible that fewer presumed lesions would have been

detected in those phases if the observers were initially blinded to the

results of MAP and LAP. The inter- and intra-observer agreements as

well as the sensitivity and specificity of the subjective visual scores for

the detection of presumed lesions were not statistically assessed, with

an agreement regarding the CE scores reached by consensus. Further

studies including objective assessment could be considered. Not all the

identified presumed lesions had cytological or histopathological con-

firmations of insulinoma or its metastases. Although definite diagnosis

can only be achieved by sampling, the provisional diagnosis, staging,

and treatmentof canine insulinoma relies chiefly on clinical data, serum

insulin concentrations, and diagnostic imaging.1 The scanning protocol

described in this study and the scanning area were not standardized

and differed slightly between patients. This may have affected the final

presentation of time-to-aortic threshold and consecutive scan delays.

The sedation or anesthetic protocols used were not analyzed in rela-

tion to patient-related factors affecting CE but all images were of

diagnostic quality without detrimental effects of respiratory motion.

Investigation of the influence of different anesthetic protocols and CE

of canine insulinomasmaywarrant further studies. Additionally, due to

the use of a fixed time 20 s injection protocol, the proposed definitions

of contrast phases do not fully correspond to the generic angiographic

definitions of arterial and venous phases linked to fixed injection rates

protocols. Lastly, all dogs presented herewere investigatedwith a 320-

row MDCT scanner which is not widely available for veterinary use.

The descriptions of the arterial phases were created retrospectively

which may cause slight disparity if similar results are sought prospec-

tively. Therefore, the results presented here should be tailored to each

institution individually.

In conclusion, our study supported previous publications in that

presumed and confirmed canine insulinomas and their metastases

(presumed and confirmed) showed arterial hyperattenuation in CECT

studies. In this study using a 320-slice MDCT, LAP followed by MAP

subjectively improved the detection of the presumed lesions. The

median time to reach MAP and LAP were 33 and 39.5 s after initia-

tion of contrast administration, respectively, using a 20 s fixed injection

duration protocol and the aortic threshold of 180 HU. The results

presented here could guide the optimization of insulinoma proto-

cols; however, the technical parameters should be considered before

a change of protocol is made. The authors recommend the inclusion

of LAP (and/or MAP) in the standard insulinoma protocol. Sole acqui-

sition of early arterial and/or venous phases risks misdiagnosis due

to very poor or absent CE of canine insulinomas and their presumed

metastases.
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