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Abstract

Background: Previous studies evaluating the accuracy of computed tomography

(CT) in detecting caudal vena cava (CVC) invasion by adrenal tumors (AT) used a

binary system and did not evaluate for other vessels.

Objective: Test a 7-point scale CT grading system for accuracy in predicting vascular

invasion and for repeatability among radiologists. Build a decision tree based on CT

criteria to predict tumor type.

Methods: Retrospective observational cross-sectional case study. Abdominal CT

studies were analyzed by 3 radiologists using a 7-point CT grading scale for vascular

invasion and by 1 radiologist for CT features of AT.

Animals: Dogs with AT that underwent adrenalectomy and had pre- and

postcontrast CT.

Results: Ninety-one dogs; 45 adrenocortical carcinomas (50%), 36 pheochromocyto-

mas (40%), 9 adrenocortical adenomas (10%) and 1 unknown tumor. Carcinoma and

pheochromocytoma differed in pre- and postcontrast attenuation, contralateral adrenal

size, tumor thrombus short- and long-axis, and tumor and thrombus mineralization. A

decision tree was built based on these differences. Adenoma and malignant tumors dif-

fered in contour irregularity. Probability of vascular invasion was dependent on CT grad-

ing scale, and a large equivocal zone existed between 3 and 6 scores, lowering CT

accuracy to detect vascular invasion. Radiologists' agreement for detecting abnormali-

ties (evaluated by chance-corrected weighted kappa statistics) was excellent for CVC

and good to moderate for other vessels. The quality of postcontrast CT study had a

negative impact on radiologists' performance and agreement.

Abbreviations: AT, adrenal tumor; CT, computed tomography; CVC, caudal vena cava; DICOM, Digital Imaging and Communications in Medicine; DOR, diagnostic odds ratio; HU, Hounsfield

unit; MPR, multiplanar reconstruction; PA, phrenicoabdominal; ROI, region-of-interest.
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Conclusions and Clinical Importance: Features of CT may help radiologists predict

AT type and provide probabilistic information on vascular invasion.

K E YWORD S

canine, carcinoma, CT, pheochromocytoma, thrombus

1 | INTRODUCTION

The most frequent malignant adrenal tumors (ATs) in dogs are adreno-

cortical carcinoma and pheochromocytoma.1-3 In this species, most

malignant ATs spread by both the hematogenous and lymphatic

routes.1 However, they tend to spread early by direct invasion of sur-

rounding structures, in particular, the adjacent veins.1 Extension of

the tumor into the phrenicoabdominal (PA) vein, renal vein or caudal

vena cava (CVC) is not unusual in dogs.4-6 This information is

extremely important for the surgeon to gain vascular control during

the adrenalectomy procedure5-12 and choose the appropriate surgical

technique (ie, open laparotomy, laparoscopic adrenalectomy, type of

venotomy).13,14 The presence, size and extent of the tumor thrombus

also may have an impact on prognosis.6,10 Major peri-operative com-

plications include sudden death, respiratory arrest, acute kidney injury,

hemorrhage, acute respiratory distress syndrome, regurgitation, pan-

creatitis, hypotension, and aspiration pneumonia. The peri-operative

major complication rate varies from 11% for adrenalectomy for small

ATs without vascular invasion12 to 24% for invasive ATs treated by

adrenalectomy and cavotomy, for experienced surgeons.11 Preopera-

tive knowledge of adjacent organ invasion, such as the kidney, is also

crucial for the surgeon because concurrent nephrectomy has been

associated with a guarded prognosis in some studies.8

Computed tomography (CT) is an accurate method for detection of

vascular invasion by malignant ATs,15-19 with reported sensitivity of 92%

and specificity of 100%.15 Furthermore, excellent agreement between

CT and pathology for vascular invasion has been demonstrated.16 In pre-

vious studies,15,16 the CT reading method to detect vascular invasion

was limited to the description of endoluminal thrombus with clear vascu-

lar invasion. However, the presence of streamlining artifacts and a del-

ayed acquisition after contrast administration may increase the difficulty

in thrombus assessment.17-19 Some ATs, because of their large size, may

be in contact with, compress, or occlude the adjacent vessels, making the

diagnosis of vascular invasion extremely difficult. Because the periopera-

tive complication rate is high, the use of improved preoperative CT tech-

nique and interpretation methods may be of value in more accurately

determining tumor invasiveness. In human medicine, CT grading systems

using point-scale methods have been developed to improve the accuracy

and efficiency of the radiologist in predicting vascular invasion or infiltra-

tion of adjacent tissues as reported in patients affected by pancreatic

ductal adenocarcinoma.20,21 The grading system has been proven to

have excellent agreement with surgery, histopathology and is well-

correlated to prognosis.20,21

Because the preoperative treatment and surgical approach differ

among AT types, knowing before surgery which tumor type is

involved (ie, adrenocortical adenoma, carcinoma, or pheochromocy-

toma) remains crucial.7,22 Therefore, our objectives were to evaluate

the agreement between a CT grading system and surgical exploration,

the accuracy of the CT grading system in predicting vascular invasion,

and the accuracy of CT criteria in predicting tumor type in patients

with ATs. Furthermore, we aimed to evaluate the agreement among

radiologists to test the repeatability of the CT grading system.

2 | MATERIALS AND METHODS

2.1 | Patient population

Dogs with AT were retrospectively enrolled in this multicenter study.

Inclusion criteria were pre- and postcontrast abdominal CT, adrenalec-

tomy within 1 week of the CT, and a detailed surgical report in the

database. Presence of a histopathological report was not an inclusion

criterion but was recorded if available. All identifiable data from the

medical records (dog identification, institution, histopathological diag-

nosis, results of surgical report) was deidentified and randomized for

evaluation.

2.2 | Image evaluation

The CT images were transferred to a workstation using commercially

available Digital Imaging and Communications in Medicine (DICOM)

imaging viewing software (Osirix MD v 9.0.1, Pixmeo SARL, Bernex,

Switzerland). Each CT study was anonymized, deleting sensitive infor-

mation from the metadata attached to the DICOM images. A single

radiologist independently evaluated each AT and its CT features.

The following variables were evaluated: (a) dimensions of each AT

obtained on multiplanar reconstruction (MPR) images: short axis (mm),

long axis (mm); (b) mean attenuation value on pre- and postcontrast

images (in Hounsfield units [HU]) using a region-of-interest (ROI) that

was manually drawn over the maximal area of tumor parenchyma on

transverse images (automatic circle), avoiding areas of mineralization

when present; (c) type of enhancement (homogeneous, heteroge-

neous, presence of rim enhancement); (d) presence of mineral foci;

(e) contours (smooth, irregular); (f) presence of hyperattenuating peri-

adrenal adipose tissue (yes or no); and, (g) presence of tumor rupture

(yes or no). Tumor rupture was defined as tumor fracture or spillage

with presence of peritumoral blood-attenuating fluid or material. The

maximal thickness of the caudal pole of the contralateral adrenal gland

also was recorded (in mm) using a previously described technique.23
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When a tumor thrombus was present, the following imaging fea-

tures were recorded: (a) dimensions obtained on postcontrast MPR

images: short and long axes (mm), (b) presence of mineral foci within the

tumor thrombus (yes or no), and (c) enhancement (homogeneous, hetero-

geneous). The long axis of the thrombus was measured as the length

from the most cranial part to the base of the thrombus in its intracaval

portion. The short axis was the maximal diameter of the tumor thrombus

in the vessel, perpendicular to the long axis of the thrombus.

2.3 | Grading system

The grading process for vascular invasion by the tumor was performed

by 3 radiologists. These 3 radiologists came from different clinical set-

tings (academic vs private practice), were trained at different centers,

and had variable clinical backgrounds. The radiologists' responses

were anonymized, and they were blinded from all of the following var-

iables: dog identity; surgical report; histopathological report; institu-

tion where the CT study was performed; brand, type, and number of

slices of the CT scanner; and, results of the other 2 radiologists. A

training session for the 3 radiologists was carried out before initiation

to explain the CT grading system.

A 7-point CT grading system for evaluation of vascular invasion was

used (Figure 1), inspired by a 3-point CT grading system used in human

medicine to evaluate pancreatic ductal adenocarcinoma.20,21 Grade 1 rep-

resents an absence of contact between the vessel and the mass as a layer

of adipose tissue identified in between. Grade 2 shows contact between

the 2 structures, affecting <90� of the circumference of the vessel. Grade

3 represents contact affecting >90� of the vessel with a concave aspect of

the tumor, encircling the vessel. Grade 4 depicts increased contact

between the structures, affecting >90� of the vessel, with a convex aspect

of the tumor against the vessel, the 2 structures having smooth regular

margins. In grade 5, the tumor also has a convex aspect against the vessel,

but the margins are irregular and ill-defined. Grade 6 represents compres-

sion of the vessel by the tumor, making it impossible to identify the con-

tact point. Grade 7 describes clear invasion of the vessel by the tumor.

Each radiologist graded the point of contact between the tumor

and the phrenicoabdominal (PA) vein, renal vein, CVC, aorta, and cra-

nial mesenteric artery, using a scale of 1 to 7. For each of these struc-

tures, the radiologist was asked to select which of the MPR plane had

been the most useful and pertinent to assess the grading of the point

of contact between the AT and the vessel. When an arterial phase

was available, the radiologist was asked to answer whether this phase

was useful in predicting vascular invasion. The visualization of hyper-

attenuating tissue in the mesenteric lymphatic network (surrounding

the cranial mesenteric and celiac artery roots) and presence of

enhancement of this tissue at the level of the tumor was recorded.

2.4 | Image quality

Presence of artifacts and their type also were recorded. The useful-

ness of the arterial phase was evaluated by each radiologist for

evaluation of potential endothelial invasion by the thrombus, for eval-

uation of the margins of the tumor, for evaluation of the enhancement

of the mesenteric lymphatic network and for evaluation of invasion of

adjacent organs. Each radiologist could evaluate the quality of the CT

study by providing a grade between 0 (insufficient) and 5 (excellent).

Results then were exported to a spreadsheet opened using a dedi-

cated program (Google sheet, Google LLC, Mountain View, California),

where no information about the institutions, radiologists, clients, and

dogs was present.

2.5 | Data analysis

Statistical analysis was performed using “R-4.0.5 for Windows” avail-

able under General Public license (R Core Team; 2013).24 The differ-

ences in frequencies of CT criteria (described in the material and

methods) between tumoral types were investigated. For variables

showing a Gaussian distribution (according to the D'agostino and

Pearson test), the parametric t-test was used, whereas the nonpara-

metric Kolmogorov-Smirnoff test was applied for non-Gaussian vari-

ables. The level of significance was set at .05. A multivariable analysis

of impact on the diagnoses of the entire set of variables was

investigated.

A decision tree algorithm25 was applied, identifying a threshold in

the continuous variables (as precontrast attenuation values or long

axis of thrombus) below and above which the probability of identify-

ing the type of tumor became significantly lower or higher compared

with the alternative diagnosis. In addition, the weight of the risk of

misclassification with a cost function representing the (probabilistic)

gain or loss associated with a wrong decision (ie, type I and type

2 errors) was evaluated.26 A wrong decision or wrong diagnosis cor-

responded to a false decision or diagnosis compared to the final histo-

pathological report, a disagreement between the radiologist's

diagnosis and the final histopathological report. In addition to generat-

ing an easy guide for the radiologist's diagnoses to minimize the risk-

cost function, a sequence of rules (type IF, THEN) was presented as

supplementary output of the decision tree the output of which was

not easily used.

The quality of results of the decision tree was closely correlated

with the reliability of input data (ie, the diagnoses of the radiologists).

The reliability of radiologist judgments was evaluated by calculating sen-

sitivity, specificity, positive predictive value (PPV), negative predictive

value (NPV), diagnostic odds ratio (DOR) and accuracy in predicting vas-

cular invasion on CT compared with the surgical report for each radiolo-

gist and for selected vessels. Diagnostic odds ratio is a measure of the

effectiveness of a diagnostic test. It is defined as the ratio of the odds of

the test being positive if the subject has the disease relative to the odds

of the test being positive if the subject does not have the disease. The

interobserver agreement among radiologists for vascular invasion detec-

tion with the surgical report was calculated using chance-corrected

weighted kappa (κ) statistics: κ < 0.20 was considered to indicate poor

agreement, κ of 0.20 to 0.39 fair agreement, κ of 0.40 to 0.59 moderate

agreement, κ of 0.60 to 0.79 good agreement, and κ ≥ 0.80 excellent
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agreement. The level of significance was set at .05. Both linear and qua-

dratic weight were used with no significant differences in the results.

To investigate the role of intermediate evaluation (ie, grades

ranging from 3 to 6), the Bayes' theorem was followed to examine

to what probabilistic extent the presence of a given grade was a

sign of the presence of invasion. In other words, we answered the

question, “What is the probability of observing invasion of the CVC

if a grade 3, or 4, 5, 6 (intermediate, uncertain answer) has been

formulated by a radiologist?”. Bayes' theorem is a powerful method

for addressing so-called “inverse problems” by using evidence to

F IGURE 1 Illustration (A) and table (B) representing the grades of vascular invasion by the adrenal tumor
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update the probability of each possible cause. In our study, the evi-

dence was a given grade, and the cause was the presence or

absence of invasion. The same Bayes' theorem was applied for mes-

enteric and aortic adherence (presence and enhancement of lym-

phatic network). In the above context, we referred to “pure Bayes'

theorem,” which is the correct formula to determine the conditional

probability of a given cause, hence the framework is probability

theory in its basic formulation, not classification procedures that

are usual in expert systems, such as Bayesian learning or naïve

Bayes classifier.

3 | RESULTS

3.1 | Patient population

One-hundred dogs were recruited for the study. Nine cases were

excluded because of incomplete CT studies or lack of a surgical report.

From these 91 included cases, 90 had histopathological analysis avail-

able. They came from 6 different centers (2 university teaching hospi-

tals and 4 private practices).

3.2 | Tumor type and vascular invasion

There were 39 tumors involving the right adrenal gland (43%) and

52 involving the left (57%). There were 45 adrenocortical carcinomas

(50%), 36 pheochromocytomas (40%) and 9 adrenocortical adenomas

(10%). On surgery, we observed 37 tumor thrombi invading the CVC

(40%); 22 originating from a pheochromocytoma (61%), 14 from an

adrenocortical carcinoma (39%) and 1 from a tumor for which the his-

topathological analysis was not available. Six renal veins (by 3 adreno-

cortical carcinomas and 3 pheochromocytomas) and 43 PA veins

(by 18 adrenocortical carcinomas, 24 pheochromocytomas and 1 from

the tumor for which the histopathological analysis was not available)

were invaded.

At surgery, adherence was observed between 11 tumors and the

aorta, and 24 tumors and the cranial mesenteric artery.

3.3 | Morphologic and dimensional features

Adrenocortical carcinoma and pheochromocytoma differed in their

pre- and postcontrast mean attenuation values, for the size of the

contralateral AG, the short and long axes of the tumor thrombus

when present, the presence of mineralization in the tumor, and in

the thrombus (Table 1). In particular, pheochromocytoma had

higher mean precontrast and postcontrast attenuation values com-

pared to carcinoma. Pheochromocytoma had larger and longer

tumor thrombus compared to carcinoma. Pheochromocytoma and

the associated tumor thrombus were less frequently mineralized

compared to carcinoma. Adrenocortical adenoma and carcinoma had

lower mean size of contralateral adrenal gland compared to pheochro-

mocytoma. Adrenocortical carcinoma and pheochromocytoma dis-

played irregular contours more frequently compared to adrenocortical

adenoma.

Dimensions of the tumors and thrombi, contralateral AG, and

attenuation values of the tumors are reported in Table 1. The CT fea-

tures of the tumors and thrombi are reported in Table 2.

3.4 | Tumor type prediction

A decision tree method was employed to predict tumor type and the

application to our data gave the results illustrated in Figure 2 and

presented in Table 3. Because of a lack of a substantial number of

adrenocortical adenomas, the analysis was only performed for carci-

noma and pheochromocytoma. Thus, as an example, a tumor

TABLE 1 Mean and median (long-
axis dimensions of the tumor and
thrombus) dimensions of each tumoral
type, with their respective SD and range
(minimum-maximum)

Adenoma Carcinoma Pheochromocytoma

Mean ± SD

Short axis dimension (mm)

23 ± 7 28 ± 13 25 ± 11

Median (min-max)

Long axis dimension (mm)

32 (18-48) 38 (19-110) 38 (19-73)

Mean ± SD

Precontrast attenuation (HU)

40 ± 18 35 ± 8a 48 ± 15a

Mean ± SD

Postcontrast attenuation (HU)

96 ± 42 90 ± 27b 115 ± 25b

Mean ± SD

Size of contralateral AG (mm)

6 ± 2c 6 ± 2d 7 ± 2cd

Mean ± SD

Short axis of the thrombus (mm)

– 8 ± 4e 15 ± 8e

Median (min-max)

Long axis of the thrombus (mm)

– 17 (5-38)f 44 (6-270)f

Note: The level of significance was set at .05. Superscript of the same letter indicate significant difference

between two tumoral types.

Abbreviations: AG, adrenal gland; HU, Hounsfield unit.
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demonstrating a precontrast attenuation value <39 HU, with vascular

invasion and a thrombus with a long axis dimension <49 mm has a

probability of 97% of being an adrenocortical carcinoma and it is asso-

ciated with almost 32 times the risk of a wrong diagnosis (ie, to be

identified as a pheochromocytoma). A tumor with a precontrast atten-

uation value >48 HU has a 95% probability of being a

pheochromocytoma. An equivocal zone was identified, in which the

precontrast attenuation value is between 39 and 48 HU and where

the size of the contralateral adrenal gland can help discriminate

between the 2 types of tumor, but with a lower level of probability

(70%-80%). The CT characteristic features for adrenocortical carci-

noma and pheochromocytoma are provided in Figures 3 and 4.

F IGURE 2 Decision tree obtained based on CT criteria differentiating pheochromocytoma from adrenocortical carcinoma. A tumor
demonstrating a precontrast attenuation value <39 HU and a thrombus with a long-axis dimension <49 mm has a probability of 97% to represent
a carcinoma and associated with almost 32 times the risk of a wrong diagnosis, that is, pheochromocytoma based on histopathological report. A
tumor demonstrating a precontrast attenuation value >48 HU has a probability of 95% to represent a pheochromocytoma. Note the gray zone
where the precontrast attenuation value is in between 39 and 48 HU and where the size of the contralateral AG can help discriminate the two
types of tumor but with a lesser level of probability (70%-80%) in absence of vascular invasion

TABLE 2 Number of cases observed
of selected imaging features for each
tumoral type

Adenoma Carcinoma Pheochromocytoma

The tumor itself

Heterogeneous enhancement 9 40 29

Presence of a peripheral rim enhancement 4 21 16

Presence of mineral foci within the tumor 4 25a 6a

Irregular contours 3bc 31b 29c

Presence of hyperattenuating adjacent

adipose tissue

1 13 13

Evidence of tumor rupture 0 7 4

The thrombus

Presence of mineral foci within the thrombus 0 6e 3e

Homogeneous enhancement of the thrombus 0 6 10

Note: The level of significance was set at .05. Superscript of the same letter indicate significant difference

between two tumoral types.

718 PEY ET AL.



3.5 | General performance of the 7-point scale CT
grading system

Comparison of the performance of each radiologist with the evalua-

tion of the surgeon (gold standard) for selection of vessels using the

7-point scale CT grading system is depicted in Table 4. For example,

the sensitivity in the diagnosis of CVC invasion ranges from 91% to

97% and the specificity between 70% and 86%, depending on the

radiologist, with an excellent DOR, ranging from 29 to 141. The sensi-

tivity in the diagnosis of renal vein invasion was less accurate, ranging

F IGURE 3 Transverse postcontrast CT images of seven different adrenal tumors (T) illustrating the 7 different scores according to the 7-point
scale CT grading system. The vessel is depicted by the letter V. Grade 1 represents an absence of contact between the vessel and the mass as a layer of
adipose tissue is identified in between. Grade 2 shows contact between the two structures, affecting less than 90� of the vessel. Grade 3 represents
contact affecting more than 90� of the vessel with a concave aspect of the tumor, encircling the vessel. Grade 4 depicts increased contact between the
structures, affecting more than 90� of the vessel, with a convex aspect of the tumor against the vessel, the two structures having smooth regular
margins. In grade 5, the tumor also has a convex aspect against the vessel; however, the margins are irregular and ill-defined. A grade 6 represents a
compression of the vessel by the tumor making it impossible to identify the contact point. Grade 7 describes a clear invasion of the vessel by the tumor

TABLE 3 Set of rule of thumbs associated with the decision tree

Rule number Condition 1 Condition 2 Condition 3 Probability CARC Probability PHEO ODDS CARC

No evidence 45% 55% 0.82

1 PCAT ≤ 39 91% 9% 10.11

1.1 PCAT ≤ 39 LAOT ≤ 49 97% 3% 32.33

1.2 PCAT ≤ 39 LAOT > 49 0% 100% –

1.1.1 PCAT ≤ 39 LAOT ≤ 49 TURU “No” 100% 0% Inferior

1.1.2 PCAT ≤ 39 LAOT ≤ 49 TURU “Yes” 83% 17% 4.88

100% Inferior

2 <39 PCAT ≤ 48 48% 52% 0.92

2.1 <39 PCAT ≤ 48 SICO ≤ 6 82% 18% 4.56

2.2 <39 PCAT ≤ 48 SICO > 6 28% 72% 0.39

2.1.1 <39 PCAT ≤ 48 SICO ≤ 6 LAOT ≤ 28 100% 0% Inferior

2.1.2 <39 PCAT ≤ 48 SICO ≤ 6 LAOT > 28 0% 100% –

48% 52% 0.92

3 PCAT > 48 5% 95% 0.05

Abbreviations: CARC, carcinoma; LAOT, long axis of the thrombus; PCAT, precontrast attenuation; PHEO, pheochromocytoma; SICO, size of contralateral

adrenal gland; TURU, tumor rupture.
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from 60% to 88% and the specificity ranged between 14% and 31%,

depending on the radiologist, with a fair DOR of 17. Illustration of

each grade by CT images is provided in Figure 3.

3.6 | Agreement among radiologists using the
7-point scale CT grading system

The agreement among radiologists for each vessel is reported in

Table 5. The radiologists' agreement was excellent for the CVC and

good to moderate for the other vessels.

3.7 | Evaluation of intermediate grades 3, 4, 5, and
6 of the 7-point scale CT grading system and probability
of invasion of a given vessel for a given radiologist

Radiologists performed well when there was clear invasion (grade 7)

or clear absence of invasion (grades 1 and 2) of the vessels. However,

in the intermediate grades (ie, from 3 to 6 of the 7-point scale CT

grading system), corresponding to a level of uncertainty, a marked

decrease in the DOR was observed for the 3 radiologists. Bayes' theo-

rem was applied to answer the question “What is the probability of

observing invasion in the CVC if only a grade 3 (intermediate, uncer-

tain answer) or a combination of intermediate grades had been formu-

lated by a radiologist?” Table 6 shows the Bayes' posterior probability

for each intermediate grade and for each vessel for the radiologist

who performed best. Column “3456” is a combined measure and

shows the posterior probability if a grade 3, 4, 5, or 6 was given. The

probability of observing during surgery invasion into the CVC, the

phrenicoabdominal vein or the renal vein was 85%, 84%, and 81%,

respectively, if a grade 3, 4, 5, or 6 was given. The probability of

observing during surgery an adhesion to the aorta or cranial mesen-

teric artery was 87% and 88%, respectively, if a grade 3, 4, 5, or 6 was

given. Regarding the presence of adhesions with the mesenteric

artery or aorta based on presence or absence of visualization of the

mesenteric lymphatic tissue and presence or absence of its enhance-

ment, the posterior probability of correct grading (ie, both for

F IGURE 4 Postcontrast computed tomographic images of a pheochromocytoma invading the left adrenal gland in a 13-year-old Jack Russell Terrier.
(A) Transverse postcontrast CT image illustrating the heterogeneously contrast enhancing tumor (white large arrowhead) deforming the contours of the left
adrenal gland that is no longer recognizable A voluminous tumor thrombus (white small arrowhead) is seen invading the caudal vena cava (*) through the left
phrenicoabdominal vein. (B) Sagittal multiplanar reformatted image illustrating the length of the tumor thrombus (small white arrowheads) in the caudal vena
cava (*) and its continuity with the tumor (large white arrowhead). (C) Dorsal multiplanar reformatted image showing the close contact between the tumor
(large white arrowhead) and the cranial mesenteric artery (white arrow). Note the contrast enhancement of the tumor thrombus that is similar to the main
tumor. (D) Transverse multiplanar reformatted image showing the tumor encircling the abdominal aorta (#) and in close contact with the left renal vein

(white arrow) without invading it. The cleavage between the tumor (large white arrowhead) and those structures is depicted by the black dotted line
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presence and absence of adhesions) is presented in Table 7. The prob-

ability of observing adhesions during surgery with the mesenteric

artery was 16% when mesenteric lymphatic tissue was observed and

52% when not observed.

3.8 | Image quality

The transverse images were judged as the most useful to assess vas-

cular invasion for the CVC and the PA vein. The transverse and dorsal

MPR images were the most useful planes to evaluate the renal vein,

and transverse and sagittal MPR images were the most relevant for

the aorta and cranial mesenteric artery. The median quality of the CT

studies evaluated by the 3 radiologists was 4.1/5 (range, 1-5). The

main technical limitations of the CT studies with a low grade were the

presence of streamlining artifacts mimicking an intracaval filling defect

or hampering its correct visualization when present, an insufficient

amount of contrast medium, a delayed acquisition after contrast

administration, or thick collimation (>2.5 mm) providing inferior MPR

images with lack of isotropism. For 35/91 dogs, no arterial acquisition

phase had been performed. According to the 3 radiologists, the arte-

rial phase rarely was useful to assess vascular invasion. The main

reported advantage of having an arterial phase was better delineation

of the tumor margins, improving the visualization of the contact point

with adjacent vessels.

4 | DISCUSSION

We identified CT features that help the radiologist in predicting the

histopathologic type of AT and in providing probability of invasion of

adjacent vessels. Preoperative imaging evaluation of AT should

include morphology of the tumor,13,22 its relationship with the adja-

cent vessels,5,13 and peri-adrenal extension.

Several tumor characteristics were useful to predict tumor type.

As already predicted by other studies, adrenocortical carcinomas

seemed to present with lower precontrast CT attenuation values.13,22

This finding may be because of more parenchymal necrosis associated

with this tumoral type27-29 or more intraparenchymal hemorrhage in

pheochromocytomas.27 Adrenocortical carcinomas also were reported

previously to rupture more frequently compared to pheochromocyto-

mas, which was confirmed in our study.15 Pheochromocytomas also

were rarely mineralized, and this finding was also consistent with pre-

vious reports.15,30 Interestingly, we observed longer thrombi associ-

ated with pheochromocytoma. Not surprisingly, irregularity of the

contours of the tumors also seemed an interesting criterion to predict

malignancy because a statistically significant difference was observed

between adrenocortical adenomas and carcinomas or metastatic

pheochromocytomas. This difference may be explained by the fact

that malignant tumors are known to invade the capsule which may be

a histopathological criterion to predict malignancy.27-29

Integrating several criteria such as the propensity for adrenocorti-

cal carcinomas to rupture, to have lower precontrast CT attenuationT
A
B
L
E
4

C
o
m
pa

ri
so
n
o
f
th
e
pe

rf
o
rm

an
ce

o
f
ea

ch
ra
di
o
lo
gi
st

w
it
h
th
e
su
rg
er
y
(G
o
ld
en

st
an

da
rd
)f
o
r
a
se
le
ct
io
n
o
f
ve

ss
el
s
an

d
o
rg
an

s/
ti
ss
ue

s
u
si
n
g
th
e
7
-p
o
in
t
sc
al
e
co

m
p
u
te
d
to
m
o
gr
ap

hy
gr
ad

in
g
sy
st
em

R
ad

A
cc
ur
ac
y

Se
Sp

P
P
V

N
P
V

T
P
R

FP
R

T
N
R

FN
R

LR
+

LR
�

D
O
R

S(
D
O
R
)

z
P
va

lu
e

C
V
C

1
8
2
%

9
1
%

7
4
%

7
7
%

7
7
%

9
1
%

2
6
%

7
4
%

9
%

3
4
9
%

1
2
%

2
9

0
.6
2
2

5
.4
1
4

0
.0
2
2

2
8
1
%

9
7
%

7
0
%

7
0
%

7
9
%

9
7
%

3
0
%

7
0
%

3
%

3
2
3
%

4
%

8
6

1
.0
5
7

4
.2
1
1

0
.0
2
1

3
9
1
%

9
6
%

8
6
%

8
9
%

7
8
%

9
6
%

1
4
%

8
6
%

4
%

6
7
1
%

5
%

1
4
1

0
.8
4
6

5
.8
5

0
.0
1
4

R
en

al
ve

in
1

8
8
%

9
7
%

3
1
%

8
9
%

2
9
%

9
7
%

6
9
%

3
1
%

3
%

1
4
1
%

8
%

1
7

0
.9
3
5

3
.0
2
3

0
.0
4
7

2
6
0
%

1
0
0
%

1
4
%

5
8
%

3
8
%

1
0
0
%

8
6
%

1
4
%

0
%

1
1
7
%

0
%

N
A

N
A

N
A

N
A

3
8
8
%

9
7
%

3
1
%

8
9
%

2
9
%

9
7
%

6
9
%

3
1
%

3
%

1
4
1
%

8
%

1
7

0
.9
3
5

3
.0
2
3

0
.0
4
7

P
A
ve

in
1

6
0
%

8
7
%

5
5
%

2
8
%

8
1
%

8
7
%

4
5
%

5
5
%

1
3
%

1
9
4
%

2
4
%

8
0
.7
9
4

2
.6
2
4

0
.0
7
3

2
5
9
%

9
2
%

5
4
%

2
3
%

8
1
%

9
2
%

4
6
%

5
4
%

8
%

2
0
1
%

1
5
%

1
3

1
.0
6
9

2
.4
1

0
.0
6
4

3
5
8
%

9
1
%

5
4
%

2
1
%

8
1
%

9
1
%

4
6
%

5
4
%

9
%

1
9
7
%

1
7
%

1
2

1
.0
7
3

2
.2
8
7

0
.0
7
1

N
ot
e:
T
he

va
ri
ab

le
s:
A
o
rt
a
an

d
C
ra
ni
al
M
es
en

te
ri
c
ar
te
ry

ar
e
no

t
in
cl
u
de

d
as

no
t
en

o
ug

h
po

si
ti
ve

ca
se
s
w
er
e
o
bs
er
ve

d,
fa
ls
if
yi
ng

th
e
st
at
is
ti
ca
la
na

ly
si
s.

A
bb

re
vi
at
io
ns
:C

V
C
,c
au

da
lv

en
a
ca
va
;D

O
R
,d

ia
gn

o
st
ic
o
dd

s
ra
ti
o
=

LR
+
/L
R
�;

F
N
R
,f
al
se

ne
ga
ti
ve

ra
te
;F

P
R
,f
al
se

po
si
ti
ve

ra
te
;L

R
�,

ne
ga
ti
ve

lik
el
ih
o
o
d
ra
ti
o
=

F
N
R
/T

N
R
;L

R
+

,p
o
si
ti
ve

lik
el
ih
o
o
d

ra
ti
o
=

T
P
R
/F

P
R
;N

A
,n

o
t
ap

pl
ic
ab

le
(in

de
x
no

t
ca
lc
ul
ab

le
du

e
to

la
ck

o
f
po

si
ti
ve

o
r
ne

ga
ti
ve

as
si
gn

m
en

ts
(z
er
o
s)
;N

P
V
,n

eg
at
iv
e
pr
ed

ic
ti
ve

va
lu
e;

P
A
,p

h
re
n
ic
o
ab

d
o
m
in
al
;P

P
V
,p

o
si
ti
ve

p
re
d
ic
ti
ve

va
lu
e;

R
ad

,

ra
di
o
lo
gi
st
;S

e,
se
ns
it
iv
it
y;

Sp
,s
pe

ci
fi
ci
ty
;T

N
R
,t
ru
e
ne

ga
ti
ve

ra
te
;T

P
R
,t
ru
e
po

si
ti
ve

ra
te
.

PEY ET AL. 721



value and present with a shorter tumor thrombus, a decision tree

was developed. This probabilistic method can help the radiologist

in differentiating adrenocortical carcinomas and pheochromocyto-

mas, in the absence or presence of laboratory and clinical informa-

tion, which is crucial information for the internist, anesthetist and

surgeon involved in therapeutic planning.7,22 Unfortunately, adre-

nocortical adenomas had to be excluded because only 9 cases were

present in the study population, and including them in the

probabilistic tree would have decreased the discriminatory power

of the algorithm.

We based our algorithm on precontrast CT attenuation values

obtained from AT tissue. This choice was made because the study

was a multicenter study with different protocols of administration of

contrast medium. The dose of contrast medium and the timing of

postinjection CT scanning are known to be the main determinants of

peak attenuation for the adrenal gland in healthy dogs.31 Therefore,

TABLE 5 Table depicting the radiologists' agreement

ICC single ICC average Weighted K Low CI High CI

CVC 1 vs 2 0.941 0.97 0.939 0.883 0.995

2 vs 3 0.912 0.954 0.905 0.821 0.989

1 vs 3 0.888 0.941 0.887 0.796 0.978

Renal vein 1 vs 2 0.689 0.816 0.613 0.482 0.744

2 vs 3 0.602 0.752 0.52 0.365 0.675

1 vs 3 0.62 0.765 0.617 0.459 0.775

PA vein 1 vs 2 0.608 0.756 0.583 0.449 0.717

2 vs 3 0.502 0.669 0.5 0.332 0.667

1 vs 3 0.473 0.642 0.443 0.275 0.611

Aorta 1 vs 2 0.737 0.849 0.737 0.576 0.898

2 vs 3 0.688 0.815 0.682 0.506 0.857

1 vs 3 0.446 0.617 0.442 0.216 0.668

Cranial mesenteric artery 1 vs 2 0.52 0.684 0.516 0.364 0.667

2 vs 3 0.663 0.798 0.644 0.499 0.79

1 vs 3 0.545 0.705 0.541 0.446 0.637

Agreement Excellent Good Moderate

Note: Comparisons are made for pairs of radiologists and for each variable. Green color refers to excellent agreement, yellow color, to good agreement and

red color, to moderate agreement.

Abbreviations: ICC average, intraclass correlation coefficient between average scores; ICC single, intraclass correlation coefficient between single scores;

low CI and high CI, limits of confidence interval at 95%; weighted K, Cohen's K with quadratic weights.

TABLE 6 Bayes' posterior probability for each intermediate grade (3-6) and for each vessel according to the radiologist 3

Vessel 3 4 5 6 3456

Aorta 85% 74% 100% 100% 87%

Cranial mesenteric artery 90% 77% 87% 100% 88%

Caudal vena cava 57% 100% 78% 100% 85%

Note: Column “3456” show the posterior probability IF a grade 3 OR 4 OR 5 OR 6 is given. For example, the probability to observe surgically an invasion in

CVC is 78% if a grade 5 has been assigned; note that 78% is not the relative frequency of right observation of radiologist 3 (grade5), because accordingly

with Bayes' theorem, it is weighted by “prior” probability and hence it encompasses and overcome the totally random grading (50%).

TABLE 7 Bayes' posterior probability
for identification of adherences with the
mesenteric artery and aorta based on
presence or absence of visualization of
the mesenteric lymphatic tissue and
presence or absence of its enhancement
according to the radiologist 3

Mesenteric lymphatic tissue Mesenteric artery adherences Aortic adherences

Observed 16% 8%

Not observed 52% 17%

Presence of enhancement NA NA

Absence of enhancement 14% 7%

Note: For example, the probability to observe surgically adherences with the mesenteric artery was 16%

when mesenteric lymphatic tissue was observed and 52% when not observed.

Abbreviation: NA, not available (not enough cases for reliable calculation).
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comparing the postcontrast CT value of ATs as a variable among

tumor types was considered as not reliable because there were too

many variations related to protocols of injection and dose. Another

finding was the smaller than expected lesser discriminatory power of

contralateral adrenal size in the decision tree. Smaller diameter is

expected in functional cortisol-secreting carcinomas because of nega-

tive feedback.32 The presence of contralateral adrenal gland >6 mm in

the carcinoma group could be related to a hormonally silent adreno-

cortical tumor or because of concurrent pituitary and adrenocortical

lesions.33 These findings also corresponded to the category that was

more difficult to discriminate from pheochromocytoma regarding

tumor type. In this equivocal situation, ultrasound-guided fine needle

aspiration of the AT may be considered because it is known as a safe

technique34,35 and cytological analysis can allow good discrimination

between neuroendocrine and epithelial origin of the tumor.36

We used a decision tree method to analyze our data. The main

difference compared to other approaches (eg, logit models) is the

capacity of decision trees to identify a threshold in continuous vari-

ables (eg, attenuation or axis of thrombus) under and over which the

probability of identifying the kind of tumor becomes significantly

lower or higher compared to the alternative diagnosis. In addition, it is

possible to weigh the risk of misclassification with a cost function rep-

resenting the (probabilistic) gain or loss associated with a wrong deci-

sion (ie, type I and type II statistical errors). The most useful output of

a decision tree is a sequence of rules (type IF, THEN) that can mini-

mize the risk-cost function. A negative aspect of this method was that

the branches of the tree used different criteria in a particular order, so

that not every criterion might be used in a particular case. For

instance, on the right side, rupture was not used. The readers of this

decision tree should avoid any confusion using this approach in the

clinic when they have criteria that they have not used to make a

decision.

In our study, excellent agreement among radiologists and excel-

lent performance (high accuracy and DOR) were observed when using

the 7-point scale CT grading system of the CVC in dogs with ATs. This

finding is in agreement with previous studies in which high sensitivity

and specificity in the detection of vascular invasion in the CVC were

demonstrated in CT.15,16 However, in these studies, there was no

description of the CT interpretation technique, no evaluation of the

repeatability of the method and no evaluation of the performance of

the CT in predicting invasion of other important vessels such as the

cranial mesenteric artery, aorta, renal and PA veins. Moreover, those

studies used a binary system (ie, presence or absence of vascular inva-

sion) which in our opinion does not reflect the clinical situation.

In our study, agreement among radiologists was moderate to

good for invasion of the renal and PA veins, and the performance of

the 7-point scale CT grading system compared to surgery was modest.

It is unclear whether this result is because surgeons may not have

documented sufficient detail in their surgical reports regarding poten-

tial invasion of those vessels or they may have had difficulty appreci-

ating the relationship between the mass and these vessels because of

poor visualization through large fat deposits or hemorrhage. It also

may be a consequence of the small size of these vessels and thus

greater difficulty in their evaluation by the radiologists, or because an

equivocal zone exists between 3 and 6 in the CT grading system, mak-

ing the diagnosis of vascular invasion for those vessels not possible

with CT. However, a probability of invasion still could be provided by

the radiologist to the surgeon and internist, when an intermediate

grade (3-6) is given for a vessel, to improve surgical planning. This is

particularly important for the CVC, renal vein, aorta, and mesenteric

artery. When a tumor involves the left adrenal gland, it is crucial for

the surgeon to know if adherence to the aorta and cranial mesenteric

artery is present. While retracting the mesentery and small intestine

to the right to access the left adrenal gland, the surgeon loses visuali-

zation of the point of contact between the tumor and those vessels,

making dissection between the 2 very critical. Any perforation during

surgery of the cranial mesenteric artery or aorta could lead to fatal

hemorrhage. For grade 3 and above, there is a high risk (>85%) that

adhesion is present between the tumor and the aorta or cranial mes-

enteric artery. A prospective study is needed to further characterize

the CT appearance of adherence and vascular wall invasion.

Evaluation of the mesenteric lymphatic tissue did not provide any

relevant and consistent information regarding the probability of

adherence. Therefore, the results of our study suggested that evalua-

tion of the presence or absence and enhancement of this tissue was

not indicated in the evaluation of the presence of adherence with

arterial vessels. Although this network does not drain the adrenal

gland (lumbo-aortic network), we thought that contiguity with the

lymphatic tissue could explain potential local invasion by the tumor.

This hypothesis was not confirmed in our study.

The radiologist's interpretation of the CT scan plays an important

role in the presurgical planning for dogs with AT. However, it can be

difficult for the radiologist to know which criteria and information are

most relevant for the surgeon. The aim of the 7-point scale CT grading

system is to allow better communication between the surgeon and

the radiologist so that all of the essential information necessary for

the surgeon may be evaluated by the radiologist.

Sagittal and dorsal MPR were chosen by the radiologists in the

study as the most useful and relevant planes for the evaluation of

potential invasion and contact point between the tumor and the aorta,

cranial mesenteric and renal vein, respectively. However, MPR were

of limited value when the slice thickness, pitch, or both were too high,

and caused a stair-step artifact, partial volume artifact and a high pitch

blurring. This latter artifact is the result of the nonplanar geometry of

helical image data requiring interpolation into planar image data sets.

These artifacts are a hindrance to evaluate vascular anatomy and may

explain the difficulty for the radiologists to assess vascular invasion of

vessels such as the PA, renal veins, and cranial mesenteric artery. A

logistic regression model could have been performed, with image

quality measures such as slice thickness or voxel size and diagnostic

accuracy or probability as variables to assess whether the poor image

quality correlated with decreased accuracy.

Other important variables that had impact on the quality of the

CT studies and on the evaluation of vascular invasion were related to

contrast distribution and quantity. The presence of streamlining arti-

fact, with insufficient amount of contrast medium used or too much
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delay in acquisition of the postcontrast series, contributed to

decreased image quality. Streamlining artifacts would create an image

of pseudo-thrombus because of heterogeneous filling of the vascular

lumen, possibly contributing to misinterpretation and resulting in radi-

ologist error. Insufficient amount of contrast medium or too great a

delay in acquisition of the postcontrast series were considered as hav-

ing a negative impact on the visualization of tumor thrombus because

of the lack of intravascular contrast and sufficient enhancement to

delineate the contours of the thrombus. The effects of contrast

medium injection technique on attenuation values of the adrenal

glands in healthy dogs during contrast-enhanced CT has been

studied,31 but no study has evaluated the effects of injection protocol

on the attenuation of adjacent vessels and intravascular contrast

distribution.

Mortality and survival time unfortunately were not evaluated in

our study and therefore no correlation between the extent of vascular

invasion or compression and survival time was performed for these

patients.

Although the CT features have been detailed in our study, no

information on the patients' signalment, endocrine activity of the ATs

or description of the histopathological findings have been evaluated

and integrated. Clinical and laboratory findings represent the first step

in the diagnostic evaluation of dogs with ATs. These factors do have an

impact on the decision tree and were not considered in our study. Radi-

ologists using this decision tree should consider clinical and laboratory

findings, when available, and integrate them into their decision process.

Another limitation of our study is the lack of clarity on the diagnostic

criteria for histopathological diagnosis, especially for pheochromocytoma.

We had decided to rely on histopathological reports of each institution

and use them as the gold standard. However, discrepancies among labo-

ratories may exist, especially if different criteria are used, and between

old and more recent cases, as new classifications have been established.

The last limitation of our study was related to the complexity of

the CT grading system which may limit its feasibility in clinical prac-

tice. However, it was designed to improve communication among

internists, surgeons, and radiologists, to provide probabilities of vascu-

lar invasion, and to express the difficulty in establishing a distinction

between invasion or no invasion.

5 | CONCLUSION

A decision tree using the variables of precontrast attenuation value of

the AT, the long axis of the thrombus, the presence of tumor rupture

and the size of the contralateral adrenal gland was proposed to assist

the radiologist in the differentiation among tumor types. Using a

7-point scale CT grading system, the radiologist can provide informa-

tion on the probability of invasion of adjacent vessels by an AT to the

internist, surgeon, and anesthetist.
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