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The purpose of this study was to determine if contrast-enhanced computed tomography (CT) accurately

reflected vascular luminal invasion by adrenal masses in dogs. Medical records of 15 dogs with 17 adrenal

masses that underwent preoperative CT imaging were reviewed. Presence or absence of vascular invasion was

confirmed by surgery or necropsy/histology. Vascular invasion was identified correctly using contrast-enhanced

CT in 11/12 dogs. The sensitivity and specificity of contrast-enhanced CT for vascular invasion compared with

surgery or necropsy was 92% and 100%, respectively. The positive predictive value and negative predictive

value of contrast-enhanced CT was 100% and 90%, respectively. The accuracy was 95%. In one dog, invasion

of the phrenicoabdominal vein was not identified on CT images. Six of eight masses with vascular invasion

where a histologic diagnosis was obtained were malignant. Four of four pheochromocytomas invaded adjacent

vasculature. Contrast-enhanced CT provided accurate preoperative assessment of adrenal masses. Vascular

invasion by adrenal masses in this study occurred by way of the lumen of the phrenicoabdominal vein with

subsequent intraluminal extension into other veins, rather than by erosion through vessel walls. Veterinary
Radiology & Ultrasound, Vol. 50, No. 6, 2009, pp 625–629.
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Introduction

DIAGNOSTIC IMAGING EVALUATION of adrenal masses for

size and assessment of vascular invasion is commonly

performed preoperatively.1–22 Although a significant differ-

ence in mortality between dogs with and without vascular

invasion of an adrenal tumor has not been not found, the

statistical power of the trial was low.3 Regardless, preop-

erative evaluation of adrenal masses is indicated for sur-

gical planning as the difficulty of the resection is increased

with vascular invasion.3 Further, the need for concurrent

nephrectomy due to invasion of an adrenal mass into the

renal vein may worsen the prognosis.4

Ultrasonography and computed tomography (CT) are

thought to be superior to radiography for staging adrenal

masses.18,20,21 Preoperative ultrasonography has an 80%

sensitivity and 90% specificity for detection of caudal vena

cava invasion.3 Specific accuracy of CT for adrenal mass

staging has not been reported.

The purpose of this study was to assess the utility of

contrast-enhanced CT for preoperative detection of vas-

cular invasion of adrenal masses in dogs.

Materials and Methods

Fifteen dogs with an adrenal mass (two dogs had bilateral

masses) that received a preoperative CT scan within a week

of surgery and subsequent confirmation of vascular inva-

sion between January 2002 and May 2008 were identified.

The median age was 12 years (range 5–14 years). There were

nine neutered males six neutered females. The breed distri-

bution was two Labrador Retrievers, but all others repre-

sented only one breed each or were of mixed breeding.

In nine dogs the adrenal masses were found incidentally.

Five of the remaining six dogs had findings related to

hyperadrenocorticism, such as polyuria/polydypsia, a

pendulus abdomen, symmetric alopecia, and/or hyperpig-

mentation. One dog had ascites due to an adrenal mass

that invaded the caudal vena cava and extended caudal and

cranial to the liver. Definitive diagnoses were obtained by

surgical reports and confirmation of vascular invasion was

made by visualization, palpation, and dissection as needed

with histologic correlation.

CT images were acquired on one scanner with patients

under general anesthesia.� The CT images were acquired in

a cranial to caudal direction during a forced breath hold

following assisted hyperventilation with the patient in ster-

nal or dorsal recumbency. The CT protocol used was at the

discretion of the radiologist on duty and identical imaging

parameters were not used in all patients. The mAs of the

scans was typically 150 and the kVp was typically 120.
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Both ionic and nonionic iodinated contrast medium was

used, but dosage was approximately 880mgI/kg of body

weight in all patients. Vascular phase images were acquired

immediately following manual intravenous bolus adminis-

tration of contrast medium. Initial CT image collimation

ranged from 3 to 5mm in all dogs. Additional 1–2mm

collimated images through the adrenal mass and va-

sculature were acquired in 10 dogs. Delayed postcontrast

CT images were acquired 5–10min following the initial

postcontrast image acquisition in eight dogs. Delayed

postcontrast images were evaluated for contrast enhance-

ment of the invasive tumor thrombus when available.

All precontrast and postcontrast CT images were re-

viewed by the primary author without knowledge of the

surgical or necropsy/histologic findings. Images were as-

sessed at a window and level setting optimal for the region

of interest, and were manipulated for soft tissue and contrast

enhanced vascular detail, which was typically at a window

of 350 and a level of 75. Images reformatted in planes par-

allel, perpendicular, and oblique to the mass and surround-

ing vasculature were used in all patients. The adrenal masses

were assessed for laterality, number, contrast enhancement,

size, shape, attenuation, mineralization, margination, and

muscular invasion. The surrounding vasculature including

the caudal vena cava, aorta, and renal and phrenicoabdom-

inal arteries and veins were assessed for luminal invasion

and mural compression. Intraluminal vascular invasion of

tumor thrombus was determined by identification of a mass-

like void of contrast medium within a specific vessel during

the angiographic phase of the CT study.

Sensitivity, specificity, positive and negative predictive

values, and accuracy were calculated for CT assessment of

vascular luminal invasion.

Results

Of the 17 adrenal masses, nine were left sided, four were

right sided and two were bilateral. Based on gross and/or

histologic findings, eight of 17 masses had invaded one or

more of the following vessels: phrenicoabdominal vein

(n¼ 6), caudal vena cava (n¼ 5), or renal vein (n¼ 1).

A histologic diagnosis was obtained for 12 of 17 masses;

there were six cortical carcinomas, four pheochromocyto-

mas, one cortical adenoma, and one metastatic hemangio-

sarcoma. Of the 12 histologically confirmed masses, six

invaded surrounding vasculature and all six were malig-

nant. These included four of four confirmed pheochromo-

cytomas and two of six carcinomas. There were two other

masses with vascular invasion without histologic confir-

mation. Of those masses with histologic confirmation,

three were mineralized. Two of these three were carcino-

mas and the other was an adenoma. All four of the ex-

clusively right-sided masses were invasive, three of nine

left-sided masses were invasive, and none of the bilateral

masses invaded the surrounding vasculature. In one dog

the bilateral masses were both cortical carcinomas, in the

other histologic assessment was not performed.

All grossly identified adrenal masses were detected using

CT imaging (Table 1). The sensitivity and specificity of

contrast-enhanced CT for specific, i.e. phrenicoabdominal

vein, caudal vena cava or renal vein, intraluminal invasion

compared with surgery or necropsy was 92% and 100%,

respectively. The positive predictive value and negative

predictive value of contrast-enhanced CT was 100% and

90%, and accuracy was 95%. The nine noninvasive adre-

nal masses were all correctly identified as noninvasive (Fig.

1). All invasive adrenal masses were identified using con-

trast-enhanced CT with the exception of one phrenicoab-

dominal vein invasion that was not seen due to the 5-mm-

thick image collimation used (Fig. 2).

Two dogs had phrenicoabdominal vein invasion that

extended into and directly invaded the hypaxial and epax-

ial musculature (Fig. 3).

Compression of the phrenicoabdominal vein, renal vein,

and/or caudal vena cava without intraluminal invasion was

detected accurately in 10 dogs. These 10 masses, as well as

five of eight with vascular invasion, distorted and displaced

the renal vein or caudal vena cava without invasion. In the

dog with invasion of the renal vein and in three of five dogs

with caudal vena cava invasion, the invasion that appeared

to extend from the phrenicoabdominal vein into the lumen

of the renal vein or caudal vena cava rather than through

the vessel wall. In the two remaining dogs with caudal vena

cava invasion, the masses were so extensive that the phren-

icoabdominal vein was obliterated and not described in the

surgical report.

Adrenal masses, excluding the intraluminal component,

ranged in height, width, and length from 1.5 to 5, 1.5 to

4.5, and 2 to 9 cm, respectively. Ten masses had homoge-

neous attenuation characteristics averaging 38HU (range

22–52), three had heterogeneous attenuation characteristics

with a cystic component and four were partially mineral-

ized. The masses were round with smooth (n¼ 11), lobular

(n¼ 3), or irregular margins (n¼ 3). The contrast enhance-

ment was either heterogeneous (n¼ 8), peripheral (n¼ 7),

or mild (n¼ 2).

Table 1. Surgical and Necropsy/Histology Diagnosis of Vascular
Invasion Compared with Contrast-Enhanced Computed Tomography

Vascular Invasion
Surgical and/or Necropsy/
Histologic Conclusion

Contrast-
Enhanced CT

None 9 9
Phrenicoabdominal vein 6 5
Caudal vena cava 5 5
Renal vein 1 1

There were 15 Dogs with 17 Total Adrenal Masses, but the Invasive

Masses Often Involved Multiple Vessels.
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Fig. 1. Compression of adjacent vasculature by an adrenal mass, but without invasion. (A) Twelve-year-old Alaskan Malamute with a right-sided adrenal mass
that invaded the right PV but not the CVC. The mass was adhered to the CVC wall. The PV is not identified on this transverse image, but the hypoattenuating
adrenal mass (white arrow) is seen compressing the CVC without direct intraluminal invasion. (B) Reformatted oblique plane image from the same dog. Note the
CVC compression by the adrenal mass (white arrow) without evidence of luminal invasion. (C) Reformatted dorsal plane image from an 8-year-old Beagle with a
left-sided adrenal mass without vascular invasion. The heterogeneously attenuating and cystic left adrenal mass (white arrow) compressed and displaces the left RV
without luminal invasion. Ao, aorta; CVC, caudal vena cava; LK, left kidney; RK, right kidney; RV, renal vein; PV, phrenicoabdominal vein.

Fig. 2. Vascular invasion of adrenal masses. (A) Transverse image from a 12-year-old Shetland Sheepdog with a hypoattenuating left-sided adrenal mass (white
arrow) that invaded the left phrenicoabdominal vein (PV) and extended into the caudal vena cava (CVC). (B) Reformatted dorsal plane image from the same dog.
Note the invasion by a hypoattenuating mass (white arrow) into the left PV with extension into CVC. The junction of the left renal vein (RV) and the CVC is in close
proximity but the mass does not extend into the RV lumen. (C) Transverse image from a 13-year-old Shih-Tzu. Note invasion of the CVC and right PV by a right-
sided adrenal mass. The hypoattenuating adrenal mass (white arrow) extends from the right PV into the CVC. (D) Reformatted oblique plane image from the same
dog as in (C). Note the right PV and CVC with invasion by the hypoattenuating adrenal mass (white arrow). See legend from Fig. 1 for additional abbreviations.
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In the eight dogs where delayed CT images were ac-

quired, the average precontrast attenuation was 35HU

(range 22–52), the average immediate postcontrast atten-

uation was 83HU (range 26–130) and average delayed

postcontrast attenuation was 79HU (range 55–109). Five

of these dogs had vascular invasion, of which four had

delayed contrast enhancement. Of the invasive masses the

precontrast average attenuation of the tumor thrombus

was 46HU (range 40–52), the average postcontrast atten-

uation was 113HU (range 50–191) and average delayed

postcontrast attenuation was 83HU (range 67–100).

Discussion

All adrenal masses in this study were identified using con-

trast-enhanced CT and sensitivity, specificity, positive and

negative predictive values for vascular invasion were higher

than those reported previously for sonography.3 Ultrasound

has been reported to be 80% sensitive and 90% specific for

the presence of vascular invasion by adrenal masses.3

In the dog where phrenicoabdominal invasion was

not identified, relatively thick image collimation led to

the false-negative finding. However, because the portion of

the phrenicoabdominal vein coursing over the adrenal

gland is excised during adrenalectomy, this type of error

may have minimal significance when vascular invasion

does not extend into the hypaxial musculature.3 However,

invasion of hypaxial and epaxial muscles has a profound

impact on feasibility of tumor excision.

Vascular invasion was thought to originate in the phren-

icoabdominal vein, then subsequently into the caudal vena

cava and then into the renal vein. This route of invasion is

likely because tumor cells can migrate through small ad-

renal veins directly into the phrenicoabdominal vein. This

intraluminal migration scenario was considered likely in

our population, although direct vascular invasion has also

been reported.3 In some dogs, the adrenal veins do not

drain directly into the phrenicoabdominal vein, but into

the caudal vena cava or a renal vein.23 Therefore, in these

dogs invasion from an adrenal mass may extend directly to

the caudal vena cava or renal vein, without phrenicoab-

dominal vein involvement. The presence of vascular inva-

sion in our population was higher than reported previously

and was likely attributed to the selection of patients for

contrast-enhanced CT imaging when a tumor thrombus

was suspected.1,3 No patients with direct renal parenchy-

mal invasion or hemoabdomen were seen in this study,

although this has been reported.4,5,24

In this investigation, all histologically confirmed masses

with vascular invasion were malignant. In addition, all four

pheochromocytomas were invasive compared with only

two of six carcinomas, findings comparable to those of

others.3,5,6 The increased frequency of right-sided adrenal

mass invasion in this study has been identified by others3

but a statistically significant difference between invasion

from right- vs. left-sided adrenal tumors has not been

found. Mineralized adrenal masses are usually carcinomas

or adenomas as documented previously.6 The age, breed,

gender, clinical signs, laboratory findings, CT characteris-

tics of the adrenal masses, and histologic diagnoses were

similar to other reports.1,3–8,10,12,14,15,25 Other adrenal mass

parameters such as attenuation characteristics, margin-

ation, and contrast enhancement could not be analyzed for

a relationship with tumor type due to the small sample size.

In humans, CT is the preferred modality to evaluate

adrenal masses with the primary objective being to differ-

entiate benign from malignant disease. Imaging features

used to characterize masses include size, shape, attenuation

characteristics, homogeneity of initial contrast enhance-

ment, and contrast washout values on 10-min delayed

scans. Imaging assessment of vascular invasion is a sec-

ondary consideration in humans with adrenal masses be-

cause this is relatively uncommon. Therefore, in humans,

the CT protocol for assessing an adrenal mass typically

consists of precontrast, immediate postcontrast, and 10-

min delayed postcontrast images with 3–5mm collima-

tion.26–33 However, delayed postcontrast images acquired

at least 10min after injection of contrast medium may be

useful to document the presence of contrast enhancing in-

traluminal tumor. Contrast enhancement suggests the pres-

ence of a neoplastic mass rather than a thrombus.26–28,34

Preoperative adrenal mass assessment using a standard-

ized contrast-enhanced CT protocol would likely further

improve the accuracy of CT for detecting regional vascular

invasion in dogs. Based on findings from this investigation,

we recommend obtaining thinly collimated (1–2mm) im-

ages from at least 1 cm cranial and caudal to the adrenal

mass and including the phrenicoabdominal and renal

Fig. 3. Transverse image of an 11-year-old Labrador Retriever mix with
distal invasion of the phrenicoabdominal vein (PV), caudal vena cava (CVC)
and hypaxial and epaxial musculature by a left sided adrenal mass (white
arrow). See legend from Fig. 1 for additional abbreviations.
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arteries and veins as well as the adjacent caudal vena cava

and kidneys. Thin collimation allows for visualization of

the small phrenicoabdominal veins, which may not be

identified on thicker images, as seen in this study.

In conclusion, contrast-enhanced CT is a sensitive and

specific preoperative indicator for the assessment of intralu-

minal vascular invasion of adrenal masses in dogs. Vascular

invasion occurred through the lumen of the phrenicoabdom-

inal vein, presumably through extension from the adrenal

veins, and not by direct vascular wall invasion or destruction.

Masses with vascular invasion are malignant and these are

most commonly pheochromocytomas. CT is indicated for

evaluation of vascular invasion when extension into the hyp-

axial and epaxial musculature is a concern.
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