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ABSTRACT.	 This prospective case study aimed to clarify the clinical significance of contrast-
enhanced ultrasound (CEUS) for the differential diagnosis of canine adrenal tumors. Forty-three 
client-owned dogs with adrenal tumors were included. All dogs underwent CEUS, which was 
evaluated qualitatively and quantitatively. The peak signal intensity (PI), time to peak signal 
intensity (TPI), mean transit time (MTT), upslope, and downslope were calculated for each time-
intensity curve. The histopathological diagnosis of each resected mass was compared with the 
CEUS findings and parameters. Enhancement distribution, vascularity, tortuous nourishing vessels, 
enhancement pattern, and late-phase enhancement did not differ significantly between adrenal 
cortical adenoma (CA), adenocarcinoma (CAC), and pheochromocytoma (PHEO) in qualitative 
assessment. In PHEO, the TPI was significantly more rapid compared with that in CA (P=0.0287) 
and CAC (P=0.0404). The MTT in PHEO was significantly shorter than that in CA (P=0.0016) and 
CAC (P=0.0003). Upslope in PHEO was larger than that in CAC (P=0.0406). Downslope in PHEO 
was significantly larger than that in CA (P=0.0048) and CAC (P=0.0018). A receiver operating 
characteristic curve analysis demonstrated that the area under the MTT curve yielded 0.91 for 
distinguishing PHEO from adrenocortical tumors in dogs; an MTT cut-off value less than 6,225 
msec yielded a sensitivity of 69%, specificity of 94%, and likelihood ratio of 12.46. CEUS appears 
to be clinically applicable for the differential diagnosis between cortical and medullary origins of 
primary adrenal tumors in dogs.
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In dogs, primary adrenal gland tumors account for approximately 0.17 to 0.76% of all neoplasias [17]. The most common 
adrenal tumors in dogs include cortical adenoma (CA), cortical adenocarcinoma (CAC), and pheochromocytoma (PHEO). 
Adrenalectomy is the treatment of choice for adrenal masses [1, 4, 15, 16, 18, 27, 30]. In dogs with adrenal tumors, the risk 
factors for mortality include the type of primary adrenal gland tumor [3], whereas treatment with an α-adrenergic antagonist (e.g., 
phenoxybenzamine) before the removal of a PHEO is reported to result in a significant decrease in the mortality rate [14]. In case 
of functional adrenocortical tumors, preoperative administration of trilostane reduces the perioperative complications associated 
with Cushing’s syndrome [5].

The measurement of urinary and plasma catecholamines and metanephrines is useful for the preoperative differential 
diagnosis of PHEO [11, 26]. However, not all cases of PHEO present with high levels of urinary and plasma catecholamines and 
metanephrines. Therefore, these measurements are not sufficient to distinguish between the cortical or medullary origin in a case 
involving a nonfunctional adrenal tumor.

Ultrasonographic examination is reported to yield a sensitivity of 63.7% and specificity of 100% for the identification of adrenal 
lesions [22]. Moreover, ultrasonographic identification of a tumor thrombus in the caudal vena cava (CVC) by adrenal tumors 
has a sensitivity of 100% and specificity of 96% [7]. Adrenal gland lesions (more than 20 mm in diameter) and vascular invasion 
are considered criteria for predicting malignant neoplasms [22]. However, these parameters are not useful in the differential 
diagnosis of adrenal tumors in dogs. A previous retrospective study demonstrated that ultrasound-guided fine-needle aspiration 
(FNA) can accurately distinguish adrenal cortical tumors from PHEO in dogs, with accuracy rates of 90 to 100% [6]. However, 
some adrenocortical carcinomas exhibit a relatively benign cellular morphology [31]. Additionally, a previous study reported 
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that FNA for PHEO might cause ventricular tachycardia [28]. It also increases the potential risk of hemorrhage due to abundant 
blood inflow in the lesion. We have previously demonstrated that triple-phase helical computed tomography (CT) has the potential 
for preoperative differential diagnosis of adrenal tumors in dogs [32]; however, the procedure requires general anesthesia, and in 
dogs with PHEO, hypertension and tachycardia might occur during general anesthesia. Therefore, less invasive and more simple 
techniques are desirable for the differential diagnosis of adrenal tumors in dogs.

In humans, contrast-enhanced ultrasound (CEUS) is applied in the differential diagnosis of liver tumors and other pathological 
conditions [12, 13]. In small animal medicine, CEUS is reported to have a diagnostic accuracy level exceeding 95% for 
distinguishing benign from malignant tumors in the liver [21]. Recent studies have reported the utility of CEUS in the diagnosis 
of lesions in the spleen and pancreas in dogs [20, 29]. However, only a limited number of reports have described the usefulness 
of CEUS in the diagnosis of normal canine adrenal gland, pituitary-dependent hyperadrenocorticism, and adrenal tumors [2, 
23–25]. In a previous study on CEUS for the diagnosis of adrenal tumors, the combination of enhancement degree and vascularity 
demonstrated to differentiate among CA, CAC and PHEO with an accuracy of 91.7% [2]. We hypothesized that CEUS is a 
convenient and promising technique for the differential diagnosis of canine adrenal tumors. Therefore, this study aimed to 
determine the feasibility of CEUS using sonazoid for the differential diagnosis of canine adrenal tumors.

MATERIALS AND METHODS

Study design
This study was a prospective case study. All dogs were referred to our hospital with a suspicion of primary adrenal masses 

between February 2016 and September 2018. Informed owner consent was obtained prior to inclusion of the dogs in the study. The 
dogs were evaluated by physical examinations, blood and urine tests, radiography, and ultrasonography in our hospital.

The inclusion criteria of this study were dogs with adrenal masses showing the contrast enhancement by CEUS. After the CEUS, 
adrenalectomy was performed in all dogs. All resected tumors were performed in histopathological diagnosis.

CEUS
All dogs underwent CEUS as follows: a suspension of perflubutane (sonazoid, Daiichi-Sankyo Corp., Tokyo, Japan) was 

prepared with 2 ml of saline at an 8-µl/ml concentration. An ultrasound machine (Aplio400, Canon Medical Systems Corp., 
Tochigi, Japan) was used with a 6-MHz convex probe for CEUS on the day before the operation or on the day of the operation. In 
all dogs, a 22- or 24-gauge intravenous catheter was inserted in the cephalic vein depending on the animal’s size. Sonazoid was 
injected intravenously at a volume of 0.015 ml/kg (0.12 µl/kg perflubutane), followed by a 5-ml saline injection. A sagittal view of 
the adrenal mass under contrast harmonic imaging (CHI) mode was recorded for 2 min after the saline flush. The ultrasonographic 
examination was withdrawn, followed by another recording from 4.5 to 5 min after the saline injection. Mechanical index was set 
under 0.2, and ultrasonography was performed by a veterinarian. The dogs were not sedated or anesthetized.

CEUS image analysis
All images were analyzed by a veterinarian. The images were qualitatively evaluated as follows: (1) enhancement distribution 

(homogeneous or heterogeneous pattern); (2) vascularity (enhancement of the visible nourishing vessels in the mass at the arterial 
phase); (3) tortuous nourishing vessels; (4) enhancement pattern (directivity of enhancement, categorized as centripetal, centrifugal, 
disordered, or nodular pattern at the arterial phase); and (5) late-phase enhancement (enhancement at 5 min after injection of 
perflubutane). Vascularity was defined as a line-like enhancement indicating the visible nourishing vessels before the enhancement 
of whole mass. In cases with vascularity, when the line-like enhancement showed a curve, it was defined as tortuous nourishing 
vessels (Fig. 1). In the enhancement pattern, centripetal was defined as the enhancement from the margin to the center in the 
mass. Centrifugal was defined as enhancement from the center to the margin in the mass. Disordered was defined as irregular 
enhancement in the mass. Nodular was defined as the partial enhancement in the mass. The region of interest (ROI) with a diameter 
of 8 mm was placed on the adrenal mass without including the vessel and non-enhanced region, and a time intensity curve (TIC) 
was generated. The ROI position was corrected to allow minimum body movement and respiration (ROI tracking).

An approximate curve was generated from the TIC by the available software (GraphPad Prism, version 6.0 for Macintosh, Graph 
Pad Software Inc., San Diego, CA, USA). Peak signal intensity (PI), time to peak signal intensity (TPI), mean transit time (MTT), 
upslope, and downslope were calculated for each tumor. PI was defined as the value corresponding to the highest intensity. TPI 
was defined as the interval between the initial rise and attainment of its maximum signal intensity. MTT was defined as the interval 
between the arrival at 50% PI and the attainment of a 50% decrease in PI. The upslope was defined as the slope of 10–85% PI, and 
was calculated in (85% PI–10% PI)/ (Time at 85% PI–Time at 10% PI). The downslope was defined as the slope of 85–40% PI, 
and was calculated in (85% PI–40% PI)/ (Time at 40% PI–Time at 85% PI) (Fig. 2).

Statistical analysis
Statistical tests were performed using the commercially available statistical analysis software (GraphPad Prism, version 6.0 for 

Macintosh). The qualitative evaluation parameters, including the enhancement distribution, vascularity, enhanced vessel tortuosity, 
enhancement pattern, and late-phase enhancement, were analyzed using the χ2 test. The PI, TPI, MTT, upslope, and downslope 
were statistically compared between CA, CAC, and PHEO using Kruskal-Wallis test followed by Dunn’s post hoc correction test. 
Differences in the values were considered statistically significant at P<0.05. For parameters that had significant differences among 
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both CAs and PHEOs, CACs and PHEOs, we generated receiver operating characteristic (ROC) curves, the areas under the curve 
(AUC) and determined the cut-off values, sensitivity, specificity, positive likelihood and negative likelihood. In addition, 95% 
confidence intervals (CIs) in AUC, sensitivity and specificity were calculated.

RESULTS

Case information
Forty-three client-owned dogs met the inclusion criteria and were enrolled in this study. Three dogs did not meet the inclusion 

criteria and were excluded in this study. The median age of dogs included in this study was 11.8 years (range, 6.0–14.6 years). 
The 43 dogs included 19 males (14 neutered) and 24 females (23 spayed). The median bodyweight of the dogs was 5.7 kg 
(range, 2.3–26.0 kg). Breeds were as follows: 10 Miniature Dachshunds; 7 Chihuahuas; 6 Shih Tzus, 5 Toy Poodles; 3 Miniature 
Schnauzers; Cavalier King Charles Spaniels and Pomeranians, and Mixed breeds, 2 each; and West Highland White Terrier, Welsh 
Corgi, Shiba, Bulldog, Yorkshire Terrier, and Labrador Retriever, 1 each.

A total of 44 resected masses were obtained from 43 dogs (1 with bilateral adrenal tumors). The diagnoses included CA (6 
masses), CAC (12 masses), and PHEO (26 masses). The tumor location was on the right side in 26/44 masses (59%) and on the 
left side in 18/44 masses (41%). Of the 44 masses, 21 (CAC, 3; PHEO, 18) had exhibited the gross findings of tumor thrombus 
formation into the CVC. The histopathological examination revealed vascular invasion in 28 masses (CAC, 5; PHEO, 23). Of the 
44 masses, 5 (CAC, 2; PHEO, 3) and 3 (CA, 1; CAC, 1; PHEO, 1) contained intratumoral necrosis and hemorrhage, respectively.

Of the 17 cases involving adrenal cortical tumors, 10 (CA, 3; CAC, 7) showed the clinical signs of Cushing’s syndrome 
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Fig. 1.	 Typical image of vascularity in qualitative assessment. (A) A line-like enhancement of arteriole (white arrows) in the mass at the 
arterial phase. (B) A tortuosity of arteriole (white arrow) in the mass at the arterial phase.

Fig. 2.	 Schematic illustration of each parameter measured from the time intensity curve (TIC). PI, peak signal intensity, the value cor-
responding to the highest intensity; TPI, time to peak signal intensity, the interval between the initial rise and attainment of its maximum 
signal intensity; MTT, mean transit time, the interval between the arrival at 50% PI and the attainment of a 50% decrease in PI; Upslope, 
the slope of 10–85% PI; Downslope, the slope of 85–40% PI.
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(polyuria/polydipsia, abdominal distention, and alopecia). Of the 26 cases with PHEO, 17 had tachycardia (more than 160 bpm), 
hypertension (systolic blood pressure more than 160 mmHg or diastolic blood pressure more than 100 mmHg), and ventricular 
arrhythmia at the first consultation or during the operation. The median systolic, diastolic, and mean arterial pressures measured 
using the oscillometric method were 148 mmHg (range, 109–192 mmHg), 98 mmHg (range, 50–176 mmHg), and 114 mmHg 
(range, 72–180 mmHg), respectively.

Qualitative assessment
The qualitative assessment is summarized in Table 1. Of the 44 masses, 2 were excluded from the qualitative analysis due to an 

inadequate image quality. The enhancement distribution did not differ significantly among the tumor types (P=0.2120). The tumor 
types did not differ significantly with respect to vascularity (P=0.2954). The tumor types did not differ with respect to tortuosity 
(P=0.1861). The enhancement pattern did not differ significantly among the tumor types (P=0.4408). Although CA tended to 
exhibit an increase in late-phase enhancement, there was no significant difference among the tumor types (P=0.2449). PHEO was 
characterized by a rapid increase and decrease in enhancement, whereas CA and CAC were characterized by a delayed decrease in 
enhancement (Fig. 3).

Quantitative assessment
The quantitative assessment is summarized in Table 2. TIC was derived from all 44 masses. A typical TIC corresponding to each 

tumor type is shown in Fig. 4. Although the PI tended to be higher in PHEOs than other types, it did not differ significantly among 
the 3 tumor types (P=0.0895). In PHEO, TPI was significantly more rapid than that in CA (P=0.0287) and CAC (P=0.0404). In 
addition, MTT in PHEO was also significantly shorter than that in CA (P=0.0016) and CAC (P=0.0003). Upslope in PHEO was 
also larger than that in CAC (P=0.0406). In contrast, downslope in PHEO was significantly larger than that in CA (P=0.0048) 
and CAC (P=0.0018). According to the ROC analysis (Fig. 5), AUCs were 0.78 for TPI (95% CI: 0.64–0.92, P=0.001628), 0.91 
for MTT (95% CI: 0.83–0.99, P<0.0001), and 0.87 for the downslope (95% CI: 0.77–0.97, P<0.0001). To distinguish PHEO 
from adrenocortical tumors in dogs, a TPI cut-off value of less than 3,444 msec provided a sensitivity of 38% (95% CI: 20–59%), 
specificity of 94% (95% CI: 73–100%), positive likelihood ratio of 6.923 and negative likelihood ratio of 0.651. An MTT cut-off 
value of less than 6,225 msec provided a sensitivity of 69% (95% CI: 48–86%), specificity of 94% (95% CI: 73–100%), positive 
likelihood ratio of 12.46 and negative likelihood ratio of 0.326. A downslope cut-off value of more than 8.38 × 10−9 showed a 
sensitivity of 58% (95% CI: 33–73%), specificity of 94% (95% CI: 73–100%), positive likelihood ratio of 10.38 and negative 
likelihood ratio of 0.448.

DISCUSSION

Our study demonstrated that CEUS has a potential utility for differentiating PHEO from adrenocortical tumors in dogs; however, 
the characteristic enhancement patterns in both CA and CAC were found to be almost similar. Differential diagnosis between 
adrenocortical and adrenomedullary tumors might have a great impact on the perioperative medical management associated with 
surgical outcomes.

In a previous study, a significant difference in the MTT was reported between CA and CAC and between CA and PHEO [24]. 
However, the study had a small sample size, and the ROI was fitted to the whole tumor, including the enhanced vessels and non-
enhanced tissues. Different ROI settings affect the TIC and might account for the different results between the previous and present 
studies. In our study, 2 parameters (upslope and downslope) were added to the quantitative analysis of CEUS for the evaluation of 
wash-in and wash-out in the adrenal tumors, and this was not done in a previous study [24]. We observed a significant difference in 

Table 1.	 Qualitative assessment of contrast-enhanced ultrasound in canine adrenal tumors

Parameters CA (n=5) CAC (n=11) PHEO (n=26) P-value
Enhancement distribution Homogeneous 2 1 3 0.2120

Heterogeneous 3 10 23
Vascularity Presence 3 10 18 0.2954

Absence 2 1 8
Tortuosity Presence 0 4 10 0.1861

Absence 3 6 8
Enhancement pattern Centripetal 1 4 14 0.4408

Centrifugal 1 2 1
Disordered 0 2 8
Nodular 3 3 3

Late-phase enhancement Presence 3 3 6 0.2449
Absence 2 8 20

CA, cortical adenoma; CAC, cortical adenocarcinoma; PHEO, pheochromocytoma.
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the upslope between PHEO and CAC, and significant differences in the downslope of PHEO relative to those of CA and CAC. Our 
study has objectively demonstrated that the CEUS characteristics of PHEO include a rapid wash-in and wash-out.

In a previous study on the enhancement patterns of adrenal tumors [2], most cases of CA showed a centripetal pattern while 
most CAC and PHEO lesions had a disordered pattern. However, our study demonstrated that most CAs exhibited a nodular 
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Fig. 3.	 Enhanced images of adrenal cortical adenoma (CA), adrenal cortical adenocarcinoma (CAC), and pheochromocytoma (PHEO) at 10 sec, 30 sec, 
and 1 min. At 10 sec, CA and CAC are not satisfactorily enhanced; however, desired enhancement is observed in PHEO. At 30 sec, desired enhance-
ment in CA and CAC is observed. The enhanced image of PHEO shows a decrease in signal intensity, and the enhancement starts to decrease. At 1 
min, the enhancement starts to decrease in CA and CAC. A larger decrease in enhancement is observed in PHEO at 1 min than that at 30 sec.

Fig. 4.	 Typical time intensity curve (TIC) of each tumor type. The TIC indicates that pheochromocytoma (PHEO) had a short mean transit time 
(MTT) and a large downslope and upslope when compared with adrenal cortical adenoma (CA) and adrenal cortical adenocarcinoma (CAC)
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pattern, whereas CAC and PHEO exhibited a centripetal pattern. In addition, the vascularity of adrenal tumors in our study differed 
from that in a previous study [2]. In our study, the vascularity of CA was less than the vascularity of CAC and PHEO, whereas an 
opposite pattern was observed in a previous study [2]. The discrepancies were attributed to the differences in the contrast agent and 
qualitative analysis. Especially, the qualitative evaluation of CEUS depends strongly on the observers.

In human medicine, a CEUS enhancement pattern is not available for the differential diagnosis of adrenal mass lesions [8]. In 
contrast, CEUS using a TIC has been shown to identify malignant adrenal masses with a sensitivity of 100% and specificity of 
67–82% based on an early arterial contrast-enhancement followed by a rapid decrease in enhancement [9, 10]. In our study, the 
qualitative assessment of the enhancement pattern could not differentiate between the various types of adrenal tumors, whereas 
quantitative assessments such as TPI, MTT, and downslope could distinguish between primary adrenal tumors of cortical and 
medullary origins in dogs, as in humans.

A previous study of triple-phase helical CT in canine adrenal tumors indicated that the characteristic CT findings of PHEO 
were a rapid wash-in and wash-out [32]. The characteristic CEUS findings of PHEO in our study were similar to the CT findings. 
However, the pre-contrast minimum CT values, washout of enhancement in the venous phase-delayed phase, and contrast 
homogeneity in the venous phase may represent the CT indicators for differentiation of CA and CAC [32]. In contrast, our 
study could not detect useful significant parameters from both qualitative and quantitative analyses of CEUS with respect to the 
differential diagnosis of canine adrenal cortical tumors. Further investigations of the differential diagnosis between CA and CAC 
based on CEUS findings are required. Currently, CEUS appears to be useful for differentiating the origins of canine adrenal tumors 
and as a convenient examination performed without anesthesia.

In canine CAC, the rupture of thin-walled vessels commonly causes areas of intratumoral hemorrhage [19]. This phenomenon 
is considered a cause for poor blood flow in the tumor. The histopathologic characteristics of CAC might include the highest rate 
of heterogeneous distribution of enhancement on CEUS. Histopathologically, a canine PHEO contains areas of telangiectasis 
in which islands of tumor cells are interspersed with distended, blood-filled vascular spaces and areas of hemorrhage [4]. The 
histopathologic findings of PHEO might produce the heterogeneous distribution of enhancement observed in the CEUS findings. 
In addition, the catecholamines synthesized in the PHEO could potentially induce tachycardia and hypertension, which might 
cause the rapid enhancement and decrement observed on CEUS. However, we did not observe any significant differences in the 
qualitative evaluation. Further investigations are needed to clarify the relationship between histopathological and CEUS findings.

Our study has certain limitations. First, due to the small sample size, our study did not include tumor types other than CA, CAC 
and PHEO and the CEUS finding in those tumors are unclear. Therefore, further investigations on adrenal CEUS are warranted 
after the collection of additional cases, including those involving other types of adrenal masses. Second, PHEO accounted 
for a large percentage (60%) of adrenal masses in our study, compared with previous studies [2, 24]. This difference might be 
attributable to the characteristics of our hospital, which is a referral hospital for advanced veterinary medical care. However, the 

Table 2.	 Quantitative parameters of contrast-enhanced ultrasound in canine adrenal tumors

CA (n=6) CAC (n=12) PHEO (n=26)
P-value

CA vs. 
CAC

CA vs. 
PHEO

CAC vs. 
PHEO

PI (power) 0.59 × 10−4 [5.77 × 10−6–1.51 × 10−4] 0.74 × 10−4 [3.49 × 10−6–4.41 × 10−4] 1.05 × 10−4 [8.12 × 10−6–2.21 × 10−3] >0.9999 0.4504 0.1498
TPI (msec) 6,939 [3,647–11,406] 5,962 [2,982–42,683] 4,200 [2,314–8,354] >0.9999 0.0287 0.0404
MTT (msec) 20,992 [9,581–93,036] 12,303 [6,196–54,606] 5,541 [2,165–23,933] >0.9999 0.0016 0.0003
Upslope 1.46 × 10−8 [7.23 × 10−10–5.06 × 10−8] 1.73 × 10−8 [1.48 × 10−10–7.25 × 10−8] 3.64 × 10−8 [3.23 × 10−9–6.00 × 10−7] >0.9999 0.1181 0.0406
Downslope 1.27 × 10−9 [6.42 × 10−11–8.01 × 10−9] 3.26 × 10−9 [7.31 × 10−11–9.18 × 10−9] 1.25 × 10−8 [1.01 × 10−9–2.19 × 10−7] >0.9999 0.0048 0.0018

Values are presented as median [range]. CA, cortical adenoma; CAC, cortical adenocarcinoma; PHEO, pheochromocytoma.

Fig. 5.	 Receiver operating characteristic (ROC) curves in time to peak signal intensity (TPI), mean transit time (MTT) and downslope. 
ROC curves in TPI, MTT and downslope indicate sensitivity and specificity to identify the origins of primary canine adrenal tumor.
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histopathological composition ratio of CA was relatively low, and therefore it might be difficult to differentiate between CA and 
CAC based on CEUS.

In conclusion, our study demonstrates that a quantitative assessment of CEUS data could distinguish the origins of primary 
canine adrenal tumors at a high level of specificity. Our findings suggest that CEUS is applicable for the differential diagnosis 
between primary adrenal tumors of cortical and medullary origins in dogs.
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