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Sindrome de Conn
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Sindrome de Conn

Caracterizagdo do “Aldosteronismo primario”
previamente conhecido como “nefrite perdedora
de potassio” (1954)

Em 1964 Dr. Jerome Conn ja tinha 145 casos
documentados, sugerindo a doenga como a causa
de hipertensdo primaria em até 20% dos pacientes,
revisando apds para estimativa de 10%

Atualmente:
Hiperaldo representa ~6% causas de hipertensdo

11% dos casos resistentes a terapia
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Hiperaldosteronimo Felino

* Doenca emergente
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&
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Em excesso:
v' >retencdo Na, Cl e HCO3
v’ >excrecdo KreH* $

* Considerada a espécie doméstica mais predisposta a S. Conn

* Potencialmente é uma doenca subdiagnosticada, prevenindo que muitos
gatos sejam diagnosticados e eventualmente curados (como em humanos)

* Causas para subdiagnostico:

v Hipertensdo e Hipocalemia s3o complicacdes frequentes da DRC

v' Muitos centros ainda n3o aferem PA na rotina
v O Hiperaldo pode ser a CAUSA da DRC!
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Etiologia do “HiperALDO” Primario Felino

Supressao de atividade Renina Plasmatica

. . )
* Adenomas corticoadrenais : '%

* Adenocarcinomas corticoadrenais T
v Invas3o local, metastases

* Hiperplasia bilateral (idiopatica) P

b

Fig. 2. Histologic sections of adrenals stained with neuron-specific enolase (NSE). In the
healthy cat (left), the staining of the cortex (C) is mainly confined to the zona glomerulosa.
In the cat with primary hyperaldosteronism (right), the cortex consists of multiple hyper-
plastic nodules, staining positively for NSE. Staining of the adrenal medulla (M) is similar
in the 2 sections. Bar = 200 ym.'

$
Kirkwood et al., 2019; Kooistra, 2020 et
7
Manifestagdes Clinicas
* Miopatia Hipocalémica
v’ Ventroflex3o cervical (auséncia lig. nucal)
v’ Fraqueza
v Dificuldade pular
v’ Postura plantigrada?
o
8
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Manifestagdes Clinicas

* Miopatia Hipocalémica (ventroflexao cervical)

Vesgolino, MC, 13 anos, suspeito Hiperaldo...
Na > 180 mmol (ref. 150-165)
K =2,7 mmol/L (ref. 3,5-5,8)

&
Videos gentilmente cedidos Dra. Alejandra Garcia e Denise Iparraguirre u,:ggf
9
. ~ ’ .

Manifestagdes Clinicas

* Tetraparesia e ventroflexao cervical

Videos gentilmente cedidos MV. MSc. Gabireli Américo
10
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Manifestagdes Clinicas

* Hipertensao arterial sistémica
v Descolamento retina,

v’ Cegueira subita

v/ Hemorragia iridal ou retinianas,
v' AVEs,
v Epistaxe

Manifestagdes Clinicas

* Estudo retrospectivo
* 29 gatos...

jhns

Journal of Feline Medicine and Surgery
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Case Series

Surgical findings and outcomes

after unilateral adrenalectomy for
primary hyperaldosteronism in cats:

a multi-institutional retrospective study

®SAGE

Sara Del Magno''”, Armando Foglia', Matteo Rossanese?,
Vincenzo Montinaro®, Veronica Cola', Luciano Pisoni',
Diego Rossetti’, Matteo Cantatore®, Benito De La Puerta®,
Stefano Nicoli?, Guido Pisani®, Francesco Collivignarelli?,
Giorgio Romanelli'®, Filippo Cinti"!, Matteo Olimpo'2

and Federico Fracassi'
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Table 1 Clinical signs of 29 cats with confirmed or highly
suspected primary hyperaldosteronism

Clinical signs Cats
Weakness/lethargy 20(69)
Neck ventroflexion 17 (59)
Gastrointestinal signs 10(33)
Polyuria/polydipsia 7(22)
Blindness 2(7)

Data are presented as n (%)
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Diagndstico HiperALDO Primario
* Sinais clinicos,

* Palpacao massa adrenal?
* Ultrassonografia abdominal

* Avaliagdo Na (costuma estar normal) e K|
* Proteinuria?

NA PRATICA, documentagio de

¢ Aldosterona t Hiperaldosteronemia (>500 pmol/L) + tumor
. Reni adrenal + Hipocalemia +/- Hipernatremia e
enina l Hipertensao sao suficientes para diagnoéstico
&
UFRGS
I v o I
Surgical findings and outcomes :":.:T;m o
after unilateral adrenalectomy for e e
primary hyperaldosteronism in cats: O L
a multi-institutional retrospective study 55 e
®SAGE
Table 2 Clinicopathological results of 29 cats with confirmed or highly suspected primary hyperaldosteronism
WEBCs = white blood cells; CK = creatinine kinase; USG = urine specific gravity; PT = prothrombin time; aPTT = activated partial thromboplastin &
time UFRGS

AR
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Diagndsticos Diferenciais para HIPOCALEMIA

* Reduzido aporte
- Inapeténcia, Anorexia
- Dieta restrita em K

- Fluidos IV deficientes em K

* Translocagdo (LEC =» LIC)

- Alcalemia

- Administragdo insulina

- Cetoacidose diabética

- Administragdo bicarbonato

- Hipocalemia periddica (Burmese)
- Hipotermia

- Estimulagdo por catecolaminas

* Perdas Gl
- Vomitos
- Diarréia

- Ma-absorgdo

* Perdas renais
- Politria

- DRC

IRA

- Uso diuréticos (alga ou tiazidicos, ATB)
- Hiperaldoteronismo 1° x 2°

- Acidose renal tubular

Doencas enddcrinas

- Hipertireodismo

- Sindrome de Cushing

Outras doengas

- Insuficiéncia hepatica
- Hipertensdo portal

- Icc

Fatores Associados ao Sub-Diagndstico!

* Considerado raro mas nao é

* Nao mensuragao da PAS na rotina
clinica

* Assumpcao dos veterinarios que o
K baixo e PAS elevada é resultado
de DRC!

in Cats

(Efeito indutor de fibrose vascular especialmente
nos rins)

* Avaliar relagdo Aldo/Renina:
=>»Diferenciar Hiperaldo e aumento PAS 2° a DRC

=> Diferenciar aumento PAS 2° a Hiperaldo 1° em um

gato com DRC

Primary Hyperaldosteronism

An Underdiagnosed Disorder

Hans S. Kooistra, pwm, php

&
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Short Communication
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Ultrasonographic evaluation of
adrenal gland size in two body

Journal of Feline Medicine and Surgery
15

©The Author(s) 2020
Aricle reuse guidelines:

sagepub comjournals-permissions
DO} 10.1177/1098612X20974962

weight categories of healthy pimss sggpuocnboren
adult cats by e
©SAGE

Laura Pérez-Lépez'>, Ana Maria Wagner'2, Pedro Saavedra?,
Jose Raduan Jaber* and Carlos Melian's

Figure 1 (a) Left and (b) right adrenal glands of a 5-year-old neutered male Siamese cat that weighed 3.7 kg.
(a) Measurement of the maximum dorsoventral thickness (3.5mm) of the left adrenal gland; (b) measurement of the
maximum dorsoventral thickness (3.6mm) of the right adrenal gland

Lower Upper n*
limit (mm) limit (mm)

Cats <4.0kg  24(22-26) 39(3.7-4.1) 26
Cats >4-8kg  26(24-28) 48(4651) 52

&
*Mumber of adrenal glands included to calculate the reference interval UFRGS
veterinary r’\
sciences MDPI)
Article
Ultrasonographic Detected Adrenomegaly in Clinically Il Cats:
A Retrospective Study
Joao Oliveira !, Maria Joana Dias %230, Ana Paula Fontes *, Ryane E. Englar 52, Goncalo Vicente !,
Rui Lemos Ferreira 1, Sara Galac ® and Rodolfo Oliveira Leal 1-2:3.*
' Chronic Kidney Disease 25/68 (37%)
u Endocrine disease 20/68 (29%)
w Inflammatory/Metabolic disease 10/68 (15%)
Neoplastic Disease 7/68 (10%)
m Infectious disease 4/68 (6%)
w Urolithiasis 1/68 (1.5%)
m Neurologic disease 1/68 (1.5%)
Figure 3. Final diagnosis in clinically ill cats noticed with adrenomegaly. UFRGS
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Plasma alcosterone cancentration (pmolL)

Teste de Supressao por Fludrocortisona

* Dose 0,05 mg/kg BID por 4 dias — [Relacdo aldosterona:creat urinaria] antes e apos
* Risco de piora da hipocalemia (frequente) e hipertensao
J Ver Intern Med 2013;27:1493- 1499

Evaluation of the Oral Fludrocortisone Suppression Test for
Diagnosing Primary Hyperaldosteronism in Cats

S.C. Djajadiningrat-Laanen, S. Galac, M.H. Boevé, S.A_E.B. Boroffka, E.C. Naan, J. Lzer, and
H.S. Kooistra
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STANDARD ARTICLE

Journal of Veterinary Internal Medicine Ac\yl M

Evaluation of oral telmisartan administration as a suppression
test for diagnosis of primary hyperaldosteronism in cats

Virginie Fabrés™? | Renaud Dumont®® | Mélanie Garcia® | Dan Rosenberg® |
Benoit Rannou®® | Maxine Kurtz' | Ghita Benchekroun®”
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(A) 1 mg/kg, (B) 2 mg/kg em gatos saudaveis

* Avaliar % redugao da aldosterona apds 90 minutos da administracdo de Telmisartana
(Bloqueador receptor Angio Il)

05/04/2026
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Tratamento

* MANEJO HIPERTENSAO
v' Anlodipina 0,625-1,25 mg/gato (sid/bid)
v’ Espironolactona 2-4 mg/kg (sid a bid)

* SUPLEMENTAGAO K

v IV <0,5mmol/Kg/h)
v'Oral (Gluconato de Potassio 2mmol bid)

* ADRENALECTOMIA

TRATAMENTO CIRURGICO DE
HIPERALDOSTERONISMO PRIMARIO
SECUNDARIO A CARCINOMA
E:ﬁnh ADRENOCORTICAL EM UM FELINO

MUSCHNER AC': POPPL AG*; SCHERER S° MOMBACH VS*: DARRIVA L%
SUEIRO FAR+ "

Um tem0, macho, sem rags detrics, § o, 3D
vertfiexto cenvcal, sndsr 1, poziio

‘anorexia, per de pesa,
leves & hpenenzso (180 ) *ol

05/04/2026

Serum potassium
concentration (mmol/l)

Required potassium (mmol)
per litre of fluids

<20
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=25
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26-3.0

40

3.1-35

30

>3.5,<5.0
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Case Series

Surgical findings and outcomes

after unilateral adrenalectomy for
primary hyperaldosteronism in cats:

a multi-institutional retrospective study

$SAGE

Tumores variaram 1-4,6 x 0,4-3,8 cm

Invasdo vascular em 5/29 (4 cava e 1 renal)

Média tempo cirargia 57 min

1 caso hemorragia pds-trombectomia

1 6bito PO suspeita CID

Hospitalizacdo média 4 dias

97% sobreviveram apos alta
Normalizagdo HAS 21/23 gatos

Normalizacdo Hipocalemia 24 gatos < 3 meses

Sobrevida média 1082 dias

11
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Hiperaldo, nem sempre tao tranquilo...

Eventualmente associado a Hiperprogesteronemia
Clinica similar ao Hipercortisolismo Felino
Associacao com DM

Pu/Pd, Pf, Seborréia oleosa, falha crescer pelos, alopecia, neuropatia diabética, abdome
abaulado...

Rece 12 My 2001 | et 12y 201
Errrrrr—rreTy

Journal of Veterinary Internal Medicine ACW| M
STANDARD ARTICLE ——

Canine adrenocortical

Multiple corticosteroid abnormalities in cats with / . !
[ Jendesterst  steroidogenesis
P

hyperaldosteronism
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Steroid synthesis pathways within the adrenal cortex

Primary Functioning Adrenal Tumors =

Producing Signs Similar to r_ . o
Hyperadrenocorticism Including Atypical 1 } !
Syndromes in Cats T 7 NP
Nicki Reed and Danielle Gunn-Moore = ;' B } : } N\

* > Freq machos castrados
* Clinica de HAC + Presenca de tumor adrenal + Testes hormonais negativos....
* Dosagem de progesterona basal

* Estimulo por ACTH (5 mcg/kg IV) dosando progesterona, 17-oh-progesterona,
estrégenos, testosterona e androstenediona apés ACTH...

25

FEOCROMOCITOMA

13



& Neoplasia considerada incomum
associada a secrecao excessiva de
catecolaminas

& Pode secretar mais que catecolaminas orcoulle < QN>
(incluindo ACTH)

& Associagdo frequente com outros

Feocromocitom3
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receptor * ACh = acetylcholine
AE = epinephrine
=NE = norepinephrine

Lee et al. BMC Veterinary Research ~ {2020) 1635
hitps://doi.org/10.1186/512917-020-2244-7

BMC Veterinary Research

CASE REPORT Open Access

Ectopic Cushing’s syndrome associated ®
with a pheochromocytoma in a dog: a case
report

Sungin Lee, Aeri Lee, Suh-Hyun Chai, Seulji Lee, Oh-kyeong Kweon and Wan Hee Kim'

SNC
Cértex da adrenal
an |
47 &

j Wedula daadrena
o
*

Abstract

Background: Ectopic Cushing's syndrome (ECS) associated with malignant tumors, such as small cell lung
carcinoma, bronchial carcinoids, and pheochromocytoma, has been reported in human medicine. However, ECS
related to pheochromocytoma has not been reported in dogs.

Case presentation: An 11-year-old castrated, male Scottish terrier was diagnosed with a left adrenal mass.
Cushing's syndrome was suspected based on clinical signs, including pot belly, polyuria, polydipsia, bilatera
alopecia, recurrent pyoderma, and calcinosis cutis. Cushing's syndrome was diagnosed on the basis of consistent
clinical signs and repeated adrenocorticotropic hormone (ACTH) stimulation tests. In addition, tests for fractionated
plasma metanephrine/normetanephrine suggested a pheochromocytoma. Unilateral adrenalectomy was performed
after medical management with trilostane and phenoxybenzamine. Histopathology confirmed a diagnosis of
pheochromocytoma without cortical lesions. After surgery, fractionated metanephrine/normetanephrine and the
findings of low-dose dexamethasone suppression and ACTH stimulation tests were within the normal ranges
without any medication. There were no clinical signs or evidence of recurrence and metastasis on thoracic and
abdominal X-rays and ultrasonography up to 8 months after surgery.

Conclusions: Pheochromocytoma should be considered a differential diagnosis for dogs with Cushing'’s syndrome
with an adrenal tumor. A good prognosis can be expected with prompt diagnosis and surgical intervention.

Keywords: Adrenal tumor, Dog, Ectopic Cushing's syndrome, Hyperadrenocorticism, Pheochromocytoma

05/04/2026
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CaseReports
CASE REPORT CaseReport

Companion or pet animals

Hypocortisolism in a dog caused by bilateral pheochromocytoma

Elber Alberto Soler Arias' | Sara Galac? | Santiago Teyssandier®

Facultad de Ciencias Veterinarias, Hospital Abstract
Escuela, Universidad de Buenos Aires, Buenos

ares Argents We present a 12-year-old French bulldog with muscle weakness, epigastric pain,

weight loss, high systolic blood pressure and cardiac arrhythmias. Physical and
laboratory examination revealed no abnormalities. On a computed tomography
scan, severely enlarged adrenals were found, and endocrine and biochemical eval-
encias Agrariasy Ve uations excluded hypercortisolism and hyperaldosteronism. Urinary metanephrine
Universidad del Salvador, Buenos Aires, Argentina and normetanephrine/creatinine ratios were elevated, compatible with a diagnosis
of pheochromocytoma. Symptomatic treatment with phenoxybenzamine was started
Correspondence ) and resulted in normalisation of a systalic blood pressure and reduction of arrhyth-
Elber Alberto Soler Arias, Facultad de Ci . . L T . .
mias. However, the onset of anorexia, vomiting and clinical deterioration prompted
exploration of the adrenocortical reserve through an adrenocorticotropic hormone
stimulation test, which confirmed glucocorticoid deficiency. Mineralocorticoid defi-
ciency was ruled out by normal plasma aldosterone concentration and renin activity.
Finally, an elevated endogenous plasma adrenocorticotropic hormone concentration
defined the primary origin of the hypocortisolism. Clinical resolution occurred with
prednisolone supplementation. This is the first report of hypocortisolism in a dog caused
by a bilateral pheochromocytoma.

?Department of Clinical Sciences, Faculty of
eterinary Medicine, Utrecht University, Utrecht,

Catecolaminas: sintese, metabolismo e secrecao

> preganglionic sympathetic fiber
Tyrosine — L-Dopa

|
- vesicle with acetylcholine Dopamine

catecholamine-producing cell

o * o> vesicle with epinephrine and
norepmephrme

blood capillary

® 70% Adr e 30% Nora em saudaveis
Norepinephrine —s Normetanephrine

& Feo predominio Nora
Epinephrine —» Metanephrine

¢ Nora = Normetanefrina

¢ Adrenalina = Metanefrina

05/04/2026
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Estresse >Resposta de “Medo, Luta
elou Fuga” (Frigth, Figth, Fligth)

Caiaes saudaveis = 70% catecolaminas estocadas é adrenalina 30% nora
(Feo predominio Nora)

A Ad atua mais nos recep B do que nos a.

A NAd atua mais nos a, menos nos 1 e muito pouco nos
INPUT STRESSOR STIMULUS

1 > A exposigao prolongada dos tecs as catecolaminas leva a redugdo
dos adenorreceptores (down regulation).

ROUTE \ SYMPATHETIC POSTGANGLIONIC NEURONES/ADRENAL GLAND MEDULLAE

!

NORADRENALINE/ADRENALINE |
release |

A
{ ! )

PROCESSES SUBSTRATE PRODUCTION I O, INTAKE ‘ I CIRCULATION OF BLOOD

Non-endocrine Skeletal Liver White fat Lung
target cells muscle bronchi

Adrenoreceptor B B (i}
type

Glucose  Giycogen TAG
Actions ©L ) ©L ) ©) ® ®

Lactate Glucose  Glycerol Dilate Constrict ~ Constrict  Constrict  Constrict.  Rate  Contractility
and FFA

PRODUCTS 4 plesma [glucose] | |4 ventiation 4 blood fow + blood flow 4 cardiac output
4 plasma [FFA] | |

EFFECTS Substrate and O, avadable in circulation | [ Preferential delivery of substrates and O, to skeletal muscle, heart and brain

16
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Feocromocitoma

® Média idade 10 anos (> 7 normalmente), sem
predilecao sexual ou racial,

¢ Felinos (DSH) 7-18 anos
Taxas de 15-30% de metastases e >40% de invasao

Prevaléncia diag. p6s-morten:
¢ = Cies 1,7%
& = Gatos 0,2%

Prevaléncia diag. pés-adrenalecto Incidentaloma = ~25%

Sinais Clinicos

Leves a graves! Agudos, crdnicos ou episddicos DEPENDENDO
Se a secrecdo € intermitente ou continua e do tipo de catecolamina

Inespecificos = anorexia, perda peso, letargia, hipertermia /
FREQUENTEMENTE ASSINTOMATICO

Cardiorespiratorios = taquicardia, arritmias, taquipneia, ofegacao,
sangramentos oculares/nasais, cegueira, colapsos, mucosas palidas,
ascite (trombos), HAS

Neuromusculares = fraqueza, ansiedade, convulsdes, tremores, ataxia,
insOnia, midriase, paresia/paralisia (trombos)

Mistos = Pu/Pd, vomitos, diarreia, dores abdominais (2* necrose ou
sangramento tumoral)
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Domestic Animals—Original Article

Veterinary Pathology
. . 2015, Vol. 52(2) 338-343
@ The Author(s) 2014
Pathologic and Cardiovascular © The Autort) D14
sagepub.com/journalsPermissions.nay

Characterization of Pheochromocytoma- DO 10.17710300985814533805
Associated Cardiomyopathy in Dogs

vet sigepub.com

E. F. Edmondson', J. M. Bright?, C. H. Halsey?, and E. J. Ehrhart'

Abstract

Pheochromocytoma-associated catecholamine-induced cardiomyopathy is a well-known entity in man, nonhuman primates,
and mice but has not been described in dogs. In this retrospective study, 9 dogs were identified with pheochromocytomas and
concurrent cardiovascular pathology observed histologically (n = 6), echocardiographically (n = 4), and/or electrocardiogra-
phically (n = 5). Cardiac lesions included multifocal cardiomyocyte necrosis with contraction bands, cardiomyocyte degenera-
tion, myocardial hemorrhage, lymphohistiocytic myocarditis, and interstitial fibrosis. Clinical procedures, including
electrocardiographic and echocardiographic examinations, Doppler blood pressure measurement, and auscultation, were
available for 5 dogs and consistently revealed concentric or mixed (eccentric and concentric) ventricular hypertrophy. Addi-
tional changes observed included arrhythmias, systemic hypertension, and heart murmurs. The myocardial lesions observed
in this series of dogs are similar to those observed in humans with pheochromocytoma-associated catecholamine-induced
cardiomyopathy. Since the clinical manifestations of catecholamine-induced cardiac disease are amenable to medical
treatment, recognition of this cardiomyopathy has the potential to reduce morbidity and mortality in dogs with
pheochromocytoma.

Topics in Companion AnMed 53-54 (2023) 100777

Research Article

Pathological Aspects and Immunohistochemical Evaluation of Troponin C in ()
the Cardiovascular System of Dogs With Pheochromocytoma ot
Fernando F. Argenta®, Monica Slaviero®*, Lauren S. de Mello?, Joanna V.Z Echenique?,

Alexia A. Zorzan®, Fernanda G. Cony’, Marcele B. Bandinelli*, Marcio B. de Castro®,
Saulo P. Pavarini®, David Driemeier”, Luciana Sonne*

Figure 2. Dog, heart. Histological aspects of the left ventricle of dogs with pheochromocytoma. (A) A focally extensive area of necrosis and cardiomyocyte degeneration, character
ized by cell retraction, hypereosinophilia, homogeneous cytoplasm with loss of striations and nucleus with condensation of chromatin, and fragmentation or nuclear absence. In
addition, moderate interstitial inflammatory infiltrates consisting of lymphocytes, plasma cells and macrophages was visualized. HE. Bar, 120 um. (B) Cell fragmentation, vacuolar
degeneration and contraction bands in cardiomyocytes (arrow). HE. Bar, 60 um. (C) Intense multifocal to coalescent interstitial fibrosis. HE. Bar, 120 xm. (D) The deposition of
fibrous connective tissue was observed by theintense blue staining of the Masson’s trichrome. MT. Bar, 120 um.
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HAS e Hipertrofia cardiaca

¢ Fatores determinantes de crises HAS:

Mecanicos: pressao na adrenal

Drogas: corticoides, inibidores MAQO, antidepressivos triciclicos, B-
bloqueador, metoclopramida, opioides, clorpromazina,
quimioterapicos, simpaticomiméticos)

Outros: dor, estresse emocional, exposi¢cao ao frio, alimentos ou
bebidas com tiramina (metab. Tirosina - banana, carnes, peixes,
queijos, alcool)

Até 325 mmHg, porém s6 documentada em 50% casos!!!

Diagnostico

& Dificuldades para diagndstico definitivo:

US baixa sensib/espec. para diferenciar Feo

CT >sensi p/ planejamento cirurgico (sens. 92% invasao vascular)

- Exames gerais sem utilidade Diagnostica

- Limitagdes quanto a valores de referéncia e custo para mensura¢do de catecolaminas e seus
metabolitos (normetanefrina, metanefrina, ac vanililmandélico)

- Influéncias de estresse, baixa t1/2
CAAF (RISCOS!!)

- Excluir outros tumores adrenais (TSpBDD, Aldosterona e Na:K, Horm. Sexuais?)
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Clinic for Small Animal Internal Medicine

Ultrasonographic findings in 3 dogs with PHEO

¥V CAVA CAUD MIT NN LI 4

Journal of Veterinary Internal Medicine

125001 .

T Vet lntern Med 2015;29:597-602 12000
35007
30004
25004
2000~
12004

Urinary and Plasma Catecholamines and Metanephrines in Dogs with
Pheochromocytoma, Hypercortisolism, Nonadrenal Disease and in
Healthy Dogs

creatining

E. Salesov, F.S. Boretti, N.S. Sieber-Ruckstuhl, K.M. Rentsch, B. Riond, R. Holmann-Lehmann,
P.R. Kircher, E. Grouzmann, and C.E. Reusch
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Table 1. Ranges and median values of urinary catecholamines and metanephrines to creatinine ratios, plasma cate
hok and | and free incs in dogs with pheochromocytoma (PC), with hypercortisolism
(HC), with nonadrenal diseases (NAD), and in healthy dogs.

8001

6004

Parameter PC HE NAD Healthy
U-norepinephrine : creatinine 8.0-2687.0 (44.08 7.0-31.0 (14.5 2.0-26.0 (8.0)° 3.0-17.0 (4.5)F
L 200140 0130) 205075 10470600 1008030
U-pormetanephrine : creatinine 4670-12472.0 Q213708 68.0-3000 (147.0)" 34.0-208.0 (99.5)" 26.0-123.0 \fm)}i
. . . e . .

U-normetanep!

4004

> Sy % Sy 2 = s ad -
P-norepinephrine (nmol/L) 1.1-108.0 (7.6 18-70 (2.3 0.6-5.1 (19> 0.9-22 (1.6F 200
P-epinephrine (nmol/L) 0.1-3680 (0.7) 0.1-14 (0.6) 0.2-2.9 (08) 0.3-12(0.7)

P-total normetanephrine (nmol/L) 656730 (2447 24-150 (6.3)° 22-7.2 (46" 28-54(3.1° 0-
P-free nonmetanephrine (nmol/L) 332110 (11.8)° 15-6.6 (2.6)" 10-4.0 (24)° 0921 (14

P-total metanephrine (nmol/L) 1.6-2410 (6.4)° 03-42 (200 0.5-6.3 (1.6)

e & ] AN )
s v \.
P-free metane phrine (nmol/L) 1.0-1020 (3.8 04-17 (1.2 054.1(11)" 0312 (04" e s %‘?' @

Different letters indicate statistically significant differences between the groups (P < 05).
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Safety of percutaneous ultrasound-guided fine-needle
aspiration of adrenal lesions in dogs: Perception of the
procedure by radiologists and presentation of 50 cases

Pascaline Pey! | Alessia Diana® | Federica Rossi’> | Jeremy Mortier® |
Ulrike Kafka® | Stefanie Veraa® | AnnaGroth® | Megan MacLellan” |
Chiara Marin® | Federico Fracassi®

TABLE 2 List of additional complications observed following
percutaneous ultrasound-guided fine needle aspiration (FNA) of the
adrenal lesions, reported directly by veterinary radiologists, which
were not listed in the survey

Number of

answers Complication

7 Hemorrhage

2 Death

1 Shock

1 Hypotension

1 Adhesions at the FNA puncture site between the

adrenal lesion and adjacent organs/tissue. This was
observed during the adrenalectomy by the surgeon,
and complicated the surgery

Veterinary Cinical Pathology 1SN 02756382

ORIGINALRESEARCH

Accuracy of cytology in distinguishing adrenocortical tumors
from pheochromocytoma in companion animals

Walter Bertazzolo', Martine Didier', Maria Elena Gelair?, Sivia Rossi®, Luca Crippa®, Giancario Avallone®
Paola Roccablanca®, Ugo Bonfanti®, Luca Glor®, Federico Fracassi

Table 1. Cytologic key features of adrenocortical tumers and pheochromocytoma in dogs and cats (after ref. 9)

Adrenocortical Tumors Pheochromocytomas

General architecture Many intact cells, singly or in cohesive clusters, Many uniform naked nuclei, often on a finely granular
with distinct cellular borders (Figure 1) and basophilic background, often in rows or rosette (Figure 2)
Rare intact round and plasmacytoid cells
Perivascular pattern possible (Figure 3) Perivascular pattern possible (Figure 4)
Intact cells Common [Figure 5A, Bl Rare Figure &)
Muclearto cytoplasmic ratio Low (Figure 5A, Bl High (Figure &)
Cytoplasm Basophilic and markedly vacuolated Pale blue, finely granular (Figure &)

(small to medium lipid vacuoles) (Figure 5A, B)
Nucleus Round to oval, central to peripheral, with Round to oval, with fine chromatin (Figure &)

coarse/condensed chromatin (Figure 54, B)
Nucleoli Indistinct to prominent (Figure 5A, B) Indistinct [Figure &)
Other features Hematopoietic precursors cells [extramedullary

hematopoiesis) (Figure 7)
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J| STANDARD ARTICLE

Small Animal Internal Medicine Oncology

Cytologic Evaluation as a Diagnostic Tool to Differentiate
Adrenocortical Tumors and Pheochromocytomas

Hunter 1. Plegols® | Rachel W. Willtams? | Niralt Pathak? @ | Laura E. Selmic® | Glovanni Tremolada® | Russell Sakacs® |
Laurte Millward® | Janis Lapsley*

"The Ohlo State Uni
Florida, Galnesville,

y Velerinary Medical Center, The Ohlo State University, Columbus, Ohlo, USA | 2UF Small Anlmal Hospltal, University of
ida, USA | *Flint Animal Cancer Center, Colorado State Universlty, Fort Collins, Colorado, USA

Correspondence: Hunter J. Plegols (plegols. 3@osu.edu)

Received: 26 July 2024 | Revised: 21 January 2025 | Accepted: 29 January 2025

Funding: The authors received no spectfic funding for this work. RS}

Keywords: adenoma | adrenal | aspirate | carcinoma | cytology

ABSTRACT
Background: The utlity of cytologic evaluation to distinguish adrenocortical tumors and pheochromocytomas in dogs has not
been thoroughly investigated, partly because of the percetved risks of the procedure.

Objectives: Report test characteristics of fine needle aspiration (FNA) and cytologic evaluation for differentfation of adrenocor-
tical tumors and pheochromocytomas in dogs. Complications assoclated with FNA also were recorded.

Animals: Thirty-elght dogs with 40 adrenal tumors that had FNA and cytologic evaluation performed before adrenalectomy
were Included In the study from three Institutions. Tumors included 17 pheochromocytomas, 21 adrenocortical tumors, 1 con-
current adrenocortical adenoma and pheochromocytoma, and 1 malignant neoplasm.

Results: Of the 40 FNA cytologic aspiratlons performed, 35 (87.5%) had a predominant cell type identifled and therefore were
considered of diagnostic quality. Of these, 30 (85.7%) correlated with the final histopathological diagnosts. When all samples
were Included, FNA and cytologic evaluation had a sensitivity of 77.3%, specificity of 76.5%, positive predictive value of 81.0%,
negattve predictive value of 72.2%, and accuracy of 76.9% for identifying adrenocortical tumors. For pheochromocytomas, these
values were 72.2%, 95.2%, 92.8%, 80.0%, and 84.5%, respectively. Stx (15.9%) dogs had self-limiting complications assocfated with
the FNA procedure

Conclusion and Clinical Importance: Fine needle aspiration and cytologic evaluation of adrenal tumors has a low compli-
cation rate and can help differentiate adrenocortical tumors and pheochromocytomas. Thus, cytologic evaluation of adrenal
tumors should be considered to help differentiate adrenal tumors and allow more individualized treatment of affected dogs.
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TRATAMENTO

Preparo para Adrenalectomia

Controle HAS com a-bloqueadores

Fenoxibenzamina (0,25 — 2 mg/kg bid a tid) = 6x > chance sobreviver a adrenalectomia / indisponivel
no Brasil

Prazosina (Minipress) 1 mg / 15kg, BID
Doxazosina (1mg/animal, SID a BID)

Aumento gradual dose até controlar HAS, redugao dose se hipotensao

role taquicardia com B-bloqueadores = Atenolol (0,2 — 1 mg/kg sid a bid)

& Jamais usar sozinho, pode piorar HAS, devido a vasoconstrigao al sem 0posi¢ao

22



05/04/2026

Controle HAS durante Adrenalectomia

¢ Fentolamina =» controle PAS com a-bloqueador curta agao
& Bolus 0,02 a 0,1 mg/kg seguida seguida CRI..

¢ Esmolol = controle taquicardia com B-bloqueador curta acao
& Bolus 50 — 500 mcg/kg seguida CRI 50-200 mcg/kg/min

¢ Lidocaina =» controle arritmias ventriculares
& Bolus /2 mg/kg seguido CRI 20 — 80 mcg/kg/min

® HIPOTENSAO = Reduzir dose fentolamina, Prova de carga com cristaloides, Dobutamina (>
contratilidade), vasoativos (fenilefrina, norepi, vasopressina..)

Revised: 11 March 2019 | Accepted: 9 April 2019 Veterinary Surgery. 2019;48:742-750.

DOL 10.1111, 1

ORIGINAL ARTICLE - CLINICAL WILEY

Perioperative morbidity and mortality in dogs with invasive
adrenal neoplasms treated by adrenalectomy and cavotomy

Philipp D. Mayhew BVM&S, DACVS' | Sarah E. Boston DVM, DACVS® |

& 45 casos, sendo que 36
eram feocromocitomas

Intra-hepatic pre-diaphragmatic
t-diaphragmatic

FIGURE 1 Kaplan-Meier overall survival estimates in 45 dogs

by caval location of thrombus termination
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Musser et al. BMC Veterinary Research (2018) 14272
hitpsJ/doiorg/10.1186/312517-018- 15677 BMC Veterinary Research

RESEARCH ARTICLE Open Access

Retrospective evaluation of toceranib @
phosphate (Palladia®) use in the treatment

of inoperable, metastatic, or recurrent

canine pheochromocytomas: 5 dogs

(2014-2017)

Margaret L. Musser'*'®, Kathryn L. Taikowski', Chad M. Johannes® and Philip J. Bergman®

¢ Toceranib 2,75 mg/kg

< Dias alternados

Abstract

Background: Effective treatment options for inoperable, metastatic, or recurrent canine pheochromocytomas are
lacking. In humans, specific germline mutations exist that drive the development of pheochromocytomas. Pharmaceutical
blockade of these abnomalities with small molecule inhibitors are an effective treatment strategy. Similar mutations may

exist in the dog, and thus, treatment with similar small molecule inhibitors may provide a survival advantage. The purpose
of this study was to assess the role of toceranib phosphate in the treatment of inoperable, metastatic, or recurrent canine

pheochromocytomas.

Results: Retrospectively, medical records of dogs that had a diagnosis or suspect diagnosis of a pheochromocytoma
were reviewed for information regarding response to toceranib phosphate and overall outcome. Five dogs were
identified that fit the inclusion criteria. All five experienced clinical benefit (1 partial response, 4 stable disease).
Progression-free interval (PFI) for the dog with the partial response was 61 weeks. PFI for the two dogs with stable
measurable disease were 36 weeks and 28 weeks. PFl in the two dogs with stable metastatic disease were at least

11 weeks and 18 weeks.

Conclusions: Based on this limited series of dogs, the results suggest that toceranib may have biological activity in
dogs with primary and metastatic pheochromocytomas. Larger studies are needed to define the use and response to
toceranib in dogs with gross, microscopic, and metastatic pheochromocytoma.

Keywords: Pheochromocytoma, Toceranib, Canine, Metastasis, Recurrent

e
ORIGINAL ARTICLE

Toceranib phosphate for the treatment
of dogs with high-risk adrenal gland
tumours: 16 cases (2019-2023)

C. Caarron 0 %4, L Marconaro (9 4, S, Garac!, A. M. Taroo 01, M. Zanovuert, E Fracasst
E Dex Barvo 91, G. Gusont', L. Prsost’ ano R. Finorerro &%

Ossecrives: The aims of this study were to evaluate the response rate, time to progression (TTP) and

survival times of dogs with high-risk adrenal gland tumours (ATs) treated with toceranib phosphate, in

both pic and pic setting, and to report the adverse event (AE) profiles. RS Toceranib por Via OI'aI
MareriaLs anp MeTHobs: ds of dogs d with a high-risk adrenocortical carcinoma

(ACC) or phaeochromocytoma (PCC), treated with toceranib, were retrospectively reviewed. High-risk

ATs were defined as inoperable and/or metastatic ATs or cortical tumours with high Utrecht score.

Endpoints were response rate, TTP and overall progression-free survival time (PFST). Adverse events ® Dose mediana inicial de 2,4 mg/kg

were reported according to VCOG-CTCAE. (intervalo de 2 a 2y9)y arredondada
para o tamanho de comprimido

received adjuvant toceranib due to a high Utrecht score or metastatic disease, while all dogs with 5 B & X

PCC were treated with In the pic setting. A clinical heneflt was detected in 80% of disponivel mais pr

dogs with PCC: four achieved stable disease for a median TTP of 176.5days, and two achieved partial

response for 182 and >100 days, respectively. Median PFST for dogs with PCC was 112 days. Among

dogs with ACC, 3 (50%) prog and were after 237, 364 and 273 days; the remaining 3 -

(50%) dogs were alive and disease free 382, 508 and 583 days after starting toceranib. Overall, toc- ® Segundas’ quartas € SeXtaS-felraS'

eranib was well-tolerated.

Resuirs: Sixteen dogs were included: 10 diagnosed with PCC and six with ACC. All dogs with ACC

CunicaL Sieniricance: Toceranib may offer clinical benefit and improve outcome in dogs with high-risk ATs
in both the macroscopic and microscopic disease settir

Journal of Small Animal Practice (2025); 1-8
DO: 10.1111/jsap.13840
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Prognostico

& Mortalidade perioperatoria relatada 10-20%

CASE REPOATS

49-Month Survival Following Caval Venectomy
Without Nephrectomy in a Dog with

o pt a Pheochromocytoma
© Fatores de risco para sobrevida a curto prazo X -

et Mimirce Db, P10, Ll DECHT

> Tamanho do tumor, hemorragia adrenal aguda

BMC Veterinary Research

> Invasao VaSCUlar extensa

Favorable outcome of pheochromocytoma "’
in a dog with atypical Cushing's syndrome
and diabetes mellitus following medical

& Sobrevida longo prazo até > 4 anos treatment a case report

Receved: 7 Aprl 2019 Revised: 19 August 2019 Accepted: 24 August 2019

DOI: 101111 Aec 13069

ACECE wiLey

CASE REPORT

Autoresuscitation and pheochromocytoma multisystem crisis

inadog l i
Michael T. KatoDVM' @ | John M. Mallard DVM? i

A 8 [-
1 Department of Clinkcal Sciences, Morth A1 b s "
Carolina State University, Raleigh, Morth Abstract - -

Carolina USA Objective: To describe the clinical course of adog with a pheochromocytoma multisys-

? Eme: fpency and Critical Care VCA West
Coast Spedalty and Emergency Animal
Hospital, Fountain Valley, Califomia USA Case Summary: An approximately 10-year-old male neutered terrier mix dog pre-

tem crisis that exhibited autoresuscitation after cardiac arrest.

sented for collapse. Abdominal imaging was suggestive of a pheochromocytoma, and
Correspondence

Michael T.Kato, Departm ent of Clinical Sci- clinical pathology data and thoracic imaging suggested the presence of a multisystem
ences, North Carolina State University, 3322
Swinford Ct Raleigh,
Email:mtkato:

crisis. The dog developed cardiopulmaonary arrest that was followed by aut oresuscita-
tion.

Mew or Unigue Information Provided: To the authors' knowledge, this is the first
report of autoresuscitation in a dog. The phenomenon may have been associated with

a pheochromocytoma multisystem crisis.

KEYWORDS
@nine Lazarus phenomenon, returnof spontaneous droulstion
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INCIDENTALOMAS adrenais

Conceito de incidentaloma: massa (>1cm) descoberta ao acaso em
investigacdo radiografica (Rx, US, TC, RM) sem presenga de sinais
clinicos que sugiram doenga adrenal

$ Universiteit Utrecht

Clinical findings in dogs with incidental
adrenal gland lesions determined by
ultrasonography: 151 cases (2007-2010)

Audrey K. Cook, Bvsss; Kathy A, Spaulding, pvm; John E Edwards, pvs, php

JAVMA 2014;24:1181-5

- 4% of dogs had an Incidentaloma
- Predominantly older dogs (median age: 11 yrs)

- 30% had a malignant adrenal tumor; size = 20-46 mm

- 28.5% had non-adrenal malignant tumors:
lymphoma, metastasis

Galac, 2018 5
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Iniversiteit Utrecht

Prevalence of adrenal gland masses as incidental findings

during abdominal computed tomography in dogs:
270 cases (2013-2014)

Jared I, Baum BA

S h E. Bost , DVsc
JAVMA Vol 249 = No. 10 « November 15,2016 ara ostan DVM, DV«

). Brad Case DVM, M5

Frem the Department of Small Animal Clinical Sciences,
College of Veterinary Medicine, University of Florida,
Gainesville, FL 32608, Mr. Baum’s present address is PO
Box 100125 HSC, Gainesville, FL 32610.

- 9.3% of dogs had an adrenal mass

- Eldery dogs: median 12 yr

- Histopathology (only in 3 dogs):
1 cortical adenoma and 2 pheochromocytomas

Galac, 2018 =

Universiteit Utrecht

Adrenal mass: what can it be?

Main secretory
Zones product

- e ALD-secreting

I Glamerulosa - Aldosierone

Cross section hrough
odvemdl ghond

Cortisol-secreting

S 1= Fesciculats - Cortisol

Sex-steroid secreting

% | Reticuloris = Androgens

- Pheochromocytoma

Morepinephrine

¢ Hormonally inactive
(true Incidentaloma)
e Metastasis
e (Cyst
Galac, 2018 ¢ Myelolipoma
¢ Bleeding
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Universiteit Utrecht

Adrenal mass: what can it be?

ALD-secreting

Cortisol-secreting

Malignant

Sex-steroid secreting

Pheochromocytoma

Hormonally inactive
(true Incidentaloma)

Metastasis
Cyst
Myelolipoma

Galac, 2018 * Bleeding

Jauenal of Veterinary Intemal Me 026, 401 1], 2alaf0s]

ACYIM JVIM OXFORD

triginal Research | Small AnimalInternal Wedicine Endocrinology

Glucocorticoid and mineralocorticoid production in “Incidentalomas”podem

hormonally silent adrenocortical tumor tissue in dogs

Kirsten L. van Bokhorst:2, Marit F. van den Berg!, Hans S. Kooistra!, Monique E. van Wolferen?, nao ¢ silente S ”

Elpetra P. M. Timmermans-Sprang?, Andrea Corsini*, Stefania Golinelli*, Nicole Bechmann® (3,
Mirko Peitzsch®, Sara Galac!"’

ment of Chinical Seiences CM Utrecht, The Netherlands

A Pt B P=100 P=2
s, Technische Univ scler E pezs P00t

s, Faculty of Veterinary Medicine, Utrecht University, Yalelaan 108, 3584 CM, Utrecht, P

N

Corticosterone
(ng/mg tissue)
18-OH-corticosterone
(ng/mg tissue)

Abstract N
Background: No consensus exists regarding the monitoring and therapeutic approach to adrenal tumors (ATs) discovered
incidentally by diagnostic imaging, when standard endocrine testing yields negative results. 10 E 1
Hypothesis/Objectives: To evaluate tissue concentrations of adrenocortical steroids in hormanally silent adrenocortical tumors =
(SATs} in dogs. SAT cs-ACT NA SAT ©s-ACT NA
Animals: Fourteen dogs with SATs (12 unilateral, 2 bilateral), 11 dogs with cortisol-secreting adrenocortical tumors (¢s-ACTs) c e 001 b peot
and 10 healthy dogs. s T hetee | pem P T omwr meon
Methods: Observational study. Diagnosis of SAT was based on finding an AT on diagnostic imaging, negative endocrine
function tests, and histopathological and immunohistochemical confirmation. Adrenocortical steroid tissue concentrations & 4 o
were measured by liquid chromatography with tandem mass spectrometry and compared between SATs, cs-ACTs, and normal EE Eﬁ
adrenals (NAs). R 22

s2 52
Results: Hormonally silent adrenocortical tumors exhibited higher median tissue cortisol (3.62 ng/mg, range 0.05-18.1) and 21- ,32. 4 "‘g,
deoxycortisol (0.08 ng/mg, range 0.00-0.44) concentrations than NAs (cortisol 0.38 ng/mg, range 0.01-1.90; 21-deoxycortisol faed =
0.01 ng/mg, range 0.00-0.03; P = .04 and P = .001, respectively), and these concentrations were not significantly different . K
between SATs and cs-ACTs. Furthermore, SATs’ median tissue concentrations of mineralocorticoid precursors corticosterone
(2.15 ng/mg, range 0.01-14.1) and 18-OH-corticosterone (0.70 ng/mg, range 0.00-4.89) were higher than in NAs (respectively p =
0.19 ng/mg [range 0.14-0.54] and 0.05 ng/mg [range 0.01-0.33]; bath P = .01) and not different when compared to cs-ACTs. SAT cs-ACT NA SAT cs-ACT NA

Figure2 (41, 18-0H ) 0}, and cortisol D) tissue concentration for SATs, ¢s-ACTs, and NAs.
Conclusions and clinical importance: This study on tissue metabolomics in ATs in dogs demonstrates c ble tissue i and lines represent the median. Whiskers represent the range, extending to a maximum of
concentrations of specific glucocorticoids and mineralocorticoids in SATs and cs-ACTs. This implies that some SATs are not  -5times the nterquartile range. Circles represent outliers that fall above the FLetmes 9 -
the third quartil the interquartile range. Abbreviations: SAT = silent adrenocartical tumar; cs-ACT =

hormaenaily silent, prompting further studies on diagnostics, treatment, and monitoring recommendations.

56

g tumor;
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Adrenal Incidentaloma: Clinical and Histopathological Characteristics (Abstract EN19)
ACVIM 2019
Viviani De Mareo': Rodrigo Ubukata?; Isabella Sant/Anna®; Marcia Kahvegian®: Sara Galas

Naya Endocrinologia Veterinaria; 2DABROVET - PROVET; *Santo Amaro University 4F’RDVET‘ Universidade Cruzeiro do ;‘F('IIZUI[\-‘ of Veterinary Medicine, Utrecht University, the
Netherlands

Adrenal incidentaloma (Al) is defined as an incidentally discovered adrenal mass in a dog not suspected of having an adrenal disea In trospective study we report on clinical
and histopathological data in 22 dogs with an Al, detected by abdeminal ultrasonography. Most dogs had no clinical complaints, except c / in two dogs. Abdominal ultrasonography
was performed as a part of wellness screening or for non-medical reasons. Ghar:
adrenal thickne 10 mm) and/or expansion into bloods ve:
rs. The mos 1t breed was Lhasa Apso (7), followed by Sl
centrating ability of v 5 > 0 unremarkable, except slightly
Median basal cortisol concentration

ogs with an unilateral Al, the coniralateral adrenal gland nc
adrenalectomy. In three dogs with bilateral Als. only the largest adrenal mass ha:
adrenocortical carcinoma in
of dogs. Female do

22 caes com incidentalomas (15 fémeas — 14 castradas, 7 machos castrados)
Lhasa, Shi Tzu, Maltés e Dachshund super-representados

Diametros de 1,1 a 5,6 cm (19 casos unilaterais e 3 bilaterais)

Adenoma em 7 casos

Carcinoma em 10 casos

Feocromocitoma em 5 casos

INCIDENTALOMAS adrenais

& Abordagem multissistémica do paciente para excluir Cushing,
Secrecao Esteroides sexuais, Feo, Hiperaldo.

<2 cm e regular
Revisar US

Massa em 3-6 meses

“Silenciosa”

documentada Considerar

Adrenalecto
>2cm el/ou
irregular
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Demographics, Imaging Findings, Diagnosis, and Outcome for 74 Dogs
Undergoing Adrenalectomy for an Incidental Mass

Audrey Cook!; Phil Mayhew?; Federico Massari®; Felipe Lillo*; Ameet Singh®; Bart
Van Goethem®; Sebastian Vam Nimwegen’

1Professor, Small Animal Internal Medicine, College of Veterinary Medicine, Texas
A&M University; 2University of California-Davis; 3Clinica Veterinaria Nervianese;
“Universidad Andrés Bello; *Ontario Veterinary College; *Ghent University; “Utrecht
University

BACKGROUND

Incidental adrenal masses (In-AMs) are routinely identified in dogs undergoing abdominal
imaging. However, there is little information regarding likelihood of malignancy, and the risks
vs. benefits of surgical intervention.

OBJECTIVES

" Tocompare findings in dogs with In-AMs against those with clinical adrenal masses (Cl-AMs)
. T'o identify preoperative indicators of histologic diagnosis for dogs with In-AMs
ANIMALS

255 dogs undergoing laparoscopic adrenalectomy

METHODS
Demographics, lesion size, and histologic findings were compared for dogs with incidental vs.
clinical masses. Survival to discharge was determined for dogs with In-AMs.

RESULTS

Masses were apparently incidental in 74/255 dogs (29.0%). Ages and body weights were similar
to those with Cl-AMs (126.6+25.7 vs. 122.0427.3 months [p=0.234], and 15 (3 1-96) vs. 11 (3.0-65)
kg [p=0.178], respectively). Malignancy rates were similar (56.7% vs. 62.2% [p=0.463]), although
In-AMs were more likely to be pheochromocytomas (34.3% vs. 12.2%; OR 3.76 [1.933-7.42];
p=0.0002). Maximal mass dimension (MMD) was similar for both groups (2.5 [0.9-14] vs. 2.5
[1.3-6.7] cm; p=0.832). Twenty In-AMs had MMD <2 cm, 8 of which were noted to have
vascular invasion on imaging. However, 6/11 small, noninvasive In-AMs were malignant (3
pheochromocytomas, 3 carcinomas). Three dogs died from surgical complications.

CONCLUSION

These findings suggest that the majority of In-AMSs are malignant, and that size is not predictive
of histopathologic findings. Short-term outcomes following elective laparoscopic adrenalectomy
are generally good. Previous recommendations to simply monitor noninvasive In-AMs with
MMD <2 cm should be reconsidered.
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