AssocIaTED MEeDIcAL COMPLICATIONS

Most dogs with hyperadrenocorticism are stable and not
severely itl when initially examined. However, various prob-
lems may arise secondary to prolonged steroid excess. I a
few circumstances. such problems can be catastrophic.

Hypertension

Hypertension has been documented in more than 90 per
cent of humans with naturally occurring hyperadrenocorti-
cism. Multiple factors have been implicated in this hyperten-
sion. including excessive production of renin substrate (the
circulating protein that acts to release angiotensin 1), activa-
tion of the renin-angtotensin system by means of alternative
stimulators. enhanced vascular sensitivity 1o pressors {e.g..
catecholamines, adrenergic agonists). reduction of vasodila-
tor prostaglandins, and increased secretion of non—zona glo-
merulosa mineralocorticoids ** ¢

Why be concerned about hypertension? Specific problems
are related 1o this disorder. Hypertension-induced blindness
may be due to intraocular hemorrhage and/or retinal detach-
ments.*’ Hypertension may exacerbate left ventricular hyper-
trophy, heart failure, and glomerulopathies. The latter may
predispose these dogs 1o thromboembelic disorders. More
than 50 per cent of dogs with Cushing’s syndrome are hyper-
tensive on random testing.** Normal dogs have systolic. dia-
stolic, and mean blood pressures of about 150, 90. and [10
mmHg, respectively. Dogs with Cushing’s have systolic. di-
astolic, and mean blood pressures of 180, 120, and 145
mmHg. respectively. Hypertension may resolve after resolu-
tion of the Cushing’s.

Pyelonephritis and Urinary Calculi

As previously reviewed, urinary tract infections are com-
mon in dogs with Cushing’s, and such infections can ascend
to the kidneys. Lowered resistance 1o infection may result
from glucocorticoid inhibition of neutrophils and macro-
phages inte infected areas. and dilute urine increases suscep-
tibility 10 lower urinary tract infection but decreases suscep-
tibility to pyvelonephritis.™® The anti-inflammatory effects of
ghucocerticoids not only predispose to these problems but
often mask clinical signs. Suspicion of pyelonephritis should
be raised if a urinary tract infection: cannot be cleared, even
after proper antibiotic therapy. Pyelenephritis is difficult to
diagnose without contrast (dye) studies or biopsy.

About 510 10 per cent of dogs with Cushing’s syndrome
have urinary calcull, Glucocorticoids increase calcium excre-
tion, which may result in calculi formation. Further, the in-
creased incidence of infection contributes to calculi. Dysuria,
a major sign caused by urolithiasis, may not be obvious
(masked) because the glucocorticoid excess may mterfere
with inflammation.

Glomerulopathies

The incidence of glomerulopathies in dogs with Cushing’s
exceeds 50.per cent. This protein loss seldom causes signifi-
cant hypoalbuminemia and has not been related to develop-
ment of edema, ascites, or pleural effusion. Whether these
losses relate 1o other documented problems in Cushing’s
{e.g., hypertension. pyelonephritis [sepsisi, thromboembo-
lism) remains 1o be seen.
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Congestive Heart Failure

One sequelae of excess glucocorticeids 1s hypertension
resulting from hypervolemia, which may increase the work-
foad of the myocardium and cause myocardial hypertrophy.
Congestive heart failure may occur as hypertension and fluid
retention become severe.

Pancreatitis

Idogs with hyperadrenocorticism have been described as
being predisposed to development of pancreatitis. Although
various facets of Cushing's fit this impression (¢.2.. hyperlip-
idemia. hypercholesterolemia, infection), pancreatitis is not
common.

Diabetes Mellitus

Diabetes mellitus is an extremely straightforward disease
to diagnose in dogs and cats, Hyperadrenocorticism is not as
easily diagnosed. but the clinical picture of Cushing’s is
striking, making the diagnosis in most dogs relatively un-
complicated. It is easy to realize when a dog with established
Cushing's develops diabetes mellitus because of a sudden
increase in thirst, urine output, and glucose in the urine. A
major dilemma is encountered, however, when attempting to
determine whether 2 dog or cat with established diabetes
mellitus has Cushing’s.

The muajor clue used by practitioners is the presence of
insulin resistance. Resistance, however, 1s a subjective phe-
nomenon that has myriad differential diagnoses. The clini-
cian is best served by relying on the clinical presentation of
the dog. Does it have an appearance consistent with the
diagnosis of Cushing’s? This question deserves careful con-
sideration because the clinical signs (polydipsia, polyuria.
polyphagia. hepatomegaly) and the CBC {increase in white
blood cell count, and stress leukogram). serum chemistry
profile {increases in cholesterol, ALP, and ALT), radiograph.
and ultrasound results of the two diseases are similar. The
urine of a dog with diabetes usually is more concentrated
than that of a dog with Cushing’s and diabetes, but with
either condition dogs are prone to infection.

Puimonary Thromboembolism

Pulmenary thromboembolism is a potential complication
of hyperadrenocorticism as well as of several other disorders
(e.g.. amyloidosis, renal failure, pancreatitis, sepsis, diabetes
mellitus). Thromboembolism is no doubt related to the hy-
percoagulable state typical of Cushing’s. In Cushing’s, this
embolic tendency may be related to glomerular protein loss
resulting in antithrombin HI alterations and/or increased con-
centrations of coagulation factors V, VIIL, [X, and X as well
as fibrinogen and plasminogen. [ncreases in antithrombin 11
and fibrinogen are inconsistent with the development of a
hypercoagulable state. Additional predisposing factors in-
clude obesity, hypertension. increased hematocrit (resulting
in vascular stasis), sepsis, and prolonged periods of recum-
bency.*

Most of cur dogs that have developed this serious compli-
cation had recently undergone medical treatment for Cush-
ing’s syndrome or had an adrenocortical tumor surgically
removed when the embolic episode began. Most of these
dogs have acute respiratory distress, orthopnea, and, less
commonly. a jugular pulse. Panting may occur secondary to
hypoxia and/or pleuritic pain. Radiographs of the thorax may
reveal no abnormalities or pleural effusion. Alternatively,
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Figure 118-17. Commaon clinical signs observed by owners and veterinatians in dogs with large pituitary (umors that are

causing CNS signs,

there may be an increased diameter and blunting of the pul-
monary arteries. lack of perfusion of the obstructed pulmo-
nary vasculature, and overperfusion of the unobstructed pul-
monary vasculature. Arterial blood gus analysis demonstrates
decreases in the Po, (mmHg) to the mid-50s to mid-60s
(normal, &0 to 100 mmHg} and decreases in the Pco,
(mmHg) to 17 to 30 (normal, 35 to 45 mmHg). Thrombaosis
may be confirmed with angiography of the lungs or with a
radionuclear lung scan. Therapy consists of general support,
oxygen, anticoagulants (heparin and/or a coumarnin com-
pound). and tne. The prognosis for this condition is grave.

Central Nervous System Signs

Pathophysiology. PDH occasionally results from a
functioning. large {greater than 1 ¢m in diameter) pituitary
tumor. Such a mass with dorsal expansion may compress the
optic chiasm and hypothalamus. invaginate the pituitary stalk
that connects the hypothalamus with the pituitary. and dilate
the infundibular recess and third ventricle. The clinical signs
exhibited by dogs with macrowmors often reflect both the
endocrine and the space-occupying effects of the tumor. The
endocrine manifestations are those signs that are typical of
Cushing's. Synthesis und/or secretion of all anterior pituitary
hormones is suppressed by excesses in cortisone, making the
diagnosis of hypopituitarism resulting from tumor destruc-
tion almost impossible to confirm.

[dentification of a pituitary tumor that will cause clinical
signs because of 1ts mass ts difficult. We evaluated 21 dogs
with untreated and recently diagnosed PDH with no clinical
signs suggestive of a large intracranial mass. Each dog under-
went brain magnetic resonance imaging. Eleven of these
dogs had easily visualized pitustary tumors (3 o 13 mm at
greatest vertical height}. No clintcal or endocrine tests distin-
guished dops with large tumeors from those with tumors
smaller than 3 mm."” In studies of dogs with PDH and clini-
cal signs caused by enlarging pituitary tumors. no data base
or endncrine test result consistently distinguished dogs with
small wmors from those with large tumors or distinguished
dogs that had clinical signs of an intracranial tumor from
those that did not.™ ™

Clinical Signs. Most dogs with PDH with a pituitary
mass greater than 1 ¢m in diameter do not have clinical signs
because of the tumor size. When neurologic signs are recog-
nized, they are almost always subtle but obvious to an owner.
Such signs, however, may not be obvious to a veterinanan.
Therefore, knowing the owner and his observation skitls are
important. Signs commonly reported include dullness, list-

lessness, and a poor appetitc. The signs may progress (o
anorexia. restlessness, loss of interest in normal household
activities, delayed response to stimuli, and brief episodes of
disorientation. The differential diagnosis for these signs in-
cludes mitotane (o,p’-DDD; Lysodren) overdosage. More de-
finitive signs exhibited by dogs with macrotumors include
attered mentation (obtundation, stupor), ataxia, tetraparesis,
and aimless pacing (Fig. 118-17). Less frequently observed
problems include nystagmus, circling, head pressing, behav-
jor changes, blindness, seizures. and coma. Anisocoria, stra-
hismus, and facial paralysis may result from damage to cra-
nial nerves. Blindness may be misdiagnosed because mental
dullness resulls in inappropriate responses to visual stimuli
{ahsent menace).

Diagnosis. Macrotumor syndrome has been diagnosed
before Cushing's is diagnosed (less than 25 per cent of dogs).
within 30 to 60 days (25 to 35 per cent) or greater than or
equal to 6 months after (40 to 60 per cent of dogs) beginning
treatment for Cushing’s. The diagnosis of macrotumor is
dependent on eliminating a concurrent illness or o,p’-DDD
overdosage, which might explain clinical signs. No endocrine
test results reliably correlate with the size of a pituitary -
mor.* 7 *® The diagnosis can be confirmed only with ad-
vanced imaging technology (CT or MRI).

DirFERENTIAL D1AGNOSIS

The combination of clinical signs seen in most dogs with
hyperadrenocorticism is strongly suggestive of the final di-
agnosis. With most dogs, the veterinarian gains a suspicion
of Cushing’s after completing the history and physical ex-
amination. As seen in Table 118-6, however, several dis-
eases do have signs, with or without laboratory data, that
may overlap with those of Cushing’s. The obvious differen-
tial diagnoses inciude diabetes mellitus, acromegaly, diabetes
insipidus, kidney disease, liver disease, pyelonephritis, hy-
pothyroidism, hyperthyroidism. Sertoli cell tumors, and hy-
percalcemia. The endocrine alopecia and hyperpigmentation
found in dogs with adult-onset GH deficiency may mimic the
dermatologic signs of Cushing’s.

SpPecIFIC EVALUATION OF THE PITUITARY-
ADRENOCORTICAL AXIS
General Approach

Data Base. After establishing a presumptive diagnosis of
canine or feline hyperadrenocorticism from review of the



TABLE 118-6. DIFFERENTIAL DIAGNOSES FOR
CANINE CUSHING'S SYNDROME (CCS) AND MAJOR
AREAS OF OVERLAP

DIFFERENTIAL

DIAGNOSIS OVERLAFP WITH CCS

Diabetes mellitus PD/PU/polyphagia

1 ALP. T ALT. 1 FBG. 1 Cholesterol

Hepatomegaly
Urinary tract infection
Kidney disease PDYPL
Liver disease Hepatormnegaly

T ALP, T ALT. 1 liver lunction test results
Bilaterally symmetric alopecia

Apparent weight gain

T Cholesterol

Bilacrally symmetric alopecia

Chronic recurring urinary tract infection

Hypothyreidism

Sertoh cell tumor
Pyelonephritis

PD/PU
Hypercalcenna PD/PL
Diabetes msimidus
Nephrogenic pP/PU
Central PD/PU
Primary (psychogenic) PD/PU/polyphagia
polydipsia
Acromegaly Poor hair coat
PD/PU
T ALP
Enfarged abdomen
Muscle weakness
lnspiratory stridor
1 Blood glucose
Hepatomegaly
Ascites Enlarged abdomen Gmay be difficult to palpate)
Anticonvulsant therapy PD/PU
Lethargy
Polvphagia
T ALP. T ALT

Abnormal plasma cortisol concentralions

ALP. alkaline phosphatase: ALT, akmne aminotransierise: FBG. fsting blood ol
cose: P polydipsia: PUL polyuna

owner’s impressions, physical examination. laboratory data
base, radiographs. and/or ultrasonography. the chinician usu-
ally attempts to confirm the diagnosis. When necessary and
if possible, an attempt can also be made to determine the
source of the disorder.

Endocrine Assays. The mainstay of these diagnostic
procedures is the measurement of plasma, serum, or urine
cortisol concentrations, based on commercially avaliable ra-
dicimmunoassays (RIAs). These tests are reliable. inexpen-
sive, easily performed. and commonly used. Commercially
available plasma ACTH assays arc also being used more
frequently. although the hormone is more fragile and the
assays more expensive.

Cortisol Collection Method. Heparinized blood should
he centrifuged soon after obtaining the sample, with the
separated plasma placed in a clean vial and frozen. Cortisol
concentrations in frozen plasma are stable for long periods.
Hemolysis or storage of samples at warm temperatures for
short periods has little effect on assay results.™

Plasma Aldosterone Assays. Various commercially
available kits for aldosterone assays are valid for samples
from dogs and cats. There are few situations, however, In
which this information is necessary to the diagnosis of hy-
peradrenocorticism. When specific aldosterone-related disor-
ders are suspected, it is reasonable to assess plasma aldoster-
one concentrations.

Endocrine Testing

The evaluation of an animal suspected of having hyper-
adrenocorticism proceeds through two basic steps (Fig. 118~
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18). The first stage is to confirm or deny the presence of
Cushing’s. The second stage consists of differentiating PDH
from adrenal tumor—dependent hyperadrenocorticism.

Screening Tests

Urinary Corticosteroids

24-Hour Collection and Assay. Traditionally, an aliquot
of urine from a sampie collected over 24 hours provides an
integrated assessment of the amount of hormone produced
over time, This has been the gold standard used in the diag-
nosis of humans with hyperadrenocorticism for decades, and
it continues to be the most reliable means of confirming 4
diagnosis. Despite the advantages recognized as inherent
with this diagnostic teol, the cumbersome nature of collect-
ing urine for this test has made it rarely used i dogs and
cats. When used, the testing is reliable.

Urine Cortisol-Creatinine Ratio. Studies have demon-
strated that the ratio of cortisol to creatinine concentration
from a single. randomly obtained voided urine sample pro-
vided information that aided in identifying people with
hyperadrenocorticism.®* ** Similar studies in dogs revealed
that measurement of the urine cortisol-creatinine (C/C) ratio
had potential as a screening test for hyperadrenocorticism.™
There is general agreement that the urine C/C ratio readily
distinguishes between apparently healthy dogs and those with
hyperadrenocorticism® but that the test lacks specificity: that
is, it was abnormal in dogs with Cushing’s, but it was also
abnormal in dogs with diabetes mellitus. diabetes insipidus,
pyometra, hypercalcemia, and liver failure (Fig. | 18—19." %

Choosing a screening test for hyperadrenocorticism is im-
portant because that test may determine whether or not a dog
is treated. Routinely used screening tests include ACTH
stimulation. low-dose dexamethasone, and urine C/C ratio.
Recommendations regarding treatment should be based on
the history, physical examination, and data base results as
well as the results of a screening test. No screening test is
perfect.

Resting (Basal) Plasma Cortisol Concentrations.
Basal (morning) plasma cortisol determination is, by itself.
of little diagnostic value. The mean resting plasma coruisol
concentration 1n dogs with Cushing's is significantly above
that of normal dogs, but individual test results usually are
within the normal range (see Fig. 118-5). Both ACTH and
cortisol are secreted episodically. Dogs with hyperadrenocor-
ticism have a greater frequency of cortisol bursts as well as
increased amounts of cortisol 10 each surge. For the most
part. these bursts result in cortsol concentrations in the
plasma that overlap with normal. During any 24-hour period,
nowever, this hormonal profile creates a relative excess in
the amount of cortisol secreted. Over a period of months or
years, the clinical syndrome of Cushing’s results from this
chronic and unrelenting pattern of cortisol excess.

ACTH Stimulation Test

History. The ACTH stimulation test has commonly been
used for the diagnosis of hyperadrenocorticism. The test is
safe, simple, relatively inexpensive, and not ime-consuming.
Results of the ACTH stimulation test have undergone critical
studies that have revealed the test's weaknesses and
strengths.

Theory. Dogs and cats with pituitary-dependent Cushing’s
have adrenal hyperplasia secondary to chronic excessive
stimulation by ACTH. These hyperplastic adrenals have a
capacity to synthesize excessive amounts of cortisol. Dogs
with functioning adrenocortical tumors (adenomas and car-
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Figure 118-18. Diagnostic evaluation of a dog or cat with suspected hyperadrenocorticism. (From Feldman EC and Nelson
RW: Canine and Feline Endocrinclogy and Reproduction. Philadelphia, WB Saunders, 1987, p 160.}

cinomas) have similar abnormal capacities to synthesize cor-
tisol. These animals with pituitary- or adrenocortical-depen-
dent Cushing’s have the potential for an exaggerated
response 10 ACTH. If this is true and if the adrenals in both
disorders maintain ACTH responsiveness, dogs or cats with
Cushing’s syndrome can be distinguished from nen-Cush-
ing’s animals.

Protoeol. Reliable results are obtained when using porcine
agueous gelatin ACTH (Cortigel-40 repository corticotropin
injection USP) at a dose of 1 [U/Ib (2.2 1U/kg) of body
weight IM, with plasma samples obtained before and 2 hours
after injection. Alternatively, synthetic ACTH (cosyntropin

o
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Cortisal: creatinine ratio (><10'5)
[}
(=]

healthy dogs with dogs with
dogs hyperadrenocorticism polyurla/polydipsia

Figure 118-19. Unine cortisol-creatinine (C/C) ratios from healthy dogs.
dogs with naturally occurring hyperadrenocorticism, and dogs with polyuria
and polydipsia caused by disorders other than hyperadrenocarticism. These
values show that the C/C ratio is a sensitive test for Cushing’s syndrome
but that it is not specific and should not be used as the sole test in confirming
a diagnosis. .

[Cortrosyn]; 0.25 mg per dog |one vial] IM, with samples
obtained before and | hour after administration) provides
reliable results. In cats, 0.125 mg (one-half vial) is adminis-
tered IM, with plasma samples obtained before and 30 and
60 minutes after administration. The 0.25-mg dose caused
vomiting in some cats.™

Results—Normal Dogs. Normal values must be cstab-
lished by each laboratory. Most laboratories, however, have
reasonably similar results for plasma cortisol concentrations.
Reference ranges for baseline cortisol concentrations are be-
tween 0.5 and 6.0 pg/dl, and the normal poststimulation
cortisol concentration is between 6 and 17 pg/dl (Fig. 113-
20)). Poststimulation values between t7 and 22 pg/dl are
considered borderline, and those greater than or equal to 22
pgfdl are consistent with a diagnosis of hyperadrenocorti-
cism. It is important to emphasize that ratios and percentages
change; comparing the basal with the poststimulation cortisol
15 not informative, and only the absolute values should be
evaluated.

Results—Hyperadrenocorticism. ACTH stimulation test
results are abnormal in 80 to 85 per cent of dogs with PDH,
making the test useful but not absolutely reliable. Test results
from dogs with PDH are not distinguishable from those of
dogs ultimately shown to have functioning adrenocortical
wmors. Suppression of endogenous ACTH in dogs or cats
with adrenocortical tumors results in atrophy of all normal
adrenocortical tissue. Despite their autonomous function,
these neoplastic cells retain surface ACTH receptors and the
intracellular pathways integral to a response caused by
ACTH. Most dogs with hyperadrenocorticism caused by
functioning adrenocortical tumors have abnormally exagger-
ated ACTH stimulation test results. A significant percentage
(20 to 40 per cent) have normal response tests. Failure to
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Figure 118-20. Mean radivimmuncassay plasma cortisol concentrations
{+2 SDy determined before and 1 hour after administration of synthetic
ACTH in conirol dogs, dogs with spontancous hyperadrenocorticism. and
dogs with tstrogenic hyperadrenocorticism.

respond to ACTH is unusual but possible in dogs with adre-
nocortical twmors. No consistent difference has been noted
comparing ACTH responsiveness in dogs with adrenal ade-
nomas versus those with carcinomas.

Results—Diabetes Mellitus. Confusion regarding whether
individual dogs with diabetes mellitus also have Cushing’s
syndrome 1s common. Dogs with well-regulated diabetes
have normai endocrne test results.™ It is possible, however,
for chronie illness to alter adrenocortical test results. There-
fore, the non-Cushing’s dog with poorly regulated diabetes
can have misleading test results. The diagnosis of hyperadre-
nocorticism in this sitwation must be supported by abnormat
endocrine test results and clinical signs of Cushing’s. Insulin
resistance is nonspecific and should not be the sole reason 1o
treat tor Cushing’s syndrome.

latrogenic Cushing’s Syndrome. A dog with clinical signs
and routine laboratory test features of Cushing’s syndrome
with a low-normal baseline cortise] concentration and little
or no respanse (o exogenous ACTH is likely fo have iatro-
genic Cushing’s syndrome (see Fig. 118-20). All other test
results are identical to those of dogs with spontaneous hypo-
adrenocorticism. No other screening test differentiates natu-
rally occurring hyperadrenocorticism from iatrogenic Cush-
ing's syndrome.

o,p'-DDD Therapy. o,p'-DDD and ketoconazole (Nizoral)
commonly are used in the treatment of hyperadrenocorticisin.
In either case. there is only one means of satisfactorly mon-
itoring therapy: ACTH stimulation. This is the only test that
can assess adrenocortical reserve and provide rehable infor-
mation regarding adequacy of therapy.

Anticonvulsant Medication. Diagnosis of dogs with signs
of Cushing’s syndrome thal are receiving anticonvulsant
medication can be confusing. Such medication (primidone.
phenytoin, phenobarbital) can cause polydipsia, polyuria.
polyphagia, lethargy, increased serum liver enzyme values.
and abnormal plasma cortisol concentrations. The clinician
must be cautious when establishing a diagnesis in dogs tak-
ing these medications (see Table 118-6}.
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Dexamethasone Screening Test
(Low-Dose Dexamethasone Test)

Theory

NormaL. Pituitary ACTH, under hypothalamic control,
stsmulates adrenocortical synthesis and secretion of glucocor-
ticoids. Increasing plasma cortisol concentrations, by way of
negative feedback, suppress continued secretion of ACTH
(see Fig. 118-3), Communication between the pituitary and
the adrenal cortex is constantly functioning. The result 1s
maintenance of plasma cortisol concentrations in the physio-
logic range necessary for normal metabolic homeostasis.

Dexamethasone. a potent synthetic glucocorticoid, admin-
istered in small doses inhibits pituitary secretion of ACTH
and. in turn, decreases endogenous cortisol secretion within
2 10 3 hours. and they remain suppressed for 24 to 48 hours.
Dexamethasone does not cross-react with cortisol assays. al-
lowing documentation of effect. Therefore, normal pituitary-
adrenal axis function could be demonstrated by administering
dexamethasone and noting reduction in plasma cortisol con-
centrations 8 hours later (Fig. 118-21).""

ADRENGCORTICAL TUMOR. Functioning adrenocortical tu-
mors secrete cortisol autonomously. The cortisol. secreted in
excess and causing clinical signs of Cushing’s. suppresses
endogenous ACTH secretion. These tumors function inde-
pendent of ACTH control. and administration of dexametha-
sone would noi have a demonstrable effect on plasma cortisol
concentration. Thus, dexamethasone admuinistration to these
animals would not affect plasma cortisol concentrations (see
Fig. 118-21).%

Prrunrrary-DepeNDENT CUSHING'S. Functioning ACTH-
secreting pituitary tumors cause adrenocortical hyperplasia
because of the chronic and excessive stimulation of the ad-
renal cortex. This abnormal pituitary. logically, must he
somewhat resistant 1o the negative feedback action of corti-
sol. 1f this were not true, the excess cortisol would suppress
ACTH secretion and PDH would never develop. Adminisira-
tion of a small dose of dexamethasone to an animal with
PDH would not decrease the plasma cortisol concentration 8
hours later hecause the pituitary tumor is relatively resistant
10 the effects of this hormone (see Fig. 118-21).%

Mnanttis MELLITUS. Dogs with well-controlied diabetes
mellitus usually have normal adrenocortical endocrme test
results. Dogs with poorly contrelled diabetes may have ab-
normal results. Therefore, the diagnosis of Cushing’s should
he based first on clinical signs of Cushing’s and then on
endocrine test results.

Rapin DEXAMETHASONE CLEARANCE. In addition o dexa
methasone resistance. an explanation for the falure of
plasma cortisol concentrations t¢ decrease normally in dogs
with Cushing’s syndrome is the clearance rate of the hor-
mone. Seventy-five per cent of dogs with Cushing™s svn-
drome clear dexamethasone from their plasma within @ 3- o
S-hour period.”" Plasma dexamethasone concentrations in
healthy dogs perstst for more than 12 hours. This concept
explains the suppression seen in many dogs with PDH 4
hours after dexamethasone administration but not al &
hours. %

Protocol. A morning baseline plasma sampie 15 obtained
for cortisol determination and then 0.0l mg/kg (or 0.15
mg/kg) of dexamethasone is administered 1V. Dexametha-
sone sodium phosphate or dexamethasone in polyethylene
glvcol (Azium) may be used®' Samples should be obtained
4 and & hours later for cortisol determination. If suppression
is not seen at § hours but is documented at 4 hours, 1t is
likely that the dog has PDH and not an adrenocortical tumor.
Some dogs with PDH also fail to suppress at 4 hours.
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Figure 118-21, A, Mean plasma cortisol concentrations before
and after administration of a low dose of dexamethasone in 27
normal dogs, (B) 48 dogs with adrenocortical tumaors; (C) 130
dogs with PDH; (D) those dogs from the 178 total with Cush-
ing's syndrome that had at least one plasma cortisol concentra-
tion less than 1.4 pg/dl after dexamethasone (total 54, each had
PDH); and (E) those dogs from the total of 178 with Cushing’s
syndrome with at least one plasma cortisol concentration after
dexarncthasone less than 50 per cent of the baseline concentra-
tion (total 95, cach had PDH). Note that there are two curves for
graphs B, C, D, and £. These represent the use of dexamethasone
sodium phosphate (e — —) or dexamethasone in pelyethylene
glycal (o———o), There is no significant difference in results
when using either of these dexamethasone products.

Test Results—PDH. Normal dogs have plasma cortisol
concentrations less than 1.0 pg/d! 4 and 8 hours after dexa-
methasone administration (see Fig. 118-21).% Several re-
sponse patterns to the low dose of dexamethasone have been
identified in dogs with hyperadrenocorticism (see Fig. 118-
21). Complete suppression of plasma cortisol concentrations
8 hours after dexamethasone administration (less than |
wg/dl) does not occur in dogs with adrenocortical tumors or
in dogs with PDH. Dogs with _functioning adrenocortical
tumors tend to have little fluctuation in plasma cortisol con-
centration during the low-dose test.

Misleading Results. As with the ACTH stimulation test
results, dexamethasone screening test results can be misiead-
ing. Anticonvulsant medications can cause dogs to have ab-
normal plasma cortisol concentrations. The stress of bathing,
hospitalization, illness, and numerous other factors may in-
terfere with the suppressive effects of dexamethasone. latro-
genic steroids may remain in the blood for long periods,
causing an apparent failure to yespond to dexamethasone
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because cortisol assays measure endogenous and iatrogenic
glucocorticoids (not dexamethasone). The most important n-
itial screening tests are the history and physical examination.

Miscellaneous Screening Tests

Alkaline Phosphatase Isoenzyme. See Alkaline Phospha-
tase.

High-Performance Liquid Chromatography and Free
Cortisol Concentrations in Plasma. These assays are not
widely available, are expensive and difficult to perform as
compared with commercially available kits, and do not offer
significant advantages over the more traditionally available
tests.

Combined Dexamethasone Suppression and ACTH Stim-
ulation. The goal of this procedure was to provide informa-
tion concerning both pituitary gland and adrenal gland activ-
ity in a single, brief, relatively inexpensive trial. The test is
no longer recommended. It is recognized to have combined



two imperfect tests. with the result being a test fess reliable
than either of its component parts.®™ "'

Liver Biopsy. Abnormal liver enzymes and abnormal liver
function tests are common in hyperadrenocorticism. For this
reason, patients with vague ctinical features of hyperadreno-
corticism may be tentatively diagnosed as having a primary
hepatopathy. With the increasing use of percutaneous liver
biopsies, liver tissue from dogs with Cushing’s will be sub-
mitted to pathologists. Dogs with naturally occurring hyper-
adrenocorticisin or those given exogenous glucocorticoids
usuaily have histologic evidence of glucocorticoid-induced
or steroid hepatopathy. This hepatopathy 15 histologically
characterized by centrilobular vacuolization, perivacuolar
glycogen accumulation within hepatocytes. and focal centri-
lobular necrosis. These histologic findings are observed re-
gardless of whether the Cushing’s iy naturally occurring or
iatrogenic. Other disadvantages to the routine use of liver
biopsy as a screening test include the complications of infec-
tion and inadequate healing after the procedure because of
the systemic effects of hyperadrenocerticism. Steroid hepa-
topathy is unigue (o the dog.

Discrimination Tests

Discrimination tests differentiate between pituitary-depen-
dent and adrenocortical tumor hyperadrenocorticisnt.

Low-Dose Dexamethasone Test

Protocol. The protocol for this test 1s the same as that
previously described.

Resulfs. About 35 per cent of dogs with PDH have a 3-
hour cortisol concentration less than | pg/dl and an 8-hour
value above 14 pe/dl. No dog with an adrenocortical tumor
demonstrates 4-hour suppression of this magnitude. An ad-
ditonal 25 1o 40 per cent of dogs with PDH tu total of 70 10
75 per cent of dogs with PDH) have a 4-hour cortisol con-
centration less than 50 per cent of the baseline value and an
¥-hour value (hat s consistent with hyperadrenocorticism.
Dogs with an adrenocortical tumoer should not demonstrate
d4-hour suppression of this magnitede. Note that 25 1o 30 per
cent of dogs with PDH and 100 per cent of adrenocortical
tumor dogs fail to demonstrate significant suppression at any
e during low-dose testng (Fig, 118 21).%

Dogs with a history, physical exanmination, data base, and
B-hour low-dose dexamethasone test result consistent with
hvperadrenocorticism have the disease. Further, those that
demonstrate suppression at 4 hours have PIXH. This can be
further supported with other discrrmimatzon wsts, but addi-
tional testing probably is not needed. Dogs that meet all the
criteria above for establishing the diagnosis of hyperadreno-
corticisim buat tail to demonstrate suppression of their plasma
cortisol concentration at 4 hours of a low-dose dexametha-
sone test must be considered candidates for either PDH or
adrenocortical tumor ™

Endogenous ACTH Concentrations

Theory. Adrenocortical umors suppress ACTH secretion,
and pituitary-dependent Cushing’s syndrome is the result of
excessive ACTH secretion. Assays for ACTH concentration
are not used to diagnose hyperadrenocorticism because a
farge number of test results are within the reference range. In
addition, iatrogenic glucocorticod administration can sup-
press ACTH concentrations. Assaying the plasma endoge-
nous ACTH level is a valuable aid, however, in distinguish-
tng patients with adrenocortical tumors from those with
pituitary-dependent discase.
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Protocel. To diminish the variables of stress and time of
day. the blood sample should be obtained between 8 and 9
AM., after the dog has been hospitalized for a might. To avoid
erroneous values, blood samples should be centrifuged im-
mediately. with the plasma quickly transferred to a clean
plastic vial. Samples should not be aliowed to stand at room
temperature for even short periods. Contact with glass must
be avoided during collection, separation, and storage because
it is known that plasma ACTH adberes to glass. Plasma
ACTH levels can he effectively preserved by storing them at
—20°C for not longer than a month.™

As endogenous ACTH assavs have gained acceptance,
their use in humans has increased dramatically. A number of
RIA kits for human ACTH are commercially available. Sev-
eral kuts tor human ACTH have excellent cross-reactivity in
dogs and cats.” * ACTH uassays can be moderately expen-
sive. Any assay used by vetennarians must be vahidated for
the species being studied.

Results—Adrenocortical Tumors. The mean baschne
plasma ACTH concentration m healthy dogs 1s 45 pg/ml
(reference range, 20 to 100 pg/mly. Endogenous ACTH
concentrations less than 10 pg/ml in a dog with naturally
occurring hyperadrenocorticisin are strongly suggestive of a
functioning adrenocortical tumor (Fig. 118-22). Sixty-two
endogenous ACTH concentrations were evaluated from 4]
dogs with Cushing’s due to adrenocortical tumors. In 36 (58
per cent), the ACTH concentration was undetectable. The
remaining 26 samples had values of 20 to 44 pg/ml."- 1t a
dog with iatrogenic Cushing’s is evaluated, its plasma endog-
enous ACTH concentration probably would be undetectable.
but the ACTH stimulation test results should reveal the un-
derlying disorder {see Fig. 118-20).

Results—PDH., ACTH concentrattons  greater than or
equal to 45 pg/ml are consistent with o diagnosis of pituitary-
dependent bilateral adrenal hyperplasia. Again, approprite
sereening fests must be used first (o obtain a diagnosis of
hyperadrenocorticism. The endogenous ACTH concentration
1s greater than 45 pg/ml i 85 to 90 per cent of dogs with
PDH (Fig. 118-22). About 35 per cent of dogs with PDH
have endogenous ACTH concentrations greater than 100
pe/ml and 35 per cent have concentrations of 45 1o 100
pg/ml. Onty 10 to 15 per cent of the dogs with PDH we have
evaluated have had endogenous ACTH concentrations less
than 45 pg/ml. values that are considered nondiagnostic.
Daogs with PDH have not had endogenous ACTH concentra-
tions less than 20 pe/ml.

Nondiagnostic Results. Dogs with hyperadienocorticism
that have endogenous ACTH concentrations greater than 20
pe/ml but less than 45 pg/ml have nondiagnostic results (Ig.
118-22). In these dogs, results of a repeated ACTH concen-
tration, abdominal ultrasonography. and low- and high-dose
dexamethasone test should define the cause.

High-Dose Dexamethasone
Suppression Test

Theory. The 8-hour low-dose dexamethasone test (screen-
ing test) 1s used to distingutsh dogs that do not have Cush-
ing’s from those with naturally occurring Cushing’s syn-
drome. Regardless of the dose, dexamethasone should not
suppress cortisol secretion from an adrenocortical tumor.
However, administering larger doses of dexamethasone does
suppress pituitary ACTH and then cortisol secretion in most
dogs with PDH. Thus, most pituitary tumors retain cortisol
receptors but are more resistant to feedback than normal.

Protocol. The high-dose dexamethasone suppression pro-
tocol commonly used includes the collection of heparinized
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blood samples before and 8 hours after 0.1 mg/kg IV dexa-
methasone.' Suppression is defined as an 8-hour plasma
cortisol concentration less than 50 per cent of the baseline
concentration,

Results—Adrenocortical Tumors. Adrenocortical tumors
function autonomously (independent of ACTH control). As
expected, administration of a high dose of dexamethasone
does not result in cortisol suppression (Fig. 118-23 and see
Fig. 118-21).”” However, in any animal, cortisol Jevels fluc-
tuate, and a suppressed plasma cortisol concentration may be
encountered by chance. This would be extremely unusual in
a dog with an adrenocortical tumor.

Results—PDH. About 75 to 80 per cent of dogs with PDH
have plasma cortisol concentrations less than 50 per cent of
the baseline concentration 8 hours after administration of a
high dose of dexamethasone (Fig. 118-23 and see Fig. 118-
21). The percentage is not much different in dogs tested with
the 1.0 mg/kg dose. Dogs with naturally occurring Cushing’s
that suppress on the high dose have PDH. Among the dogs
with Cushing's that fail to demonstrate suppression are 20 to
30 per cent of dogs with PDH and 100 per cent of dogs with
adrenocortical tumors.”™ *

it is not known why some dogs with PDH are exiremely
resistant to dexamethasone suppression, whereas others sup-
press completely after administration of a high dexametha-
sone dose. Some pituitary tumors arise from the pars inter-
media, which may account for decreased dexamethasone
sensitivity because this area of the pituitary gland is under
neural control versus hormonal control of the pars distalis.*
There has been an impression that the larger the pituitary

Figure 118-22. Endogenous plasina ACTH concentrations from clin-
ically normal dogs, dogs with PDH, and dogs with functioning adre-
nocortical carcinomas or adenomas.

Dogs with Adrenocortical
Tumor Hyperadrenocorticism

tumor, the less likely the dog will suppress after receiving
any dose of dexamethasone, but results have not been consis-
tent (Flg 1 18_24)8 17. 50, 66-69

Multiple Samples? The literature neither supports nor re-
jects the need for samples to be obtained at 2, 3, 4, or 6
hours or at other times after administration of a high dexa-
methasone dose. There is uniform agreement that the 8-hour
sample is important and that samples other than the pretest
and that obtained after 8 hours seldom are informative.

Radiographs. See previous section.

Abdominal Ultrasonography. See previous section.

Computed Tomography

Adrenals. CT is a noninvasive method of visualizing the
anatomy of almost any area of the body. In Cushing’s. it has
been successful in distinguishing dogs and cats with normal
adrenals from those with one large adrenal and those with
two large adrenals.”® Abdominal radiography is not as Sensi-
tive as CT scanning, but ultrasonography is comparable for
detecting adrenocortical tumors in dogs.™*'

Pituitary. The pituitary region of normal dogs can be vis-
valized by CT scanning. Many pituitary tumors are relatively
small, are contained within the normal pituitary, and can be
difficult to discern by CT scanning, accounting for the low
39 per cent accuracy in people with PDH.”" Most dogs with
PDH considered for pituitary CT scanning have significant
clinical signs suggestive of a large intracranial mass. In this
population of dogs (and cats), CT scan results have been
satisfactory because the clinician is attempting to determine
whether a large tumor is the cause of clinical signs. If such a



dog has a small tumor that CT failed to detect, the diagnosis
of large tumor is still adequately rejected. CT 1s extremely
accurate for visualization of large pituitary tumors or cerebral
ventricular dilatation secondary to a pituitary or hypotha-
lamic mass.

Magnetic Resonance Imaging

Background. MRI has become an essential tool for the
diagnosis of central nervous system (CNS) disorders. MRI
frequently is compared with and has several advantages over
CT: superior tissue contrast, ability to obtain images in mul-
tiple planes, absence of artifacts caused by bone, vascular
imaging capability, absence of ionizing radiation, and safer
contrast media. The disadvantages include a longer scanning
time. which makes MRI more sensitive to motion artifacts
ang less practical for patients whose condition 13 unstable.
Guadolinium-enhanced T -weighted images are preferred for
the diagnosis of intracranial tumors. MRI is superior to CT
in the detection of associated tumor features: edema. cysts,
vascularity, hemorrhage, and necrosis.”> Several reports of
MRI scans in dogs have demonstrated that MRI is both
sensitive and accurate,” ™™

Protocol. The MRI scans that we have performed on dogs
and cats were at local human hospitals. Dogs were sedated
with an IV mixture of ketamine and diazepam, allowing
intubation and thereby decreasing movement associated with
respiration, No acute or long-term problems have been asso-
ciated with this mode of sedation, even in severely debilitated
dogs with massive intracranial tumors.

Dogs with Untreated PDH and No CNS Signs. About 50
per cent of dogs with untreated PDH and no signs suggestive
of an intracranial mass have easily visualized pituitary tu-
mors measuring 3 to 13 mm at greatest vertical height (Fig.

PITUITARY (25%)
- ADRENAL (100%)
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Figure 118-23. Pattern of plasma cortisel respenscs during high-dosc
dexamethasone suppression in dogs with PDH or adrenal tumor hyperadre-
nocorticism. Note that suppression is diagnostic of pituitary dependency:
lack of suppression included all adrenal wmor cases and 20 to 3 per cent
of PDH cases. :
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Figure 118-24, Basal plasma cndogenous ACTH concentrations and
plasma cortisol concentrations after administration of ACTH. afler a low
dose of dexamethasone, and after a high dose of dexamethasone in dogs
wilth PDH attributed to pituitary tumors greater than or cqual to 1 em and
less than 1 cm in diameter.

]18-25). Most masses extend beyond the dorsal contines of
the sella turcica and are contrast-enhancing. Dilation of the
fateral ventricles, seen in several dogs, is considered an age-
related change rather than an indication of obstructive hydro-
cephalus."”

Dogs with PDH and Signs of an Intracranial Tumor.
Dogs with PDH that have signs of an intracranial tumor have
a mean age of 9.5 years (younger than the mean for all dogs
with PDH) and a mean body weight of 24 kg (larger than the
average dog with PDH). MRI was definitive in demonstrating
the size and nature of the tumor in each dog. Masses were
hetter visualized after administration of the contrast agent
(gadolinium DTPA), measuring 8 to 24 mm at greatest ver-
tical height (Fig. 118-250). All wmors had expanded dor-
sally beyond the limits of the sella turcica. Some masses
elevated the floor of the third ventricle, and some appearcd
to compress the hypothalamus. Obstructive hydrocephalus
was suspected in 2 of 13 dogs. Tumor-associated necrosis or
hemorrhage was not apparent on any scans.™

CRH Stimulation Test. A single 1V dose of CRH pro-
duced increases in plasma ACTH and cortisol concentrations
in normal dogs as well as in those with PDH. No significant
rise in plasma ACTH or cortisol was demonstrated in dogs
with adrenocortical umors. The CRH stimulation test may
have value as a discriminating study in the evaluation ot
dogs with hyperadrenocorticism.™

Radioisotope Imaging of the Adrenals. Gamina
camera imaging of the adrenal glands can aid in chstinguish-
ing normal glands from hyperplastic glands and functioning
adrenal tumors. Use of radioactive substances and pamma
cameras plus the sensitivity and reliability of ultrasonog-
raphy, CT, and MRI restrict the use of this diagnostic test.

Metyrapone Testing. Metyrapone is an enzyme blocker
that inhibits the action of 11B-hydroxylase in steroid synthe-
sis. Thus, in normal dogs, plasma cortisol concentrations
decline, whereas |1-desoxycortisol accumulates as ACTH
stimulation continues. The suggested dosage of metyrapone
is 25 mg/kg PO every 6 hours for four treatments, with
plasma collected before beginning the test and 6 hours after
the final dose. Samples are assayed for both cortisol and 1 I-
desoxycortisol. If metyrapone results i a decrease in the
plasma cortisol concentration and a concomitant increase in
plasma ! I-desoxycortisol level, a diagnosis of PDH can be
made. If plasma cortisol and 11-desoxycortisol concentra-
tions both decline after the four metyrapone doses, an adrenal
tumor is the likely cause of the hyperadrenocorticism.” Use
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Figure 118-25. Oricatation of the transverse (A and midline {58} sagittal sections on MRI scans and the anatomic structures
seen on cach view. ( MRI scan of a dog with PDH and a relatively small {7 mm) pituitary mass {arrow). D, MRI secan of o
dog treated for PDH with o.p’-DDD and that subsequently developed CNS signs caused by a large (2.6 cm) pituitary wmor.

of this drug is briefly reviewed in the treatment section on
feline Cushing's.™

TREATMENT—BACKGROUWND

Excellent rapport between veterinarian and owner is valu-
able during the long-term management of a dog or cat that
has been diagnosed as having hyperadrenocorticism. The sur-
gical and medical options should be discussed in detail. in-
cluding what is expected of the owner. One hopes 1o refurn
such dogs to a normal endocrine state. but this is not always
possible, and all complications must be discussed. These
dogs may have endocrine excesses or deficiencies after treat-
ment, and the prepared owner can better accept these sel-
backs. Time spent explaining the pathophysiology in lay
terms is well worth the effort to improve client understanding
and to establish a good basis for communication.

TREATMENT—SURGERY

Adrenal Tumor Hyperadrenocorticism

Preoperative Evaluation. Once the diagnosis of Cush-
ing’s syndrome and the presence of an adrenal tumor are

confirmed, the ¢hinician should attempt te localize the tumor
and rule out metastasis. Thoracic radiographs wid in deter-
mining metastases to the lungs. Abdominal ultrasonography
is the preferred 100l for localizing tumors and defining metas-
tasis (especially to the liver) and vessel or organ invasion or
compression. Abdominal surgery should not be considered
without prior ultrasound evaluation,

Screening tests, such as radiographs, ultrasound. and CT
and MRI scans. may also provide valuable information re-
garding the size of the tumor present. Small tumeors are much
more likely to be benign and easily removed than tumors as
big as or bigger than a normal kidney. The preoperative
evaluation should also be directed at determining whether a
particular dog is a reasonable surgical candidate. If not, be-
cause of Cushings-related debilitation, treating the dog for |
to 3 months with ketoconazole or o.p’-DDD could be bene-
ficial. This time can also be used to treat other concurrent
preblems (infection) before surgery.

Surgical Approach. The recommended surgical ap-
proaches are paracostal or ventral midline laparotomy. A
ventral midline celiotomy provides excellent exposure of
both adrenal glands and an opportunity to evaluate the ab-
dominal contents, especially the liver, for metastasis and/or
other problems.” A specimen of abnormal tissue can be
removed for biopsy or the tissue can be excised. Problems



