
Hypoadrenocorticism (Addison’s disease) is an uncommon disease in
dogs.Young, female dogs are predisposed.The most common cause of pri-
mary hypoadrenocorticism has been proposed to be immune-mediated
destruction of all three layers of the adrenal cortex.This results in miner-
alocorticoid (aldosterone) and glucocorticosteroid (cortisol) deficiency.
Patients typically present with a history of waxing and waning or fulmi-
nant gastrointestinal (GI) signs or of acute collapse (i.e., hypoadrenocorti-
cal [addisonian] crisis). Physical examination may be normal; however, signs
of hypovolemic shock are usually present in patients experiencing hypo-
adrenocortical crisis. Radiographic and ultrasonographic findings include
nonspecific indications of hypovolemia and a thin left adrenal gland,
respectively.The classic laboratory findings in hypoadrenocortical dogs are
azotemia, hyperkalemia, and hyponatremia, with a sodium:potassium ratio
of less than 27:1. Patients with “atypical” hypoadrenocorticism usually
present with GI signs and do not have the classic laboratory abnormalities
of typical hypoadrenocorticism.
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aturally occurring hypoadrenocorticism, commonly referred to as Addison’s
disease, was first reported in a dog in 1953.1 It is an uncommon syndrome
with an annual incidence of only 36 cases per 100,000 dogs.2 Approximately

30% of these patients present with acute hypoadrenocorticism (i.e., hypoadrenocorti-
cal [addisonian] crisis).1 Although hypoadrenocorticism is an uncommon disease, the
typical clinical signs and laboratory abnormalities associated with it are commonly
seen in patients that present to primary care and emergency clinics (Table 1). There-
fore, hypoadrenocorticism is a common rule out for many patients seen in private or
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referral practice. Failure to recognize and diagnose
hypoadrenocorticism in a timely manner can lead to
prolonged, repeated, and costly administration of symp-
tomatic therapy instead of definitive therapy as well as
precipitation of an addisonian crisis.

CAUSE
Hypoadrenocorticism is most commonly caused by

primary adrenocortical failure involving all three layers
of the adrenal cortex (i.e., zona glomerulosa, zona fas-
ciculata, zona reticularis). Clinical signs develop because
of decreased secretion of glucocorticosteroids (cortisol)
from the zona fasciculata and zona reticularis as well as
mineralocorticoids (aldosterone) from the zona
glomerulosa.1 Secondary hypoadrenocorticism caused by
pituitary disease or cranial trauma has been rarely
described in dogs.3 In a 1996 prospective study from
The Animal Medical Center (AMC) in New York, only
one of 42 dogs was afflicted with secondary hypo-
adrenocorticism.4 Secondary hypoadrenocorticism is
characterized by decreased pituitary secretion of
adrenocorticotropic hormone (ACTH), resulting in
atrophy of the zona fasciculata and zona reticularis and
subsequent decrease in cortisol production and secre-
tion. Because ACTH plays only a minor role 
in regulating aldosterone secretion from the zona
glomerulosa, patients with secondary hypoadrenocorti-
cism generally show clinical signs associated only with
cortisol deficiency; they rarely have significant elec-
trolyte abnormalities.1,4,5

The most likely cause of primary hypoadrenocorticism
in dogs is immune-mediated destruction of the adrenal

cortex. However, the most commonly observed
histopathologic lesion found in affected dogs is idio-
pathic atrophy of the adrenal cortex.1,6 Histologic evi-
dence of inflammation may be absent because many dogs
with Addison’s disease undergo necropsy late in the dis-
ease process following long-term therapy. Uncommon
causes of primary hypoadrenocorticism include infiltra-
tive diseases (i.e., fungal infections and neoplasia), amy-
loidosis, hemorrhagic disorders, and coagulopathies,
which result in bilateral adrenal gland destruction.1

Iatrogenic primary hypoadrenocorticism is caused by
administering drugs that directly inhibit glucocorticoid
production or adrenocortical lysis. Mitotane (o-p'-DDD;
Lysodren, Bristol-Myers Squibb) is used to treat pitu-
itary-dependent hyperadrenocorticism (i.e., Cushing’s
disease) because, if dosed using the standard published
protocols, it causes dose-dependent progressive atrophy
of the zona fasciculata and zona reticularis while spar-
ing the zona glomerulosa.1 However, patient monitor-
ing is paramount because the duration of induction
therapy and type of maintenance mitotane therapy

needed to achieve appropriate blood cortisol concentra-
tions vary between patients. In addition, mitotane has
been shown to cause nonselective destruction of the
adrenal cortex, resulting in mineralocorticoid and glu-
cocorticoid deficiency in 6% of patients treated with
standard doses (i.e., a mean weekly dose of 53 mg/kg).7

This complication can occur even when published
treatment protocols are followed; however, it is more
likely at higher doses.8 The patient may present in
adrenocortical crisis in either of these situations; thus

Addison’s disease should be considered in all 
patients with hyperkalemia and hyponatremia.

Table 1. Laboratory Abnormalities
Associated with Hypoadrenocorticism1

Abnormality Dogs (%)

Hyperkalemia 92

Decreased sodium:potassium ratio 91

Increased blood urea nitrogen 90

Hyponatremia 84

Increased creatinine 61

Hypochloremia 46

Hypercalcemia 30

Normochromic, normocytic anemia 25

Hypoglycemia 20

Hypoalbuminemia 1431–3930

Absolute eosinophilia 14

Absolute lymphocytosis 13
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measuring electrolytes and response to an ACTH stim-
ulation test should always be part of the diagnostic
evaluation in sick cushingoid patients that are being
treated with mitotane.1,7,9

An alternative protocol for treating pituitary-depend-
ent hyperadrenocorticism involves administering high
doses of mitotane (o-p'-DDD) to completely obliterate
all layers of the adrenal cortex. During treatment and
for the remainder of the dog’s life, patients must be
treated with mineralocorticoid and corticosteroid sup-
plementation and are subject to the same long-term
management regimens as are patients with naturally
occurring primary hypoadrenocorticism.9,10 In addition,
owners must be warned that these patients are at risk of
a hypoadrenocortical crisis if medication is not given as
directed.9,10 Prolonged administration of high doses of
mitotane are also used to treat nonresectable or metasta-
tic adrenocortical tumors. Patients with these tumors
may also become glucocorticoid or mineralocorticoid
deficient1,11 (Figure 1).

Trilostane, a competitive inhibitor of the enzyme 
3β-hydroxysteroid dehydrogenase, decreases production
of both corticosteroids and aldosterone. Reports on its
use in treating canine hyperadrenocorticism have only
recently been published.12–14 In a study of 78 hyper-
adrenocortical dogs treated with trilostane, two patients
receiving high doses experienced hypoadrenocortical
crises; both had hyperkalemia, hyponatremia, and inad-
equate responses to ACTH stimulation testing. One
patient died despite supportive therapy and discontinu-
ation of the drug. In addition, several other patients
showed electrolyte disturbances consistent with Addi-
son’s disease but did not show clinical signs.13 This
study suggests that, although trilostane appears to be an
effective treatment of hyperadrenocorticism, proper
monitoring (including electrolyte measurements and
ACTH stimulation tests) is necessary to prevent
hypoadrenocortical crises, particularly when high doses
are used.

A subset of patients with primary hypoadrenocorti-
cism does not have classic electrolyte abnormalities. In
patients with normal electrolyte concentrations on
repeated biochemical analyses and subnormal cortisol
concentrations following ACTH stimulation testing, the
diagnosis is atypical hypoadrenocorticism.15–18 Measur-
ing endogenous ACTH levels helps confirm that the
hypoadrenocorticism is due to primary adrenocortical
failure and is not secondary to pituitary disease.16,18

Patients with atypical hypoadrenocorticism can be suc-

cessfully managed with corticosteroid therapy alone.
However, most of these patients eventually develop
electrolyte abnormalities within months or years of the
initial diagnosis. This may suggest an ongoing destruc-
tion of the adrenal gland that begins with the zona fas-
ciculata and zona reticularis and progresses to involve
the zona glomerulosa.16,18

Iatrogenic secondary hypoadrenocorticism results
from prolonged corticosteroid administration through
feedback inhibition of ACTH release from the anterior
pituitary. The lack of ACTH results in atrophy of the
zona fasciculata and zona reticularis of the adrenal cor-
tex; the zona glomerulosa is not affected. The ability of
the adrenal gland to respond to ACTH stimulation
and produce cortisol is greatly diminished. Therefore,
even though a dog being treated with glucocortico-
steroids may show clinical signs associated with excess
cortisol (i.e., Cushing’s syndrome), it may actually have
adrenocortical atrophy. When long-term daily or
repository corticosteroid therapy is stopped, the animal
is unable to respond adequately to ACTH and becomes
cortisol deficient.19 A recent study demonstrated that 
28 dogs that received long-term corticosteroid therapy
(i.e., 1 to 36 months; mean: 9.4 months) had sup-
pressed or absent adrenal responses to ACTH stimulation
but did not show clinical signs of hypoadrenocorticism
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Figure 1. Brain and adrenal glands from a dog with 
a pituitary macroadenoma. The dog was treated with
mitotane, resulting in adrenocortical atrophy and iatrogenic
hypoadrenocorticism.



following abrupt cessation of corticosteroid administra-
tion.20 However, this study did not assess these dogs’
ability to respond to a stressful situation. Inability to

respond to a stressful event with appropriate adrenal
production of glucocorticoids could precipitate a
hypoadrenocortical crisis. Therefore, we still strongly
recommend tapering the corticosteroid dose following
long-term treatment.

SIGNALMENT
Addison’s disease is most prevalent in young to mid-

dle-aged female dogs. Predisposed breeds include the
Great Dane, poodle (all sizes), and West Highland

white terrier.1 Familial predispositions have been re-
ported in the Portuguese water dog, Leonberger, Nova
Scotia duck tolling retriever, standard poodle, and

bearded collie; in the latter two breeds, the disease
appears to affect both sexes equally.21–25

PRESENTATION
Addison’s disease often causes vague, nonspecific clin-

ical signs that can be confused with a large number of
different diseases, thus earning hypoadrenocorticism the
moniker the great pretender.26 The most common pre-
senting complaints are anorexia, lethargy, vomiting, and
weight loss.4,5,27–29 Most dogs have clinical signs consis-
tent with primary or secondary gastrointestinal (GI)
disease, including anorexia, vomiting, weight loss, diar-
rhea, and (less commonly) hematemesis, hematochezia,
and/or melena. Polyuria/polydipsia and shaking/shiver-
ing have each been identified in about 17% of cases.1

There is often a history of waxing and waning illness
ameliorated by such nonspecific treatments as fluid
therapy and corticosteroid administration.5,26 Muscle
cramping was recently reported in two poodles diag-
nosed with hypoadrenocorticism; the cramping resolved
with appropriate management.30

Dogs that present in addisonian crisis often have the
same histories and clinical signs as those that present with
chronic hypoadrenocorticism. In our experience, they fre-
quently have a history of waxing and waning disease that
acutely exacerbates. Although they may have a history of
chronic, intermittent GI signs, they might be presented
because of an acute episode of vomiting and/or diarrhea
with anorexia. They generally show signs of severe shock
and hypovolemia. They may also have a history of recent
collapse.5 In addition, severe GI hemorrhage, resulting in
hematochezia and melena, has been reported in dogs that
present in addisonian crisis.31 Correct diagnosis can be
challenging because electrolyte abnormalities (i.e., hyper-
kalemia) may not be present or may initially be attributed to
loss from the GI tract (i.e., hyponatremia). Hyperkalemia
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Atypical addisonian patients do not have classic
electrolyte abnormalities.An ACTH stimulation test 

should be part of the diagnostic plan in patients 
with chronic vomiting, diarrhea, or weight loss.



and hyponatremia may develop after initial treatment of
patients with acute disease.5

Physical examination commonly reveals depression,
weakness, and dehydration.4,5,27,28 Bradycardia is present in
only approximately 22% of cases; however, the presence
of bradycardia or an inappropriately normal heart rate in
the presence of hypovolemia should prompt clinicians to
suspect hypoadrenocorticism because hyperkalemia inhi-
bits the normal physiologic response of tachycardia.1,32

Atypical addisonian patients generally present with
nonspecific clinical signs, including lethargy, weight
loss, and GI disease (i.e., vomiting, diarrhea, ano-
rexia).15,16,18,33 They may also present in acute collapse
despite normal electrolyte values.18 Hypoglycemic
seizures have also been reported in patients with atypical
hypoadrenocorticism.18,33

RADIOGRAPHIC AND
ULTRASONOGRAPHIC ABNORMALITIES

Abdominal and thoracic radiography are frequently part
of the diagnostic workup for dogs that present in acute col-
lapse or shock; abdominal radiography and ultrasonogra-
phy are indicated in patients that present with problems
referable to the abdominal cavity and GI tract. Thus tho-
racic and abdominal radiography are frequently used in

patients that are eventually diagnosed with hypoadrenocor-
ticism. Although radiography does not usually contribute
to the diagnosis of Addison’s disease, it can help clinicians
rule out other diseases that cause similar clinical signs.

A 1999 AMC study described some nonspecific radio-
graphic abnormalities that are commonly present in
patients with hypoadrenocorticism.34 Radiographic
parameters of 22 untreated dogs with primary hypo-
adrenocorticism were measured using standardized,
objective guidelines. The vertebral scale system was used
to measure heart size,35 the pulmonary artery:fourth rib
ratio was used to compare the size of the cranial lobar
pulmonary artery with the width of the fourth rib, and
the vena cava:length of T5 ratio was used to compare the
width of the caudal vena cava with the length of the fifth
thoracic vertebra. Liver size was measured by determin-

ing the relationship of the liver to the stomach, kidneys,
and other abdominal organs. Results indicated that 18 of
the 22 dogs had one or more of the following radi-
ographic abnormalities: microcardia, small cranial lobar
pulmonary artery or caudal vena cava, and microhepatica.
Each of these abnormalities was found in one-third to
one-half of the dogs. These abnormalities could be attrib-
uted to any disease resulting in hypovolemia and are not
pathognomonic for hypoadrenocorticism. Instead, they
suggest that hypoadrenocorticism should be ruled out in
dogs that present with nonspecific clinical signs and these
radiographic abnormalities. In addition to these findings,
the study found no evidence of megaesophagus in any of
the dogs.34 However, reversible megaesophagus has been
reported in both typical and atypical addisonian patients;
thus although hypoadrenocorticism is a rare cause, it
should remain a diagnostic differential in determining the
cause of megaesophagus.18,36,37

In a study published in 1999,38 ultrasonography
revealed decreased left adrenal gland length and thickness
in untreated patients with hypoadrenocorticism (the right
adrenal gland was not visualized in enough subjects to
include the results). In five of six subjects, adrenal gland
thickness was found to be less than that in the normal
dogs. The authors concluded that, although there is some

overlap between normal and hypoadrenocortical patients,
ultrasonography might be a useful screening tool in pa-
tients suspected of having hypoadrenocorticism.38

ELECTROCARDIOGRAPHIC
ABNORMALITIES

An electrocardiographic evaluation is indicated in all
patients that present with signs of shock and/or a history
of acute collapse. Abnormalities on an electrocardiogram
(ECG) may be the first indication of hyperkalemia in
some patients. Because of the life-threatening effects of
hyperkalemia, diagnosis by ECG may prompt life-saving
treatment regardless of the primary cause of hyper-
kalemia. Increased T wave amplitude (i.e., positive or
negative deflection) and bradycardia begin to appear
with mild hyperkalemia (i.e., 5.6 to 6.5 mEq/L). These

February 2005 COMPENDIUM

Canine Hypoadrenocorticism: Pathogenesis and Clinical Features 115CE

An ECG should be obtained for all patients 
that present in hypovolemic shock.The ECG may 

be the first indication that a patient is hyperkalemic.



changes may diminish or resolve as the potassium con-
centration increases, intraventricular conduction distur-
bances mask the T wave changes, and hypoxia increases
the heart rate.1 The QRS complex begins to widen and
the R wave amplitude decreases as hyperkalemia
becomes more severe. The P wave flattens and first-
degree heart block commonly develops as the potassium
concentration increases further. Marked hyperkalemia
commonly causes atrial standstill and loss of visible P
waves. This results in a sinoventricular rhythm. As serum
potassium levels continue to increase, the QRS com-
plexes become progressively wider and more unusual.
These ECG abnormalities resemble those seen in
patients with ventricular tachycardia or supraventricular
tachycardia with a bundle-branch block. However, both
of these arrhythmias are characterized by tachycardia, a
regular rhythm, and the presence of P waves that may
not be related to the QRS complex. P waves are not
present in patients with a sinoventricular rhythm, and
the heart rate is usually bradycardic or normal. The
rhythm may be regular or irregular. Terminally, as hyper-
kalemia escalates, ventricular flutter, fibrillation, or asys-
tole develops. The absence of these ECG findings does
not preclude the possibility that hyperkalemia exists
because classic abnormalities may not occur in a given
hyperkalemic patient1,27,32,39 (Figure 2).

LABORATORY ABNORMALITIES:
PREVALENCE AND PATHOPHYSIOLOGY

The classic laboratory abnormalities in dogs with
hypoadrenocorticism are hyponatremia and hyper-
kalemia.1,2,4,5,28,29,34 Almost all the dogs in the 1996
prospective AMC study were also hyperphosphatemic

and had prerenal azotemia.4 Of dogs that
presented with hypoadrenocorticism,
92% and 84% have reportedly had hyper-
kalemia and hyponatremia, respectively.1

The presence of hypoaldosteronism 
explains many of the electrolyte abnor-
malities associated with primary hypo-
adrenocorticism. The major role of
aldosterone is to promote sodium and
water absorption as well as potassium
excretion through an exchange process in
the distal renal tubule. To a lesser extent,
aldosterone also causes tubular excretion
of hydrogen ions in exchange for
sodium.40,41 Thus aldosterone deficiency
results not only in impaired sodium and

water resorption but also in decreased potassium and
acid excretion. Consequently, hypovolemia, hypona-
tremia, hyperkalemia, and metabolic acidosis may all
result. Hypovolemia further exacerbates the electrolyte
disturbances by stimulating antidiuretic hormone release
from the hypothalamus. Antidiuretic hormone increases
free water retention from the medullary collecting ducts,
thus diluting the already deficient plasma sodium con-
centration.1,26,40

Hypercalcemia occurs in approximately 30% of all
untreated hypoadrenocortical dogs, although it is much
more common in severe cases. The precise cause of
hypercalcemia in addisonian patients is unknown, but
several theories have been proposed. In normal dogs,
corticosteroids promote calciuresis. The excessive renal
tubular reabsorption of calcium in adrenalectomized
dogs suggests that decreased calciuresis is an important
factor in the hypercalcemia seen in addisonian dogs.
Hyperproteinemia secondary to hemoconcentration
may also contribute to the hypercalemia seen in some
addisonian patients. By inhibiting vitamin D, glucocor-
ticoids decrease intestinal absorption of calcium; there-
fore, hypocortisolemia could lead to increased intestinal
absorption of calcium and hypercalcemia. However, this
mechanism does not appear be a significant cause of
hypercalcemia in dogs with hypoadrenocorticism.42

Regardless of the cause, hypercalcemia in addisonian
patients rarely causes clinical signs, resolves following
volume expansion, and remains normal with appropriate
hormone replacement therapy.1,2,42

Azotemia is a very common finding in dogs with
hypoadrenocorticism and is usually prerenal in nature. It
is caused by decreases in renal perfusion and the

COMPENDIUM February 2005

An In-Depth Look: Canine Hypoadrenocorticism116 CE

Figure 2. Lead II ECG (50 mm/sec; 1 cm = 1 mV) from an addisonian
patient with a serum K+ concentration of 8 mEq/L at presentation. The QRS
complex is widened, the R wave amplitude is decreased, and the P wave is flattened.
The dog was severely hypovolemic, and its heart rate was only 120 bpm.
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glomerular filtration rate that develop secondary to the
hypovolemia and hypotension typically present in
patients with hypoadrenocorticism.4,5,28,29 In some dogs,
prerenal azotemia can be attributed to or exacerbated by
GI hemorrhage. Although the presence of adequate
urine concentrating ability (as evidenced by a urine spe-
cific gravity >1.030) is usually sufficient to differentiate
between prerenal and renal azotemia,43 88% of dogs
with hypoadrenocorticism have reportedly had urine
specific gravities lower than 1.030.1 This lack of appro-
priate urine concentration may be the result of de-
creased renal medullary tonicity caused by sodium
depletion44 or tubular dysfunction or renal failure caused
by renal hypoxia.1,5 Because of severe azotemia and
inadequate urine-concentrating ability, patients with
hypoadrenocorticism are often initially misdiagnosed
with acute renal failure. Because of the difference in
treatment and prognosis, it is imperative that the dis-

tinction is made. In most animals with prerenal
azotemia (such as those with hypoadrenocorticism),
blood urea nitrogen levels begin to return to normal
within 12 hours after initiating treatment and should be
normal within 1 to 3 days. Renal azotemia responds
much more slowly, if at all, to fluid therapy, and normal-
ization of renal parameters rarely occurs. In patients
with hypoadrenocorticism, azotemia that does not
improve within 24 hours of initiating appropriate fluid
therapy may be attributed to either renal damage sec-
ondary to hypoperfusion or concurrent renal failure.45

Hypoalbuminemia has reportedly been present in up
to 40% of dogs diagnosed with hypoadrenocorticism. It
may result from GI blood loss. Other possible mecha-
nisms include protein-losing enteropathy, malassimila-
tion, and decreased albumin synthesis.5,46

Because glucocorticosteroids stimulate hepatic gluco-
neogenesis and promote formation of hepatic glycogen,
the decreased cortisol concentrations in dogs with
hypoadrenocorticism should intuitively cause fasting
hypoglycemia.1,34 The incidence of hypoglycemia, how-

ever, has reportedly been between 3%27 and 37.5%.1,4,5,28

Furthermore, although 14 of 42 (33.3%) dogs in a 1996
AMC study were hypoglycemic, only three (7%) dogs
had symptomatic neuroglycopenia characterized by
extreme weakness and seizures.4 Hypoglycemia has also
been reported in atypical addisonian patients; thus
although hypoglycemia may not be that common in
hypoadrenal dogs, hypoadrenocorticism should be a dif-
ferential in patients with symptomatic or asymptomatic
hypoglycemia.12,15,16,18,19,47

Abnormalities also exist in hemograms of untreated
dogs with hypoadrenocorticism. Partly because steroids
play a role in stimulating erythropoiesis in bone marrow,
anemia has been reported in 14%27 to 43%28 of dogs
with hypoadrenocorticism,1,4,29 with an incidence of
26.7% in the largest study (225 dogs).5 Dogs with the
most severe anemia (packed cell volume: <20%) are
more likely to also have GI blood loss.5 The most com-

mon leukogram abnormalities in patients with hypo-
adrenocorticism are eosinophilia and lymphocytosis,
which have been reported in approximately 14% (range:
9% to 20.4%) and 13% (range: 10% to 20%) of patients,
respectively.1,2,5,27 Because the high cortisol level seen in
a sick or stressed patient with normal adrenocorticol
function usually causes lymphopenia, the presence of a
normal lymphocyte count in a patient with moderate to
severe illness should prompt clinicians to suspect hypo-
adrenocorticism.1,4,5,15,18,28 An inappropriately normal
lymphocyte count may be the only clue to pursue a diag-
nosis of atypical Addison’s disease.

CONCLUSION
Hypoadrenocorticism is an uncommon disease that

should be considered in the diagnostic evaluation of all
patients that present with GI signs and/or acute col-
lapse. Although classic laboratory abnormalities (includ-
ing hyponatremia and hyperkalemia) exist in most
patients with Addison’s disease, lack of these abnormali-
ties does not rule out hypoadrenocorticism. Hypoad-

Although classic laboratory abnormalities (including
hyponatremia and hyperkalemia) exist in most patients 

with Addison’s disease, lack of these abnormalities does not 
rule out hypoadrenocorticism.
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renocorticism should also be considered in patients with
various nonclassic laboratory abnormalities, including
lack of a stress leukogram despite moderate to severe ill-
ness. An ACTH stimulation test should be conducted
in patients suspected of having the disease, and proper
treatment should be provided when applicable.
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1. What is the most likely cause of most cases of
canine hypoadrenocorticism?
a. viral infection
b. bacterial infection
c. neoplasia
d. immune-mediated disease
e. trauma

2. Which disease has not been reported to cause
primary hypoadrenocorticism?
a. immune-mediated disease
b. fungal infection
c. neoplasia
d. coagulopathy
e. prolonged steroid administration

3. Which of the following is not a proposed mecha-
nism for hypercalcemia exhibited by addisonian
dogs?
a. decreased calciuresis
b. excessive renal tubular resorption of calcium
c. hyperproteinemia
d. increased activity of vitamin D in the small intestine
e. increased levels of parathyroid-related protein

4. Which of the following is not a likely contributing
factor to azotemia in patients with hypoadreno-
corticism?
a. increased blood ammonia secondary to liver failure
b. severe hypovolemia
c. GI hemorrhage
d. renal damage secondary to hypoperfusion
e. dehydration

5. Which layer(s) of the adrenal cortex is affected
in most patients with primary hypoadrenocorti-
cism?
a. zona glomerulosa
b. zona reticularis
c. zona fasciculata
d. a, b, and c
e. none of the above—primary disease affects the pitu-

itary

6. Which statement regarding aldosterone is incor-
rect?
a. Aldosterone is secreted by the zona glomerulosa of

the adrenal cortex.
b. Aldosterone promotes sodium resorption in the dis-

tal convoluted tubules.
c. Aldosterone promotes chloride excretion in the dis-

tal convoluted tubules.
d. Aldosterone promotes potassium excretion in the

distal convoluted tubules.
e. Aldosterone promotes hydrogen ion excretion in the

distal convoluted tubule.

7. Which ECG finding has not been commonly
reported in patients with hyperkalemia?
a. increased T wave amplitude
b. widened QRS complexes
c. flattened P waves
d. asystole
e. sinus tachycardia

8. Which physical examination finding is not com-
mon in patients with hypoadrenocorticism?
a. dyspnea
b. dehydration
c. bradycardia
d. depression
e. melena

9. Which finding has not been reported in patients
with hypoadrenocorticism?
a. microhepatica on radiographs
b. increased left adrenal gland thickness on an ultra-

sonogram
c. reversible megaesophagus
d. microcardia on radiographs
e. small cranial lobar pulmonary artery on radiographs

10. Which clinical sign is not commonly reported in
patients with hypoadrenocorticism?
a. vomiting
b. polyphagia
c. polyuria
d. melena
e. muscle cramping

ARTICLE #2 CE TEST
This article qualifies for 2 contact hours of continuing education credit from the Auburn University College of Veterinary 
Medicine. Subscribers may purchase individual CE tests or sign up for our annual CE program.Those who wish to apply 
this credit to fulfill state relicensure requirements should consult their respective state authorities regarding the applicability 
of this program. To participate, fill out the test form inserted at the end of this issue or take CE tests online and get real-time 
scores at CompendiumVet.com.

CE


