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Background: There are no clear treatment guidelines for dogs with clinically well-regulated hyperadrenocorticism in which

serum cortisol concentrations before and after an ACTH stimulation test performed 3–6 hours after trilostane administration

are < 2.0 lg/dL.
Objective: To determine if serum cortisol concentrations measured before (Pre1) and after (Post1) ACTH stimulation at

3–6 hours after trilostane administration are significantly lower than cortisol concentrations measured before (Pre2) and after

(Post2) ACTH stimulation 9–12 hours after trilostane administration, in a specific population of dogs with clinically well-

regulated hyperadrenocorticism and Pre1 and Post1 <2 lg/dL.
Animals: Thirteen client-owned dogs with clinically well-regulated hyperadrenocorticism and Pre1 and Post1 serum

cortisol concentrations <2.0 lg/dL 3–6 hours after trilostane administration.

Methods: Prospective study. Dogs had a second ACTH stimulation test performed 9–12 hours after trilostane administra-

tion, on the same day of the first ACTH stimulation test. Cortisol concentrations before and after ACTH stimulation were

compared using a paired t-test.

Results: Cortisol concentrations before (1.4 � 0.3 lg/dL) and after the first stimulation (1.5 � 0.3 lg/dL, mean � SD)

were significantly lower than cortisol concentration before the second stimulation (3.3 � 1.6 lg/dL, P = .0012 each). Cortisol

concentration before the first stimulation was also significantly lower than cortisol concentration after the second stimulation

(5.3 � 2.4 lg/dL, P = .0001).

Conclusions and clinical importance: In dogs with clinically well-regulated, trilostane-treated, hyperadrenocorticism, and

cortisol concentrations <2 lg/dL before and after the first stimulation, a second ACTH stimulation test performed

9–12 hours after treatment can result in higher cortisol concentrations that could support continued trilostane treatment.

Key words: Adrenocorticotropic hormone stimulation test; Cushing’s disease; Hyperkalemia; Hypoadrenocorticism;

lymphocytosis.

It is currently not known how to interpret the results
of an ACTH stimulation test performed 3–6 hours

after trilostane administration, when serum cortisol con-
centration after ACTH stimulation is <2 lg/dL and the
dog has clinically well-regulated hyperadrenocorticism.
It could be advisable to continue treating the dog with
the trilostane dose that achieved clinical control, or
serum cortisol concentration after ACTH stimulation of
<2 lg/dL could warrant a decrease or discontinuation
of the drug because of concern of inducing hypoadreno-
corticism.1–3 Higher serum cortisol concentrations mea-
sured before and after an ACTH stimulation test
performed 9–12 hours after trilostane administration in

this particular population of dogs, could justify contin-
ued use of trilostane without a dose change.

Serum cortisol concentrations before and after ACTH
stimulation in trilostane-treated dogs with hyperadreno-
corticism are lower at 3 hours after trilostane adminis-
tration compared to 9 hours after drug administration.4

However, this occurred in a mixed population of dogs
including dogs with clinical signs indicative of poorly
regulated hyperadrenocorticism and a wide range of
serum cortisol concentrations before and after ACTH
stimulation. The specific population of dogs with clini-
cally well-regulated hyperadrenocorticism and serum
cortisol concentrations <2 lg/dL before and after
ACTH stimulation at 3–6 hours after trilostane admin-
istration has not yet been studied.

The goal of this prospective study was to compare
results of ACTH stimulation tests performed 3–6 hours
after trilostane administration to those obtained 9–
12 hours after trilostane administration, in a specific
population of dogs with clinically well-regulated hypera-
drenocorticism in which serum cortisol concentrations
are <2 lg/dL 3–6 hours after trilostane administration.
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SD standard deviation

Pre1 cortisol concentrations measured before ACTH

stimulation at 3–6 hours after trilostane treatment

Post1 cortisol concentrations measured after ACTH

stimulation at 3–6 hours after trilostane treatment

Pre2 cortisol concentrations measured before ACTH

stimulation at 9–12 hours after trilostane treatment

Post2 cortisol concentrations measured after ACTH

stimulation at 9–12 hours after trilostane treatment
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It was hypothesized that before and after ACTH
stimulation serum cortisol concentrations measured
9–12 hours after trilostane administration would be sig-
nificantly higher than serum cortisol concentrations
measured before and after ACTH stimulation 3–6 hours
after trilostane administration. The clinical rationale for
the study was that higher serum cortisol concentrations
at 9–12 hours after trilostane administration could
justify continued, unchanged trilostane treatment, in the
specific population of dogs with well-regulated hypera-
drenocorticism in which serum cortisol concentrations
at 3–6 hours after trilostane administration are low.

Materials and Methods

Dogs were prospectively enrolled into the study from the popu-

lation of dogs visiting the Mathew J. Ryan Veterinary Hospital of

the University of Pennsylvania between April 6, 2012–April 16,

2014. Dogs were defined as having clinically well-regulated hypera-

drenocorticism if they had normal drinking, urination, eating, and

activity level, as reported by the owner. All of the hospital’s

ACTH stimulation test results of dogs treated for hyperadrenocor-

ticism, were reviewed daily during the study period. All ACTH

stimulation tests are routinely performed 3–6 hours after trilostane

treatment, at this hospital. Owners of dogs with clinically well-reg-

ulated hyperadrenocorticism and serum cortisol concentrations

<2 lg/dL before and after ACTH stimulation at 3–6 hours after

trilostane administration were contacted while the dog was in the

hospital. The study protocol was reviewed with the owner and

informed consent was obtained. As part of the study, the dog

remained at the hospital for the duration of the day. A second

ACTH stimulation test was performed that same day, 9–12 hours

after the morning trilostane administration. Only dogs treated with

Vetoryl� were included in the study.a Serum cortisol concentra-

tions were measured before and 1 hour after IV administration of

refrigerated 5 lg/kg ACTH.,b,c Synthetic ACTH was reconstituted

with 0.9% sodium chloride solution as per the manufacturer’s

instructions, and was refrigerated for no longer than 14 days.5 The

study and consent form were approved by the Institutional Animal

Care and Use Committee of the University of Pennsylvania.

Dogs were excluded from the study if they had clinical signs of

hypoadrenocorticism or poorly regulated hyperadrenocorticism.

Clinical signs suggestive of hypoadrenocorticism were lethargy,

vomiting, diarrhea, or anorexia. Clinical signs suggestive of poorly

regulated hyperadrenocorticism were polyuria, polydipsia,

polyphagia, or excessive panting. Dogs with well-regulated HAC

were excluded if serum cortisol concentrations measured before or

after ACTH stimulation 3–6 hours after trilostane administration

were ≥ 2 lg/dL. Dogs treated with lysodren or a trilostane pro-

duct that was not Vetoryl� were also excluded. Finally, dogs in

which a diagnosis of HAC could not be confirmed by review of

the medical record and dogs belonging to owners who declined

participation were excluded.

In addition to the 2 ACTH stimulation tests, each dog had a

complete blood count and serum chemistry panel performed on

the day of enrollment into the study. d,e Historical clinical signs

and prior adrenal axis testing were reviewed to confirm the diag-

nosis of hyperadrenocorticism. Adrenal axis tests were performed

and results were interpreted as previously described.6 Presence of

concurrent disorders and the type of hyperadrenocorticism did not

influence enrollment. However, when data regarding the type of

hyperadrenocorticism diagnosed were available, they were

recorded. Endogenous ACTH concentration >8.8 pmol/L was

considered consistent with pituitary-dependent hyperadrenocorti-

cism.f,6 A 4 hour serum cortisol concentration <1.4 lg/dL after IV

administration of 0.01 mg/kg dexamethasone was also considered

consistent with pituitary-dependent hyperadrenocorticism in dogs

with confirmed hyperadrenocorticism.6 Follow-up data regarding

continued trilostane treatment after completion of the study were

reviewed when available.

All continuous variables (including the cortisol measurements)

were assessed for normality using the Shapiro–Wilks test. The cor-

tisol data were normally distributed and hence mean (�standard

deviation [SD]) before and after serum cortisol concentrations

from the first and second ACTH stimulation tests were calculated

and designated Pre1, Post1 and Pre2, Post2, respectively. Pre1 and

Pre2 concentrations were compared to one another and Post1 con-

centrations were compared to Pre2 and Post2 concentrations using

the paired t-test. Cortisol concentrations <1 lg/dL were assigned a

value of 1 lg/dL. All other continuous variables were not nor-

mally distributed and are reported as median and range. A

P value < .05 was considered significant. All statistical analyses

were performed using a statistical software package.h

Results

Thirteen dogs met the inclusion criteria and were
enrolled into the study. During the study period 335
ACTH stimulation tests were performed on 80 dogs trea-
ted for hyperadrenocorticism. Eighty-three of these 335
ACTH stimulation tests were performed on the 13 study
dogs either during the study (26 ACTH stimulations) or
at other times (57 ACTH stimulations). The remaining
252 ACTH stimulation tests were performed on 67 dogs
that were excluded from the study for the following rea-
sons: dogs were treated with Vetoryl� but their serum
cortisol concentrations before or after ACTH stimulation
were ≥2 lg/dL (49 dogs), treatment with lysodren (9
dogs), or treatment with compounded trilostane (7 dogs).
Two additional dogs treated with Vetoryl� were excluded
despite before and after ACTH stimulation cortisol con-
centrations <2 lg/dL because they had clinical signs con-
sistent with hypoadrenocorticism. One of the 9 lysodren-
treated dogs also had before and after ACTH stimulation
cortisol concentrations <2 lg/dL and clinical signs con-
sistent with hypoadrenocorticism.

Pre1 and Post1 cortisol concentrations (1.4 � 0.3
lg/dL, range 1–1.9 lg/dL and 1.5 � 0.3 lg/dL, range 1–
1.9 lg/dL, Mean, SD, respectively) were significantly
lower than Pre2 cortisol concentration (3.3 � 1.6 lg/dL,
range 1.4–6.3 lg/dL, P = .0012 for each comparison).
Post1 cortisol concentration (1.5 � 0.3 lg/dL) was also
significantly lower than Post2 cortisol concentration
(5.3 � 2.4 lg/dL, range 2.8–9.2 lg/dL, P = .0001).
When single values of individual dogs were reviewed, it
was noted that Post2 cortisol concentration was higher
than Post1 cortisol concentration in all dogs. Pre2 corti-
sol concentration was higher than Pre1 cortisol concen-
tration in 10 of 13 dogs (77%), unchanged in 2 of 13 dogs
(15%), and lower than Pre1 cortisol concentration in 1
dog (8%, Fig 1).

Seven of the 13 study dogs were neutered females, 5
were neutered males, and one was an intact male. Age of
the 13 study dogs was 9.9 years (median, range 7.5–
12.8 years) and body weight was 11 kg (median, range 4–
41 kg). Potassium concentration in the 13 study dogs was
5 mmol/L (median, range 4.1–5.9 mmol/L, reference
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range 4–5.2 mmol/L) and 4 of the 13 dogs had a potas-
sium concentration > 5.2 mmol/L. Sodium to potassium
ratio in the 13 study dogs was 29.4 (median, range 24.6–
35.6) and 4 of the 13 dogs had a sodium to potassium
ratio < 27. The 4 dogs with potassium concentration
>5.2 mmol/L were the same 4 dogs that had sodium to
potassium ratio < 27. Lymphocyte count in the 13 study
dogs was 1.4 cells 9 103/lL (median, range 0.7–
2.2 cells 9 103/lL, reference interval 0.9–5.5 cells 9 103/
lL) and in the 4 dogs with sodium to potassium ratio <27
the lymphocyte count was 1.8 cells 9 103/lL (median,
range 1.2–2.2 cells 9 103/lL).

The total daily administered trilostane dose was
7.3 mg/kg (median, range 1.6–18.9 mg/kg). This dose
was divided and given every 12 hours to all dogs. Dogs
had been treated with trilostane for 154 days (median,
range 14–631 days) before enrollment into the study.
Duration of trilostane treatment with the specific dose
given on the day of enrollment into the study was
44 days (range 14–577 days) before enrollment into the
study. Follow-up data were available for review in 12
dogs. These 12 dogs remained on the same trilostane
dose given on the study day for 152 days (range 70–
786 days) after enrollment into the study, and the subset
of 4 dogs with sodium to potassium ratio <27 remained
treated with the same dose of trilostane for 93 days
(range 88–224 days). Four of the 12 dogs were eventually
lost to follow-up, 3 dogs continue to be treated and mon-
itored on the same dose of trilostane, 1 dog required an
increase in the trilostane dose, another required a
decrease in the trilostane dose, a different dog was
switched to compounded trilostane, another was
switched to lysodren, and 1 dog was euthanized for unre-
lated reasons 6 months after the last trilostane dose fol-
low-up. Pituitary-dependent hyperadrenocorticism was
diagnosed in 6 dogs based on endogenous ACTH con-
centration and in two other dogs based on results of the

low dose dexamethasone suppression test. In 5 additional
dogs the type of hyperadrenocorticism was not known.

Seven of the 13 study dogs received medications other
than trilostane. These medications included oral tra-
madol, levothyroxine, ursodiol, potassium citrate, nitro-
furantoin, phenylpropanolamine, firocoxib, cetirizine,
brewer’s yeast, milk thistle, and fish oil, ophthalmic
cyclosporine, and subcutaneous NPH insulin and vita-
min B. Potassium concentration in the dog receiving
potassium citrate was 4.8 mmol/L.

Discussion

This study focused on a specific population of dogs
with clinically well-regulated, trilostane-treated hypera-
drenocorticism. The specific population of study dogs
was further characterized by before and after ACTH
stimulation cortisol concentrations <2 lg/dL when the
test was performed 3–6 hours after trilostane adminis-
tration. Results of this study suggest that in the popula-
tion examined, serum cortisol concentrations measured
before and after ACTH stimulation 9–12 hours after
trilostane administration are significantly higher than
those measured at 3–6 hours after trilostane administra-
tion. Although several other studies have documented
that serum cortisol concentrations measured before and
after ACTH stimulation are lower shortly after trilos-
tane administration compared to several hours later,
these studies examined a heterogeneous population of
trilostane-treated dogs with hyperadrenocorticism.2,4,7,8

The present study is unique because it was performed in
a particular subset of trilostane-treated dogs with
well-regulated hyperadrenocorticism and low cortisol
concentrations shortly after trilostane administration.
Higher cortisol concentrations measured later in the
day could help resolve the current ambiguity regarding
treatment recommendations and could support contin-
ued trilostane treatment at the same dose. The fact that
12 study dogs remained on the same trilostane dose
given on the study day for 152 days after enrollment
into the study also suggests that continued trilostane
treatment at the same dose, could be beneficial for these
dogs. However, larger and longer studies might be
needed to confirm these findings.

The lack of clear recommendations regarding the
adjustment of trilostane dose in dogs with clinically
well-regulated hyperadrenocorticism and low cortisol
concentrations is reflected in the literature. The protocol
of one study examining trilostane treatment in 47 dogs
with hyperadrenocorticism left the decision of whether
to decrease the trilostane dose in dogs with clinically
well-regulated hyperadrenocorticism and after ACTH
stimulation cortisol concentration <1.5 lg/dL to the dis-
cretion of the veterinarian.3 A second study of 14 dogs
with trilostane-treated hyperadrenocorticism called for a
decrease in trilostane dose if after ACTH stimulation
cortisol concentration was <1 lg/dL, regardless of clini-
cal signs.1 A third study of 32 trilostane-treated dogs
with hyperadrenocorticism endorsed a decrease in trilos-
tane dose if after ACTH stimulation cortisol concentra-
tion was <2 lg/dL, regardless of clinical signs.2

Fig 1. Box and Whisker plot of serum cortisol concentrations

before and after two ACTH stimulation tests performed on the

same day 3–6 hours after trilostane was administered (first stimu-

lation in red and blue) and 9–12 hours after trilostane was admin-

istered (second stimulation in green and orange). The line within

the box represents the median, the box represents the interquartile

range, whiskers represent the most extreme values within 1.5 of

the nearer quartile, and the single point represents an outlier. Cor-

tisol concentrations <1 lg/dL were assigned a value of 1 lg/dL.
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This study also raises the question of whether it
could be helpful to perform follow-up monitoring by
measuring baseline serum cortisol concentrations later
in the day in the specific population of clinically well-
regulated, trilostane-treated dogs, in which serum cor-
tisol concentrations measured before and after ACTH
stimulation at 3–6 hours after medication are known
to be low. Future studies monitoring this particular
population of dogs over a longer period of time by
measuring baseline cortisol concentration 9–12 hours
after trilostane administration in lieu of an ACTH
stimulation test earlier in the day, are needed. This
mode of monitoring would be considered only if the
dog continued to be clinically well-regulated on the
same dose of trilostane and only when low cortisol
concentrations 3–6 hours after trilostane administra-
tion have been documented. It is important to
emphasize that in this population of dogs, some form
of follow-up cortisol measurement, such as baseline
cortisol concentration or full ACTH stimulation at 9–
12 hours after trilostane administration is always nec-
essary, to confirm that the dose of trilostane can be
continued safely. It is also important to note that
baseline cortisol concentration at 9–12 hours after tri-
lostane administration was higher than baseline corti-
sol concentration 3–6 hours after trilostane
administration in only 10 of 13 dogs (77%). There-
fore, a baseline cortisol concentration at 9–12 hours
might be helpful for treatment decisions only in a
subset of this specific population of dogs, in which
baseline cortisol concentration at 9–12 hours after tri-
lostane administration is >2 lg/dL. If baseline cortisol
concentration at 9–12 hours after trilostane adminis-
tration is still <2 lg/dL, a full ACTH stimulation test
at 9–12 hours is needed in order to confirm that the
dog is able to produce more than baseline cortisol.

Low cortisol concentrations in a trilostane-treated
dog raise the concern for life-threatening suppression
of adrenal function. None of the study dogs, including
the 4 dogs with low sodium to potassium ratio and
hyperkalemia, developed clinical signs consistent with
iatrogenic hypoadrenocorticism during the follow-up
period. Although hyperkalemia does not necessarily
imply low aldosterone concentrations in trilostane-trea-
ted dogs, special attention was given to dogs with a
sodium to potassium ratio < 27, because this value can
help screen for hypoadrenocorticism.1,9,10 Lymphocyte
counts were also examined because the combination of
the lymphocyte count and low sodium to potassium
ratio is a better hypoadrenocorticism screening tool
than the sodium to potassium ratio alone.10 The lym-
phocyte count of 4 dogs with low sodium to potas-
sium ratio was higher than the lymphocyte count of
all 13 study dogs. This subset of 4 dogs continued
unchanged trilostane treatment for 3 months after the
documentation of low cortisol and low sodium to
potassium ratio with no clinical evidence of iatrogenic
hypoadrenocorticism. It is therefore concluded that
sodium to potassium ratio, potassium concentration,
and lymphocyte count should be interpreted with cau-
tion in trilostane-treated dogs, especially if clinical

signs are not consistent with hypoadrenocorticism.
Aldosterone concentrations were not measured in this
study, but other studies have shown that aldosterone
concentration does not correlate with electrolyte con-
centrations in trilostane-treated dogs.9 Future studies
of aldosterone concentrations in clinically well-regu-
lated trilostane-treated dogs with hyperkalemia and
cortisol concentrations before and after ACTH stimu-
lation of <2 lg/dL at 3–6 hours would be needed to
determine if aldosterone concentrations are helpful in
predicting iatrogenic hypoadrenocorticism. It is impor-
tant to note that the highest potassium concentration
documented in this study was 5.9 mmol/L (reference
range 4–5.2 mmol/L). If potassium concentration is
substantially higher, caution should be used regarding
continued trilostane treatment at the same dose.

One of this study’s limitations is that a power calcu-
lation was not possible, because the specific population
and data that this study examined had not yet been
reported. However, the study size did allow for signifi-
cant differences in cortisol concentrations to be docu-
mented, and these data will help perform future power
calculations for studies which aim to look at this speci-
fic population of dogs. Other limitations include small
study size, limited follow-up, and lack of a clear deter-
mination of the type of hyperadrenocorticism treated in
some of the dogs. In addition, all study dogs were trea-
ted with twice daily trilostane. It is not known whether
the results of this study would be different for dogs
treated with once daily trilostane. Another concern
might be that the first ACTH stimulation test influenced
the results of the second ACTH stimulation test. Other
future studies could investigate the influence of exoge-
nous ACTH on cholesterol stores or other factors that
might affect the results of the second ACTH stimula-
tion. However, it seems unlikely that the first ACTH
stimulation would influence the results of the second
ACTH stimulation test given that the half-life of exoge-
nously administered ACTH in dogs with hyperadreno-
corticism is about 20 minutes.11 Finally, many of the
dogs received medications other than trilostane, and
these medications might have influenced the results of
this study.

It is important that dogs with hyperadrenocorticism
are older dogs that have at least one complex meta-
bolic disease but often already have or will develop
more than one medical problem. Therefore, treatment
and monitoring decisions must be customized to each
individual dog and must take into account all concur-
rent disorders, their respective clinical signs, and clini-
copathologic data. Older dogs with
hyperadrenocorticism are a heterogeneous group of
dogs and it is not possible to make one monitoring
and treatment protocol recommendation for all. For
example, if a dog has renal insufficiency, and some
degree of polyuria and polydipsia is expected, an
ACTH stimulation test might have to be performed to
determine whether the dog has well or poorly regu-
lated hyperadrenocorticism.

In conclusion, this study suggests that it is safe to
continue trilostane treatment without dose reduction, in
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dogs with clinically well-regulated hyperadrenocorti-
cism, and low cortisol concentrations 3–6 hours after
trilostane administration. As a subset of these dogs will
have sodium to potassium ratios and lymphocyte counts
consistent with hypoadrenocorticism, a follow-up
ACTH stimulation test at 9–12 hours can support this
recommendation. It remains to be investigated whether
measuring a baseline cortisol 9–12 hours after trilostane
administration can be used to monitor this specific pop-
ulation of dogs, as long as the dogs remain clinically
well-regulated.

Footnotes

a Vetoryl; Dechra Veterinary Products, Overland Park, KS.
b Immulite 2000; Siemens, Washington, DC.
c Cortrosyn; Amphastar Pharmaceutical Inc, Rancho Cucamonga,

CA.
d Cell-Dyn 3700; AbbottLaboratories, Abbott Park, IL.
e Chemistry analyzer, Kodak Ektachem 250; Eastman Kodak Co,

Rochester, NY.
f Adrenocorticotropic hormone immunoradiometric assay; Dia-

Sorin, Stillwater MN.
g ACTH immunoradiometric assay; Scantibodies Laboratory, Inc,

Santee, CA.
h Stata 11.0 for Windows; Stata Corporation, College Station, TX.
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