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1 | INTRODUCTION

Background: Low-dose ACTH stimulation testing would lower cost and may increase sensitivity
for identification of partial ACTH deficiency.

Hypothesis: (1) The low-dose ACTH stimulation test will provide comparable results to the
standard-dose ACTH stimulation test in dogs suspected of hypoadrenocorticism and (2) partial
ACTH deficiency exists in dogs and can result in chronic, intermittent gastrointestinal signs.
Animals: Thirty-one client-owned dogs suspected of having hypoadrenocorticism.

Methods: Prospective study. Dogs suspected of having hypoadrenocorticism received 1 pg/kg
cosyntropin IV for the first ACTH stimulation test; the second test was performed 4 h later and
dogs received 5 pg/kg cosyntropin IV. Blood samples were obtained pre-ACTH and 1 hour post-
ACTH for each dose (4 measurements total). Samples for endogenous ACTH measurement were
obtained at the time of initial blood collection.

Results: No significant difference was observed in the basal cortisol concentration before
administration of a 1 pg/kg versus before a 5 pg/kg dose of cosyntropin (P = .544). For dogs sus-
pected of having hypoadrenocorticism, the ACTH-stimulated cortisol concentrations in
response to both doses of ACTH were equivalent (90% confidence interval [Cl], 80.5-97.2%;
P =.04). No cases with partial ACTH deficiency were identified conclusively.

Conclusions and Clinical Importance: A 1 pg/kg dose of cosyntropin is equivalent to a 5 pg/kg
dose of cosyntropin for screening dogs suspected of hypoadrenocorticism. The existence of par-

tial ACTH deficiency was not identified in this small group of dogs.
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of financial concerns of owners. In an effort to decrease cost associ-

ated with the diagnosis of hypoadrenocorticism, several laboratory,

Hypoadrenocorticism is an endocrine disorder that results in a defi-
ciency of glucocorticoids and, in most cases, mineralocorticoids.
Hypoadrenocorticism can be a result of primary adrenal failure or can
be secondary to pituitary dysfunction and subsequent decreased or
absent ACTH secretion.*

Although the disease is fairly uncommon, testing for hypoadreno-
corticism occurs relatively frequently because of the nonspecific signs
and potential serious complications associated with a missed diagno-
sis. Definitive diagnosis is obtained by performing an ACTH stimula-

tion test, an expensive procedure that may not be carried out because

and imaging abnormalities have been investigated for their diagnostic
utility. Variables that have been investigated include leukogram
changes, sodium-to-potassium ratio, basal serum cortisol concentra-
tions, serum aldosterone concentrations, cortisol-to-ACTH ratio,
aldosterone-to-renin ratio, and size of the adrenal glands as measured
by ultrasound examination.2"1! Despite extensive research, definitive
diagnosis of hypoadrenocorticism still cannot be reliably made with-
out an ACTH stimulation test. In addition, performance of multiple
screening tests in a patient ultimately may result in high cost and a

delay in definitive diagnosis.
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Use of a lower cosyntropin dose could decrease cost associated
with ACTH stimulation testing. In healthy dogs, a 1 pg/kg dose of
cosyntropin stimulates maximal adrenocortical cortisol secretion.!?
The lower 1 pg/kg dose has been evaluated in dogs suspected of or
treated for hyperadrenocorticism, but, to our knowledge, has not been
evaluated in dogs suspected of hypoadrenocorticism.

In humans, the spectrum of adrenal insufficiency ranges from
overt adrenal crisis to subtle dysfunction in asymptomatic patients.
Even with subtle dysfunction, patients may be at risk of developing
acute adrenal insufficiency because their hypothalamic-pituitary-
adrenal axis cannot react appropriately to stress.*>'# Therefore, iden-
tifying patients with subtle abnormalities is important. Subtle dysfunc-
tion can be caused by partial ACTH deficiency and is referred to as
subclinical hypopituitarism. To our knowledge, a similar syndrome has
not been documented in dogs, but the possibility of this phenomenon
occurring in dogs has been discussed anecdotally. Use of a low-dose
ACTH stimulation test may increase the test sensitivity for the diagno-
sis of hypoadrenocorticism and partial ACTH deficiency by detecting
subtle changes in adrenocortical function. The dose of ACTH used in
humans for diagnosis is as low as 1 pg per person.t314

Therefore, the objectives of our study were to (1) compare serum
cortisol response when 1 and 5 pg/kg cosyntropin IV were adminis-
tered to dogs suspected of hypoadrenocorticism and (2) investigate
the possibility of partial ACTH deficiency in dogs with chronic, inter-
mittent gastrointestinal signs. Our hypotheses were as follows: (1) the
low-dose ACTH stimulation test would provide comparable results to
the standard-dose ACTH stimulation test in dogs suspected of hypoa-
drenocorticism and (2) partial ACTH deficiency exists in dogs and can

result in chronic, intermittent gastrointestinal signs.

2 | MATERIALS AND METHODS

The Institutional Animal Care and Use Committee of Auburn Univer-

sity approved this study.

2.1 | Dogs suspected of hypoadrenocorticism

Client-owned dogs suspected of having hypoadrenocorticism were
enrolled. Dogs were excluded if they were <1 year of age, <3 kg body
weight, or had an adrenal tumor. Additional exclusion criteria included
receiving PO or topical glucocorticoid treatment in the previous
month, injectable glucocorticoid treatment in the previous 2 months,
ketoconazole or progestin treatment in the previous month or etomi-
date or anesthesia within the previous 7 days. Dogs receiving trilo-
stane or mitotane also were excluded.

Participants were enrolled at 2 university veterinary teaching hos-
pitals and 1 specialty private practice. Hypoadrenocorticism was sus-
pected based on history, physical examination findings, routine
laboratory findings, or some combination of these.

Each dog underwent 2 ACTH stimulation tests in a single day as
previously validated in healthy dogs.*® A dose of 1 pg/kg cosyntropin
(Cortrosyn, Amphastar Pharmaceutical Inc., Rancho Cucamonga, CA)
was administered IV (low-dose test). Blood was obtained before injec-

tion for measurement of serum cortisol and plasma endogenous ACTH
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concentrations. An additional blood sample was obtained at 60 minutes
postinjection (hour 1) for measurement of serum cortisol concentration.
Three hours after collection of the post-ACTH sample (hour 4), a third
blood sample was obtained for measurement of serum cortisol concen-
tration and a second dose of cosyntropin (5 pg/kg IV) was administered
(standard-dose test). An additional blood sample was obtained 1 hour
later (hour 5) for measurement of serum cortisol concentration.

All samples for cortisol measurement were placed into plain col-
lection tubes and centrifuged after clotting within 1 hour of collection.
Serum was separated and stored at —20°C until analysis. Samples col-
lected for measurement of endogenous ACTH were placed into vacu-
tainer tubes containing EDTA. Aprotonin (Trasylol, Aprotinin bovine
lung lyophilized powder (Ultrapure), Affymetrix, Inc., Cleveland, OH)
was added to the blood immediately (0.1 mL aprotonin [10,000
KIU/mL] per 2 mL blood).*® The sample then was mixed gently and
centrifuged immediately. Plasma was removed immediately after cen-
trifugation and stored in a plastic tube at -80°C until analysis.

An ACTH-stimulated serum cortisol concentration <2 pg/dL was
considered diagnostic of hypoadrenocorticism, whereas an ACTH-
stimulated serum cortisol concentration between 2 and 5 pg/dL was
considered equivocal.**”*® Conversely, an ACTH-stimulated serum
cortisol concentration >5 pg/dL excluded hypoadrenocorticism as a
differential diagnosis.* Partial ACTH deficiency was defined as an
equivocal response to ACTH stimulation (ACTH-stimulated serum cor-
tisol concentration between 2 and 5 pg/dL) when a dose of 5 pg/kg
cosyntropin was administered in combination with a normal or sub-
normal plasma endogenous ACTH concentration. In the presence of
decreased adrenal function, endogenous ACTH concentrations in nor-
mal dogs is expected to be above the reference range because of
decreased negative feedback of cortisol to the pituitary gland. In addi-
tion, partial ACTH deficiency was suspected if disparate results were
obtained between the low-dose and standard-dose ACTH stimulation

tests.

2.2 | Preparation of cosyntropin

Cosyntropin was supplied as 250 pg of lyophilized powder in 2 mL
vials. Each vial was reconstituted with 1.0 mL sterile saline solution to
make a final concentration of 250 pg/mL in accordance with the man-
ufacturer’s directions. Unused cosyntropin remaining after reconstitu-
tion was frozen in 50 pg aliquots in plastic syringes until use or for no
longer than 4 months.?” To administer the lower dose to small dogs,
the cosyntropin was diluted to concentrations of 50 pg/mL and
10 pg/mL. To achieve a 50 pg/mL dilution, the original 1.0 mL
(250 pg) of reconstituted cosyntropin was added to 4.0 mL sterile
saline to achieve a final volume of 5.0 mL. To achieve a 10 pg/mL dilu-
tion, the original 1.0 mL (250 pg) of reconstituted cosyntropin was
added to 24 mL of sterile saline to achieve a final volume of 25 mL.
Diluted cosyntropin was stored frozen at —20°C in plastic syringes in

1 mL aliquots.2° No cosyntropin was thawed and refrozen.

2.3 | Assay procedures

Serum cortisol concentrations were measured using a commercially avail-

able solid phase, competitive chemiluminescent enzyme immunoassay
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(Immulite 1000 Cortisol Assay, Siemens HealthCare Diagnostics Prod-
ucts, Los Angeles, CA) that has been previously validated.?* The lower
limit of analytical sensitivity is 0.5 pg/dL. For statistical purposes, results
below the sensitivity of the assay were recorded as 0.3 pg/dL. Reported
inter- and intra-assay coefficients of variation for the chemiluminescent
enzyme immunoassay were >20% at 0.25 pg/dL, but <20% at values
ranging from 0.5 to 25 pg/dL2! The manufacturer reports cross-
reactivity with prednisolone (49%), methylprednisolone (22%), corticoste-
rone (8.6%), prednisone (5.9%), and negligible cross-reactivity with other
steroids tested (<1%). Samples were analyzed in multiple batches and
samples from each dog were run in a single batch. All samples were
assayed in duplicate.

Plasma endogenous ACTH concentrations were measured using a
commercially available and previously validated immunoradiometric
(IRMA) assay (Scantibodies ACTH Immunoradiometric (IRMA) Assay,

Scantibodies Laboratory, Inc. Santee, CA).2

The lower limit of analyti-
cal sensitivity was 5 pg/mL. For statistical purposes, results below the
sensitivity of the assay were recorded as 2.5 pg/mL. Reported intra-
assay and interassay coefficients of variation for the immunoradio-
metric assay are <15% and <19%.22 Samples were analyzed in a single

batch and all samples were assayed in duplicate.

2.4 | Statistical analyses

Statistical analysis was performed using a commercial software pack-
age (SAS/STAT 183.2, SAS Institute, Cary, NC). For all tests, signifi-
cance was set at the P < .05 level.

To compare baseline cortisol serum concentrations, a paired t test
was performed. Pharmacologic equivalence of the ACTH doses was
tested by determining if the 90% confidence interval (Cl) for the ratio
of the mean ACTH-stimulated cortisol concentration in response to
each dose was fully contained within the equivalence region of 80%-
125% for the ratio. It was determined that in an equivalence test of
means using 2 one-sided tests on data from a 2-period cross-over
design, a sample size of 32 would achieve 82% power at a 5% signifi-
cance level when the true ratio of the means was 1.00, the coefficient
of variation on the original unlogged scale was 0.30, and the equiva-

lence limits of the mean ratio were 0.80 and 1.25.

3 | RESULTS

3.1 | Population

Thirty-two dogs suspected of hypoadrenocorticism were enrolled.
After analysis, 1 dog was excluded because of extremely high serum
cortisol concentrations, which did not allow for exact enumeration of
the results and comparison of the response to both doses of cosyntro-
pin. Of the 31 dogs included, 17 dogs were spayed female, 1 dog was
an intact female, 11 dogs were neutered males, and 2 dogs were
intact males. Breeds included were Labrador retriever (n = 4), Dachs-
hund (n = 4), Australian shepherd (n = 2), Great Dane (n = 2), and
1 each of Pomeranian, Shih Tzu, Yorkshire terrier, German shepherd,
Basset hound, Doberman, Boxer, Shetland sheepdog, Brussels Griffon,

Bernese Mountain dog, Jack Russell terrier, American Staffordshire

terrier, Newfoundland, and Scottish terrier. Five mixed breed dogs
were included. The median weight was 22.8 kg (range, 3.5-65 kg) and
median age was 68 months (range, 15-154 months).

Presenting complaints included inappetence (15), vomiting (15), diar-
rhea (11), polyuria/polydipsia (2), weight loss (2), azotemia (1), hyperkale-
mia (1), hypoalbuminemia (1), and megaesophagus (1). Final diagnosis was
not determined in 14 dogs (45%). In cases in which a diagnosis was
obtained, final diagnoses included atypical hypoadrenocorticism (1), typi-
cal hypoadrenocorticism (1), chronic kidney disease (2), hemorrhagic
enteritis (2), pancreatitis (2), inflammatory bowel disease (2), hepatocellu-
lar carcinoma (1), anaphylaxis (1), lymphoma (1), idiopathic megaesopha-
gus (1), gastroenteritis (1), pyloric outflow tract obstruction (1), and

hypercalcemia of unknown origin.*

3.2 | Serum cortisol concentrations

Mean serum cortisol concentration before administration of 1 pg/kg
of cosyntropin was 3.7 pg/dL, and mean serum cortisol concentration
before administration of 5 pg/kg of cosyntropin was 3.4 pg/dL. No
significant difference was detected between the basal serum cortisol
concentrations (P = .544).

Mean serum cortisol concentration 1 hour after administration of
1 pg/kg of cosyntropin was 12.8 pg/dL, and mean serum cortisol concen-
tration 1 hour after administration of 5 pg/kg of cosyntropin was 14.3
pg/dL. For dogs suspected of having hypoadrenocorticism, the ACTH-
stimulated serum cortisol concentrations in response to both doses of
ACTH were equivalent (90% Cl, 80.5%-97.2%; P = .04; Figure 1).

Based on the diagnostic cut-off for hypoadrenocorticism of a
post-ACTH serum cortisol concentration of <2 pg/dL, 2 dogs initially
were diagnosed with hypoadrenocorticism. One dog was diagnosed
with typical hypoadrenocorticism (post-ACTH serum cortisol concen-
tration on the standard-dose test, 0.9 pg/dL) and 1 patient was diag-
nosed with atypical hypoadrenocorticism (post-ACTH serum cortisol
concentration on the standard-dose test, 0.3 pg/dL). A third dog had

an equivocal test for atypical hypoadrenocorticism (post-ACTH serum
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FIGURE 1 ACTH-stimulated cortisol concentration in dogs suspected

of hypoadrenocorticism with low-dose and standard-dose ACTH
stimulation test. Each point represents an individual dog. The diamonds
represent the mean values of ACTH-stimulated cortisol. The lower limit
of the reference range (8 pg/dL) for ACTH-stimulated cortisol
concentration is represented by the dotted line
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cortisol concentration on the standard-dose test 3.3 pg/dL and normal
serum electrolyte concentrations).

Using a diagnostic cut-off of a post-ACTH serum cortisol concentra-
tion of <5 pg/dL, the interpretation of the low-dose and standard-dose
tests differed in 1 dog. The post-ACTH serum cortisol concentration
on the low-dose test was 3.4 pg/dL (in the equivocal range for hypoa-
drenocorticism), whereas the post-ACTH serum cortisol concentration
on the standard-dose test was 12.3 pg/dL (not consistent with

hypoadrenocorticism).

3.3 | Endogenous ACTH concentrations

The plasma endogenous ACTH concentrations ranged from 9 to 1429
pg/mL. The median plasma endogenous ACTH concentration was
21 pg/mL.

Partial ACTH deficiency was considered in 2 dogs. In the dog that had
potential atypical hypoadrenocorticism with equivocal results after a
standard-dose ACTH stimulation test (post-ACTH serum cortisol concen-
tration of 3.3 ug/dL), the endogenous ACTH concentration was 73 pg/mL
(reference range, 10-80 pg/mL). Glucocorticoid replacement therapy ini-
tially was prescribed, but was discontinued by the owners without adverse
effect. In the patient with disparate ACTH stimulation test results, plasma
endogenous ACTH concentration was 15 pg/mL. Treatment was not initi-
ated, and results of both ACTH stimulation tests repeated 7 months after

initial presentation were within the reference range.

4 | DISCUSSION

This study was performed to compare the results of a low-dose (1 pg/kg)
ACTH stimulation test versus a standard-dose (5 pg/kg) ACTH stimula-
tion test performed for the diagnosis of hypoadrenocorticism. Our
results indicate that ACTH-stimulated serum cortisol concentrations
obtained in response to both doses of ACTH were equivalent. Instead of
including a patient population that consisted only of dogs proven to have
hypoadrenocorticism, dogs suspected of having hypoadrenocorticism
were included to simulate the population of dogs that are tested in prac-
tice. Therefore, the low-dose ACTH stimulation test can be used to con-
firm a diagnosis in dogs suspected of hypoadrenocorticism.

In our study population, partial ACTH deficiency was considered in
2 dogs. The first dog was a 5-year old intact male Shih Tzu initially evalu-
ated for intermittent vomiting, inappetence and abdominal pain. Results
of both ACTH stimulation tests in the presence of normal serum sodium
and potassium concentrations were equivocal. The post-ACTH serum
cortisol concentrations on the low-dose and standard-dose test were 3.4
and 3.3 pg/dL, respectively; the patient’s plasma endogenous ACTH con-
centration was 73 pg/mL. In dogs with primary hypoadrenocorticism,
plasma endogenous ACTH concentrations range from 200 to 5700
pg/mL as compared to a range of 5 to 9 pg/mL in dogs with secondary
hypoadrenocorticism.2® The endogenous ACTH assay utilized in the pre-
vious study is different than the assay utilized in our study, but, when
the plasma endogenous ACTH concentration was <100 pg/mL, there
was good agreement between the methods.?? Given the relatively low
serum cortisol concentrations in response to ACTH in conjunction with a

plasma endogenous ACTH concentration of 73 pg/ml (a result
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inconsistent with classic primary hypoadrenocorticism), partial ACTH
deficiency was considered possible. For treatment of hypoadrenocorti-
cism, prednisone (0.34 mg/kg/day PO) was prescribed.

Despite initial subjective improvement, long-term follow-up by
telephone call 2 years after presentation indicated that the patient
continued to experience 3-4 episodes per year of vomiting, inappe-
tence, and abdominal pain. Before the 2-year follow-up, prednisone
therapy was discontinued, and clinical signs did not worsen. The con-
tinuation of clinical signs and knowledge that clinical signs did not
worsen after prednisone was discontinued ultimately were not sup-
portive of a diagnosis of hypoadrenocorticism. Unfortunately, repeat
ACTH stimulation testing was not performed. This dog was similar to
a group recently reported in which post-ACTH serum cortisol concen-
trations were >2.0 pg/dL, a commonly used cut-off for diagnosis of
hypoadrenocorticism, but below the reference range.18 Our case fur-
ther suggests that in dogs with such findings, another diagnosis, such
as primary gastrointestinal disease, should be sought.

The second case in our study population with ACTH stimulation
test results potentially consistent with partial ACTH deficiency was the
dog that had discrepant results on the 2 tests. Possible reasons for the
initial discrepancy between the results of the 2 ACTH stimulation tests
include loss of potency of cosyntropin (because of poor or extended
storage), use of an inappropriate cosyntropin dose or errors in adminis-
tration or sample collection. Given that the storage and administration
of cosyntropin and subsequent sample collection were directly super-
vised throughout the study period, these possibilities are considered
unlikely. Presence of critical illness-related corticosteroid insufficiency?*
is unlikely because the dog was not critically ill at the time of testing.
Partial ACTH deficiency and subtle adrenocortical deficiency that could
only be detected with a low-dose ACTH stimulation test seems unlikely
given resolution of clinical signs without treatment for hypoadrenocor-
ticism and the results of the second set of tests.

Thus, we did not find evidence of partial ACTH deficiency. How-
ever, because only 31 dogs were included, further study is necessary
before drawing more definitive conclusions.

If using the lower dose, attention must be paid to a few factors.
First, the timing of collection of the sample for measurement of ACTH-
stimulated serum cortisol concentration is crucial. If using a dose of
1 pg/kg, the duration of peak ACTH-stimulated serum cortisol concen-
trations is short. The post-ACTH serum sample must be collected at
exactly 60 minutes postinjection.?>2° Second, we only examined IV use
of the low dose. Therefore, IM injection of a low dose of cosyntropin
cannot be recommended based on our data. Third, cosyntropin was
diluted to achieve more accurate dosing on the low-dose test for small
dogs. In concentrations as low as 0.5 pg/ml, diluted Cortrosyn®
remains stable for at least 4 months when refrigerated in plastic con-
tainers.?” Other cosyntropin products should not be diluted and stored
for use, because the stability of such products is unknown. Last, given
that 1 dog had discrepant results between the 2 tests, if equivocal
results are obtained on a low-dose ACTH stimulation test, a second test
using a standard dose should be considered for further evaluation.

In conclusion, the use of a 1 pg/kg dosage of cosyntropin is con-
sidered equivalent to a 5 pg/kg dose of cosyntropin for screening and
diagnosing dogs with clinical signs or laboratory abnormalities consis-

tent with hypoadrenocorticism. Additional investigation is needed to
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further define the potential existence of partial ACTH deficiency in

veterinary medicine.
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