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A B S T R A C T   

The sensitivity of the adrenocorticotropic hormone (ACTH) stimulation test to detect Cushing’s Syndrome (CS) 
using a depot formulation needs to be evaluated. The aims of this study were to propose a reference interval (RI) 
for cortisol values 1-hour after administration of a low-dose of depot ACTH in healthy dogs, and to evaluate the 
sensitivity of this test to detect CS, differentiating among types of CS based on ultrasound findings. 

Forty-one healthy dogs (20 males, 21 females) were prospectively included. Additionally, 90 dogs with CS (31 
males, 59 females) were retrospectively included. Dogs with CS were ultrasonographically classified as follows: 
44 dogs with symmetrical adrenomegaly consistent with pituitary-dependent hypercortisolism (PDH), 8 dogs 
with unilateral adrenomegaly and atrophy of the contralateral adrenal gland or unilateral or bilateral adreno-
megaly with malignancy features consistent with adrenal-dependent hypercortisolism (ADH), 34 dogs with 
equivocal adrenal asymmetry (EAA) and 4 dogs with normal adrenal thickness. 

In healthy dogs, lower and upper limit of the 95% RI for 1-hour post-ACTH cortisol concentration and their 
90% confidence intervals, were 4.4 (2.7–5.8) μg/dl and 18.4 (16.5–20.0) μg/dl, respectively. Post-ACTH cortisol 
concentration was above the RI in 90.0% (ci95%, 76.1–100) of dogs with CS. An elevated post-ACTH cortisol 
concentration was detected in 95.5% (ci95%, 76.1–100) of dogs with PDH, 62.5% (ci95%, 46.1–78.9) of dogs 
with ADH and 88.2% (ci95%, 69.1–100) of dogs with EAA. The sensitivity of the ACTH stimulation test using a 
low-dose of depot ACTH in high in dogs with CS.   

1. Introduction 

The adrenocorticotropic hormone (ACTH) stimulation test has been 
widely used to confirm the diagnosis of Cushing’s syndrome (CS) and to 
monitor trilostane and mitotane treatment in dogs with CS (Bennaim 
et al., 2019). Cosyntropin (beta-corticotropin) is a synthetic polypeptide 
form of ACTH. Cosyntropin is also known as tetracosactrin or tetraco-
sactide, and it is identical to the hormonally active N-terminal 24 resi-
dues of both human and canine corticotropin (Papich, 2016). 

In dogs, a dose of 250 μg per dog (IM or IV) was initially recom-
mended to perform the ACTH stimulation test, as it is used in humans 
(Frank et al., 2000; Behrend et al., 2013). However, later studies showed 

that lower doses of ACTH (ie. 1 or 5 μg/kg) are sufficient to produce a 
maximal stimulation of the adrenal cortex (Kerl et al., 1999; Frank et al., 
2000; Aldridge et al., 2016) and currently a dose of 5 μg/kg is generally 
recommended (Bennaim et al., 2019). 

Cosyntropin availability differs between countries and it has been 
limited at certain time points. A depot formulation of synthetic ACTH is 
commercially available in some countries and it is used both for diag-
nostic and treatment purposes in humans. This depot formulation should 
be administered IM and it has an inorganic zinc complex that adsorbs the 
active substance and permits its lengthy release (Nuvacthen depot 
package insert, 2018). Recent studies have shown that depot formula-
tion of tetracosactide may represent an alternative to the non-adsorbed 
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synthetic ACTH products in dogs (Ginel et al., 2012; Sieber-Ruckstuh 
et al., 2015). 

Depot tetracosactide (250 μg/kg IM) and cosyntropin (5 μg/kg IV or 
IM) produced similar cortisol responses at 60 min after administration in 
healthy dogs (Behrend et al., 2006). The use of tetracosactide depot at 
dosages of 5 μg/kg or below in dogs with CS have been evaluated in a 
few studies (Ginel et al., 2012; Sieber-Ruckstuh et al., 2015). However, 
studies including a larger number of animals and reporting diagnostic 
performance of the test are still needed. 

The aims of this study were: First, to propose reference intervals for 
cortisol values 1-hour after administration of a low-dose of depot ACTH 
in healthy dogs. Secondly, to evaluate the sensitivity of this test to detect 
CS. And finally, to evaluate the sensitivity of this test to detect CS in dogs 
with different types of CS based on ultrasonographic classification. 

2. Material and methods 

2.1. Animals and study design 

The study was performed at the Veterinary Teaching Hospital of the 
University of Córdoba, and at Veterinary Teaching Hospital of the 
University of Las de Gran Canaria and Veterinary Clinic Atántico. study 
comprised two parts: a prospective cross-sectional study performed from 
January 1st to December 31st 2017 where healthy dogs were included; 
and a retrospective study that included dogs with confirmed and un-
treated CS. Forty-one healthy dogs were recruited from the Veterinary 
Teaching Hospital of the University of Córdoba, and dogs with CS were 
recruited from Las Palmas de Gran Canaria (57 from Veterinary Clinic 
Atántico and 33 from Veterinary Teaching Hospital of the University of 
Las de Gran Canaria. 

Healthy dogs: Dogs were considered to be healthy on the basis of a 
normal physical examination and routine blood tests results (haema-
tology and biochemistry). All dogs were seronegative for Leishmania 
and Ehrlichia organisms. Dogs were included if they had not received 
any medication within the three-month period prior to the study, except 
for prophylactic parasiticidal therapies. An informed consent was ob-
tained from the owners, and the Committee of Animal Ethics of the 
University of Cordoba approved all study procedures with reference 
number 86/2016. All dogs underwent an exogenous ACTH stimulation 
test using a synthetic tetracosactide formulation with a concentration of 
1000 μg/mL. In each test, serum cortisol concentration was measured 
before and 1-hour after intramuscular administration of 5 μg/kg or at 
least 0.1 mL of ACTH (Sieber-Ruckstuh et al., 2015). 

Dogs with untreated CS: In dogs with CS, data including age, breed, 
sex, weight, and ultrasound adrenal gland measurements at the time of 
diagnosis were collected from medical records. CS was suspected if dogs 
presented clinical signs (polyphagia, polyuria/polydipsia, panting, alo-
pecia or distended abdomen), together with biochemical abnormalities 
consistent with CS (e.g. increased alkaline phosphatase activity, 
hyperlipidemia, decreased blood urea nitrogen) (Schofield et al., 2020). 
Non-adrenal diseases were excluded, except for uncomplicated diabetes 
mellitus and urinary stones and/or urinary tract infections that can 
appear concurrently to CS. By contrast, dogs with suspected CS and 
moderate or severe concurrent diseases were not included. The diag-
nosis of CS was confirmed if 1-hour after ACTH administration cortisol 
concentration was >18 μg/dL, or if cortisol was ≥1.4 μg/dL 4 or 8 h after 
the administration of a low dose of dexamethasone (Bennaim et al., 
2019). However, when dogs were considered highly suspicious of CS but 
ACTH stimulation test and LDDST showed test results within the refer-
ence ranges, an elevated urinary corticoid creatinine ratio (UCCR) >80 
μg/g was used to confirm the diagnosis (Galac et al., 2009; Behrend 
et al., 2013; Galeandro et al., 2014). In the case of dogs with concurrent 
diabetes, confirmation of CS with hormonal tests was not performed 
until stabilization of diabetes. 

After determining reference intervals for 1-hour post-ACTH cortisol 
concentration in healthy dogs, the post-ACTH cortisol concentration of 

dogs with untreated CS was used to evaluate the sensitivity of ACTH 
stimulation test to detect CS. In addition, dogs with CS were classified 
into four groups according to the shape and thickness of the adrenal 
glands on ultrasound examination as previously described (Melián et al., 
2021). Thus, dogs were considered that they presented pituitary 
dependent hypercortisolism (PDH) if they showed symmetrical adre-
nomegaly without signs of malignancy. Symmetrical adrenal enlarge-
ment was considered if the dorsoventral thickness difference ratio 
(DVTDR) was <20%, DVTDR was defined as the difference between the 
maximal dorsoventral thickness of the larger gland (LDV) and the 
maximum dorsoventral thickness of the smaller gland (SDV) with 
respect to the mean: DVTDR = [2(LDV- SDV)/(LDV + SDV)] x 100 as 
described by Benchekroun et al., 2010. Dogs were considered to present 
a functional adrenal tumor leading to adrenal-dependent hyper-
cortisolism (ADH) if they showed unilateral adrenomegaly and atrophy 
of the contralateral adrenal gland, as well as dogs that had unilateral or 
bilateral adrenomegaly with ultrasound features consistent with ma-
lignancy (ill-defined margins, loss of normal shape, invasion of adjacent 
structures, and/or suspected metastasis). Adrenal atrophy was consid-
ered when the maximum thickness of the smaller adrenal gland was 
below the lower limit of the reference intervals proposed by Melián 
et al., 2021. Dogs were considered as having equivocal adrenal asym-
metry (EAA) if they showed unilateral or bilateral adrenomegaly with a 
DVTDR ≥20% (Benchekroun et al., 2010), no signs of adrenal gland 
atrophy in the smaller gland and no features consistent with malignancy. 
Finally, dogs were considered of having normal adrenal thickness if they 
presented adrenal glands of normal shape and size, following the pre-
viously proposed reference ranges for different groups of body weight 
(Melián et al., 2021). 

Once dogs with CS were sonographically classified as PDH, ADH, 
EAA or normal, the sensitivity of the ACTH stimulation test to detect CS 
using a depot synthetic ACTH was determined for each group. 

2.2. Ultrasound evaluation 

The ultrasound evaluations were performed by the same person. 
Exams were done with a LOGIQ P5 Ultrasound System (GE Healthcare, 
Madrid, Spain) with a linear transducer (3–11 MHz), with a Z.one Pro 
(Mindray, Madrid, Spain) with the curve array transducer (3–9 MHz) 
and with a Z.one Ultra (Mindray, Madrid, Spain) with a tightly-curve 
transducer (4–9 MHz) and a linear array (5–14 MHz). All ultrasound 
evaluations were performed by one author, and all the measurements 
were reviewed by two authors. 

At the ultrasound examinations, the dogs were placed in dorsal or 
lateral recumbency. Images were taken from a subcostal angle (as 
opposed to intercostal) whenever possible. Maximum dorsoventral 
thickness of either cranial or caudal pole for the left and right adrenal 
gland were recorded. 

2.3. Analytical procedures 

Blood samples were obtained in EDTA tubes for hemogram, and in 
serum separator tubes for biochemistry and cortisol. Biochemistry 
included alkaline phosphatase, alanine aminotransferase, total proteins, 
cholesterol, and triglycerides measured by spectrophotometry. 

The adrenocorticotropic hormone (ACTH) (Nuvacthén Depot®, 
1000 μg/mL, Sigma Tau, Spain) stimulation test was performed by the 
determination of serum cortisol before and 1 h after intramuscular (IM) 
administration of 5 μg/kg or at least 0.1 mL of ACTH. The low-dose 
dexamethasone (sodium phosphate) suppression test (0.01 mg/kg) IV 
or IM for assessment of serum cortisol consisted in cortisol determina-
tion before and 4 and 8 h after injection of dexamethasone (Peterson, 
2007; Bennaim et al., 2019). 

Serum basal cortisol and 1-hour post-ACTH cortisol were measured 
by chemiluminescence immunoassay (Immulite 2000®, Siemens Medi-
cal Solutions, Madrid) in healthy dogs, and by chemiluminescence 
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immunoassay (Immulite 1000®, Siemens Medical Solutions, Madrid) in 
dogs with CS. Both creatinine and cortisol in urine were measured by 
chemiluminescence immunoassay (Beckman Coulter Au680, Barcelona 
for creatinine and Immulite 2000®, Siemens Medical Solutions, Madrid 
for cortisol). 

2.4. Statistical analysis 

The normality of the parameters was assessed with the Shapiro-Wilk 
test and Q-Q plots. Non-normally distributed data are shown as median 
and interquartile range (25-75th percentile). Differences between vari-
ables were determined with the Mann Whitney U test Test. Statistical 
significance was set at p < 0.05 and statistical analyses were performed 
with IBM SPSS Statistics 25 software. 

The 95% reference interval (RI) for cortisol concentration 1-hour 
after administration of a depot formulation of ACTH was determined 
in healthy dogs. Outliers were identified using the Reed method. The RI 
was obtained using a robust method as described by Horn (Horn et al., 
1998) The 90% confidence intervals for the extremes of the RI were 
obtained by means of the bootstrap, (Efron, 1979) the number of iter-
ations was 10,000 and size of the sample was 41. The RI and the con-
fidence interval were determined according to the American Society for 
Veterinary Clinical Pathology Reference Intervals guidelines, (Friedrichs 
et al., 2012) and they were obtained through the MedCalc 18.11.6 
software. 

3. Results 

3.1. Healthy dogs 

A total of 41 healthy dogs were included in the study, 20 male and 21 
female dogs. Median age was 8.5 (6–11) years. Breeds were represented 
as follows: mixed-breed dogs (19), Spanish greyhound (10), Beagle (3), 
Cocker Spaniel (2), Miniature Schnauzer (2), Poodle (1), French Bulldog 
(1), Dachshund (1), Labrador Retriever (1) and German Shorthaired 
Pointer (1). 

Biochemical profile and cortisol values of healthy dogs are repre-
sented in Table 1. Lower and upper limit of the 95% reference interval 
for 1-hour post-ACTH cortisol concentration and their 90% confidence 
intervals were 4.4 (2.7–5.8) ug/dl and 18.4 (16.5–20.0) ug/dl 
respectively. 

3.2. Dogs with hyperadrenocorticism 

A total of 90 dogs with CS were included, 31 males and 59 females. 
Median age was 11.0 (9.8–12.0) years. Breeds were represented as fol-
lows: Yorkshire Terriers (32), mixed-breed dogs (24), Poodle (7), 
Chihuahua (6), French Bulldog (6), Maltese (4), Fox terrier (2), Shih Tzu 
(2), Shar-pei (1), Boxer (1), Giant Schnauzer (1), Beagle (1), German 
Shorthaired Pointer (1), Cocker Spaniel (1) and Pinscher (1). 

In 82 out 90 dogs the diagnosis of CS was confirmed with an ACTH 
stimulation test. The remaining eight dogs showed a post- ACTH cortisol 
concentration within the reference range. and the diagnosis was 
confirmed with either a LDDST or an UCCR or both (Table 2). Only in 
three dogs the diagnosis was confirmed only with UCCR (values: 192, 
320 and 844). These three dogs had a clinical presentation highly sus-
picious of CS, biochemical alterations consistent with CS and non- 
adrenal diseases were rule out. In one of these three dogs the UCCR 
was measured in several occasions and the UCCR was persistently high. 
In other dog the UCCR was measured once and the ultrasound exami-
nation showed adrenomegaly in the right adrenal gland with a 
maximum thickness of 12.7 mm whereas the left adrenal gland had 
decreased size consistent with atrophy with a maximum thickness of 2.5 
mm in the sagittal plane. In the last dog, clinical signs were suggestive of 
CS and the dog presented bilateral adrenomegaly and high-normal post- 
ACTH cortisol concentration and, after ruling out non-adrenal disease, 
the diagnosis was confirmed with UCCR = 844. In this dog, the result of 
the ACTH stimulation test performed 10 days after initiation of trilos-
tane treatment was consistent with CS, and in the long-term the dog 
showed good clinical response and normalization of the post-ACTH 
cortisol concentration. 

Seventy six out of 90 dogs with CS (84.4%) had a minimum of one 
month of follow-up. These dogs had a significant reduction in basal (6.2 
(3.7–9.4) vs 3.2 (2.1–5.2) μg/dL; p < 0.005) and post-ACTH cortisol 
(29.4 (21.7–35.2) vs 7.9 (4.9–11.6) μg/dL; p < 0.005) after trilostane 
treatment. Furthermore, all dogs that were treated with trilostane and 
had follow-up (n = 76), showed a partial to complete clinical response 
after trilostane treatment. 

Among the 14 dogs with CS without follow-up record or with less 
than one month of follow-up, 11 dogs did not had follow-up because 
they returned to the referring veterinarian for treatment and moni-
toring. The remaining three dogs died or were euthanatized shortly after 
diagnosis from complications including neurological signs due to sus-
pected pituitary macroadenoma, pancreatitis or poor quality of life due 
to severe spondylarthrosis. 

Cortisol concentration at 0 and 1-hour after administration of a depot 
tetracosactide were significantly higher in dogs with CS compared to 
healthy dogs (p < 0.0005) (Table 1) (Fig. 1). The overall sensitivity of 
cortisol concentration to detect CS 1-hour after IM administration of a 
low dose of a depot formulation of tetracosactide was 90.0% (81/90). 

The 90 dogs with CS were ultrasonographically classified as follows: 
44 dogs with PDH (48.9%), 8 dogs with ADH (8.9%), 34 dogs with EAA 
(37.8%) and 4 dogs with normal adrenal thickness (4.4%). Sensitivity of 
cortisol concentration to detect CS 1-hour after administration of a low 
dose of a depot formulation of tetracosactide in each category of CS is 
shown in Table 3. 

4. Discussion 

This study demonstrates that 1-hour cortisol concentration after 
intramuscular injection of a low dose of a depot formulation of ACTH is a 
useful test to confirm the diagnosis of canine CS, yielding an overall 
sensitivity of 90.0%, which is similar to the sensitivity reported in pre-
vious studies using other forms of ACTH (ie, cosyntropin) to perform the 
ACTH stimulation test (57–95%) (Behrend et al., 2013). 

The maximum stimulation effect using a low dose of cosyntropin in 
dogs occurs 60–90 min after ACTH injection (Kerl et al., 1999); mean-
while the maximum stimulation effect produced by the depot 

Table 1 
Hematocrit, biochemical profile, serum cortisol and urine cortisol-creatinine 
ratio determinations in healthy dogs and dogs with CS. Data are given as me-
dian and IQR (25th, 75th percentile) Basal and post-ACTH cortisol were 
measured in 41 healthy dogs and 90 dogs with CS.  

Variable (unit) Healthy CS p 

N = 41 N = 90 

Hematocrit (%) 53 (49–56) 48 (43–53) 0.001 
Total proteins (g/dL) 7.0 (6.6–7.6) 6.5 (6.0–7.5) 0.037 
Cholesterol (mg/dL) 237 (210–251) 367 (290–470) <0.005 
Triglycerides (mg/dL) 102 (71–132) 196 (119–355) <0.005 
ALT (U/L) 41 (31–52) 223 (123–374) <0.005 
ALKP (U/L) 42 (25–84) 592 (292–1258) <0.005 
Basal Cortisol (μg/dL) 3.2 (1.8–4.9) 6.5 (3.9–9.8) <0.005 
1-hour post ACTH Cortisol (μg/ 

dL) 
11.0 
(9.5–13.7) 

29.5 
(22.0–36.8) 

<0.005 

UCCR 34 (24–46) 244 (174–632) <0.005 

Hematocrit, biochemical profile and UCCR were determined in 29 healthy dogs. 
These parameters were not recorded in all dogs with CS: hematocrit was 
recorded in 54 dogs, total proteins in 50 dogs, cholesterol in 46, triglycerides in 
30 dogs, ALT in 55 dogs, ALKP in 57 dog and UCCR in 9 dogs. 
*p values <0.05 reflect a significant difference between healthy and CS dogs. 
ALT = alanine aminotransferase, ALKP = alkaline phosphatase, UCCR = urine 
cortisol creatinine ratio, 1-hour Cortisol = cortisol 1 h after a low dose of a depot 
ACTH administration. 
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formulation of tetracosactide have been studied in healthy dogs and it 
occurs later (120–180 min post-injection) compared to soluble ACTH 
formulation (Nuvacthen depot, package insert, 2018). However, similar 
concentrations of cortisol have been observed in dogs with CS 60 min 
post stimulation with either cosyntropin or depot formulation of tetra-
cosactide (Ginel et al., 2012; Sieber-Ruckstuh et al., 2015). In other 
words, measuring cortisol concentration at the time of maximum stim-
ulation after using a depot formulation of ACTH, might not be necessary 
since similar concentrations of cortisol occur 1-hourour post stimulation 
with either cosyntropin or depot formulation of tetracosactide in dogs 
with CS. Nonetheless, specificity still needs to be evaluated in dogs with 
non-adrenal diseases to assess whether 1-hour, 2-hour or 3-hours post- 
ACTH cortisol will differentiate between dogs with CS and dogs with 
other illnesses. 

In the present study, upper limit for 1-hour post ACTH cortisol 
concentration using a low dose of a depot formulation of ACTH was 
initially assessed in healthy dogs. This upper limit of 18.4 μg/dL was 
used to calculate the sensitivity of ACTH stimulation test to confirm the 
diagnosis of CS. However, reference ranges might vary among labora-
tories and interpretation of results should be based on each laboratory 
reference range. 

It is known that the sensitivity of the ACTH stimulation test could 
vary depending on the type of CS. False negative results are more 
frequently observed in dogs with ADH; these dogs could present a sub-
normal cortisol response as the production of cortisol does not depend 
on ACTH, showing little or no response to exogenous ACTH in some 
cases (Peterson, 1982). Previous studies have shown that the sensitivity 

of the ACTH stimulation test to detect CS in dogs with PDH ranged be-
tween 84 and 92% and between 57 and 63% in dogs with ADH (Peter-
son, 1982; Reusch and Feldman, 1991; Kaplan et al., 1995; Norman 
et al., 1999; Monroe et al., 2012; Nivy et al., 2018). The results of the 
present study using a depot ACTH formulation showed similar results 
with higher sensitivity to detect CS in dogs consistent with PDH than in 
dogs consistent with ADH (95.5 vs 62.5%). Consequently, the diagnosis 
of CS should not be excluded on the basis of normal post-ACTH cortisol 
concentration in dogs with suspected CS and ultrasonographic findings 
consistent with ADH. In such cases, performing a different diagnostic 
test (ie, low-dose dexamethasone suppression test and/or urine corticoid 
to creatinine ratio) is recommended. It should be noted that performing 
an ultrasound evaluation previously or at the time of the ACTH stimu-
lation test could add valuable information for the interpretation of the 
ACTH stimulation test results and for the general diagnostic approach of 
dogs with suspected CS. However, due to the small number of dogs that 
were considered as ADH in this study, the results of the sensitivity in this 
group should be interpreted carefully. 

Dogs with PDH usually present symmetrical bilateral adrenomegaly, 
whereas dogs with ADH commonly present unilateral adrenomegaly and 
atrophy of the contralateral adrenal gland or they might present uni-
lateral or bilateral adrenomegaly with ultrasound features consistent 
with malignancy. Nonetheless, ultrasonographic differentiation be-
tween PDH and FAT is not always possible as more than a third of dogs 
with CS present adrenomegaly with EAA (Melián et al., 2021). Some 
dogs with PDH could present nodular hyperplasia leading to adrenal 
asymmetry, and dogs with ADH does not always present contralateral 

Table 2 
Hormone function tests with positive results in dogs diagnosed with CS.   

ACTH stimulation test LDDST UCCR ACTH stimulation test + LDDST ACTH stimulation test + UCCR LDDST + UCCR 

Dogs (n = 90) 77 2 3 2 3 3  

Fig. 1. Basal and 1-hour cortisol concentration in 41 healthy dogs and in 90 dogs with Cushing’s syndrome.  

Table 3 
Median and 25-75th percentil of 1-hour post ACTH cortisol values among different groups of dogs with Cushing’s syndrome and sensitivity of the ACTH stimulation test 
to detect Cushing’s syndrome in these groups using a low dose of a depot formulation of tetracosactide (5 μg/ kg or at least 0.1 mL, IM).   

PDH FAT EAA Normal Total 

N = 44 N = 8 N = 34 N = 4 N = 90 

1-hour post ACTH cortisol concentration (μg/dL) 30.0 (24.4–37.7) 21.9 (10.2–34.6) 28.4 (21.8–31.4) 24.8 (21.0–29.3) 29.5 (22.0–36.8) 
N dogs with post-ACTH cortisol >18.4 μg/dL. 42 5 30 4 81 
Sensitivity (95% confidence interval) 95.5 (76.1–100)% 62.5 (46.1–78.9)% 88.2 (69.5–100)% 100 (78.1–100)% 90.0 (71.3–100)%  
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adrenal gland atrophy and some degree of overlap in the ultrasound 
thickness of hyperplastic, normal, and atrophied adrenal glands have 
been reported (Hoerauf and Reusch, 1999; Benchekroun et al., 2010). 
Moreover, dogs with bilateral adrenal tumours, concurrent ADH and 
PDH, or other concurrent neoplasia (pheochromocytoma) may also be 
classified as dogs as EAA (Beatrice et al., 2018; Galac and Grinwis, 2018; 
van Bokhorst et al., 2019). The stimulation ACTH stimulation test 
showed a good sensitivity (88.2%) to detect CS in dogs with EAA 
(88.2%) and was similar to the sensitivity observed in dogs with PDH 
(95.5%). 

Unexpectedly, the hematocrit values of dogs with CS were signifi-
cantly lower compared to healthy dogs. Differences regarding breed or 
sample size might have affected results of this parameter. 

Some limitations are acknowledged in this study. First, the specificity 
of the ACTH stimulation test using a depot formulation of ACTH could 
not be evaluated and further studies including dogs with non-adrenal 
diseases would be needed. In addition, the type of CS was differenti-
ated only by ultrasonography, therefore dogs with EAA could not be 
classified as ACTH-dependent or ACTH-independent CS. In most dogs, 
data on the ACTH concentration at the time of diagnosis were not 
available, and neither were the results of histopathologic examination or 
high dexamethasone suppression test. Morevover, for the LDDST a 
dexamethasone sodium phosphate presentation was used, and not the 
dexamethasone in polyethylene glycol as previously used intramuscu-
larly (Peterson, 2007). In addition, the administered dose was 0.01 mg/ 
kg although this calculation was not based on the dexamethasone con-
tent. However, due to the small number of dogs diagnosed with LDDST, 
we believe that is unlikely that this would influence the results obtained 
from the study. Finally, other limitation was the number of dogs 
considered as presenting ADH was small, and further studies assessing 
the sensitivity of the ACTH stimulation test using a depot formulation of 
tetracosactide in dogs with ADH could be necessary. 

In conclusion, the 1-hour post-ACTH cortisol concentration using a 
low-dose of a depot ACTH formulation has good sensitivity to detect CS. 
Further studies are needed to evaluate the specificity of the test and to 
assess whether the sensitivity of the test is lower in dogs with ultraso-
nographic findings consistent with ADH compared to dogs with ultra-
sonographic findings consistent with PDH or EAA. 
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