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Simple Summary: Cushing’s syndrome is a common disease in middle-aged and old dogs, charac-
terized by steroid overproduction by the adrenal glands. This steroid excess can be caused by an
adrenal tumor (adrenal dependent hypercortisolism) and is associated with systemic hypertension.
In people with this disease, it is known that hypertension can be difficult to manage and, sometimes,
several drugs are necessary to treat it. However, there are no studies focused on the changes in the
blood pressure during treatment in dogs with adrenal-dependent hypercortisolism. In this study,
14 dogs with this disease were followed during the first year of medical treatment or during 1 year
after surgery to remove the adrenal tumor (adrenalectomy), and the changes in their blood pressure
were evaluated. We observed that blood pressure in medically treated dogs decreased during the
study period using, in most cases, a single antihypertensive drug. Also, in those dogs surgically
treated, blood pressure normalized three months after surgery, and in one case, antihypertensive
medications could be reduced. Thus, when adrenalectomy is performed, it is important to care-
fully address blood pressure after the procedure as these dogs might require reductions in their
antihypertensive treatment.

Abstract: Hypercortisolism in dogs is frequently associated with systemic hypertension (SH). How-
ever, there are no studies evaluating the changes in systolic blood pressure (SBP) in dogs with
adrenal-dependent hypercortisolism (ADH) during trilostane treatment or after adrenalectomy and
their response to antihypertensive treatments. For this reason, the objectives of this study were
to evaluate the changes in SBP in dogs with ADH during the first year of trilostane treatment or
after adrenalectomy, the relation with clinical control of hypercortisolism and certain laboratory
parameters, and the response to antihypertensive drugs. Fourteen dogs newly diagnosed with ADH
were prospectively included and evaluated at diagnosis (T0) and 1, 3, 6, and 12 months after (T1,
T3, T6, and T12, respectively). Dogs were classified as hypertensive (HT; SBP ≥ 160 mmHg) and
non-hypertensive. In HT dogs, benazepril was considered as the first-line drug, and, if necessary,
amlodipine was prescribed. The prevalence of SH at T0 was 79%, and it was reduced to 25% at T12.
Blood pressure (BP) was not associated with disease control or selected laboratory parameters at any
endpoint. Only 22% of dogs with SH needed more than one drug to normalize their SBP. In all dogs
surgically treated that were HT at T0, BP normalized at T3.

Keywords: hypercortisolism; Cushing’s syndrome; adrenal tumors; adrenalectomy; trilostane;
hypertension; blood pressure; dog
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1. Introduction

Hypercortisolism or Cushing’s syndrome (CS) is a common endocrine disease in
middle-aged and old dogs, which is characterized by a chronic glucocorticoid overproduc-
tion by the adrenal gland cortex. The most common causes are an adrenocorticotrophic
hormone excess (ACTH) due to a pituitary tumor (pituitary-dependent hypercortisolism,
PDH) or a functional adrenocortical tumor that autonomously produces cortisol (adrenal-
dependent hypercortisolism, ADH) [1,2].

It is well documented that systemic hypertension (SH) is a common complication of
CS, which may be present in approximately 70–85% of people [3–6] and 31–86% of dogs at
the time of diagnosis [7–15]. There are also some factors that have been associated with SH
in dogs with CS, such as lower potassium concentrations, thrombocytosis, higher cortisol
concentrations, or higher urinary protein to creatinine ratio [7,10–13,15].

It is described that SH can persist even after appropriate control of the disease, both in
people and dogs with PDH treated with trilostane or mitotane [3–8,13].

Even years after a successful surgical treatment, 20–40% of patients with CS (including
children and adolescents with this syndrome) can be persistently hypertensive. These
findings have also been observed in people with CS treated with different drugs (e.g.,
ketoconazole, metyrapone, pasireotide, cabergoline); despite most of them likely provid-
ing some degree of blood pressure improvement, persistent hypertension is also very
common [3–6,16–28].

As increased arterial rigidity and increased cardiovascular risk are both described in
children and adults with CS years after successful surgical treatment, it is widely accepted
that normalization of cortisol concentrations does not always eliminate the metabolic and
vascular disturbances related to CS [3–6,17–19,29–32].

Multidrug therapy is usually necessary to manage SH in people with CS [3–6]. Sys-
temic hypertension is usually treated using angiotensin-converting enzyme inhibitors
(ACEIs) and angiotensin II receptor blockers (ARBs) as first-line drugs, and calcium chan-
nel blockers as second-line drugs [3–6]. Also, as lower serum potassium concentrations
have been associated with SH, which is indicative of an apparent mineralocorticoid excess,
treatment with a mineralocorticoid receptor (MR) antagonist is recommended [3–6,33,34].

In dogs with CS, there are only four studies that have evaluated the changes in SBP
before and after treatment. Two of them included dogs with PDH treated with mitotane
and showed that SBP decreased only in dogs with good control of the disease [7,9]. Another
study evaluated the changes in SBP in dogs with PDH after hypophysectomy or during
trilostane treatment; in this study, no differences in SBP were observed during the study
period [8]. A recent study evaluated the changes in SBP and response to antihypertensive
treatment in dogs with PDH during the first year of trilostane treatment. In this study,
a significant reduction in SBP was observed during the study period, and changes in
SBP were not correlated with the clinical control of hypercortisolism. Multidrug therapy
is commonly needed to manage SH. Importantly, in this study, they found that some
normotensive dogs at diagnosis developed SH during trilostane treatment.

The literature on SH in dogs with ADH is sparce. One study showed that of four
dogs successfully treated with adrenalectomy, none were hypertensive at the time of post-
surgical re-evaluation [7]. To our knowledge, there are no additional studies that have
evaluated the changes in SBP in dogs with ADH after surgery, and there are no studies that
have evaluated these changes during trilostane treatment nor the response of these dogs to
antihypertensive drugs.

Thus, the aims of this study were to evaluate the prevalence of SH in dogs with ADH at
diagnosis and the changes in SBP after adrenalectomy or during the first year of twice-daily
trilostane treatment. Also, to evaluate the relationship between SH and clinical control of
the disease, the CBC results (as thrombocytosis has been previously associated with SH in
dogs with CS), potassium and cortisol concentrations at every time point, and the response
of these dogs to antihypertensive treatments were considered.
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2. Materials and Methods

Dogs newly diagnosed with ADH at the Veterinary Teaching Hospital Complutense
between January 2015 and December 2022 were prospectively included in this study. In
order to increase the sample size, cases from AniCura Hospital Veterinario Valencia Sur
were also retrospectively included. In all cases, owners consented to the use of the data
from their pets for research purposes.

Diagnosis of spontaneous hypercortisolism was performed following the 2012 ACVIM
consensus for the diagnosis of hyperadrenocorticism [1]. Adrenal function tests were
performed in dogs with compatible clinical signs and physical examination findings and
in those dogs with an adrenal mass. Diagnosis was confirmed when at least two of
the following tests were consistent with hypercortisolism: urinary cortisol-to-creatinine
ratio (UCCR), ACTH stimulation test (ACTH-st), or low-dose dexamethasone suppression
test (LDDST). Discrimination between adrenal-dependent hypercortisolism and ACTH-
dependent hypercortisolism was based on ultrasonography findings, plasma endogenous
ACTH concentrations, and/or LDDST results [35].

Owners were informed about treatment options (surgery vs. medical treatment) but,
ultimately, the final decision was theirs. Thus, classification of the dogs as medically treated
with trilostane (trilostane group, TG) and surgically treated (adrenalectomy group, AG)
was not randomized. In all cases, after definitive diagnosis of ADH, trilostane treatment
was prescribed every 12 h at a starting dose of 0.2–1.0 mg/kg/12 h (either as a short-term
treatment before surgery in order to minimize potential complications associated with
hypercortisolism, or as a life-long treatment). In dogs in the AG, glucocorticoid supple-
mentation was provided after adrenalectomy and tapered down according to clinical signs
and electrolyte concentrations during follow-up; in dogs unable to maintain electrolyte
concentrations within the target range during the hospitalization period, fludrocortisone
was additionally prescribed.

Dogs were evaluated at diagnosis (T0) and at 1, 3, 6, and 12 months after the beginning
of trilostane treatment or after adrenalectomy (T1, T3, T6, and T12, respectively). In those
dogs in the AG, an additional endpoint was considered one week before surgery (T0′).

Dogs with chronic kidney disease of International Renal Interest Society (IRIS) stage
3 or 4, previously treated with antihypertensive drugs or trilostane, and patients lost to
follow-up on any of the visits were excluded. Death during the study period was not an
exclusion criterion as long as it occurred after T1.

At T0, complete data from signalment, clinical signs, physical examination findings,
and concurrent diseases were recorded. Body condition score (BCS) was also recorded,
and dogs were classified as underweight (BCS ≤ 3/9), ideal body weight (BCS 4–6/9), or
overweight (BCS ≥ 7/9).

At every visit, a complete clinical history and physical exam were performed and dogs
were classified as well controlled (WC, if the owners believed that a complete resolution of
clinical signs was achieved), moderately controlled (MC, if the dogs showed improvement
but still subtle clinical signs were present), and poorly controlled (PC, if the owner believed
that clinical signs of hypercortisolism were still present). In those dogs in the TG, an ACTH-
st and serum electrolyte concentrations were also performed at every visit. Trilostane dose
was modified based on the results of the ACTH-st in combination with clinical control
of the disease, as perceived by the owner. Cortisol concentrations were measured by
chemiluminescence immunoassay (Immulite® 2000, Siemens Healthcare S.L.U, Madrid,
Spain). In those dogs in the AG, only electrolyte concentrations were evaluated at all
endpoints. Additionally, at T0 and at T12, a CBC was performed in all dogs.

Systolic blood pressure was measured at every endpoint following the 2018 ACVIM
Guidelines recommendations for the measurement of SBP [36]. In this study, Doppler
ultrasonography (Vettex® Uni 900, 65 Huntleigh Diagnostics Ltd., Cardiff, UK) was the
technique chosen. The dogs were positioned in sternal or lateral recumbency with mini-
mum restraint and an 8 Mhz flat probe was placed between the carpal and metacarpal pad
of the left forelimb. Cuff size was chosen to cover 30% to 40% of the limb circumference
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at the site of cuff placement [36]. At least 5 reliable measurements were obtained after an
acclimation period and before performing any other procedure; SBP value used for this
study was the mean of these 5 measurements. Systemic hypertension was considered as
SBP ≥ 160 mmHg [36]. Dogs were classified as non-hypertensive (NHT, SBP < 160 mmHg)
or hypertensive (HT, SBP ≥ 160 mmHg) and sub-classified according to the risk of tar-
get organ damage (TOD) as normotensive (SBP < 140 mmHg), pre-hypertensive (SBP
140–159 mmHg), moderately hypertensive (SBP 160–179 mmHg), and severely hyper-
tensive (SBP ≥ 180 mmHg) [36]. Additional visits to re-evaluate SBP other than those
previously mentioned were completed when necessary, following ACIM consensus recom-
mendations to control SH [36,37]. Systolic blood pressure at T0 was recorded before any
anti-hypertensive treatment was prescribed.

Antihypertensive treatment was prescribed based on ACVIM recommendations [37].
If signs of TOD were observed or SBP was equal or above 200 mmHg, antihypertensive
treatment was started. If no signs of TOD were observed, dogs with SBP ≥ 160 mmHg
were re-evaluated after one week. In these dogs, if SBP ≥ 180 mmHg, hypertension was
treated. If SBP was between 160 and 179 mm Hg, these dogs were either treated with anti-
hypertensive drugs or re-evaluated one month after, depending on the clinical judgment.

An angiotensin-converting enzyme inhibitor (ACEI) was chosen as first-line treatment
based on a proposed treatment algorithm for people with CS [4] and also based on ACVIM
guidelines [36,37]. Dogs with SH were initially treated with benazepril 0.25 mg/kg/12 h;
this dose was increased as necessary up to 0.5 mg/kg/12 h. If SBP was still not normalized,
amlodipine was added at a starting dose of 0.1–0.25 mg/kg/24 h and gradually increased
when necessary up to a maximum of 0.5 mg/kg/24 h. If, at this point, SH was still present,
hydralazine was added (0.2 mg/kg/12 h). Fifteen days after any modification of the
antihypertensive treatment, SBP was re-evaluated. When clinical signs of hypotension
(e.g., syncope, taquycardia, weakness) appeared concurrently with an SBP < 120 mmHg,
antihypertensive treatment was decreased [36,37].

Statistical analyses were performed using computer software (IBM, SPSS statistics for
Windows, v.25.0, IBM corp., Amornk, New York, NY, USA). Most of the variables were not
normally distributed, and the sample size was relatively small; thus, non-parametric tests
were preferred. To compare categorical non-repeated measures between groups, Fisher’s
exact test and Chi-square tests were used (percentages were used to express the data).
For comparisons of non-repeated measures between 2 different groups, Mann–Whitney U
test was selected, and for those comparing more than 2 groups, Kruskal–Wallis test was
used; results are presented as the median, range, and interquartile range (IQR expressed as
quartile 1 (Q1) and quartile 3 (Q3)). Correlation between continuous variables was assessed
with the Spearman’s rank correlation test. To compare categorical repeated measures
between the different selected time points, McNemar’s test was chosen for variables
with 2 different categories and, for those with more than 2 categories, the Friedman test
(percentages were used to express the data). For comparisons of continuous repeated
measured, the Wilcoxon signed-rank test was selected (median, range, IQR). When data
from one individual were presented, each dog was identified with a D and a number from
1 to 14 following enrolment. Statistical significance was defined at a p<0.05 threshold.

3. Results

Thirty dogs were diagnosed with ADH during the study period, twenty at the Veteri-
nary Teaching Hospital Complutense and ten at AniCura Hospital Veterinario Valencia Sur.
Of these dogs, nine were lost for follow-up, as follow-up was conducted at their respective
referring centers. One dog was excluded as it had chronic kidney disease IRIS stage III. Four
dogs died during the perioperative period after adrenalectomy, and two died of unknown
causes before the first follow-up visit. Thus, data from 14 dogs with ADH were finally
included: 12 from the Veterinary Teaching Hospital Complutense and 2 from AniCura
Hospital Veterinario Valencia Sur.
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Of the dogs included, 9/14 (64%) were medically treated with trilostane (TG, trilostane
treatment group), and 5/14 (36%) were surgically treated (AG, adrenalectomy group). In all
cases, dogs were initially treated with trilostane at a median initial dose of 0.46 mg/kg/12 h
(range = 0.27–1.0 mg/kg/12 h; IQR = 0.3–0.6 mg/kg/12 h).

Of the nine dogs included in the TG, five dogs died during the study. Two died
between T1 and T3, one suddenly died at home, and one was euthanized because of dysp-
nea caused by pulmonary metastases of an adrenal carcinoma. One dog was euthanized
between T3 and T6 due to a colonic carcinoma, and two dogs were euthanized between T6
and T12 because the owners perceived poor quality of life.

Of the five dogs included in the AG, one suddenly died at home between T6 and T12.
The median time since diagnosis until adrenalectomy was 145 days (range= 15–300 days;
IQR= 48–285 days). Four of the adrenal glands removed were histopathologically consistent
with adenomas (80%) and one as a carcinoma (20%). After surgery, all dogs were treated
with dexamethasone intravenously followed with prednisone orally after discharge. In all
cases, glucocorticoid supplementation was discontinued before T3. Only one dog required
mineralocorticoid supplementation after surgery, which was discontinued before T1.

3.1. Signalment, Clinical Signs, Physical Examination Findings, and Concurrent Diseases at T0
3.1.1. Signalment

The median age of the 14 dogs included was 13 years (range = 8–17 years;
IQR= 10–13.25 years), and the median weight was 10.7 Kg (range = 3.9–35.0 Kg;
IQR= 6.7–16.8 Kg). Further, 4 dogs were neutered males (4/14, 29%), 8/14 (57%) were
neutered females, and 2/14 (14%) were intact females. Purebred dogs represented 79%
of the cases (11/14); breeds represented were Yorkshire Terrier (2/9), West Highland
White Terrier (2/9), Cocker Spaniel (2/9), Shih Tzu (2/9), Boxer (1/9), Maltese (1/9), and
Pomeranian (1/9).

There were no statistically significant differences in these variables between dogs in
the TG and in the AG.

3.1.2. Clinical Signs and Physical Examination Findings

The median duration of clinical signs before diagnosis was 5 months (range = 2–12 months;
IQR= 2.7–8.2 months). Further, 11 of the 14 dogs showed polyuria/polydipsia (78%), 9/14
(64%) polyphagia, 8/14 (57%) a “potbellied” appearance, 7/14 (50%) panting at rest, 7/14
(50%) thin skin, and 7/14 (50%) had poor hair quality. None of the dogs had calcinosis
cutis. No statistically significant differences were observed in these variables between dogs
in the TG and dogs in the AG.

At T0, none of the dogs had a BCS ≤ 3/9, 8/14 (57%) had a BCS between 4/9 and 6/9,
and 6/14 (43%) had a BCS of 7/9 or above. All dogs with a BCS ≥ 7/9 were in the TG;
however, the difference was not statistically significant (p = 0.086).

3.1.3. Concurrent Diseases

At T0, 1/14 dogs (7%) had chronic kidney disease IRIS stage II, 3/14 (21%) had mitral
valve disease stage B1, 3/14 (21%) had a neoplastic disease (mammary adenocarcinoma,
colonic adenocarcinoma and meibomian gland adenoma), 1/14 (7%) had leishmaniosis,
and 1/14 (7%) and 1/14 (7%) had a chronic enteropathy. No difference was observed
between the TG and the AG in the frequency of concurrent diseases in each group.

3.2. Prevalence of SH and Median SBP at the Different Endpoints
3.2.1. All Dogs with ADH (TG and AG)

At T0, the median SBP was 179 mmHg (range = 140–255 mmHg; IQR = 159–211 mmHg),
and the prevalence of SH was 79% (11/14). When classified according to the risk of TOD,
21% (3/14) of the dogs were prehypertensive, 29% (4/14) were moderately hypertensive,
and 50% (7/14) were severely hypertensive. Complete data are available in Table 1.
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Table 1. Prevalence of systemic hypertension, classification according to the risk of target organ
damage (TOD), and median systolic blood pressure (SBP) at the different endpoints of all dogs with
ADH. Letters indicate statistically significant differences.

Dogs with ADH (n = 14)

T0 T1 T3 T6 T12

Number of dogs 14 14 12 11 8

Systemic hypertension (SBP ≥ 160 mmHg) 11 10 5 3 2
(79%) (71%) (42%) (27%) (25%)

Classification according to risk of TOD

Normotension (SBP < 140 mmHg) 0 3 3 4 2
(0%) (21%) (25%) (36%) (25%)

Pre-hypertension (SBP 140–159 mmHg) 3 1 5 4 4
(21%) (7%) (42%) (36%) (50%)

Moderate hypertension (SBP 160–179 mmHg) 4 8 4 2 2
(29%) (57%) (33%) (18%) (25%)

Severe hypertension (SBP ≥ 180 mmHg) 7 2 0 1 0
(50%) (14%) (0%) (9%) (0%)

SBP (mmHg)

Median 179 a,b,c 163 a 154 b 142 c 155

Range (Minimum–Maximum) 140–255 97–220 105–167 133–187 124–177

IQR (Q1–Q3) 159–211 140–171 132–160 140–166 136–163
a (p = 0.014), b (p = 0.017), c (p = 0.029).

No significant differences were observed in the prevalence of SH between the different
endpoints. The prevalence of SH was higher at T0 (79%) than at T6 (27%), although this
was not statistically significant (p = 0.059).

On the other hand, there was a significant difference between the median SBP at T0
compared to T1, T3, and T6.

3.2.2. Dogs with ADH Medically Treated (TG)

Considering only those dogs in the TG, all of them were hypertensive at T0 (9/9), and
the median SBP was 185 mmgHg (range = 160–225 mmHg; IQR = 170–222 mmHg). When
classified according to the risk of TOD, 44% (4/9) were moderately hypertensive and 56%
(5/9) severely hypertensive. Complete data are available in Table 2.

There was a significant difference between the prevalence of SH at T0 (100%) compared
to T3 (43%; p = 0.046) and T6 (33%; p = 0.046). The median SBP was significantly higher at
T0 compared to T1, T3, and T6 and was also significantly higher at T1 compared to T3.

3.2.3. Dogs with ADH Surgically Treated (AG)

Considering only those dogs in the AG, 2/5 (40%) were hypertensive at T0, and the
median SBP was 156 mmHg (range = 140–210 mmHg; IQR = 146–195 mmHg). When
classified according to the risk of TOD, 3/5 (60%) were pre-hypertensive and 2/5 (40%)
were severely hypertensive. No statistically significant differences were observed in the
prevalence of SH or median SBP between any of the endpoints. Complete data are available
in Table 3.
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Table 2. Number of dogs with ADH medically treated with systemic hypertension (SH), sub-
classification depending on the risk of target organ damage (TOD), and median systolic blood
pressure (SBP) at the different endpoints. Letters indicate statistically significant differences.

Dogs with ADH Medically Treated (n = 9)

T0 T1 T3 T6 T12

Number of dogs 9 9 7 6 4

Systemic hypertension (SBP ≥ 160 mmHg) 9 a,b 7 3 a 2 b 1
(100%) (78%) (43%) (33%) (25%)

Classification according to risk of TOD

Normotension (SBP < 140 mmHg) 0 1 1 4 1
(0%) (11%) (14%) (67%) (25%)

Pre-hypertension (SBP 140–159 mmHg) 0 1 3 0 2
(0%) (11%) (43%) (0%) (50%)

Moderate hypertension (SBP 160–179 mmHg) 4 5 3 1 1
(44%) (56%) (43%) (17%) (25%)

Severe hypertension (SBP ≥ 180 mmHg) 5 c 2 0 c 1 0
(56%) (22%) (0%) (17%) (0%)

SBP (mmHg)

Median 185 d,e,f 165 d,g 158 e,g 141 f 158

Range (Minimum–Maximum) 160–225 129–220 105–167 133–187 133–165

IQR (Q1–Q3) 170–222 150–183 140–161 135–166 144–162
a (p = 0.046), b (p = 0.046), c (p = 0.024), d (p = 0.017), e (p = 0.018), f (p = 0.046), g (p = 0.028).

Table 3. Number of dogs with ADH surgically treated with systemic hypertension (SH), sub-
classification depending on the risk of target organ damage (TOD), and median systolic blood
pressure (SBP) at the different endpoints. Letters indicate statistically significant differences.

Dogs with ADH Surgically Treated (n = 5)

T0 T0′ T1 T3 T6 T12

Number of animals 5 5 5 5 5 4

Systemic hypertension (SBP ≥160 mmHg) 2 2 3 2 1 1
(40%) (40%) (60%) (40%) (20%) (25%)

Classification according to risk of TOD

Normotension (SBP < 140 mmHg) 0 0 2 2 0 1
(0%) (0%) (40%) (40%) (0%) (25%)

Pre-hypertension (SBP 140–159 mmHg) 3 3
0

2 4 2
(60%) (60%) (40%) (80%) (50%)

Moderate hypertension (SBP 160–179 mmHg) 0
1 3 1 1 1

(20%) (60%) (20%) (20%) (25%)

Severe hypertension (SBP ≥ 180 mmHg) 2 1 0 0 0 0
(40%) (20%) (0%) (0%) (0%) (0%)

SBP (mm Hg)

Median 156 155 160 150 142 151

Range (Minimum-Maximum) 140–210 146–188 97–169 125–162 140–167 124–177

IQR (Q1–Q3) 146–195 147–159 117–176 127–160 141–154 136–166
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3.3. Differences between TG and AG at the Different Endpoints

The median SBP at T0 was not significantly different (p = 0.11) between dogs in the
TG (185 mm Hg, range = 160–225 mmHg, IQR = 170–222 mmHg) and in the AG (156 mm
Hg, range = 140–210 mmHg, 146–195 mmHg). However, the proportion of dogs with SH
was significantly higher in those dogs in the TG (100%, 9/9) compared to those dogs in the
AG (40%, 2/5) (p = 0.027).

No other differences were observed between TG and AG regarding the prevalence of
SH or median SBP at the remaining endpoints.

3.4. Relationship between Blood Pressure at T0 and Data from Signalment, Clinical Signs, Physical
Examination Findings, and Concurrent Diseases
3.4.1. All Dogs with ADH (TG and AG)

When all dogs with ADH were considered (n = 14), there were no significant differ-
ences in the prevalence of SH at T0 and data from signalment, clinical signs, duration of
these clinical signs prior to diagnosis, physical examination findings, or concurrent diseases
at T0.

Median SBP was higher in dogs diagnosed with mitral valve disease stage B1 (215 mmHg;
range = 210–255 mmHg; IQR = 212–235 mm Hg) than in those without this condition
(170 mmHg; range = 140–230 mmHg; IQR= 158–182 mmHg). It was also significantly
higher in dogs with poor hair quality (i.e., alopecia, hypotrichosis, and/or dull coat)
(210 mmHg; range = 170–255; IQR= 19–222 mmHg) than in those with unremarkable hair
(160 mmHg; range= 140–180 mmHg; IQR= 154–174 mmHg; p = 0.002). No other statistically
significant differences were observed between the median SBP and the remaining variables.

3.4.2. Dogs with ADH Medically Treated (TG)

As all dogs in the TG were hypertensive at T0, it was not possible to compare the
prevalence of SH and data previously mentioned.

Regarding the median SBP, this was again higher in dogs with a poor hair quality
(211 mmHg; range = 170–255; IQR= 185–230 mmHg) than in those with a normal hair coat
(170 mmHg; range 160–178 mmHg; IQR= 165–174 mmHg) (p = 0.048). No other statistically
significant differences were observed between the median SBP and the remaining variables.

3.4.3. Dogs with ADH Surgically Treated (AG)

There were no statistically significant differences or correlations between median
SBP or the prevalence of SH and variables related to signalment, clinical signs, physical
examination findings, and concurrent diseases.

3.5. Relationship between Blood Pressure at the Different Endpoints and Control of the Disease
Based on Clinical Signs

Considering all dogs with ADH (n = 14) at T1, 6/14 (42%) were WC, 4/14 (29%) were
MC, and 4/14 (29%) were PC. At T3, 7/12 (58%) were WC, 4/12 (33%) MC, and only 1/12
(8%) was PC. At T6, 9/11 (82%) were WC and 2/11 (18%) were MC. Lastly, at T12, 6/8
(75%) were WC and 2/8 (25%) were PC.

There was no statistically significant correlation between clinical control of the disease
at any time point and the prevalence of SH or the median SBP.

Of dogs in the TG, at T1, 1/9 (11%) was WC, 4/9 (44%) were MC, and 4/9 (44%) were
PC. At T3, 2/7 were WC (29%), 4/7 (57%) were MC, and 1/7 (14%) PC. At T6, 4/6 (67%)
were WC and 2/6 (33%) were MC, and, lastly, at T12, 2/4 (50%) were WC and 2/4 (50%)
were PC.

Of dogs in the AG at T0, 2/5 (40%) were WC and 3/5 (60%) were MC. From T1 to
T12, all dogs in the AG were WC according to clinical signs. Control of the disease was
significantly better in the AG than in the TG at T1 (p = 0.006) and at T3 (p = 0.047).
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Due to the small sample size, the relationship between blood pressure and control of
the disease depending on the treatment group could not be evaluated. Complete data are
available in Table 4.

Table 4. Data of prevalence of systemic hypertension (SH) and median systolic blood pressure (SBP)
depending on the clinical control of the disease at the different time points.

T1 (n = 14) T3 (n = 12)

PC
(n = 4)

MC
(n = 4)

WC
(n = 6)

PC
(n = 1)

MC
(n = 4)

WC
(n = 7)

SH
(SBP ≥ 160 mmHg)

3 3 4 0 2 3
(75%) (75%) (67%) (0%) (50%) (43%)

SBP (mmHg)

- Median 167 175 161 158 150 150

- Range (Min-Max) 140–176 129–220 97–169 - 105–167 125–162

- IQR (Q1–Q3) 152–173 144–205 137–163 - 122–163 135–160

T6 (n = 11) T12 (n = 8)

PC MC WC PC MC WC
(n = 0) (n = 2) (n = 9) (n = 2) (n = 0) (n = 6)

SH
(SBP ≥160 mmHg)

- 0 3 1 - 1
(0%) (33%) (50%) (17%)

SBP (mmHg)

- Median - 141 142 162 - 151

- Range (Min-Max) - 140–142 133–187 159–165 - 124–177

- IQR (Q1–Q3) - - 140–166 - - 133–156

n: number of animals, PC: poorly controlled, MC: moderately controlled, GC: good controlled, IQR: interquartile
range (quartile 1 (Q1)- quartile 3 (Q3)). T1, T3, T6 and T12: 1, 3, 6, and 12 months after beginning trilostane
treatment or after adrenalectomy.

3.6. Relationship between Blood Pressure at the Different Endpoints and Selected
Laboratory Parameters

Platelet count was not correlated with SBP and was not significantly different between
HT and NHT at T0 or at T12. This absence of relationship was observed in all groups.

Potassium concentrations were not correlated with SBP at any time point and were
not significantly different between HT and NHT dogs.

ACTH-st and LDDST results were not correlated with SBP at T0 and were not signifi-
cantly different between dogs HT or NHT. In dogs with ADH medically treated, in which
ACTH-st was performed at every visit, no relationship was observed between cortisol
concentrations and blood pressure at the remaining time points.

No significant differences were observed in any of the parameters studied between
TG and AG at any time point.

3.7. Relationship between Blood Pressure and Death during the Study Period

Median SBP and prevalence of SH at T0, T1, T3, and T6 were not significantly dif-
ferent between survivors and non-survivors. Evaluation was not made at T12 as all the
measurements correspond to dogs that completed the study period.

Time since diagnosis until death was not associated with SBP at T0.

3.8. Antihypertensive Treatment Prescription and Resolution of Systemic Hypertension

Measurements of SBP at each time point for each individual are represented in Figure 1.
Antihypertensive treatment with benazepril was prescribed in 10/14 dogs (71%) during
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the study period. Further, 7 of these dogs (D) belonged to the TG (7/9; D1, D3, D4-D6, D11,
D14) and 3 to the AG (3/5; D8-D10).
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Two dogs needed additional treatment with amlodipine (2/9; 22%; D9, D14) and one
of these two dogs needed a third drug to manage SH (i.e., hydralazine; D9). One belonged
to the TG and one to the AG. Reductions in the antihypertensive medication were only
possible in one dog from the AG, specifically D9. The dog was receiving combined treatment
with hydralazine. Both amlodipine and hydralazine could be stopped after surgery, and
the benazepril dose was also reduced, although it was not possible to interrupt it.

All dogs (9/9) in the TG were HT at T0. Resolution of SH was achieved in 7/9 cases:
in two cases at T1 (one of these dogs had moderate hypertension at T0 and resolution was
achieved without antihypertensive treatment; D11, D13), in two cases at T3 (D3, D5), in two
cases at T6 (D2, D14), and in one case at T12 (D4). Two dogs died before resolution of SH
was achieved despite antihypertensive treatment. The dog still HT at the end of the study
period (D3) previously normalized his SBP; however, he was classified as being moderately
hypertensive (165 mmHg).

Two dogs in the AG (2/5) were HT at T0. Resolution of SH in these dogs was achieved
at T1 (D9) and at T3 (D8). In this group, there was still an HT dog at T12 (D10); this dog
was NHT at T0.

4. Discussion

The prevalence of SH (SBP ≥ 160 mmHg) at diagnosis in dogs with ADH was 79%,
which is slightly lower but similar to that previously reported in dogs with ADH [7,15] The
prevalence of severe SH (SBP ≥ 180 mmHg) was 50%, similar to that observed in dogs with
hypercortisolism (45%) [15] but more common than observed by others using ≥ 190 mmHg
as the cut-off to define severe SH [7]. It is important to note that all of the dogs in the TG
were HT but only 40% in the AG, which might have influenced the results of the study,
especially when comparing the changes in the SBP between both groups.

Signalment, clinical signs at diagnosis, and physical examination findings were similar
to those described in dogs with hypercortisolism [1,2,38,39]. Only poor hair quality (i.e.,
alopecia, hypotrichosis, and/or dull coat) was associated with an increased prevalence of
SH and a higher median SBP when all dogs were considered and in dogs in the TG. In
people, different types of alopecia (i.e., androgenic alopecia and frontal fibrosis alopecia)
have been associated with SH, and early onset of this condition can even predict the
development of SH. This also seems to be associated with higher aldosterone concentrations
and with an increased arterial stiffness [40–42]. Our findings showed an unexpected
association, as this has not been previously observed in dogs with CS [15]. The design
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of the study does not allow us to investigate this finding further; however, an increase in
aldosterone secretion has not been demonstrated in dogs with ADH. Thus, the authors
consider this potential physiopathological mechanism unlikely in our population [43]. It is
also possible that this association simply indicates that dogs with an advanced stage of the
disease involving hair abnormalities are more likely to be HT.

Regarding concurrent conditions, dogs with ADH and mitral valve disease were
more likely to be HT than dogs without mitral valve disease. This has not been previ-
ously described in dogs with hypercortisolism [7,13,15]. It is important to note that an
echocardiogram was not performed in all dogs as this was not part of the study design,
so some of these dogs may have had stage A-B mitral valve disease. Previous studies
have found that as many as 60% of dogs with hypercortisolism might have some degree
of valvular disfunction [44]. To better evaluate the relevance of this association, further
studies are needed.

To the authors’ knowledge, there are no previous studies evaluating the changes in SBP
in dogs with ADH during treatment (either trilostane or adrenalectomy). Only one study
has reported that all dogs (n = 4) with ADH were normotensive (SBP < 160 mmHg) after
successful treatment with adrenalectomy [7]. In our study, the median SBP was significantly
higher at T0 than at T1, T3, and T6, and the prevalence of SH decreased from 79% to 25% but
this did not reach statistical significance. A decrease in the prevalence of SH was observed
both for dogs medically treated, (from 100% to 25%) and for dogs surgically treated (from
40% to 25%). In dogs in the TG, this difference was statistically significant as there was a
reduction in the median SBP during the study but not in the AG, probably due to the lower
prevalence of SH at T0 in the second group. In dogs with ADH, the normalization of blood
pressure seemed to be more common than in dogs with PDH, especially in those surgically
treated, in which normotension was achieved at T3 in all dogs originally HT. Only one
dog in the AG was HT after T3 (D10); this dog was originally NHT but, during surgery,
complications associated with renal vein invasion of the adrenal mass occurred, and the
vessel suffered some damage that was resolved. After surgery, this dog developed SH and
remained HT until T12 despite normal renal function, as assessed by USG, SDMA, and
creatinine. However, of note is that the prevalence of SH was still high at the end of the
study in both groups (25%). This is similar to that observed in dogs with PDH 1 year after
trilostane treatment, in which SH was 45% despite antihypertensive medication [13], and
this is also seen in people with CS [3–6]. In people with CS, the metabolic and vascular
changes persist even after successful medical treatment [3–6], which might be similar for
dogs with ADH. However, BP normalized in all dogs in the AG that were HT at T0 at T3
until the end of the study period. Similar results were reported in a previous study in four
dogs with ADH after surgical treatment, with all of them being normotensive at the time
of evaluation [7]. In people with CS, blood pressure normalizes in 60–80% of cases after
surgical treatment [5,20,21]. Similarly, in people with CS, the normalization of SBP seems
to be more common after surgery in patients with ACTH-independent CS (specifically in
cases of adrenal adenoma) than in patients with ACTH-dependent CS, likely because of
incomplete pituitary tumor removal [20]. This might be similar to our observations, as in
dogs in the TG, the cortisol source is not surgically removed. It is possible that in those
dogs treated with trilostane, there is still some degree of chronic hypercortisolemia, which
is unlikely in those dogs surgically treated as the cortisol-secreting tumor is completely
removed. Interestingly, all dogs in the AG that were HT at T0 completely normalized their
SBP at T3; this was the first endpoint in which there was no influence of glucocorticoids, as
glucocorticoid supplementation could be discontinued in all cases before T3. However, the
small sample size might have influenced the results, and this needs to be considered.

Clinical control of the disease was not associated with SBP at any time point. This
differs to the results reported in dogs with PDH treated with a selective mitotane protocol,
where an improvement in SBP was only observed in those dogs that achieved a good control
of the disease based on ACTH-st results [7]. In the present study, control of the disease was
based on the owners’ opinion, as previous studies have reported that the ACTH-st results in
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dogs under trilostane treatment do not seem to completely correlate with the clinical control
of hypercortisolism. Despite this difference in the criteria to define control of the disease
in comparison with the previous study, it is important to highlight that our results do not
show a correlation between the ACTH-st results and SBP. We consider it more likely that
the difference between the results from both studies reflects the different effects of trilostane
and mitotane on the adrenal cortex as mitotane is an adrenocorticolytic drug, whereas
trilostane is a reversible enzyme inhibitor [1,2]. In dogs on mitotane treatment, the ACTH-st
results reflect the adrenal cortex reserve, which is considered normal in dogs with good
control of the disease, whereas in dogs under trilostane treatment, it reflects the capability of
trilostane to inhibit cortisol secretion but not the adrenal cortex reserve [1,2]. It is, therefore,
likely that the ACTH-st results in dogs treated with mitotane are a better indicator of the
degree of hypercortisolemia than in dogs under trilostane treatment and, therefore, may
have a better correlation of its effects on SBP. As previously mentioned, ACTH-st results in
dogs under trilostane treatment poorly correlate with clinical signs, and, at the moment
of writing, there is no objective method to precisely monitor trilostane treatment [45–47].
The absence of correlation between clinical control of the disease in this study is similar
to that previously described in dogs with PDH under trilostane treatment [13]. It must
be considered that most dogs were treated with antihypertensive drugs, and, also, good
clinical control of the disease was achieved in most dogs. This, added to the small sample
size, did not allow us to compare the results between the TG and the AG, and it might also
have led to type II errors.

No correlation was observed between SBP and platelet count, potassium concentra-
tions, or ACTH-st results, conversely to that previously described in dogs with PDH under
twice-daily trilostane treatment. In dogs with PDH, lower potassium concentrations and
higher platelet count were associated with SH at diagnosis. Also, basal cortisol concentra-
tions were associated with SBP during the follow-up [13]. This might reflect differences
between dogs with PDH and ADH. However, it is possible that due to the small sample
size and the high prevalence of SH at T0 (leading to a very small group of NHT dogs), this
might have led to type II errors.

Benazepril treatment could not be discontinued in any dog in which it was prescribed.
Only two dogs (22%) needed more than one drug to manage SH, which is lower than that
observed in a previous study in dogs with PDH under trilostane treatment (42%) [13], and
also lower than that reported in people with CS under ACEI treatment [48]. These results
suggest that ACEIs (specifically benazepril) seem to be more effective to treat SH in dogs
with ADH than in dogs with PDH; however, this finding should be further investigated
in a larger sample of dogs. Antihypertensive treatment could be reduced only in one dog
after adrenalectomy. Prior to surgery, the dog was treated with benazepril, amlodipine, and
hydralazine, and the latter two could be discontinued after surgery. At T12, this particular
dog (D9) was treated only with benazepril at a lower dose (0.35 mg/kg/12 h) than the
one received before the surgery (0.52 mg/kg/12 h). The remaining dog in the AG with
HT at T0 received a benazepril dose of 0.4 mg/kg/12 h that could not be reduced after
surgery; however, normotension was achieved at T3 without any further antihypertensive
drug. Our findings suggest that in dogs, the removal of a cortisol-secreting tumor leads
to a rapid decrease in SBP and an improvement in SH; thus, after adrenalectomy, careful
monitoring of blood pressure is advised as dogs under antihypertensive treatment might
need readjustments in their medication.

The study has some limitations that need to be addressed. Due to the study design,
it is not possible to fully evaluate the effects of either trilostane or adrenalectomy on SBP
because, when needed, due to ethical reasons, dogs were treated with antihypertensive
medication. It is also important to address that, at the moment of writing, no device has
been completely validated to measure SBP in conscious dogs [36]; it is not possible to
ensure that oscillometry would provide the same results. Also, as there is no objective
method nowadays to monitor trilostane treatment, only clinical response was evaluated.
In the present study, only benazepril or a combination of benazepril and amlodipine (and



Animals 2024, 14, 511 13 of 15

hydralazine if necessary) was used to treat SH, so other drugs such as ARBs might have led
to different results. Finally, type II errors cannot be ruled out due to the small sample size.

5. Conclusions

This is the first study that evaluates the SBP during the first year of follow-up in
dogs with ADH surgically or medically treated with trilostane and their response to
antihypertensive treatment. Systemic hypertension is common in dogs with ADH. In
dogs with ADH treated with trilostane, antihypertensive drugs seem apparently more
effective to treat SH than in dogs with PDH, as multidrug treatment is less commonly
needed. In dogs undergoing adrenalectomy, antihypertensive medication allowed for the
normalization of SBP in all dogs that were originally HT. Thus, special care must be taken
after adrenalectomy to avoid hypotension, as these dogs might need readjustments in their
antihypertensive medication. In dogs with ADH, clinical control of the disease, platelet
count, potassium concentrations, and cortisol concentrations do not seem to be associated
with SBP during the first year of follow-up.

Author Contributions: Conceptualization, P.G.S.J., M.D.P.-A. and C.A.B.; data curation, P.G.S.J.;
formal analysis, P.G.S.J.; investigation, P.G.S.J., M.D.P.-A., D.A.-M., S.G.S. and C.A.B.; methodology,
P.G.S.J., M.D.P.-A. and C.A.B.; resources, P.G.S.J., M.D.P.-A., D.A.-M., S.G.S. and C.A.B.; supervision,
M.D.P.-A. and C.A.B.; visualization, P.G.S.J., M.D.P.-A., D.A.-M. and C.A.B.; writing—original draft,
P.G.S.J.; writing—review and editing, P.G.S.J., M.D.P.-A., D.A.-M. and C.A.B. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study did not require ethical approval as all the tests
performed on these animals were those necessary for their follow up and were non invasive.

Informed Consent Statement: All owners signed informed consent at the moment of admission,
allowing for the use of their pets’ data for research purposes.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the authors’ decision.

Acknowledgments: The authors would like to thank Royal Canin for its kind contribution to research
in endocrinology performed at the Veterinary Teaching Hospital Complutense of Madrid.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Behrend, E. Canine Hyperadrenocorticism. In Canine and Feline Endocrinology, 4th ed.; Feldman, E.C., Nelson, R.W., Reusch, C.,

Scott-Moncrieff, J.C., Eds.; Elsevier Saunders: St. Louis, MO, USA, 2015; pp. 377–451.
2. Pérez Alenza, M.D.; Melián, C. Hyperadrenocorticism in Dogs. In Textbook of Veterinary Internal Medicine, 8th ed.; Ettinger, S.J.,

Feldman, E.C., Côté, E., Eds.; Elsevier: St. Louis, MO, USA, 2017; Volume 2, pp. 4345–4389.
3. Pivonello, R.; Isidori, A.M.; De Martino, M.C.; Newell-Price, J.; Biller, B.M.; Colao, A. Complications of Cushing’s syndrome:

State of the art. Lancet Diabetes Endocrinol. 2016, 4, 611–629. [CrossRef]
4. Isidori, A.M.; Graziadio, C.; Paragliola, R.M.; Cozzolino, A.; Ambrogio, A.G.; Colao, A.; Corsello, S.M.; Pivonello, R. The

hypertension of Cushing’s syndrome: Controversies in the pathophysiology and focus on cardiovascular complications.
J. Hypertens. 2015, 33, 44–60. [CrossRef] [PubMed]

5. Magiakou, M.A.; Smyrnaki, P.; Chrousos, G.P. Hypertension in Cushing’s syndrome. Best Pract. Res. Clin. Endocrinol. Metab. 2006,
20, 467–482. [CrossRef] [PubMed]

6. Barbot, M.; Ceccato, F.; Scaroni, C. The Pathophysiology and Treatment of Hypertension in Patients With Cushing’s Syndrome.
Front. Endocrinol. 2019, 10, 321. [CrossRef] [PubMed]

7. Ortega, T.M.; Feldman, E.C.; Nelson, R.W.; Willits, N.; Cowgill, L.D. Systemic arterial blood pressure and urine protein/creatinine
ratio in dogs with hyperadrenocorticism. J. Am. Vet. Med. Assoc. 1996, 209, 1724–1729. [CrossRef] [PubMed]

8. Smets, P.M.; Lefebvre, H.P.; Meij, B.P.; Croubels, S.; Meyer, E.; Van de Maele, I.; Daminet, S. Long-term follow-up of renal function
in dogs after treatment for ACTH-dependent hyperadrenocorticism. J. Vet. Intern. Med. 2012, 26, 565–574. [CrossRef] [PubMed]

9. Goy-Thollot, I.; Pechereau, D.; Keroack, S.; Dezempte, J.C.; Bonnet, J.M. Investigation of the role of aldosterone in hypertension
associated with spontaneous pituitary-dependent hyperadrenocorticism in dogs. J. Small Anim. Pract. 2002, 43, 489–492.
[CrossRef] [PubMed]

https://doi.org/10.1016/S2213-8587(16)00086-3
https://doi.org/10.1097/HJH.0000000000000415
https://www.ncbi.nlm.nih.gov/pubmed/25415766
https://doi.org/10.1016/j.beem.2006.07.006
https://www.ncbi.nlm.nih.gov/pubmed/16980206
https://doi.org/10.3389/fendo.2019.00321
https://www.ncbi.nlm.nih.gov/pubmed/31164868
https://doi.org/10.2460/javma.1996.209.10.1724
https://www.ncbi.nlm.nih.gov/pubmed/8921029
https://doi.org/10.1111/j.1939-1676.2012.00915.x
https://www.ncbi.nlm.nih.gov/pubmed/22463105
https://doi.org/10.1111/j.1748-5827.2002.tb00019.x
https://www.ncbi.nlm.nih.gov/pubmed/12463264


Animals 2024, 14, 511 14 of 15

10. Lien, Y.H.; Hsiang, T.Y.; Huang, H.P. Associations among systemic blood pressure, microalbuminuria and albuminuria in dogs
affected with pituitary- and adrenal-dependent hyperadrenocorticism. Acta Vet. Scand. 2010, 52, 61. [CrossRef]

11. Vidal, P.N.; Miceli, D.D.; Arias, E.S.; D’Anna, E.; García, J.D.; Castillo, V.A. Decrease of nitric oxide and increase in diastolic blood
pressure are two events that affect renal function in dogs with pituitary dependent hyperadrenocorticism. Open Vet. J. 2018,
8, 86–95. [CrossRef]

12. Mazzi, A.; Fracassi, F.; Dondi, F.; Gentilini, F.; Famigli Bergamini, P. Ratio of urinary protein to creatinine and albumin to creatinine
in dogs with diabetes mellitus and hyperadrenocorticism. Vet. Res. Commun. 2008, 32 (Suppl. S1), S299–S2301. [CrossRef]

13. García San José, P.; Arenas Bermejo, C.; Alonso-Miguel, D.; Clares Moral, I.; Cuesta-Alvaro, P.; Pérez Alenza, M.D. Changes in
systolic blood pressure in dogs with pituitary dependent hyperadrenocorticism during the first year of trilostane treatment. J. Vet.
Intern. Med. 2020, 35, 130–141. [CrossRef] [PubMed]

14. García San José, P.; Arenas Bermejo, C.; Alonso-Miguel, D.; González Sanz, S.; Clares Moral, I.; Portero Fuentes, M.; Pérez-
Alenza, M.D. Survival of dogs with pituitary-dependent hyperadrenocorticism treated twice daily with low doses of trilostane.
Vet. Rec. 2022, 191, e1630. [CrossRef] [PubMed]

15. García San José, P.; Arenas Bermejo, C.; Clares Moral, I.; Cuesta Alvaro, P.; Pérez Alenza, M.D. Prevalence and risk factors
associated with systemic hypertension in dogs with spontaneous hyperadrenocorticism. J. Vet. Intern. Med. 2020, 34, 1768–1778.
[CrossRef] [PubMed]

16. Magiakou, M.A.; Mastorakos, G.; Zachman, K.; Chrousos, G.P. Blood pressure in children and adolescents with Cushing’s
syndrome before and after surgical care. J. Clin. Endocrinol. Metab. 1997, 82, 1734–1738. [CrossRef]

17. Faggiano, A.; Pivonello, R.; Spiezia, S.; De Martino, M.C.; Filippella, M.; Di Somma, C.; Lombardi, G.; Colao, A. Cardiovascular
risk factors and common carotid artery caliber and stiffness in patients with Cushing’s disease during active disease and 1 year
after disease remission. J. Clin. Endocrinol. Metab. 2003, 88, 2527–2533. [CrossRef] [PubMed]

18. Colao, A.; Pivonello, R.; Spiezia, S.; Faggiano, A.; Ferone, D.; Filippella, M.; Marzullo, P.; Cerbone, G.; Siciliani, M.; Lombardi, G.
Persistence of increased cardiovascular risk in patients with Cushing’s disease after five years of successful cure. J. Clin. Endocrinol.
Metab. 1999, 84, 2664–2672. [CrossRef]

19. Etxabe, J.; Vazquez, J.A. Morbidity and mortality in Cushing’s disease: An epidemiological approach. Clin. Endocrinol. 1994,
40, 479–484. [CrossRef]

20. Giordano, R.; Picu, A.; Marinazzo, E.; D’Angelo, V.; Berardelli, R.; Karamouzis, I.; Forno, D.; Zinnà, D.; Maccario, M.;
Ghigo, E.; et al. Metabolic and cardiovascular outcomes in patients with Cushing’s syndrome of different aetiologies during
active disease and 1 year after remission. Clin. Endocrinol. 2011, 75, 354–360. [CrossRef]

21. Lodish, M.B.; Sinaii, N.; Patronas, N.; Batista, D.L.; Keil, M.; Samuel, J.; Moran, J.; Verma, S.; Popovic, J.; Stratakis, C.A. Blood
pressure in pediatric patients with Cushing syndrome. J. Clin. Endocrinol. Metab. 2009, 94, 2002–2008. [CrossRef]

22. Pivonello, R.; De Martino, M.C.; Cappabianca, P.; De Leo, M.; Faggiano, A.; Lombardi, G.; Hofland, L.J.; Lamberts, S.W.; Colao, A.
The medical treatment of Cushing’s disease: Effectiveness of chronic treatment with the dopamine agonist cabergoline in patients
unsuccessfully treated by surgery. J. Clin. Endocrinol. Metab. 2009, 94, 223–230. [CrossRef]

23. Pivonello, R.; Arnaldi, G.; Scaroni, C.; Giordano, C.; Cannavo, S.; Iacuaniello, D.; Trementino, L.; Zilio, M.; Guarnotta, V.;
Albani, A.; et al. The medical treatment with pasireotide in Cushing’s disease: An Italian multicentre experience based on
“real-world evidence”. Endocrine 2019, 64, 657–672. [CrossRef] [PubMed]

24. Verhelst, J.A.; Trainer, P.J.; Howlett, T.A.; Perry, L.; Rees, L.H.; Grossman, A.B.; Wass, J.A.; Besser, G.M. Short and long-term
responses to metyrapone in the medical management of 91 patients with Cushing’s syndrome. Clin. Endocrinol. 1991, 35, 169–178.
[CrossRef] [PubMed]

25. Fallo, F.; Paoletta, A.; Tona, F.; Boscaro, M.; Sonino, N. Response of hypertension to conventional antihypertensive treatment
and/or steroidogenesis inhibitors in Cushing’s syndrome. J. Intern. Med. 1993, 234, 595–598. [CrossRef] [PubMed]

26. Fleseriu, M.; Biller, B.M.; Findling, J.W.; Molitch, M.E.; Schteingart, D.E.; Gross, C. Mifepristone, a glucocorticoid receptor
antagonist, produces clinical and metabolic benefits in patients with Cushing’s syndrome. J. Clin. Endocrinol. Metab. 2012,
97, 2039–2049. [CrossRef] [PubMed]

27. Valassi, E.; Crespo, I.; Gich, I.; Rodríguez, J.; Webb, S.M. A reappraisal of the medical therapy with steroidogenesis inhibitors in
Cushing’s syndrome. Clin. Endocrinol. 2012, 77, 735–742. [CrossRef]

28. Castinetti, F.; Brue, T.; Conte-Devolx, B. The use of the glucocorticoid receptor antagonist mifepristone in Cushing’s syndrome.
Curr. Opin. Endocrinol. Diabetes Obes. 2012, 19, 295–299. [CrossRef]

29. Bassareo, P.P.; Marras, A.R.; Pasqualucci, D.; Mercuro, G. Increased arterial rigidity in children affected by Cushing’s syndrome
after successful surgical cure. Cardiol. Young 2010, 20, 610–614. [CrossRef]

30. Battocchio, M.; Rebellato, A.; Grillo, A.; Dassie, F.; Maffei, P.; Bernardi, S.; Fabris, B.; Carretta, R.; Fallo, F. Ambulatory Arterial
Stiffness Indexes in Cushing’s Syndrome. Horm. Metab. Res. = Horm. - Und Stoffwechselforschung = Horm. Et Metab. 2017,
49, 214–220. [CrossRef]

31. Dekkers, O.M.; Horvath-Puho, E.; Jorgensen, J.O.; Cannegieter, S.C.; Ehrenstein, V.; Vandenbroucke, J.P.; Pereira, A.M.; Sorensen,
H.T. Multisystem morbidity and mortality in Cushing’s syndrome: A cohort study. J. Clin. Endocrinol. Metab. 2013, 98, 2277–2284.
[CrossRef]

32. Clayton, R.N.; Raskauskiene, D.; Reulen, R.C.; Jones, P.W. Mortality and morbidity in Cushing’s disease over 50 years in
Stoke-on-Trent, UK: Audit and meta-analysis of literature. J. Clin. Endocrinol. Metab. 2011, 96, 632–642. [CrossRef] [PubMed]

https://doi.org/10.1186/1751-0147-52-61
https://doi.org/10.4314/ovj.v8i1.14
https://doi.org/10.1007/s11259-008-9133-z
https://doi.org/10.1111/jvim.15978
https://www.ncbi.nlm.nih.gov/pubmed/33274787
https://doi.org/10.1002/vetr.1630
https://www.ncbi.nlm.nih.gov/pubmed/35460587
https://doi.org/10.1111/jvim.15841
https://www.ncbi.nlm.nih.gov/pubmed/32614466
https://doi.org/10.1210/jcem.82.6.3985
https://doi.org/10.1210/jc.2002-021558
https://www.ncbi.nlm.nih.gov/pubmed/12788849
https://doi.org/10.1210/jcem.84.8.5896
https://doi.org/10.1111/j.1365-2265.1994.tb02486.x
https://doi.org/10.1111/j.1365-2265.2011.04055.x
https://doi.org/10.1210/jc.2008-2694
https://doi.org/10.1210/jc.2008-1533
https://doi.org/10.1007/s12020-018-1818-7
https://www.ncbi.nlm.nih.gov/pubmed/30968338
https://doi.org/10.1111/j.1365-2265.1991.tb03517.x
https://www.ncbi.nlm.nih.gov/pubmed/1657460
https://doi.org/10.1111/j.1365-2796.1993.tb01018.x
https://www.ncbi.nlm.nih.gov/pubmed/8258751
https://doi.org/10.1210/jc.2011-3350
https://www.ncbi.nlm.nih.gov/pubmed/22466348
https://doi.org/10.1111/j.1365-2265.2012.04424.x
https://doi.org/10.1097/MED.0b013e32835430bf
https://doi.org/10.1017/S1047951110000727
https://doi.org/10.1055/s-0043-100385
https://doi.org/10.1210/jc.2012-3582
https://doi.org/10.1210/jc.2010-1942
https://www.ncbi.nlm.nih.gov/pubmed/21193542


Animals 2024, 14, 511 15 of 15

33. Salih, M.; Bovee, D.M.; van der Lubbe, N.; Danser, A.H.J.; Zietse, R.; Feelders, R.A.; Hoorn, E.J. Increased Urinary Extracellular
Vesicle Sodium Transporters in Cushing Syndrome With Hypertension. J. Clin. Endocrinol. Metab. 2018, 103, 2583–2591. [CrossRef]

34. Mancini, T.; Kola, B.; Mantero, F.; Boscaro, M.; Arnaldi, G. High cardiovascular risk in patients with Cushing’s syndrome
according to 1999 WHO/ISH guidelines. Clin. Endocrinol. 2004, 61, 768–777. [CrossRef]

35. Behrend, E.N.; Kooistra, H.S.; Nelson, R.; Reusch, C.E.; Scott-Moncrieff, J.C. Diagnosis of spontaneous canine hyperadrenocorti-
cism: 2012 ACVIM consensus statement (small animal). J. Vet. Intern. Med. 2013, 27, 1292–1304. [CrossRef]

36. Acierno, M.J.; Brown, S.; Coleman, A.E.; Jepson, R.E.; Papich, M.; Stepien, R.L.; Syme, H.M. ACVIM consensus statement:
Guidelines for the identification, evaluation, and management of systemic hypertension in dogs and cats. J. Vet. Intern. Med. 2018,
32, 1803–1822. [CrossRef]

37. Brown, S.; Atkins, C.; Bagley, R.; Carr, A.; Cowgill, L.; Davidson, M.; Egner, B.; Elliott, J.; Henik, R.; Labato, M.; et al. Guidelines
for the identification, evaluation, and management of systemic hypertension in dogs and cats. J. Vet. Intern. Med. 2007,
21, 542–558. [CrossRef]

38. Carotenuto, G.; Malerba, E.; Dolfini, C.; Brugnoli, F.; Giannuzzi, P.; Semprini, G.; Tosolini, P.; Fracassi, F. Cushing’s syndrome-an
epidemiological study based on a canine population of 21,281 dogs. Open Vet. J. 2019, 9, 27–32. [CrossRef]

39. O’Neill, D.G.; Scudder, C.; Faire, J.M.; Church, D.B.; McGreevy, P.D.; Thomson, P.C.; Brodbelt, D.C. Epidemiology of hyperadreno-
corticism among 210,824 dogs attending primary-care veterinary practices in the UK from 2009 to 2014. J. Small Anim. Pract. 2016,
57, 365–373. [CrossRef]

40. Ahouansou, S.; Le Toumelin, P.; Crickx, B.; Descamps, V. Association of androgenetic alopecia and hypertension. Eur. J. Dermatol.
2007, 17, 220–222. [CrossRef] [PubMed]
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