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Case report

Acromegaly due to a somatroph
adenoma in a dog

F. Fracassi a,∗, G. Gandini a, A. Diana a,
R. Preziosi b, T.S.G.A.M. van den Ingh c,
P. Famigli-Bergamini a, H.S. Kooistra d

a Veterinary Clinical Department, Alma Mater Studiorum, University of Bologna,
Via Tolara di Sopra 50, I-40064 Ozzano Emilia, Bologna, Italy

b Department of Veterinary Public Health and Animal Pathology, Alma Mater Studiorum,
University of Bologna, Ozzano Emilia, Bologna, Italy

c Department of Pathobiology, Faculty of Veterinary Medicine,
Utrecht University, Utrecht, The Netherlands

d Department of Clinical Sciences of Companion Animals, Faculty of Veterinary Medicine,
Utrecht University, Utrecht, The Netherlands

Received 24 October 2005; accepted 21 December 2005

Abstract

A 10-year-old uncastrated male Dalmatian dog was referred for gait abnormalities consisting of
chronic progressive stiffness and rigidity. Other symptoms were polyphagia associated with weight
gain, polyuria and polydipsia, excessive panting, and an inspiratory stridor. The owner had noticed
progressive thickening of the skin and enlargement of the tongue over the last 3 years. Physical
examination revealed thickening of the skin, redundant skin folds, and enlargement of the tongue.
The only remarkable abnormalities found on routine laboratory examination were mild anaemia
and an increased serum fructosamine concentration. Circulating concentrations of total thyroxine,
free thyroxine, and cTSH, and the results of an ACTH stimulation test were all within reference
ranges. The basal serum growth hormone (GH) concentration was markedly elevated (23 �g/l) and
did not decrease during a glucose tolerance test or after somatostatin administration. The serum
insulin-like growth factor-1 concentration was also markedly elevated (1254 �g/l). Basal serum insulin
concentration was high (95 mU/l) and insulin concentrations increased considerably after glucose
loading, consistent with insulin resistance. Abdominal ultrasonography showed no abnormalities.
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Survey radiographs of the vertebral column showed severe spondylosis deformans extending from
the cervical to the lumbosacral spine. CT scanning of the skull showed an enlarged pituitary gland
with normal enhancement pattern. On post-mortem examination, the entire vertebral column appeared
as a single and inflexible structure due to the presence of multiple fused osteophytes. The pituitary
gland contained an acidophilic adenoma that immunostained positively for GH (and negatively for
ACTH and alpha-MSH).

In conclusion, this Dalmatian dog with acromegaly and insulin resistance represents the first case
of GH hypersecretion proven to be due to a somatotroph adenoma.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Acromegaly is a chronic syndrome, characterized by overgrowth of connective tissue,
bone, and viscera due to growth hormone (GH) hypersecretion in adulthood. This syndrome
is known to occur in humans, dogs, and cats, but the pathogenesis differs completely in these
species. In humans and cats, the excessive GH secretion is caused by a somatotroph adenoma
of the pituitary gland [1,2]. In dogs, the GH excess originates from an extra-pituitary site
[3]. In female dogs either endogenous progesterone (metoestrus) or exogenous progestins
(used for oestrus prevention) may give rise to hypersecretion of GH in the mammary gland,
resulting in acromegaly and glucose intolerance [3–5].

So far, there is no conclusive evidence that pituitary tumours give rise to GH hypersecre-
tion in dogs. There are two reports of pituitary tumours, one in a 9-year-old male English
Bulldog with thickened cranial bones [6], and one in a 5-year-old male Boston Terrier with
diabetes mellitus supposedly due to GH excess [7]. In both cases, GH hypersecretion was
not demonstrated and immunohistochemistry of the pituitary tumours was not performed.
More recently, immunohistochemical staining for GH revealed a somatotroph adenoma in
a 9-year-old male Doberman Pinscher with severe insulin-resistant diabetes mellitus [8].
However, no acromegalic features were observed and circulating levels of GH and insulin-
like growth factor-1 (IGF-1) were not measured.

Here we report on the physical, endocrine and (histo)pathological findings in a male dog
with acromegalic changes and insulin resistance due to a GH-secreting pituitary adenoma.
To the authors’ knowledge, this case report is the first description of excessive GH secretion
due to a somatotroph adenoma in a dog.

2. Material and methods

2.1. Sample collection and endocrine tests

Blood samples were collected by veinpuncture and transferred to plain serum tubes,
which were left at room temperature for a minimum of 45 min and maximum of 1 h prior to
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centrifugation and serum harvesting. Samples were stored at −20 ◦C until assayed. Samples
for GH determination were sent on dry ice by courier from Bologna to Utrecht.

The glucose tolerance test was performed by giving 50% glucose solution intravenously
(1 g/kg body weight) and measuring concentrations of GH, insulin, and glucose at 0, 15,
30, 60, and 90 min after glucose administration. The glucose disappearance coefficient (K)
was calculated according to K = 69.3/t/2 glucose = % elimination rate/min [9].

The somatostatin suppression test was performed by collecting blood samples for mea-
surement of the GH concentration at −15, 0, 15, 30, 45, 60, and 90 min after the intravenous
administration of 10 �g somatostatin [Somatostatina®; I.B.P. Pharma, Italy] per kg body
weight.

2.2. Hormone determination

Serum cortisol concentrations were measured by a competitive immunoassay (Immulite®

Cortisol, Diagnostics Products Corporation, Los Angeles, USA). The intra-assay coeffi-
cients of variation were 10.0% and 6.3% at cortisol levels of 74 and 524 nmol/l, respectively.
The sensitivity of the assay was 5.5 nmol/l.

Serum GH concentrations were measured by a homologous radioimmunoassay (RIA)
as described by Eigenmann and Eigenmann [10]. The intra-assay and inter-assay coef-
ficients of variation were 3.8% and 7.2%, respectively. The sensitivity of the assay was
0.3 �g/l.

Serum insulin concentrations were measured with an automated microparticle enzyme
immunoassay (MEIA, AxSYM System, Abbott Laboratories, The Netherlands) as described
by Rood et al. [11]. The inter-assay coefficient of variation varied between 4.0% and 5.3%.
The sensitivity of the assay was 1.0 mU/l.

Serum IGF-1 concentrations were measured by a solid-phase, enzyme-labelled chemi-
luminescent immunometric assay (Immulite® IGF-I, Diagnostic Products Corporation, Los
Angeles, USA) in accordance with the manufacturer’s instructions. The intra-assay coef-
ficients of variation were 6.1% and 6.4% at IGF-I levels of 49 and 418 �g/l, respectively.
The sensitivity of the assay was 20 �g/l.

Serum total thyroxine (total T4) concentrations were measured by a homologous solid-
phase, chemiluminescent enzyme immunoassay (Immulite® canine total T4, Diagnostic
Products Corporation, Los Angeles, USA) in accordance with the manufacturer’s instruc-
tions. The intra-assay coefficients of variation were 13.8% and 8.2% at total thyroxine levels
of 8 and 25 nmol/l, respectively. The sensitivity of the assay was 1.5 nmol/l.

Serum free thyroxine (free T4) concentrations were measured by a competitive analogue
immunoassay (Immulite® Free T4, Diagnostic Products Corporation, Los Angels, USA) in
accordance with the manufacturer’s instructions. The intra-assay coefficients of variation
were 7.8% and 5.4% at free thyroxine levels of 8 and 55 pmol/l, respectively. The sensitivity
of the assay was 3.9 pmol/l.

Serum thyrotrophin (TSH) concentrations were measured with a homologous solid-
phase, two-site chemiluminescent enzyme immunometric assay (Immulite® canine TSH,
Diagnostic Products Corporation, Los Angeles, USA) in accordance with the manufacturer’s
instructions. The intra-assay coefficients of variation were 5.0%, 4%, and 3.8% at TSH levels
of 0.20, 0.50, and 2.6 �g/l, respectively. The interassay coefficients of variation were 6.3%,
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and 8.2% at TSH levels of 0.16 and 2.8 �g/l, respectively. The sensitivity of the assay was
0.03 �g/l.

2.3. Diagnostic imaging

With a real-time ultrasound machine equipped with a 6.5–7.5 broadband curved-array
transducer (AU5 Epi, Esaote Biomedica, Genova, Italy), the abdomen was examined via
the ventral, left, and right approach.

Computed tomography (CT) of the pituitary fossa was performed with the dog under
anaesthesia using a sequential mono-slice fourth generation CT scanner (PQS, Picker, High-
land Heights, USA). With the dog in sternal recumbency, a series of transverse scans of
the skull were made perpendicular to the skull base, from the rostral clinoid processes to
the dorsum sellae, using a scanning time of 2 s with 130 kV, 175 mA and 2-mm thick con-
secutive slices. The scans were obtained both before and following an intravenous bolus of
2 ml/kg of contrast medium (Visipaque 320®, iodixanol, containing 320 mg iodixanol/ml,
Amersham Health AS, Cork, Ireland).

2.4. Histological examination

For histological examination, pituitary tissue, tissue specimens from lung, myocardium,
thyroid, and prostate and skin were fixed in 10% neutral buffered formalin and processed
for embedding in paraffin. Sections of 4 �m were stained with hematoxylin and eosin
(H&E). Immunohistochemical staining on sections of pituitary tissue was performed by
the avidin–biotin technique using a polyclonal rabbit antibody to porcine GH, a polyclonal
rabbit antibody to human ACTH1–39, and a polyclonal rabbit antibody to synthetic �-MSH
(PU060-UP, Biogenex Laboratories, San Ramon, CA, USA).

3. Case report

A 10-year-old male uncastrated Dalmatian dog (body weight 30 kg) was referred to the
teaching hospital of the Veterinary Clinical Department of the University of Bologna for
gait abnormalities consisting of chronic progressive stiffness, difficulty to turn and stand up,
and neck rigidity. There was no apparent history of pain. In addition there was polyphagia,
weight gain, polyuria and polydipsia (PU/PD), and excessive panting. Over the last 3 years
the owner had noticed progressive thickening of the skin and increase in the size of the
tongue. The dog had not received any treatment before admission to the hospital.

On physical examination, the dog had an inspiratory stridor. The skin, particularly that
of the head and neck, was thick and redundant with many folds. The head and the tongue
were markedly enlarged (Fig. 1) and the interdental spaces were widened. The gait was
characterized by stiff movements and dragging of the feet.

The only abnormal results on routine laboratory examination were mild anaemia (haema-
tocrit value: 36 l/l; reference range, 37–55 l/l; erythrocytes: 5,360,000/mm3; reference range,
5,500,000–8,500,000/mm3) and increased concentrations of creatine kinase (CK) (414 U/l;
reference range 50–290 U/l), cholesterol (562 mg/dl; reference range, 140–350 mg/dl), and
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Fig. 1. A male Dalmatian dog at 5 years of age (1a) and at 10 years of age, when acromegaly had developed
(1b). Notice the overall increase in body size, redundant skin with many folds on head and neck, and the enlarged
tongue.
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fructosamine (401 �mol/l; reference range, 260–370 �mol/l). Serum concentrations of urea,
creatinine, glucose, total protein, albumin, alkaline phosphatase, aspartate aminotransferase,
alanine aminotransferase, gamma glutamyl transferase, bile acids, sodium, potassium, total
calcium, and phosphorous were within the respective reference range. The basal and post-
ACTH serum cortisol concentrations were 85 nmol/l (reference range 17–132 nmol/l) and
441 nmol/l (reference range 165–480 nmol/l), respectively, consistent with normal adreno-
cortical function. Urine analysis was unremarkable, except for a low specific gravity (1012)
and a slight increase in the urinary total protein/creatinine ratio (0.8; reference range,
0–0.4).

Serum concentrations of total thyroxine (26 nmol/l; reference range 13–51 nmol/l), free
thyroxine (29 pmol/l; reference range 11–44 pmol/l), and cTSH (0.29 �g/l; reference range
0.03–0.38 �g/l) were all within the respective reference range.

Basal serum GH concentration was markedly elevated (23 �g/l; reference range
2–5 �g/l). In addition, the serum IGF-I concentration was clearly elevated (1254 �g/l; ref-
erence range 137–425 �g/l). The serum GH concentration did not decrease in the glucose
tolerance test (Fig. 2) and the somatostatin suppression test (Fig. 3).

Basal serum insulin concentration was high (95 mU/l) and the insulin concentrations
became considerably higher after glucose loading (Fig. 2). The serum glucose concentration
at 90 min after glucose loading was 210 mg/dl and the glucose disappearance coefficient
(K) was 1.4 %/min (reference range 3.9 ± 0.2 %/min [4]), indicating that glucose tolerance
was impaired despite the elevated serum insulin levels.

Abdominal ultrasonographic findings were unremarkable. Radiographs of the vertebral
column showed severe spondylosis deformans extending from the cervical to the lum-
bosacral spine (Fig. 4). The bone depositions along the ventral margins of the vertebral
bodies were fused in the thoraco-lumbar region.

CT scanning of the pituitary area revealed an enlarged pituitary (height 8 mm, reference
range <5.4 and pituitary height/brain area ratio 0.5, reference range <0.31). Administration
of intravenous contrast medium produced a normal enhancement pattern (precontrast den-
sity 66.2 ± 8.3 HU; post contrast density 103 ± 9.9 HU). A small cystic structure with a
diameter of about 1.5 mm was present within the pituitary.

The dog was discharged with a presumptive diagnosis of acromegaly due to a GH-
secreting pituitary tumour. Therapy was not instituted. Three months later the locomotor
problems had become markedly worse and the dog was euthanized at the owner’s request.
In agreement with the radiographic findings, post-mortem examination revealed multiple
fused osteophytes around the ventral portion of the entire vertebral column, which appeared
as a single and inflexible structure. The myocardium was pale and leaflets of the mitral
valve were thickened (with myxoedematous degeneration). Multiple miliary nodules with
a chalky consistency were present in the lungs. The prostate was enlarged. No macroscopic
abnormalities were seen in the other organs.

Histological examination of skin specimens revealed moderate epidermal hyperplasia
and increased amounts of dermal collagen, resulting in a thickened dermis of dense and
compact appearance. Morphometrically [12], the skin specimens were about three times
thicker than the skin of healthy Dalmatian dogs. In the myocardium, the amount of fibrous
tissue and the number of fat cells were increased, together with scattered myocytolysis. In
the prostate there was acinar hyperplasia associated with an increase in amount and density
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Fig. 2. Serum concentrations of GH, insulin, and glucose at 0, 15, 30, 60, and 90 min after the intravenous
administration of 1 g/kg body weight glucose 50% solution in a 10-year-old male Dalmatian dog with acromegaly
due to a somatotroph adenoma.

of the interstitial tissue. In the lungs, basophilic areas of calcified granular debris were found
scattered throughout the alveolar tissue.

Histological examination of the pituitary gland revealed an acidophilic adenoma. The
tumor was well-circumscribed and characterized by broad trabeculae of large polygonal
cells separated by thin fibrovascular septa. The cells had hyaline to granular acidophilic
cytoplasm and a moderate sized hypochromatic round or indented and sometimes bizarre
nucleus. In addition, a small cystic structure was observed in the pars intermedia (Fig. 5). On
immunohistochemical investigation the adenoma immunostained positively for GH (Fig. 6),
and negatively for �-MSH and ACTH.
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Fig. 3. Serum GH concentrations at −15, 0, 15, 30, 45, 60, and 90 after the intravenous administration of 10 �g
somatostatin somatostatin per kg body weight in a 10-year-old male Dalmatian dog with acromegaly due to a
somatotroph adenoma.

Fig. 4. Lateral radiograph of the thoracolumbar spine in a 10-year-old male Dalmatian dog with acromegaly due to
a somatotroph adenoma. Notice the severe spondylosis on the ventral vertebral bodies due to osteophyte formation.

4. Discussion

The diagnosis of GH excess can generally be established by persistently elevated basal
circulating GH concentration [5]. A single high GH concentration may be the result of
a secretory pulse in a healthy animal. In the present case, the unaltered serum GH con-
centrations after somatostatin administration and in the glucose tolerance test pointed to
autonomous GH secretion. Moreover, the increased serum IGF-I concentration indicated
increased exposure to GH.

In dogs, acromegaly is usually due to progesterone- or progestin-induced GH secretion of
mammary origin [3]. As the male dog in the present case report had never been treated with
progestins, there had to be another explanation for the cause of acromegaly. In humans and
cats, acromegaly is commonly due to excessive secretion of GH by an acidophilic adenoma
in the pituitary gland [1,2]. Consequently, pituitary imaging was performed in the present
case to investigate whether there was a pituitary tumour. Contrast-enhanced CT indeed
revealed that the pituitary was enlarged. Post-mortem examination finally demonstrated an
acidophilic pituitary adenoma that stained positively for GH. Although the occurrence of
pituitary tumours in dogs which may have had GH excess has been reported before [6–8],
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Fig. 5. Hematoxylin–eosin staining of a section from the hypothalamic-pituitary area of a 10-year-old male
Dalmatian dog with acromegaly. N indicates an acidophilic adenohypohyseal adenoma. A and H represent the
non-tumourous adenohypophysis and the hypothalamus, respectively. A cystic structure (C) was also present.

Fig. 6. Immunohistochemical staining of an acidophilic adenoma in a 10-year-old male Dalmatian dog with
acromegaly, showing strong and diffuse cytoplasmic immunoreactivity of the adenoma cells to an anti-GH antibody.
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to the authors’ knowledge this is the first report with definitive prove of GH hypersecretion
by a somatotroph adenoma in the dog.

In humans, the earliest signs of acromegaly are coarsening of the facial features and soft
tissue swelling of the hands and feet [13,14]. Soft tissue swelling was also an important
feature in our dog, which had excessive skin folds particularly around the head and neck. The
inspiratory stridor in this dog may have been caused by the increased amounts of soft tissue
in the orolingual, oropharyngeal, and orolaryngeal areas [15,16]. Upper-airway narrowing
has also been reported in humans and cats with acromegaly, but stridor is not a primary sign
in these species [1,17]. Polyphagia, polyuria/polydipsia, excessive painting, macroglossia,
and widening of the interdental spaces in the present case were also signs and symptoms
characteristic of dogs with acromegaly [5,18,19].

Although the physical signs strongly indicated acromegaly, we performed a complete
diagnostic work-up to exclude differential diagnoses. In dogs, primary hypothyroidism
is associated with elevated circulating concentrations of GH and IGF-1 [20]. Moreover,
physical changes mimicking acromegaly have been reported in dogs with primary hypothy-
roidism [20]. However, normal circulating concentrations of free T4, total T4, and cTSH
excluded primary hypothyroidism in the present case.

The only abnormal findings on routine blood examination were mild anemia and an
elevated serum fructosamine concentration. A dose-related normochronic, normocytic, non-
regenerative anemia has been reported in dogs treated with pharmacological doses of porcine
GH [21].

The most common recognized manifestation of acromegaly in cats is insulin-resistant
diabetes mellitus [1]. In humans, hypersecretion of GH induces insulin resistance and glu-
cose intolerance in 29–45% of acromegalic patients and overt diabetes mellitus in 10–20%
[14]. GH-induced insulin resistance appears to be due to postreceptor impairment of the
action of insulin [22]. GH is also known to be a powerful diabetogenic agent in the dog
[23]. In our dog, basal glucose concentration was within the reference range at the time of
diagnosis and 3 months later, and glucosuria was not found. However, the increased serum
fructosamine concentration pointed to periods of hyperglycemia, e.g. after meals. This
explanation is supported by the observation that the dog was still hyperglycaemic at 90 min
after glucose administration in the glucose tolerance test. Moreover, the markedly elevated
plasma insulin concentrations were consistent with severe insulin resistance. Therefore, it
may be concluded that our dog was in a pre-diabetic state.

The main reasons for referral of our dog were gait abnormalities consisting of chronic
progressive stiffness, difficulty to turn and stand up, and neck rigidity. These abnormalities
were due to severe spondylosis deformans of the entire vertebral column and maybe also to
similar osteophyte formation in other joints. Osteophyte formation has also been reported in
humans, rats and cats with acromegaly [24,25]. The presence of multiple osteophytes may
be ascribed to an IGF-1 mediated growth-promoting action on bone [26]. Based on experi-
mental evidence, the following pathophysiological sequence of events has been suggested
[24]. GH stimulates local production of IGF-1 in cartilage which, combined with increased
levels of circulating IGF-1, results in hyperfunction of chondrocytes and increased matrix
synthesis. In addition, regenerative fibrocartilage proliferates disproportionally, presum-
ably as a result of GH stimulation. The regenerative fibrocartilage subsequently becomes
calcified, resulting in osteophyte formation.
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The cutaneous changes in the present case, with dermal hyperplasia as the most striking
feature, have been reported previously in canine acromegaly [27]. In addition to epidermal
hyperplasia and an increased amount of dermal collagen, the thick skin folds in acromegaly
have been ascribed to mucopolysaccharide accumulation [28].

On CT scanning the pituitary gland was judged enlarged based on both the height of
the pituitary and the pituitary height/brain area ratio in comparison with reference values
[29]. Diagnostic imaging of the pituitary also revealed the presence of a cystic structure.
Histological examination showed that the cystic structure was located outside the acidophilic
adenoma and thus was most likely an incidental finding. Moreover, pituitary cysts are
relatively common in dogs [30].

In conclusion, our Dalmatian dog with acromegaly and insulin resistance is the first case
report with proven hypersecretion of GH by a somatotroph adenoma.
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