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Abstract

Objectives Acromegaly is increasingly recognized as a cause of insulin resistance in cats with diabetes mellitus
(DM). The obijective of this study was to determine if ultrasonographic changes in selected abdominal organs of
acromegalic cats could be used to raise the index of suspicion for this condition.

Methods In this retrospective case-control study, medical records of cats presenting to North Carolina State
University or Colorado State University from January 2002 to October 2012 were reviewed. Cats were included
in the acromegaly group if they had insulin-resistant DM with increased serum insulin-like growth factor (IGF-1)
concentrations and had an abdominal ultrasound examination performed with report available. A control group
included age-matched cats that had abdominal ultrasound examination performed for investigation of disease
unlikely to involve kidneys, adrenal glands, pancreas or liver.

Results Twenty-four cats were included in each group. IGF-1 concentrations in the acromegaly group ranged from
>148 to 638 nmol/l. When compared with age-matched controls, cats with acromegaly demonstrated significantly
increased median left and right kidney length, significantly increased median left and right adrenal gland thickness,
and significantly increased median pancreatic thickness. Hepatomegaly and bilateral adrenomegaly were reported
in 63% and 53% of acromegalic cats, respectively, and in none of the controls. Pancreatic abnormalities were
described in 88% of the acromegalic cats and 8% of the controls.

Conclusions and relevance These findings indicate that compared with non-acromegalic cats, age-matched
acromegalic patients have measurably larger kidneys, adrenal glands and pancreas. Diagnostic testing for
acromegaly should be considered in poorly regulated diabetic cats exhibiting organomegaly on abdominal
ultrasound examination.

Accepted: 26 September 2014

Introduction

Hypersomatotropism with associated acromegaly is
increasingly recognized as a cause of insulin resistance
in feline diabetic patients.'* Acromegaly is the clinical
syndrome that results from excessive secretion of growth
hormone (GH) from a functional somatotropic adenoma
of the pars distalis of the pituitary gland.> The clinical
signs of the disease have classically been attributed to
the catabolic effects of GH, the anabolic effects of insulin-
like growth factor-1 (IGF-1) and the space-occupying
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effect of the pituitary adenoma.3>® GH exerts its cata-
bolic effects through a postreceptor defect in the action
of insulin on target cells, leading to decreased carbohy-
drate utilization, reduced insulin sensitivity and hyper-
glycemia.>” GH also stimulates the production of IGF-1,
primarily by the liver, resulting in increased protein syn-
thesis and excessive tissue growth.® The diagnosis of
feline acromegaly currently relies on demonstrating the

Animal Medicine & Surgery, College of Veterinary Medicine,
University of Georgia, Athens, GA, USA

Corresponding author:

Katharine F Lunn BVMS, MS, PhD, MRCVS, DACVIM, Department
of Clinical Sciences, College of Veterinary Medicine, North
Carolina State University, 1060 William Moore Drive, Raleigh, NC
27607, USA

Email: kathy_lunn@ncsu.edu

Downloaded from jfm.sagepub.com at OHIO STATE UNIVERSITY LIBRARY on July 10, 2015



Journal of Feline Medicine and Surgery

combination of insulin-resistant diabetes mellitus (DM),
typical physical changes and increased serum IGF-1 con-
centrations.* Owing to limited assay availability, GH
measurement is not widely used to make the diagnosis.
Further confirmation can be provided by demonstration
of a pituitary tumor with computed tomography (CT) or
magnetic resonance imaging (MRI).%10

Acromegaly is one of multiple causes of insulin resist-
ance in diabetic cats, a clinical problem for which the
diagnostic work-up can be extensive.? Commonly
reported physical characteristics of the disease in cats
include weight gain, prominent facial features, arthropa-
thy, respiratory stridor and organomegaly.24!! Recent
studies have documented skull and soft tissue changes
in the heads of acromegalic cats examined by MRI and
CT,'213 and ultrasonographic changes in abdominal
organs have been alluded to in other studies and reviews
of the disease.51014 The aim of this study was to quanti-
tate the ultrasonographic changes in the abdominal
organs of acromegalic cats, with the purpose of identify-
ing features that could suggest a diagnosis of acromeg-
aly and support the early measurement of IGF-1 in
diabetic cats with insulin resistance. The hypothesis was
that compared with non-acromegalic cats, acromegalic
cats would demonstrate on abdominal ultrasound exam-
ination enlargement of the kidneys, adrenal glands, pan-
creas and liver.

Materials and methods

Study population

Medical records at the veterinary teaching hospitals at
North Carolina State University (NCSU) and Colorado
State University (CSU) were searched to identify cats
with poorly regulated DM that had serum IGF-1 meas-
ured and received an abdominal ultrasound examina-
tion between January 2002 and October 2012. DM was
determined to be poorly regulated if the insulin dose
was =5 [U/injection or =1 IU/kg/injection, with persis-
tent hyperglycemia and unresolved clinical signs of DM.
Cats were included in the acromegaly group if they had
serum IGF-1 concentrations more than twice the upper
limit of the reference range, a normal serum total thyrox-
ine documented within 6 months of the abdominal ultra-
sound examination and an ultrasound report available.
Cats were excluded from the acromegaly group if the
abdominal ultrasound examination was performed prior
to the onset of insulin resistance and if any other cause of
insulin resistance was identified. Following identifica-
tion of the acromegaly group, an equal number of con-
trol cats were identified by searching the medical records
at NCSU for cats within the age range of the acromegaly
group that had abdominal ultrasound examination per-
formed with a report available. Inclusion criteria
included documentation of presenting complaint, com-
plete history, physical examination, complete blood

count (CBC) and serum biochemistry profile within 14
days of the abdominal ultrasound examination. Cats
were excluded from the control group if they had any
historical, clinical or clinicopathological evidence of DM
or of disease likely to involve the kidneys, adrenal
glands, pancreas and liver, and if intra-abdominal neo-
plasia was detected on abdominal ultrasound
examination.

Data collected

For the acromegaly and control groups, age, breed, sex
and body weight (kg) were recorded. For the acromegaly
group, insulin type and dose, serum IGF-1 concentration
and results of brain imaging, if performed, were
recorded. For the control group, the reason for perform-
ing abdominal ultrasound examination was docu-
mented. For both groups, left and right renal length, left
and right adrenal gland thickness, and thickness of the
left limb of the pancreas were recorded (mm). Values
were obtained from the ultrasound report or from meas-
urements recorded on saved images if measurements
were not separately documented in the ultrasound
report. Adrenal thickness was recorded as the greatest
diameter measured perpendicular to the long axis of the
adrenal gland. The left limb of the pancreas was assessed
as this region of the pancreas was most consistently
imaged and measured in the cats. Subjective comments
regarding the appearance of the pancreas and liver were
also recorded when present in the ultrasound report.
The convention at CSU and NCSU is that if specific com-
ments are not recorded on the ultrasound report for an
organ, that organ is regarded as normal in appearance.
All ultrasound examinations were performed or directly
supervised by board-certified veterinary radiologists.

Statistical analysis

Length of the left and right kidneys, thickness of the left
and right adrenal glands and thickness of the left limb of
the pancreas were compared between the acromegaly
and control group with a one-tailed Mann-Whitney test.
Proportions of changes noted in the two groups were
compared with Fisher’s exact test. All analyses were per-
formed using commercially available software (Prism;
GraphPad Software). A P value <0.05 was considered to
be statistically significant.

Results

Study population

Eleven cats evaluated at NCSU and 13 cats evaluated at
CSU met the criteria for inclusion in the acromegaly
group (n = 24). Twenty-four non-diabetic feline patients
with abdominal ultrasound examination performed at
NCSU were included in the control group. Based on the
presenting complaint, history, physical examination
findings, and evaluation of the CBC and serum
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biochemistry profile, none of these cats were suspected
to have renal, hepatic or pancreatic disease prior to
abdominal ultrasound examination. The reasons for per-
forming abdominal ultrasound examination in this
group included staging for extra-abdominal neoplasia or
suspected neoplasia (sarcoma: n = 4; nasal mass: n = 3;
solitary lymph node lymphoma: n = 2; mammary adeno-
carcinoma: n = 1; lung mass: n = 1; mediastinal mass:
n = 1; oral squamous cell carcinoma: n = 1; spinal cord
mass: n = 1; axillary mass: n = 1), lower urinary tract
signs (n = 3), non-cardiogenic pleural effusion (n = 2),
epistaxis (n = 2), anterior lens luxation (n = 1), and uvei-
tis (n = 1). The signalment and weight of the acromegaly
and control groups are summarized in Table 1.

Acromegaly group: insulin therapy

Seventeen of the 24 acromegalic cats were managed with
glargine insulin, four with protamine zinc insulin, one-
with detemir, one with ultralente insulin and one with
lente insulin. The mean and median total insulin doses
were 12 and 10 IU per dose, respectively (range 4-42 IU).
The mean and median dose/kg were 2.1 IU/kg and
1.7 1U/kg, respectively (range 0.8-8.1 IU/kg).

Acromegaly group: serum IGF-1 concentration

Serum IGF-1 concentration ranged from >148 nmol/I to
638 nmol/1. The value of >148 nmol/l was recorded in
2003 when the reference range for the laboratory was
5-70 nmol/1. For all other cats, the reference range was
12-92 nmol/l. Mean and median serum IGF-1 concentra-
tions for the acromegaly group were 376 and 367 nmol/],
respectively. In all cases the serum IGF-1 assay was per-
formed at the Diagnostic Center for Animal and
Population Health at Michigan State University, using a
commercially available radioimmunoassay.

Acromegaly group: brain imaging

Brain imaging was performed in 14 of the cats with acro-
megaly. Ten cats underwent CT alone, one had MRI
alone, and three cats underwent both CT and MRI exam-
ination. A pituitary mass or enlarged pituitary gland was
detected in 13 cats.

Abdominal ultrasound examination findings:
measurements

Renal length was documented for both kidneys in all 24 of
the control cats and in 22 of the cats in the acromegaly
group; in the remaining two cats, length was recorded as
‘normal’, but measurements were not available. Median
left and right kidney lengths were 47 mm (range
35-62 mm) and 47 mm (range 35-61 mm), respectively, in
the acromegaly group. Median left and right kidney lengths
were 39 mm (range 3047 mm) and 42 mm (range 26-51
mm), respectively, in the control group. Median left and
right kidney lengths were significantly greater in the acro-

Table 1 Signalment and weight of acromegaly and control

cats
Acromegaly  Control
(n=24) (n=24)
Age (years) Mean 11.1 10.2
Median 11.5 10
Range =15 7—13
Breed Domestic shorthair 18 18
Domestic longhair 5 3
Siamese 1 8
Sex Castrated male 19 15
Spayed female 5 9
Weight (kg) Mean 5.85 5.90
Median 5.60 5.42
Range 4.14-9.02 2.71-11.70
megaly group compared with controls  (left:

P <0.0001; right: P =0.0005). These results are illustrated in
Figure 1. When compared with a published normal range
of renal length in cats of 3043 mm,'> left renomegaly was
present in 18/22 (82%) acromegalic cats, and right reno-
megaly was present in 18/22 (82%) cats. Renal length
exceeded the published normal range in both kidneys in
16/22 (73%) acromegalic cats in which measurements were
available. In the control cats, kidney length exceeded the
normal range in 5/24 (21%) left kidneys and in 9/24 (38%)
right kidneys, with 5/24 (21%) cats demonstrating bilateral
renomegaly. Significantly more cats in the acromegaly
group demonstrated bilateral renomegaly (P <0.0009).
The results of the adrenal gland measurements are
shown in Figure 2. Median left and right adrenal gland
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Figure 1 Renal length in acromegalic cats (n = 22) compared
with control cats (n = 24). Results are shown as box and
whisker diagrams. The central box represents the values

from the lower to upper quartile. The middle line represents
the median. The vertical line extends from the minimum to

the maximum value. The gray area indicates the reference
range.'® The P value reflects the comparison between normal
and acromegaly. A Pvalue <0.05 was considered to be
statistically significant
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Figure 2 Adrenal thickness in acromegalic cats (n = 16 for 5 A l
the left adrenal; n = 13 for the right adrenal) compared with
control cats (n = 24 for the left adrenal; n = 22 for the right
adrenal). Results are shown as box and whisker diagrams as 0 . X
described for Figure 1. The gray area indicates a combined Acromegaly Control
reference range for normal left and right adrenal glands'®

thicknesses were 5.1 mm (range 3.2-8.8 mm; n = 16) and
5.4 mm (range 4.4-8.1 mm; n = 13), respectively, in the
acromegaly group. Median left and right adrenal gland
thicknesses were 3.5 mm (range 2.3-5.1 mm;
n = 24) and 3.6 mm (range 2.7-5.3 mm; n = 22), respec-
tively, in the control group. Median adrenal gland thick-
ness was significantly greater in the acromegaly group
compared with controls (left: P <0.0001; right:
P <0.0001). Compared with the normal range of healthy
feline adrenal thicknesses of 3.0-5.3 mm for the left and
2.9-4.5 mm for the right,'® bilateral adrenomegaly was
present in 7/13 acromegalic cats (54%) that had both
adrenal glands measured. Left adrenomegaly was pre-
sent in 7/16 (44%) acromegalic cats for which measure-
ments were available, and right adrenomegaly was
present in 11/13 (85%) acromegalic cats for which meas-
urements were available. In the control group, thickness
of the right adrenal gland was greater than the published
normal range in 4/22 (18%) cats for which measure-
ments were available. None of the measured left adrenal
glands exceeded the normal range for thickness in the
control cats. Significantly more cats in the acromegaly
group demonstrated bilateral adrenomegaly (P =0.0003).
Thickness of the left limb of the pancreas was docu-
mented for 10 cats in the acromegaly group and 19 cats in
the control group, with medians of 12.1 mm (range 3.7-21.1
mm) and 6.1 mm (range 3.7-11.4 mm), respectively. The left
limb of the pancreas was significantly thicker in the acro-
megalic cats compared with the controls (P =0.001). These
results are shown in Figure 3. Thickness of the left limb of
the pancreas was increased above a published reference
range (2.6-9.5 mm)' in 6/10 (60%) cats in the acromegaly
group and 1/19 (5%) cats in the control group. Significantly
more cats in the acromegaly group demonstrated increased
thickness of the left limb of the pancreas (P =0.0026).

Figure 3 Thickness of the left limb of the pancreas in
acromegalic cats (n = 10) compared with control cats

(n =19). Results are shown as box and whisker diagrams
as described for Figure 1. The gray area represents the
reference range’®

Abdominal ultrasound examination findings:
descriptive changes

Comments regarding the ultrasonographic appearance
of the pancreas were documented in 16 of the 24 cats in
the acromegaly group. The pancreas was noted to be
hypoechoic in 12 cats, thickened or enlarged in nine cats,
containing nodules in five cats and containing cysts in
two cats. The pancreas was noted to be ultrasonographi-
cally normal in two cats in the acromegaly group. In the
control group, no comments were noted regarding the
pancreas in 22/24 cats. One cat was noted to have a few
small nodules in the pancreas, and one cat had several
nodules and cysts within the pancreas. The latter cat was
also the only cat in the control group for which the thick-
ness of the left limb of the pancreas was demonstrated to
be above the reference range. Significantly more cats in
the acromegaly group were noted to have pancreatic
abnormalities on abdominal ultrasound examination
(P <0.0001).

The liver was described as subjectively enlarged in
15/24 cats (63%) in the acromegaly group and in none of
the cats in the control group. The liver was noted to be
hyperechoic in 17/24 cats, hypoechoic in three cats, of
normal echotexture in three cats, of mixed echogenicity
in one cat, to contain nodules in seven cats and to con-
tain cysts in two cats in the acromegaly group. In the
control group, liver abnormalities were noted in a total
of five cats. Two cats were noted to have a mildly
hyperechoic liver, one cat had a suspected biliary
cystadenoma, one cat had a single focus of
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mineralization, and one cat had non-specific hypoechoic
nodules in the liver. Cats in the acromegaly group were
significantly more likely to have hepatomegaly
(P <0.0001) and significantly more likely to have hepatic
abnormalities or changes in echogenicity noted on the
ultrasound report (P <0.0001).

Discussion

The results of this study confirm that acromegalic cats,
when compared with non-acromegalic cats, have meas-
urably enlarged kidneys, adrenal glands and pancreas,
and a subjectively enlarged liver, as assessed by abdomi-
nal ultrasound examination.

Difficulty in achieving optimal glycemic control in
feline diabetic patients is a clinical problem for which the
list of differential diagnoses is extensive. A thorough
investigation is needed for evaluation of poorly regu-
lated DM, and abdominal ultrasound studies are com-
monly carried out for this purpose. Hypersomatotropism
causes organomegaly through the anabolic effects of IGF-
1, and while the development of organomegaly is widely
accepted and well described as a feature of acromegalic
patients on physical examination and necropsy*® no
peer-reviewed studies to date have described the ultra-
sonographic characteristics of the abdominal organs of
acromegalic cats in comparison with control cats. The
finding that abdominal organomegaly is detected on
ultrasound examination of cats with acromegaly is
important, as it may serve to increase suspicion of acro-
megaly and support early testing for this disease through
measurement of serum IGF-1 concentrations.

Insulin resistance is defined as decreased sensitivity to
insulin, and although there is no specific insulin dose that
is diagnostic for insulin resistance, most diabetic cats can
be controlled on insulin doses ranging from 1-3 IU per
dose, or <1 IU/kg.!8 All cats included in the acromegaly
group were referred for poorly regulated DM and were
receiving an insulin dose of at least either 5 IU per dose or
1IU/kg per dose, with no other identified cause of insulin
resistance. The diagnosis of acromegaly was based on
detection of a significantly increased serum IGF-1 concen-
tration, and cats were only included in the acromegaly
group if the serum IGF-1 concentration was at least twice
the upper limit of the reference range. This high cut-off
value was used to increase the specificity of the test, as it
has previously been shown that poorly regulated diabetic
cats may have modestly increased serum IGF-1 levels.*

The age, breed and sex of the acromegalic cats included
in this study were comparable with the published litera-
ture that describes the typical acromegalic population as
middle-aged to older neutered male domestic shorthair
cats.3>819 Because acromegaly more commonly affects
older cats, an age-matched control group was included
for comparison in order to overcome any possible effects
of aging on the ultrasonographic appearance and size of

the organs of interest. A positive correlation between renal
length and body weight has been reported in both cats
and dogs.?0?! Differences in renal length among feline
breeds have also been described.?2 However, in addition
to being of a comparable age, the cats included in the acro-
megaly and control groups had similar body weight and
breed distribution. There was a greater proportion of
spayed female cats in the control group compared with
the acromegaly group; however, it has been shown that
there is no significant difference in renal length between
neutered male and spayed female cats on abdominal
radiographs.?> A number of abdominal ultrasound stud-
ies have evaluated adrenal gland size in healthy and sick
cats, and have demonstrated no difference in adrenal
gland size between male and female cats, between cats of
different breeds, or between healthy and chronically sick
cats.1624 Hepatic size is difficult to evaluate objectively on
abdominal ultrasound examination? however, hepato-
megaly was noted subjectively in approximately two-
thirds of the acromegalic cats and in none of the control
cats. Acromegalic cats were more likely than control cats
to have an enlarged pancreas with changes such as diffuse
hypoechogenicity or the presence of nodules.

There are several limitations to this retrospective study.
First, several different ultrasonographers performed the
ultrasound studies, potentially causing inconsistencies in
the descriptive data. While having different ultrasonogra-
phers introduces variability in subjective data, it is also
more representative of clinical reality. Secondly, the ultra-
sonographers were not blinded to the clinical presenta-
tions of the cats, which is a potential source of bias. This is
particularly relevant for the acromegaly group, as these
cats were presented for insulin resistance and therefore
the ultrasonographer might be expected to more critically
evaluate the appearance of the abdominal organs, partic-
ularly the adrenal glands and pancreas. However, this
bias is of less concern when comparing objective measure-
ments of organ size. A further limitation of this retrospec-
tive study is that it was not possible to determine the
duration of the signs of acromegaly from the available
medical records; thus, it is not known if the findings can
be applied to cats that are evaluated early in the disease
process. Finally, it could be argued that the diagnosis was
not definitive in all the cats in the acromegaly group. All
cats in this group had markedly increased serum IGF-1
levels with concurrent DM with insulin resistance; how-
ever, GH was not measured owing to limited availability
of the assay. A pituitary mass or enlarged pituitary gland
was documented in 13/14 cats that underwent advanced
brain imaging. When the abdominal ultrasound findings
from these 13 cats were analyzed separately (data not
shown), renal length, adrenal gland thickness and thick-
ness of the left limb of the pancreas were all significantly
increased in the acromegaly group with pituitary abnor-
malities compared with controls.
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The selection of a control group was challenging in
this retrospective study. Clinically normal cats in the age
range of the acromegaly group could be used as controls,
but these patients rarely undergo abdominal ultrasound
examination. Conversely, sick cats in this age range are
often evaluated for suspected disease of the organs tar-
geted in this study. Thus, we selected cats that underwent
abdominal ultrasound examination with no suspicion of
disease involving the kidneys, adrenal glands, pancreas
or liver. A control group of cats with DM without acro-
megaly was considered desirable, but unfortunately it
was not possible to identify a sufficient number of dia-
betic cats with documented normal serum IGF-1 concen-
trations and no evidence of renal, adrenal, pancreatic or
hepatic disease. However, it should be noted that a 2007
ultrasound study demonstrated that the adrenal glands
of diabetic cats were not enlarged when compared with
those of healthy cats, suggesting that the adrenal gland
enlargement detected in the present study is associated
with acromegaly, and not due to DM itself.?6

Conclusions

Acromegalic cats have measurably enlarged kidneys, adre-
nal glands and pancreas, and a subjectively enlarged liver,
when compared with age-matched non-acromegalic cats
evaluated ultra sonographically. Measurement of serum
IGF-1 concentrations should be considered in insulin-
resistant diabetic cats that are found to have enlargement of
these organs on abdominal ultrasound examination.

Conflict of interest The authors have no potential conflicts
of interest to declare.

Funding This research received no specific grant from any fund-
ing agency in the public, commercial or not-for-profit sectors.

References

1 Peterson ME. Acromegaly in cats: are we only diagnosing
the tip of the iceberg? | Vet Intern Med 2007; 21: 889-891.

2 Niessen SJ. Feline acromegaly: an essential differential
diagnosis for the difficult diabetic. | Feline Med Surg 2010;
12: 15-23.

3 Niessen SJ, Petrie G, Gaudiano F, et al. Feline acromegaly:
an underdiagnosed endocrinopathy? | Vet Intern Med 2007;
21: 899-905.

4 Berg RI, Nelson RW, Feldman EC, et al. Serum insulin-like
growth factor-1 concentration in cats with diabetes mel-
litus and acromegaly. | Vet Intern Med 2007; 21: 892-898.

5 Feldman EC and Nelson RW. Disorders of growth hor-
mone. In: Feldman EC and Nelson RW (eds) Canine and
feline endocrinology and reproduction. 3rd ed. St Louis,
MO: Saunders, 2004, pp 45-84.

6 Feldman EC and Nelson RW. Acromegaly and hyperadre-
nocorticism in cats: a clinical perspective. | Feline Med Surg
2000; 2: 153-158.

7 Javorsky BR, Aron DC, Findling JW, et al. Hypothala-
mus and pituitary gland. In: Gardner DG and DS (eds).

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Greenspan’s basic and clinical endocrinology. 9th ed.
McGraw-Hill, 2011, pp 65-114.

Peterson ME, Taylor RS, Greco DS, et al. Acromegaly in 14
cats. | Vet Intern Med 1990; 4: 192-201.

Elliott DA, Feldman EC, Koblik PD, et al. Prevalence of
pituitary tumors among diabetic cats with insulin resis-
tance. | Am Vet Med Assoc 2000; 216: 1765-1768.

Posch B, Dobson ] and Herrtage M. Magnetic resonance
imaging findings in 15 acromegalic cats. Vet Radiol Ultra-
sound 2011; 52: 422427

Hurty CA and Flatland B. Feline acromegaly: a review of
the syndrome. | Am Anim Hosp Assoc 2005; 41: 292-297.
Fischetti AJ, Gisselman K and Peterson ME. CT and MRI
evaluation of skull bones and soft tissues in six cats with
presumed acromegaly versus 12 unaffected cats. Vet Radiol
Ultrasound 2012; 53: 535-539.

Lamb CR, Ciasca TC, Mantis P, et al. Computed tomo-
graphic signs of acromegaly in 68 diabetic cats with
hypersomatotropism. | Feline Med Surg 2014; 16: 99-108.
Niessen SJ, Church DB and Forcada Y. Hypersomatotropism,
acromegaly, and hyperadrenocorticism and feline diabetes
mellitus. Vet Clin North Am Small Anim Pract 2013; 43: 319-350.
Walter PA, Feeney DA, Johnston GR, et al. Feline renal ultra-
sonography: quantitative analyses of imaged anatomy. Am |
Vet Res 1987; 48: 596-599.

Zimmer C, Horauf A and Reusch C. Ultrasonographic
examination of the adrenal gland and evaluation of the
hypophyseal-adrenal axis in 20 cats. | Small Anim Pract
2000; 41: 156-160.

Larson MM, Panciera DL, Ward DL, et al. Age-related
changes in the ultrasound appearance of the normal
feline pancreas. Vet Radiol Ultrasound 2005; 46: 238-242.
Scott-Moncrieff JC. Insulin resistance in cats. Vet Clin
North Am Small Anim Pract 2010; 40: 241-257.

Norman EJ and Mooney CT. Diagnosis and manage-
ment of diabetes mellitus in five cats with somatotrophic
abnormalities. | Feline Med Surg 2000; 2: 183-190.

Park IC, Lee HS, Kim JT, et al. Ultrasonographic evaluation
of renal dimension and resistive index in clinically healthy
Korean domestic short-hair cats. | Vet Sci 2008; 9: 415-419.
Barr FJ, Holt PE and Gibbs C. Ultrasonographic measure-
ment of normal renal parameters. | Small Anim Pract 1990;
31:180-184.

Debruyn K, Paepe D, Daminet S, et al. Comparison of renal
ultrasonographic measurements between healthy cats of
three cat breeds: Ragdoll, British Shorthair and Sphynx.
] Feline Med Surg 2013; 15: 478-482.

Shiroma JT, Gabriel JK, Carter RL, et al. Effect of reproduc-
tive status on feline renal size. Vet Radiol Ultrasound 1999;
40: 242-245.

Combes A, Pey P, Paepe D, et al. Ultrasonographic appear-
ance of adrenal glands in healthy and sick cats. | Feline
Med Surg 2013; 15: 445-457.

d’Anjou M-A. Liver. In: Penninck D and d’Anjou M-A
(eds). Atlas of small animal ultrasonography. Ames, IA:
Blackwell, 2008, pp 217-261.

Kley S, Alt M, Zimmer C, et al. Evaluation of the low-dose
dexamethasone suppression test and ultrasonographic
measurements of the adrenal glands in cats with diabetes
mellitus. Schweiz Arch Tierheilkd 2007; 149: 493-500.

Downloaded from jfm.sagepub.com at OHIO STATE UNIVERSITY LIBRARY on July 10, 2015



