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Abstract

Background: Several tests are available to diagnose naturally-occurring Cushing's
syndrome in dogs but there is a paucity of information on how primary care
veterinarians (PCVs) use or interpret them.

Obijectives: Determine how PCVs from selected European countries diagnose Cush-
ing's syndrome in dogs.

Methods: Cross-sectional survey study assessing testing protocols used by PCVs for
screening and differentiation of Cushing's syndrome.

Results: Two thousand one hundred and seventy-eight responses from 9 European
countries were included. When Cushing's syndrome was suspected, 98.7% of respon-
dents perform endocrine testing, whereas 1.2% rely on a treatment trial. Among the
former, 59.9% reported performing screening tests in the absence of supportive clini-
cal signs but with consistent clinicopathological abnormalities. Of 2150 respondents
who performed endocrine testing, 66.6% report always using the same initial screen-
ing tests regardless of their pretest suspicion of disease. The tests most reported are
the ACTH stimulation test (34.8%), low-dose dexamethasone suppression test
(LDDST; 30.4%) or a combination of different tests (25.2%). In the absence of
financial constraint, 1419 (66.0%) respondents always attempted differentiation,
using abdominal ultrasonography (81.0%) and LDDST (46.1%). Overall, 69.8% of
respondents reported offering referral to a specialist in <20% of cases suspected or
diagnosed with Cushing's syndrome over the previous 5 years.

Conclusions and Clinical Importance: Testing protocols vary among PCVs. Almost
60% of respondents potentially screen dogs without consistent clinical signs, raising
concerns for overdiagnosis. A proportion never attempt differentiation, which likely

affects prognosis. Cases are rarely referred to a specialist, reflecting that Cushing's

Abbreviations: ACTHst, adrenocorticotropic hormone stimulation test; ADH, adrenal-dependent hypercortisolism; AUS, abdominal ultrasound; CT, computed tomography; HDDST, high-dose
dexamethasone suppression test; IQR, interquartile range; LDDST, low-dose dexamethasone suppression test; MRI, magnetic resonance imaging; PCVs, primary care veterinarians; PDH,
pituitary-dependent hypercortisolism; Rl, reference interval; SBP, systemic blood pressure; UCCR, urine corticoid-to-creatinine ratio; UCCRDST, UCCR dexamethasone suppression test.
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syndrome is mainly managed in primary care practices. These results suggest that

there is room for further education of PCVs.
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1 | INTRODUCTION

Cushing's syndrome, a relatively common endocrine disorder in dogs,
has an estimated prevalence of 0.28% in primary care practice in the
United Kingdom.? The most common causes of naturally-occurring
Cushing's syndrome are overproduction of ACTH by a pituitary tumor
(pituitary-dependent hypercortisolism [PDH]) and autonomous corti-
sol secretion by a functional adrenal tumor (adrenal-dependent hyper-
cortisolism [ADH]).?

Available diagnostic tests designed to demonstrate hypercortiso-
lism associated with Cushing's syndrome have several limitations, with
frequent false-positive or false-negative results, and no established
gold standard test.? As such, diagnosing PDH and ADH is a complex
process, necessitating careful interpretation of clinical signs, clinico-
pathological abnormalities, diagnostic imaging findings, and results of
endocrine tests. Selection of appropriate cases for specific endocrine
tests is crucial to maximize diagnostic accuracy.

Available diagnostic tests include the low-dose dexamethasone
suppression test (LDDST), adrenocorticotropic hormone stimulation
test (ACTHst), and urine corticoid-to-creatinine ratio (UCCR). The
LDDST, although time consuming, has high diagnostic sensitivity
(85%-97%),% but lower diagnostic specificity (67%-81%) when evalu-
ating dogs with consistent clinical signs.*® The ACTHSst is a safe and
time-efficient screening test for hypercortisolism. Its diagnostic sensi-
tivity is moderate but with notably lower values (33%-63%) in dogs
with ADH.%”"? Despite a widespread belief that false-positives in this
test are infrequent, variable diagnostic specificities (59%-89%) are
reported when assessed in dogs with an initial clinical suspicion of
Cushing's syndrome.>®1912 The diagnostic sensitivity of the UCCR is
between 92% and 100%”*%Y7 although 1 study did demonstrate a
sensitivity of 75%.%° The diagnostic specificity of this test remains a
topic of debate with values ranging from 22% to 85% when evaluated
in dogs with consistent clinical signs.®¢"1?

After demonstration of hypercortisolism, differentiation of PDH
from ADH is recommended to optimize management and prognosti-
cate. The LDDST establishes the cause of hypercortisolism in approxi-

520 \whereas the high-dose

mately half of the diagnosed cases,
dexamethasone suppression test (HDDST) provides definitive results
in approximately one third of dogs in which the cause remains unclear
after a LDDST.2° Measurement of endogenous ACTH concentration
effectively discriminates PDH from ADH?! and necessitates only a
plasma sample but requires special sample handling.2 Imaging modali-
ties, including ultrasonography, computed tomography (CT), and
magnetic resonance imaging (MRI), can aid in distinguishing PDH

from ADH.

Presumably, the selection of the diagnostic approach for demon-
stration of hypercortisolism is influenced by individual factors, such as
clinical expertise, experience, and personal preferences. One study
provided some insights into the diagnostic protocols used by primary
care veterinarians (PCVs) in the United Kingdom.! In that study,
among 191 dogs diagnosed with hypercortisolism,* ACTHst, LDDST,
and UCCR, respectively, were performed in 95.3%, 33.0%, and 27.8%
of cases. Differentiation was infrequently carried out.

Testing and differentiating protocols used by other European
PCVs remain largely unknown. This study aims to outline the methods
currently employed by PCVs in selected European countries to diag-
nose naturally-occurring Cushing's syndrome, hypothesizing similar
results to the UK study.*

2 | MATERIALS AND METHODS

The survey methodology for investigating testing protocols for Cush-
ing's syndrome was structured as follows. Initially, a pilot survey was
conducted among 5 board-certified internal medicine specialists,
9 PCVs and 1 epidemiologist to identify areas of confusion and
unnecessary or missing questions. The final amended questionnaire
was translated into 5 languages (English, French, Italian, Portuguese,
and Spanish) and uploaded into an online survey tool (Google Forms;
Alphabet, Inc, Mountain View, California). The presented data were
voluntarily provided by veterinarians with full knowledge of the
study's objectives. Before starting the survey, respondents were
required to confirm their understanding that the questionnaire was
exclusively intended for PCVs and not for specialists. Respondents
were required to specify their country of practice and only responses
from Belgium, France, Ireland, Italy, Luxembourg, the Netherlands,
Portugal, Spain, or Switzerland were included. These countries were
selected based on the available translations carried out by the
authors.

This survey was part of a more comprehensive survey that
encompassed inquiries regarding diagnosis and treatment of Cushing's
syndrome. The data presented in this manuscript only pertains to the
diagnosis aspect. The survey (Appendix S1) was divided into 3 distinct
sections: (1) demographics, encompassing inquiries about respondents
demographic information including year of graduation, location and
type of practice, and number of dogs tested and diagnosed with
hypercortisolism each year; (2) screening protocols, including ques-
tions on case selection, tests performed and interpretation of results;
(3) differentiation, surveying if respondents typically attempt differen-

tiation and, where applicable, what test would be used.
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Responses were collected between January and October 2021.
To increase the response rate, each questionnaire submitted was
entered into a prize draw with a chance to win a €50 online shopping
voucher. The questionnaire was advertised through social network
veterinary groups, mailing lists, diagnostic laboratories and continuing
education events across Europe.

One non-native English author (MB) used a generative artificial
intelligence tool (GPT 3.5, OpenAl) for rewriting particularly complex
sentences in a clearer way, mainly in the discussion section and occa-
sionally in other sections. The sentences generated by the tool were
subsequently edited by the author before being incorporated into the
manuscript. Furthermore, the draft was reviewed and corrected again
by the coauthors.

21 | Statistical analysis

Normality of continuous data was assessed by the Shapiro-Wilk test.
Descriptive statistics were expressed as numbers and percentages,
mean (+SD) for normally distributed variables and median (range,
interquartile range [IQR]) for non-normally distributed variables. The
distribution of respondents across the 9 countries was compared to
the overall distribution of practicing veterinarians across these coun-
tries using the chi-square test and post hoc analysis. Adjusted
P values were reported following Bonferroni correction. Data from
the Federation of Veterinarians of Europe were used to estimate the
distribution of practicing veterinarians in the 9 countries from which
responses were collected (Belgium, France, Ireland, Italy, Luxembourg,
the Netherlands, Portugal, Spain, and Switzerland).?2 All analyses were
performed using commercially available software (IBM SPSS v. 26;
IBM Corporation, New York, NY).

3 | RESULTS

3.1 | Respondents
Overall, 2210 responses were collected from 97 236 veterinarians
with a response rate of 2.27%. Following review, 32 responses were
excluded because respondents indicated practicing outside Europe.
Consequently, 2178 responses from 9 European countries were
included. The proportion of respondents distributed over the 9 coun-
tries was significantly different compared with the overall proportion
of practicing veterinarians distributed over the same area (P < .001).
Post hoc analysis revealed that the proportions of respondents practic-
ing in Italy and Portugal were significantly higher compared to the pro-
portions of veterinarians practicing in these countries (P <.001 for
both). Additionally, the proportions of respondents practicing in France,
Spain, Belgium, the Netherlands, Republic of Ireland and Switzerland
were significantly lower compared to the proportions of veterinarians
practicing in these countries (P < .001 for all comparisons; Table 1).
Respondents had a median experience of 13.0 (range, 0-52; IQR
13) years. Most respondents worked in urban (n = 1368; 62.8%) or

Ve

TABLE 1 Distribution of countries where respondents are
practicing in contrast to the distribution of veterinarians practicing in
the same geographical area in the overall population according to the
Federation of Veterinarians of Europe.??

Number (%) of

Number (%) of practicing
Country respondents veterinarians® P values
Italy 1297 (59.6) 28 358 (29.2) <.001
France 329 (15.1) 19 874 (20.4) <.001
Portugal 261 (12.0) 6506 (6.7) <.001
Spain 192 (8.8) 26 349 (27.1) <.001
Belgium 57 (2.6) 6200 (6.4) <.001
The Netherlands 18 (0.8) 4742 (4.9) <.001
Republic of Ireland 15(0.7) 2752 (2.8) <.001
Switzerland 6(0.3) 2167 (2.2) <.001
Luxembourg 3(0.1) 288 (0.3) 72
Total 2178 97 236

2Numbers according to the Federation of Veterinarians of Europe.?

suburban (n = 538; 24.7%) areas, whereas a smaller proportion
practiced in rural (n = 266; 12.2%) or other (n = 6; 0.3%) locations. A
substantial proportion of respondents (n = 2031; 93.3%) worked
exclusively in a small animal practice setting, whereas 140 (6.4%)
worked in mixed practice and 7 (0.3%) indicated working in other
practice settings. Respondents indicated screening for Cushing's syn-
drome in 5 (range, 0-450; IQR 7) dogs per year and diagnosing Cush-
ing's syndrome in 3 (range, 0-200; IQR 4) dogs per year.

3.2 | Screening for naturally-occurring Cushing's
syndrome

The survey findings revealed varied practices among respondents
regarding pre-endocrine testing procedures in dogs suspected of
Cushing's syndrome, as summarized in Figure 1. Notably, biochemistry
was reported as always performed by 1149 (52.8%) and never per-
formed by 719 (33.0%) prior to endocrine testing in dogs suspected of
Cushing's syndrome. Considering this unexpected result, further anal-
ysis revealed that biochemistry was consistently performed prior to
endocrine testing by respondents from different countries as follows:
Switzerland 6 (100%), Republic of Ireland 15 (100%), France
314 (95.4%), Portugal 248 (95.0%), Spain 177 (92.2%), Belgium
47 (82.5%), Luxembourg 2 (66.7%), the Netherlands 14 (77.8%), and
Italy 326 (25.1%). Conversely, this test was never performed prior to
endocrine testing by respondents from different countries as follows:
Italy 708 (54.6%), Belgium 3 (5.3%), Spain 4 (2.1%), Portugal 3 (1.1%),
France 1 (0.3%), Luxembourg 0 (0%), the Netherlands O (0%), Republic
of Ireland 0 (0%), and Switzerland 0 (0%).

In order to confirm the diagnosis in a dog clinically suspected of
Cushing's syndrome, the overwhelming majority of respondents
(n = 2150; 98.7%) indicated typically performing adrenal function
testing, whereas 29 (1.3%) relied solely on a treatment trial.
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FIGURE 1
of hypercortisolism (n = 2210). Abd, abdominal; AUS, abdominal ultrasound; CBC, complete blood count; CT, computer tomography; MR,
magnetic resonance imaging; SBP, systemic blood pressure.

Among the former, 1287 (59.9%) respondents indicated they would
consider performing screening tests to demonstrate hypercortisolism
in a dog exhibiting consistent clinicopathological abnormalities but
lacking consistent clinical signs, whereas 1918 (89.2%) indicated they
would consider performing screening tests in a dog with consistent
clinical signs in the absence of consistent clinicopathological abnor-
malities. Of 2150 respondents who indicated performing endocrine
testing, 1431 (66.6%) indicated always using the same initial screening
test or combination of screening tests, whereas 719 (33.4%) indicated
using different screening tests based on their pretest suspicion.
Among the 1431 respondents who indicated always using the same
initial screening test, these included the ACTHst (n = 498; 34.8%),
LDDST (n = 435; 30.4%), UCCR (n = 77; 5.4%), UCCR combined with
an oral high-dose dexamethasone suppression test (UCCRDST;
n = 42; 2.9%), basal cortisol (n = 18; 1.3%), or a combination of the
previous tests (n = 361; 25.2%).

Among respondents who indicated always using the same combi-
nation of screening tests regardless of their pretest suspicion, the
combinations used included UCCR and LDDST (n = 109; 30.4%),
UCCR and ACTHSst (n = 105; 29.2%), UCCR, ACTHst and LDDST
(n = 45; 12.5%) and, ACTHst and LDDST (n = 43; 12.0%). For the
719 respondents who reported conducting various tests or test com-
binations based on their pretest suspicion, detailed results are pre-
sented in Table 2.

Among 498 respondents who always performed an ACTHst as an
initial screening test, 173 (34.7%) typically found a result within refer-
ence interval (RI) sufficient to exclude hypercortisolism, 168 (33.7%)
considered it insufficient and 157 (31.5%) reported being unsure on
how to interpret such a result. Among the same group, 418 (83.9%)
typically found a result above RI sufficient to confirm hypercortiso-
lism, 36 (7.2%) considered it insufficient and 44 (8.8%) reported being
unsure on how to interpret such a result.

Among 435 respondents who always performed a LDDST as an
initial screening test, 185 (42.5%) typically found a result within RI

Proportion of respondents who would perform preliminary tests prior to adrenal function testing in dogs with clinically suspected

sufficient to exclude hypercortisolism, 110 (25.3%) considered it
insufficient and 140 (32.2%) reported being unsure on how to inter-
pret such a result. Among the same group, 358 (82.3%) typically found
a result above Rl sufficient to confirm hypercortisolism, 37 (8.5%) con-
sidered it insufficient and 40 (9.2%) reported being unsure on how to
interpret such a result.

Among 77 respondents who always performed UCCR as an initial
screening test, 50 (64.9%) typically found a result within RI sufficient
to exclude hypercortisolism, 8 (10.4%) considered it insufficient and
19 (24.7%) reported being unsure on how to interpret such a result.
Among the same group, 17 (22.1%) typically found a result above RI
sufficient to confirm hypercortisolism, 52 (67.5%) considered it insuf-
ficient and 8 (10.4%) reported being unsure on how to interpret such
aresult.

Among 42 respondents who always performed a UCCRDST as an
initial screening test, 22 (52.4%) typically found a result within RI suf-
ficient to exclude hypercortisolism, 12 (28.6%) considered it insuffi-
cient and 8 (19.1%) reported being unsure on how to interpret such a
result. Among the same group, 35 (83.3%) typically found a result
above RI sufficient to confirm hypercortisolism, 2 (4.8%) considered it
insufficient and 5 (11.9%) reported being unsure on how to interpret

such a result.

3.3 | Differentiation between ADH and PDH

Among 2149 respondents, when financial constraints were not pre-
sent, 1419 (66.0%) and 455 (21.2%) respondents always and never
attempted differentiation, respectively. Within the subset of
275 (12.8%) respondents attempting differentiation in specific cases,
52 (18.9%) and 23 (8.4%) undertook it only in larger breeds and smal-
ler breeds, respectively. The 200 (72.7%) remaining respondents indi-
cated deciding to attempt differentiation based on other factors

mostly related to the owner. Among 1694 respondents attempting
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TABLE 2 Frequency and percentage
of various tests performed depending on

pretest suspicion (n = 719). Never

Low pretest suspicion
High pretest suspicion

Always

American College of
Veterinary Internal Medicine

UCCR UCCRDST ACTHst LDDST
82(10.8) 437 (57.4) 155 (20.4) 87 (11.4)

433 (53.5) 106 (13.1) 118 (14.6) 152 (18.8)
93(10.3) 156 (17.3) 340 (37.7) 312 (34.6)

111 (27.4) 20 (4.9) 106 (26.2) 168 (41.5)

Abbreviations: ACTHSst, adrenocorticotropic hormone stimulation test; LDDST, low-dose dexamethasone
suppression test; UCCR, urine corticoid-to-creatinine ratio; UCCRDST, UCCR dexamethasone

suppression test.

differentiation, 1375 (81.2%) indicated always using abdominal ultra-
sonography for this purpose, 783 (46.2%) LDDST, 186 (11.0%) head
CT or MRI, 179 (10.6%) endogenous ACTH, 147 (8.7%) HDDST,
126 (7.5%) UCCRDST, and 111 (6.6%) abdominal CT or MRI in the
absence of financial constraints. Conversely, 26 (1.5%) indicated never
performing abdominal ultrasonography, 401 (23.7%) LDDST,
480 (28.3%) head CT or MRI, 977 (57.7%) endogenous ACTH,
858 (50.6%) HDDST, 1085 (64.0%) UCCRDST, and 682 (40.3%)
abdominal CT or MRI for differentiation. The remaining respondents

indicated doing these tests in a subset of cases.

3.4 | Referral

Out of 10 dogs suspected or diagnosed with Cushing's syndrome
over the last 5 years by each respondent, the median number of
dogs for which referral options to an internal medicine or dermatol-
ogy specialist was offered was 1 (range, 0-10; IQR 3). Notably,
among 2178 respondents, 1520 (69.8%) indicated providing an
option for referral to <20% of such owners. Only 178 (8.2%) respon-
dents indicated offering referral to an internal medicine or dermatol-
ogy specialist to all suspected or confirmed Cushing's syndrome

cases.

4 | DISCUSSION

The results of this study illustrate the heterogeneity in diagnostic
approaches employed by PCVs from 9 selected European countries
when investigating dogs with suspected Cushing's syndrome. This var-
iation might be attributed to several factors including clinical experi-
ence, familiarity with distinct testing methods or the syndrome itself,
the influence of local academic institutions, clinical training programs
and professional organizations, and the absence of universally estab-
lished standardized approaches.

Previous studies conducted in the United Kingdom and Italy have
highlighted Cushing's syndrome being commonly diagnosed by
PCVs.22 Our findings support this observation, with a median of
5 cases screened and 3 cases diagnosed annually. Some respondents
reported higher figures, such as 1 individual who indicated screening
approximately 450 cases and diagnosing 150 cases per annum,
whereas another reported screening approximately 250 cases and

diagnosing 200 cases annually. These outliers raise concerns about

potential misinterpretation of the question or responses by individual
respondents. Nevertheless, the interquartile ranges of 7 for screening
and 4 for diagnosis shows that the majority of responses are clustered
around the median values, indicating consistency within the dataset.
Our findings suggest that inappropriate selection of cases for
endocrine testing is common among PCVs, potentially contributing to
frequent misdiagnoses. Indeed, a majority of PCVs would consider
performing screening tests to demonstrate hypercortisolism in dogs
lacking consistent clinical signs but in the presence of consistent clini-
copathological abnormalities. Based on the present study, urinalysis
and abdominal ultrasound are consistently performed by only two
thirds of PCVs before conducting endocrine testing. Given the inher-
ent imperfection of endocrine tests for demonstrating hypercortiso-
lism, the consensus among endocrinologists is to conduct these tests
only when clinical signs of Cushing's syndrome are present.* This
approach aims to maximize the diagnostic performance of these tests.
Urinalysis can be a valuable diagnostic tool for refining a pretest suspi-
cion. Additionally, it can help exclude other diseases that might mimic
Cushing's syndrome. Indeed, a urine specific gravity <1.015 was found
in 60% of dogs with Cushing's syndrome in 1 study.?> Another study
reported that non-adrenal illness was much more likely if the urine
specific gravity was >1.030 (17 of 18 dogs [94.4%]) and only
exceeded 1.030 in 1 of 56 (1.8%) dogs with Cushing's syndrome when
in the presence of glucosuria.” Therefore, the presence of concen-
trated urine in the absence of glucosuria decreases the likelihood of
Cushing's syndrome in dogs in which it is initially clinically suspected.
Furthermore, clinicopathology and diagnostic imaging are essential in
ruling out alternative differentials for the presenting clinical signs.
Indeed, false-positive endocrine tests results can occur in the pres-
ence of another systemic disease.? Neglecting to conduct basic clini-
copathology or diagnostic imaging can not only lead to the failure in
identifying a concurrent disease that could explain the clinical signs
but also increases the risk of false positive endocrine test results and,
consequently, erroneous diagnoses. A recent survey reported that
14% of 218 dogs diagnosed with Cushing's syndrome in Flanders and
the Netherlands had no clinical signs before diagnosis.?® Although the
study does not specifically report the proportion of cases where
endocrine testing is conducted without clinical signs, it aligns with the
current survey's findings, indicating that a significant proportion of
PCVs routinely perform endocrine testing even when clinical signs are
absent. The frequency of general blood tests (presumably complete
blood count and biochemistry although this was not further detailed),

urinalysis and abdominal ultrasonography was comparable although
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the Flemish/Dutch did not specify if these tests were performed prior
to or post endocrine testing.

The proportion of PCVs consistently assessing serum biochemis-
try prior to endocrine testing was unexpectedly low. Further analysis
revealed that a significant majority of respondents from all countries
except Italy reported always performing this test before endocrine
testing, whereas only a quarter of ltalian respondents reported the
same. Conversely, about half of Italian respondents reported never
assessing serum biochemistry prior to endocrine testing. The reason
for the discrepancy between lItalian responses and those from other
countries is unclear. It can stem from differing clinical norms. Another
possible explanation could relate to the structure of the survey ques-
tions. In the survey, biochemistry (excluding electrolytes) and electro-
lytes were evaluated as separate entities. According to co-authors
practicing in Italy, including electrolyte measurement in biochemistry
panels is standard practice in this country. Consequently, Italian
respondents might have interpreted the question as probing their
consideration of conducting an incomplete biochemistry. However, it
remains unclear why this discrepancy would have only occurred in
Italy and not in other countries such as France, Portugal, and Ireland,
where electrolyte inclusion is also common practice.

About two thirds of respondents use the same endocrine tests
irrespective of their pretest suspicion, whereas approximately one
third use different screening tests based on their pretest suspicion.
This disparity could reflect 2 different strategies in the investigation
of Cushing's syndrome. One approach involves performing endocrine
testing exclusively in cases with high pretest suspicion guided by the
notion that a positive result in the context of low clinical suspicion
might not sufficiently substantiate a diagnosis of Cushing's syndrome.
An alternative strategy, anecdotally advised, suggests employing tests
with a high sensitivity yet lower specificity when the clinical suspicion
is low, aiming to effectively exclude the condition.'? This is likely the
rationale of PCVs using different tests based on their pretest suspi-
cion. Indeed, tests with higher reported sensitivities such as the UCCR
were particularly used in cases with low pretest suspicion. In contrast,
tests with a higher reported specificity such as the ACTHst are
favored when there is a high pretest suspicion. Nonetheless, diagnos-
tic decision-making of PCVs extends beyond these strategies. Nota-
bly, a majority of PCVs would consider testing dogs without clinical
signs yet most respondents would use the same initial endocrine test.
Furthermore, considering the prevalent acknowledgment of limited
interpretational ability for various test results, it is evident that many
practitioners might not possess exhaustive knowledge of the intrica-
cies and constraints of each diagnostic test. Other possible explana-
tions include clinical experience and comfort levels with different
testing methods, influence of local academic institutions, clinical train-
ing programs and professional organizations, economic considerations
and other owner-related factors such as acceptance of recommended
diagnostic tests.

There appears to be some differences and similarities between
practices among PCVs in the selected European countries and previ-
ously reported practices in the United Kingdom. Notably, the use of
the ACTHSst for demonstration of hypercortisolism appears to be less

common in the European area studied compared to the
United Kingdom.! In the present study, approximately half of PCVs
who consistently use the same screening tests regardless of pretest
suspicion indicated employing the ACTHst, either alone or in combi-
nation with another test. Among respondents who used different
screening tests based on their pretest suspicion, the ACTHst is used
by a minority. In contrast, almost all UK practitioners reportedly
used the ACTHSst in diagnosed cases, alone or in combination with
another test. Although rarely used alone, the UCCR was used by more
than two thirds of PCVs who indicated consistently using a combina-
tion of screening tests in the present study. Additionally, it is com-
monly used when the pretest suspicion is low by those who reported
opting for different tests depending on their pretest suspicion.
Although this level of detail is not provided by the UK study, the
UCCR was used in about one quarter of diagnosed cases, which
reflects that this test is also frequently used in combination with other
tests (such as the ACTHst which was almost consistently used as
noted previously). It is worthwhile mentioning the possibility that
practices vary between different European countries, as suggested by
some of our data (see below comment on UCCR in the Netherlands).
The reason for these differences between practitioners in the
European area of interest and UK practitioners remains unclear. These
discrepancies may be influenced by factors such as differences in pro-
fessional education and training programs, professional networks, or
even economic considerations and vagaries of supply of ACTH. Ulti-
mately, understanding the underlying reasons for these differences
requires performing qualitative research to gather insights from veter-
inarians themselves. Future studies could delve into the motivations,
perceptions, and challenges faced by practitioners in different regions
to provide a more comprehensive understanding of diagnostic prac-
tices in the management of Cushing's syndrome.

Overall, our findings reveal notable difficulties encountered by
PCVs in interpreting the screening test results they commonly employ
for the investigation of Cushing's syndrome. Approximately one third
of respondents who consistently use an ACTHst as a sole initial
screening test indicated that they would not know how to interpret a
result within Rl and another third would typically exclude hypercorti-
solism based on an ACTH-stimulated cortisol concentration within
RI. The ACTHst demonstrates only moderate diagnostic sensitivity
with, notably, lower values (33%-63%) reported in dogs with
ADH.3727-%0 Consequently, relying on a post-ACTH cortisol concen-
tration falling within RI for the purpose of ruling out hypercortisolism
is likely to result in the underdiagnosis of cases, especially in dogs with
ADH. Approximately one third of respondents who consistently use a
LDDST as the sole initial screening test to demonstrate hypercortiso-
lism indicated that they would not know how to interpret a result
within Rl and a quarter would typically find a result within RI insuffi-
cient to exclude hypercortisolism. The LDDST has a consistently
reported high diagnostic sensitivity ranging from 85% to
97%.3>1529.3132 Thys, a result within RI serves as a strong indicator
against hypercortisolism. Unless there exists a considerably height-
ened clinical suspicion, it may be unnecessary to pursue further inves-

tigation of hypercortisolism when such a result is obtained. However,
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the noteworthy proportion of PCVs who do not typically deem a
result within Rl as sufficient evidence to exclude hypercortisolism
might undertake unwarranted follow-up testing in individual cases.
This could potentially result in the misinterpretation of subsequent
test results and consequent misdiagnoses. Among those who consis-
tently use the UCCR as a sole initial screening test, approximately a
quarter acknowledged uncertainty in interpreting results within Rl and
approximately one quarter find a result above the Rl as adequate to
confirm hypercortisolism. It is widely accepted that the diagnostic
sensitivity of the UCCR is high (92%-100%)>%"17 although 1 study
reported a sensitivity of only 75%.2> The diagnostic specificity of the
UCCR is subject to debate, with values ranging from 22% to 85% in
dogs with clinical signs of Cushing's syndrome.®¢"1? A notable obser-
vation has been the distinction in the use of the UCCR between
Dutch academic teams and others. The Dutch team uses the UCCR as
a confirmatory test, whereas it is often otherwise advocated for ruling
out hypercortisolism.%® One study including dogs from primary care
practices and referral centers reported that the UCCR was commonly
used to demonstrate hypercortisolism in the Netherlands and Flan-
ders.2% Although the Dutch respondents constitute a small proportion
of our sample, our data corroborate this distinctive approach in the
Netherlands. Specifically, further analysis of our data revealed that
among the 16 respondents from the Netherlands who consistently
use the same initial screening test, over 90% reported using the
UCCR, either alone or in conjunction with the administration of oral
high dose dexamethasone. In contrast, this proportion is notably lower
for other countries with more than 10 respondents (Portugal 10.9%,
Belgium 9.3%, Spain 8.5%, ltaly 7.9%, France 1.2%). Historically, the
rationale behind this divergence was linked to the use of a cortisol
radioimmunoassay available solely in the Netherlands. This assay
employs anti-cortisol antibodies with minimal cross-reactivity with
cortisol metabolites, theoretically yielding the UCCR a higher diagnos-
tic specificity compared to other assays. However, although assays
have not been compared in the same study, recent studies reported
similar specificities of the UCCR using different assays, when assessed
in an appropriate population,®”'? thus challenging the historical
assumptions regarding assay-related variations in UCCR specificity.
Overall, our findings concerning the interpretation of screening test
results are limited to respondents who consistently use the same
screening tests regardless of their pretest suspicion. However, some
individuals within this group might interpret the results of these tests
differently based on varying pretest suspicions. This aspect was not
explicitly assessed in the questionnaire. As a result, these respondents
may have expressed uncertainty about interpreting the screening
tests they employed. Consequently, our results may have underesti-
mated the confidence of PCVs in interpreting adrenal function test
results.

Approximately one third of PCVs in the selected European coun-
tries do not consistently attempt differentiation when there are no
financial constraints. Furthermore, approximately one fifth never try
to differentiate between PDH and ADH in dogs in which hypercorti-
solism has been demonstrated. This likely affects management strate-
gies and the ability to prognosticate>?*%* because ADH and PDH

American College of
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have different survival times®>3?

and subsequent distinct surgical
approaches.*®#! Based on our results, abdominal ultrasonography*?
and LDDST are the tests most frequently consistently used to differ-
entiate the cause of Cushing's syndrome. Abdominal ultrasonography
is favored likely due to its widespread availability and ease of use.
Additionally, the LDDST is likely popular because of the possibility to
confirm and differentiate in a single test. Although endogenous ACTH,
is the most accurate stand-alone biochemical test for
differentiation,?* it is consistently used by less than 11% of respon-
dents and never used by approximately two thirds of respondents.
Endogenous ACTH measurement requires special sample handling
that might be discouraging. For this reason, other tests easier to per-
form may be initially favored before considering endogenous ACTH
measurement. Advanced imaging is never used by a significant pro-
portion of PCVs. This may reflect the limited availability of these
modalities. Advanced imaging is most beneficial when surgery or radi-
ation therapy is being considered or when investigating cases with
conflicting results from other differentiating tests. As a result, their
use is limited to specific cases, which could also explain the small pro-
portion of PCVs making use of them. Infrequent differentiation was
also reported in the United Kingdom.! An owner survey conducted in
Flanders and the Netherlands, including 218 dogs diagnosed with
Cushing's syndrome, reported that 82% of dogs had undergone differ-
entiation.?® The high proportion of cases undergoing differentiation
could be attributed to the method of respondent selection (owners
recruited through Cushing's syndrome-related social media), poten-
tially selecting a subpopulation more aware of this syndrome and the
importance of differentiation. Additionally, the inclusion of referral
cases and regional specificity may have contributed to this finding.

Our results highlight the infrequent practice among PCVs in the
selected European countries to provide owners with the option of
specialist evaluation and reveal that dogs suspected or affected are
mainly managed in a primary care setting in this European area. Only
approximately 8% of these veterinarians consistently extend the
opportunity for specialist assessment to cases either suspected or
confirmed to have Cushing's syndrome. Conversely, approximately
70% of European PCVs offered referral to <20% of such cases.
Although our study does not delve into the underlying reasons for this
observation, several potential explanations could be considered
including limited awareness among PCVs about the potential benefits
of specialist evaluation for such cases, time and resource constraints
impacting their ability to facilitate specialist referrals, perceived confi-
dence in their own diagnostic abilities and geographical accessibility.
Additionally, some PCVs might hesitate to recommend specialist eval-
uation to owners with perceived financial constraints.

This study had several limitations that warrant consideration.
Notably, the discrepancy between the distribution of number of
responses and number of veterinarians within the same geographical
area. This led to a substantial overrepresentation for Italy and
Portugal. This skewed distribution could potentially introduce bias in
the reported behaviors, favoring Italian and Portuguese veterinary
practices. This overrepresentation might be attributed to a more

effective survey dissemination within these countries. Moreover,
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France, Spain, Belgium, the Netherlands, the Republic of Ireland, and
Switzerland were comparatively underrepresented, potentially diminish-
ing the study's ability to fully capture the diversity of practices across
this geographical area. The obtained sample exhibited a relatively low
proportion of responses from mixed practice veterinarians (less than
6%), implying that the study's findings might be more representative of
behaviors within purely small animal practices. Recruitment methods
could have inadvertently targeted specific subsets of respondents, such
as younger veterinarians or veterinarians actively engaged in continuing
professional development. The voluntary nature of survey participation
introduces the possibility of self-selection bias, where respondents with
a heightened interest or awareness in the topic might have been more
inclined to participate. Consequently, some behaviors could be overrep-
resented in the collected data. Although the survey provided valuable
guantitative insights, it did not delve into qualitative aspects of respon-
dents' decision-making processes. This absence of in-depth qualitative
insights limits our understanding of the underlying motivations and bar-
riers influencing diagnostic choices.

5 | CONCLUSION

This study provides insights into the varied diagnostic approaches
used by PCVs in the assessment of naturally-occurring Cushing's syn-
drome in dogs. A majority of PCVs potentially initiate diagnostic
screening in dogs lacking consistent clinical signs. Furthermore, a sig-
nificant proportion of European PCVs do not consistently perform
crucial tests to enhance pretest suspicion. The study also reveals chal-
lenges faced by PCVs in interpreting the results of the screening tests
they commonly use. Approximately one third of PCVs do not consis-
tently attempt to differentiate between the underlying causes of
Cushing's syndrome, potentially altering treatment strategies and
long-term prognosis. Despite this, referral options to a specialist are
rarely offered to animal owners of suspected or diagnosed cases.
These findings raise concern for frequent misdiagnosis and suboptimal
management of diagnosed cases. These results underscore that there
is room for further education of PCVs in the selected European coun-
tries. Heightened awareness about appropriate case selection, limita-
tions of screening tests and the value of specialist input could
substantially enhance the overall quality of care provided to these

cases.
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