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ABSTRACT

Background: Pituitary pars intermedia dysfunction (PPID), a neurodegenerative disease 
leading to reduced dopamine production, is a common disease in aged horses. The treatment 
is based on administration of the dopamine agonist pergolide. This drug has been related 
to valvular fibrosis in humans, but the cardiovascular effect of this drug has not yet been 
investigated in horses.
Objectives: To determine whether pergolide induces valvular disease in horses or affects the 
cardiac function.
Methods: Standard, tissue Doppler (TDE) and two-dimensional speckle tracking (STE) 
echocardiography were performed in horses with diagnosed PPID based on adrenocorticotropic 
hormone dosage. Measurements taken in horses treated with pergolide were compared with 
those from untreated horses with nonparametric t-tests. Furthermore, measurements from 
follow-up examinations performed at least three months after the initial exam were compared 
with a Wilcoxon signed rank test for repeated measurements in each group.
Results: Twenty-three horses were included. None of the 12 horses under treatment 
developed valvular regurgitation. Furthermore, no differences in the measurements of the 
left ventricular systolic or diastolic function could be seen between the group of horses with 
treatment and those without treatment. Measurements taken in the follow-up exam did not 
differ compared to those taken in the initial exam in both groups.
Conclusions: No changes of the left ventricular function assessed by TDE and STE could be 
shown in a small population of horses with confirmed PPID. Treatment with pergolide did 
not affect the ventricular function nor induce valvular disease.

Keywords: Ultrasonography; heart; horses; equine Cushing syndrome; tissue Doppler 
echocardiography; speckle tracking
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INTRODUCTION

Pituitary pars intermedia dysfunction (PPID) is a common disease in aged horses [1]. 
An increasing number of aged horses in the equine population [2] means that PPID will 
gain in importance. Firstly, PPID has been related to the development of micro- and 
macroadenomas in the pars intermedia [3,4], however, more recent studies have indicated 
that PPID is a neurodegenerative disease leading to reduced dopamine-related inhibition of 
the melanotrope cells in the pars intermedia [3,4]. As a result, more melanotrope hormones, 
such as pro-opiomelanocortinm are synthetized and, subsequently, cleaving products, such 
as the adrenocorticotropic and α-melanocyte-stimulating hormone or the β-endorphin-
related peptide are secreted in higher amounts and their concentration in the blood increases 
[3,4]. Therefore, the main treatment strategy relies on the administration of a dopamine 
agonist, such as pergolide [3-5].

However, the administration of pergolide in human medicine has been related to fibrotic 
lesions at the atrio-ventricular valves [6-9]. A second mechanism of action of pergolide 
has been proposed in further investigation. The stimulation of the serotonin receptor 
5-hydroxytryptamine receptor 2B (5-HT2B) by pergolide could lead to the proliferation of 
fibroblasts in the valvular tissue [9,10]. In addition, patients with Cushing's syndrome have 
shown altered myocardial function. The peak E myocardial velocity and the E/A ratio were 
particularly reduced, while the peak S myocardial velocity, the A myocardial velocity and the 
isovolumetric relaxation were not altered [11,12]. However, a reduced peak E myocardial 
velocity in another study was accompanied by an increased A myocardial velocity and fibrosis 
in the myocardium [13]. Moreover, a positive correlation between the serum cortisol level and 
the E/A ratio and a negative correlation between the serum cortisol and peak S myocardial 
velocity, E myocardial velocity and the ejection fraction has been shown in patients with 
Cushing's syndrome [12].

Studies on cardiac function in horses with PPID are lacking in equine medicine. Therefore, 
the aim of the present preliminary study was to report the cardiac function of horses with 
PPID by using the tissue Doppler technique. Our hypothesis was that horses under treatment 
with the dopamine agonist pergolide would have fewer changes in cardiac function over time 
than those without treatment. Furthermore, we hypothesized that treatment with pergolide 
would lead to the development of valvular diseases via the effect on local serotonin receptors.

MATERIALS AND METHODS

Animals
Patients presented at the equine hospital of the Freie University Berlin between August 
2014 and October 2015 were included in the study. Inclusion criteria were that the horses 
had been diagnosed with PPID based on blood adrenocorticotropic hormone (ACTH) 
concentration prior to the inclusion and had a complete echocardiographic exam performed 
that showed that the horse was free of cardiovascular diseases, including absence of relevant 
valvular regurgitation. The study population was composed of 23 animals of different breeds 
(Warmbloods, n = 6; Shetland ponies, n = 6; other pony breeds, n = 2; light saddle horses, n 
= 2; Haflinger, n = 2; Arabian cross, n = 1; Islandic horses, n = 1; Trakehner, n = 1; Welsh-Mix, 
n = 1; and Norwegian, n = 1). The history and clinical exam of each horse was reviewed. The 
clinical signs in relation to PPID [4,14] were then classified to obtain a PPID score (PPIDs; 
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Table 1) [15]. Points from 0 to 3 points were assigned for each of the clinical signs depending 
on their severity. If the sum was ≤ 3.5, the horses were classified as PPIDs 1; if the sum was > 
3.5, the horses were classified as PPIDs 2.

The presence of acute laminitis was excluded based on the findings of the clinical exam. In 
addition, sex was recorded and the study population was classified as females (F) and males 
(M), including geldings and stallions. Age was categorized as ≤ 23 years old (group middle-
aged, MA), between 24 and 26 years old (group old, O) and ≥ 27 year of age (group very old, VO).

The population was divided in 2 groups according to the German Equestrian Federation 
guidelines [16]: Horses with a wither height ≤ 148 cm were ponies (breed 1, BR1), and larger 
horses were classified as breed 2 (BR2).

Whether the horses were in therapy was also recorded. When the horses received the 
dopamine agonist pergolide at the time of inclusion in the study, they were assessed in the 
treatment (T) group, and when the horses received no pergolide, they were assessed in the 
no treatment (NT) group. Whether the horse had any other treatment for the PPID diagnosed 
was additionally recorded.

The demographic data and categorization of the population studied are shown in Table 2.

A follow-up echocardiography (EchCG) performed after at least three months was available 
for 14 horses.

Ethical approval
The blood samples taken for the ACTH dosage were part of the clinical work-up to diagnose 
PPID. They were preformed prior to the inclusion in the study and performed according 
to standard protocols at our hospital. The EchCG was performed to verify normal valvular 
function prior to the administration of long-term pergolide treatment or to exclude 
valvular fibroses under pergolide treatment. Therefore, all exams were done with a clinical 
indication and according to the German law, and not classified as an animal experiments 
by the State Office of Health and Social Affairs (Landesamt für Gesundheit und Soziales) Berlin. 
Owners' verbal consent to involve their horses in the study was obtained during the 
admission process at the hospital.
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Table 1. Clinical signs with the assigned points considered to form the PPID scores
Clinical signs Points accorded to form the PPIDs

Absent Light Moderate Severe
Hypertrichosis 0 0.5 1 1.5 2 2.5 3
Hyperhidrosis 0 0.5 1 1.5 2 2.5 3
Reduced exercise capacity 0 0.5 1 1.5 2 2.5 3
Apathy 0 0.5 1 1.5 2 2.5 3
Polyuria/polydipsia 0 1 (if present)
Muscular atrophy 0 0.5 1 1.5 2 2.5 3
Sway back 0 0.5 1 1.5 2 2.5 3
Abdominal fat distribution 0 0.5 1 1.5 2 2.5 3
Weight loss 0 0.5 1 1.5 2 2.5 3
Laminitis 0 0.5 1 1.5 2 2.5 3
PPIDs, pituitary pars intermedia dysfunction score.



EchCG
The complete EchCG including two-dimensional, M-mode and color flow Doppler images 
[17-20] was performed with a portable ultrasound system (Vivid I; GE Healthcare GmbH, 
Germany) and a phased array transducer utilizing the frequency form 1.7/3.4 MHz with 
activated octave harmonics. Cineloops were stored and analyzed offline with EchoPac PC 
Software (Version 110.1.1; GE Healthcare GmbH).

The echocardiographic exam also included tissue Doppler echocardiography (TDE) on a 
right-sided short axis view at a level just below the mitral valve and a minimum of three 
heart cycles were recorded for each measurement [21-23]. The sampling gate for the pulsed-
wave TDE (pw-TDE) was placed subendothelial during diastole either in the interventricular 
septum (IVS) or in the left ventricular free wall (LFW) and recordings were stored with a time 
velocity scale from −20 to + 20 cm/s. The sector width and the imaging depth of the views 
were individually adapted to achieve a frame rate of 40–80 frames per second. The color TDE 
(c-TDE) measurement was performed on an additional three heart cycles on the same image 
plan and a resolution of 4 kHz. Two-dimensional speckle tracking echocardiography (STE) 
was performed offline on a two-dimensional echocardiographic image of the right-sided 
short axis view at a level just below the mitral valve, as described previously [21,23,24]. A 
simultaneous EchCG was recorded for each EchCG, and the measurements of radial strain 
and strain rate were averaged over three cycles.

Statistical analyses
The statistical analyses were performed with commercially available software (Microsoft Excel 
2016 Ink.; Microsoft Corporation, USA; SPSS Statistics, version 24.0.0; IBM Deutschland 
GmbH, Germany; GraphPad Prism, version 5.01; GraphPad Software, USA).

The normal distribution of data was checked by assessing histograms, boxplots, kurtosis 
and skewness, and by applying the Shapiro-Wilk test. Age, wither height and body weight 
showed a normal distribution and were reported with mean ± SD and range. However, 
several data in the TDE and SET did not meet the criteria for normal distribution and 
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Table 2. Demographic data of the population studied including the 23 horses without preexisting heart diseases
Variables Values
Age (years) ± SD (range) 24.6 ± 3.6 (19–30)

Number of horses ≤ 23 years old (MA) 9
Number of horses 24–26 years old (O) 5
Number of horses ≥ 27 years old (VO) 9

Body weight (kg) ± SD (range) 380.4 ± 180.7 (128.9–735)
Wither height (cm) ± SD (range) 144.0 ± 27.17 (98–184)

Number of horses < 148 cm (BR1) 13
Number of horses > 148 cm (BR2) 10

Sex
Number of Females (F) 9
Number of Males (M) 14

PPIDs
Number of horses in group PPIDs 1 11

-With pergolide treatment 6
-Without treatment 5

Number of horses in group PPIDs 2 12
-With pergolide treatment 6
-Without treatment 6

BR, breed; F, females, M, males; MA, middle-aged; O, old, PPIDs, pituitary pars intermedia dysfunction score; VO, 
very old.



these results are reported as median and interquartile range. Furthermore, due to the low 
number of horses included, no effort was made to transform the data and a nonparametric 
approach was chosen for analyses. Results are reported as median with interquartile range. 
Differences between groups were compared with a Mann-Whitney U test and when more 
than 2 groups, were compared with a Kruskal-Wallis test with the Dunn's correction for 
multiple comparisons. A Wilcoxon signed rank test for repeated measurements was used 
for comparison between initial and follow-up exams. A univariable regression analysis was 
performed for variables that showed a statically significant difference between the groups.

Equal distribution in sex, breed, age and PPIDs in the T horses in comparison to the NT ones 
was assessed by a Fisher's exact test.

The statistical significance level was defined as p ≤ 0.05.

RESULTS

The initial two-dimensional, M-mode and color Doppler echocardiographic exam revealed 
that these horses had no abnormal echocardiographic findings or in 2 cases, narrow 
regurgitation jets visible during a minor part of the cardiac cycle and, therefore, prejudged 
clinically irrelevant [25,26].

There were 12 horses that were under treatment at the time of inclusion (pergolide once a day 
in the mean dosage of 2.8 µg/kg, range 0.5–7.7µg/kg, mean duration of treatment 1 year and 
7 months, range between 14 day and 6 years) and 11 had no treatment. None of the horses 
had another treatment for PPID. The Fisher's exact test did not identify any statistically 
significant differences in the distribution of sex (F and M, p > 0.99), breeds (BR1 and BR2, p 
= 0.68) or PPIDs (PPIDs 1 and PPIDs 2, p > 0.99) between the T and NT horses. However, the 
age distribution in the treatment groups was not homogenous (Fisher's exact test, p = 0.02) 
and young horses were overrepresented in the group with treatment, whereas older horses 
appeared to be treated less often (Table 3).

Initial exam
Regarding the TDE measurements, the isovolumetric contraction and the isovolumetric 
relaxation of the IVS and LFW were not analyzed because measurement could not be recorded 
with enough quality. The analyses, therefore, included the systolic (S) myocardial velocity, 
and the early (E) and late (A) diastolic myocardial velocity of the IVS and LWF.

The Mann–Whitney U tests did not reveal any statistically significant differences in the pw- or 
the c-TDE measurements of the S myocardial velocity (p = 0.14 and p = 0.69, respectively), E 
myocardial velocity (p = 0.76 and p = 0.74, respectively), A myocardial velocity (p = 0.55 and p = 
0.14, respectively) or the E/A ratio (p = 0.97 and p = 0.12, respectively) for measurement of the 
LWF when comparing T with NT horses. Regarding the measurements of the IVS, there were 
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Table 3. Distribution in the age groups of horses with treatment and without treatment
Groups ≤ 23 years (MA) 24–26 years (O) ≥ 27 years (VO)
With pergolide treatment 8 (67%) 1 (8%) 3 (25%)
Without treatment 1 (9%) 4 (36%) 6 (55%)
MA, middle-aged; O, old; VO, very old.



similarly no statistically significant differences in all c-TDE measurements (S myocardial velocity, 
p = 0.78; E myocardial velocity, p = 0.56; A myocardial velocity, p = 0.14; E/A ratio, p = 0.18) and for 
S myocardial velocity (p = 0.55) and E myocardial velocity (p = 0.92) measurements in pw-TDE. 
However, T horses had significantly higher A myocardial velocity (p = 0.04) and subsequently 
also lower E/A ratio (p = 0.03) than NT horses (Fig. 1, Supplementary Tables 1 and 2).

The univariable regression analyses could not confirm any influence of age (p = 0.36 and p = 
0.56) or treatment (p = 0.15 and p = 0.09) on pw-TDE A myocardial velocity and pw-TDE E/A 
ratio, respectively

Regarding the STE, none of the measurements taken (i.e., radial strain, or strain rate 
[SR] of the S myocardial velocity, E myocardial velocity and A myocardial velocity) in the 
anterioseptal and the posterior wall segments showed statistically significant differences in 
the Mann-Whitney U test between the T and the NT horses (anterioseptal segment:radial 
strain p = 0.89, SR S myocardial velocity p = 0.69, SR E myocardial velocity p = 0.78, SR 
A myocardial velocity p = 0.22, posterior segment:radial strain p = 0.48, SR S myocardial 
velocity p = 0.31, SR E myocardial velocity p = 0.06, SR A myocardial velocity p = 0.21) 
(Supplementary Table 3).

Follow-up exam
Nine T horses were available for the follow-up exam and five NT horses. The average follow-
up period (minimum to maximum) for the T horses was 5.3 months (3–8 months) and 6.8 
months (6–7 months) for the NT horses. None of the horses had developed a heart murmur 
over time.

Regarding the nine T horses available in the follow-up exam, the Wilcoxon signed rank test 
showed no statistically significant difference between measurements taken in the initial 
exam and those in the follow-up exam in any of the pw-TDE (S myocardial velocity in the LFW 
p = 0.68 and in the IVS p = 0.40; E myocardial velocity in the LFW p = 0.23 and in the IVS p = 
0.47; A myocardial velocity in the LFW p = 0.95 and in the IVS p = 0.40; E/A ratio in the LFW 
p = 0.38) or c-TDE measurements (S myocardial velocity in the IVS p = 0.31; E myocardial 
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Fig. 1. pw-TDE and c-TDE measurements of the diastolic left ventricular function in horses treated with pergolide (T) and without treatment (NT) reported as 
scatter dot blots with median with interquartile range. 
pw-TDE, pulsed-wave tissue Doppler echocardiography; c-TDE, color tissue Doppler echocardiography; T, treatment; NT, no treatment; IVS, interventricular 
septum; LFW, left ventricular free wall; IE, initial exam; FE, follow-up exam. 
The dashed line represents the reference range established for a similar population [39], *p value < 0.05 in the Mann-Whitney U test.



velocity in the LFW p = 0.05 and in the IVS p = 0.20, A myocardial velocity in the LFW p = 0.20 
and in the IVS p = 0.20, E/A ratio in the LFW p = 0.45 and in the IVS p = 0.05), except for the 
pw-TDE E/A ratio (p = 0.04) in the IVS and the c-TDE S myocardial velocity (p = 0.04) in the 
LFW. The pw TDE E/A ratio in the IVS was higher in the follow-up exam than in the initial 
exam (Fig. 2, Supplementary Tables 5 and 6) and the c-TDE S myocardial velocity in the LFW 
was lower in the follow-up exam (median, 6.65; interquartile range, 6.24–8.42) in comparison 
to the initial exam (median, 6.74; interquartile range, 5.44–8.07).

Similarly, there was no statistically significant difference in the SET measurements between 
the initial exam and the fellow-up exam for the anteriorseptal (radial strain p = 0.25, SR S 
myocardial velocity p = 0.06, SR E myocardial velocity p = 0.16, and SR A myocardial velocity p 
= 0.64) or the posterior wall segment (radial strain p = 0.10, SR E myocardial velocity p = 0.31, 
and SR A myocardial velocity p = 0.25), with the exception of the SR S wave in the posterior 
wall (p = 0.02) (Fig. 3, Supplementary Table 4).

Regarding the 5 NT horses that were available for a follow-up exam, there were no 
statistically significant differences seen in any of the pw-TDE, c-TDE or STE measurements 
(Supplementary Tables 3-6).
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Fig. 2. The pw-TDE and c-TDE measurements of the diastolic left ventricular function in horses treated with pergolide at the IE and at the FE reported as before-
after blots. 
pw-TDE, pulsed-wave tissue Doppler echocardiography; c-TDE, color tissue Doppler echocardiography; IE, initial exam; FE, follow-up exam; IVS, interventricular 
septum; LFW, left ventricular free wall. 
The dashed line represents the reference range established for a similar population [39], *p value < 0.05 in the Wilcoxon signed rank test for repeated measurements.
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DISCUSSION

The main result of our small orientation study was that treatment with pergolide of a duration 
between 3 and 8 months in a horse population with confirmed PPID did not seem to affect 
the left ventricular function assessed by TDE and STE. Furthermore, none of the horses 
developed valvular regurgitation in the observation period.

In human medicine a reduced diastolic function indicated by a reduced E myocardial 
velocity, reduce E/A ration has been related to higher cortisol levels in Cushing syndrome 
[11,12,27,28]. In addition to a reduced peak E myocardial velocity, an increased A myocardial 
velocity was seen in another human study [13]. This effect could not be shown in our study 
population because the NT horses did not show any change in the E myocardial velocity 
or A myocardial velocity over the follow-up period. There might be many explanations for 
this discrepancy. In addition to the low number of horses in this group, the duration of 
the disease prior to inclusion was heterogenous in our study population. Furthermore, the 
follow-up period was rather short and might not have been sufficient to make the effect 
become visible. Therefore, our result should be considered as preliminary.

The treatment with pergolide showed few effects on the ventricular function in our study 
population. The T horses showed a significantly higher A myocardial velocity in the IVS and, 
subsequently, a higher E/A ratio than NT horses, even if the regression analyses did not allow 
us to confirm this association. Moreover, the SR of the S myocardial velocity in the posterior 
segment was higher in the follow-up exam than in the initial treatment in T horses. These 
effects seemed to be largely related to outliers in the population as the effects were no longer 
visible when excluding these outliers. Therefore, further studies are needed with a larger 
more homogenous population to make definitive conclusions.

Furthermore, younger horses received a treatment more often than older horses. The 
inhomogeneous distribution of ages could have affected our results as a reduced diastolic 
function with compensatory increased A myocardial velocity with advancing ages has been 
reported in horses [22,24,29] and in humans [30,31]. However, the regression analyses did 
not show an effect of age on A myocardial velocity or E/A ratio. All horses included were over 
19 years of age and were, therefore, already aged. Therefore, an effect of age might have been 
reduced because the age of the groups was too similar.

The absence of effect seen in our study could also possibly be related to the fact that only 
short axis echocardiographic views were available for analyses. Therefore, only radial 
movements were assessed. Analyses were focused on the anterioseptal and the posterior 
wall segment in the STE due to quality issues in some of the views. Therefore, assessing all 
segments and the inclusion of longitudinal measurements would have allowed us to assess 
the complex movement of the heart more in detail. Such longitudinal measurements are 
available in STE as has been recently shown [32-34], but are technically not feasible for TDE in 
horse [35-37]. Concerning the TDE, rapid movement, such as the isovolumetric contraction 
and relaxation, are difficult to measure in horses [35,36,38] because the frame rate is often 
limited when high image depth is needed, for example, in EchCG in horses. Consequently, 
these measures were not assessed in the present study.

A further limitation of the study is the low number of horses included at initial exam, 
but even more for the follow-up exam. Furthermore, the population included was quite 
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heterogenous regarding breeds. Outliers have much more effect in such a small heterogenous 
population and this affected our results. Therefore, studies with a larger population are 
needed before drawing any further conclusions. In addition, a control group representing a 
similar population in age and breed without PPID should be included in future studies.

The duration of the treatment was not homogenous at the initial exam and the follow-up 
period was quite short. Therefore, the treatment period might not have been long enough to 
show a measurable effect and studies with longer follow-up periods are needed. In addition, 
there were very few horses in the follow-up exam that were not in treatment and this further 
reduced the effect that might have been seen in this group.

Lastly, even if the diagnosis of PPID had been confirmed in all horses by a previously 
measured increased ACTH blood concentration, there was no other effort made to exclude 
equine metabolic syndrome than to judge the level of adiposities of the horses at initial 
exam and to exclude horses that showed obvious fat depots that could be a sign of an 
equine metabolic syndrome. Additionally, the ACTH concentration was not checked under 
treatment to verify that the dosage was effective and, thus, we cannot exclude that an effect 
on the left ventricular function could appear at a higher dosage.

Finally, technical difficulties with TDE and STE could have influenced our results.

In conclusion, no changes of the left ventricular function assessed by TDE and STE could be 
shown in a small population of horses with confirmed PPID under treatment with pergolide. 
The administration of pergolide did not seem to induce valvular changes over an observation 
period of 5.3 months. However, the results of our studies should be considered as preliminary 
due to the limitations mentioned and further studies are needed especially with a larger 
population and longer follow-up period.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
pw-TDE measurements in horses treated with pergolide (T) and without treatment (NT) 
compared with a Mann-Whitney U test

Click here to view

Supplementary Table 2
c-TDE measurements in horses treated with pergolide (T) and without treatment (NT) 
compared with a Mann-Whitney U test

Click here to view

Supplementary Table 3
Two-dimensional STE measurements obtained in horses that received NT and in horses 
treated with pergolide (T) compared with a Mann Whitney U test

Click here to view
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Supplementary Table 4
Two-dimensional STE measurements obtained during the IE and in the FE, compared with a 
Wilcoxon signed rank test for repeated measurements

Click here to view

Supplementary Table 5
pw-TDE measurements at IE and at the FE in horses that received no treatment and in 
horses treated with pergolide, compared with a Wilcoxon signed rank test for repeated 
measurements

Click here to view

Supplementary Table 6
c-TDE measurements at IE and at the FE in horses that received no treatment and in 
horses treated with pergolide, compared with a Wilcoxon signed rank test for repeated 
measurements

Click here to view
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