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Abstract A literature review was conducted to assess risk
of cardiac valve regurgitation (CVR) associated with use of
ergot-derived and non-ergot dopamine agonists (DAs) in
patients with Parkinson’s disease (PD). Inclusion criteria:
case-control/observational studies of >10 patients with PD
treated with DAs, including a control group and assessment
of incidence/risk of CVR. Of the 166 publications identi-
fied, 14 met all inclusion criteria and included 1,750
patients. In 11 of the studies, a significant increase in CVR
frequency of any severity (at the aortic, mitral or tricuspid
valve) in the ergot group vs. the non-ergot or control group
was described. No study reported increased risk of CVR for
non-ergot DAs, compared with controls. In the studies
identified in the literature, the use of ergot-derived DAs
(pergolide and cabergoline) in patients with PD was asso-
ciated with increased risk of CVR. Increased risk of CVR
was not associated with the use of non-ergot DAs.
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Introduction

Parkinson’s disease (PD) is a chronic progressive neuro-
logical disorder. For many years, levodopa (L-dopa) has
been the first-line treatment for PD due to the fact that it is
well tolerated and provides rapid onset of symptom relief
(Cotzias et al. 1967). L-dopa treatment, however, may also
be associated with motor fluctuations, dyskinesia and
psychosis (Marsden and Parkes 1977; Nutt 1990; Obeso
et al. 1989). Current therapeutic strategies rely on the use
of L-dopa and/or dopamine agonists (DAs) to compensate
for the dopaminergic deficit in patients with PD (Miyasaki
et al. 2002; Pahwa et al. 2006). DAs provide symptomatic
relief of PD symptoms, with a reduced incidence of motor
complications, compared with L-dopa (Holloway et al.
2004; Rascol et al. 2000; Schwarz 2003), and may be given
as monotherapy in early stage PD (Adler et al. 1997;
Clarke and Guttman 2002; Rascol et al. 2000) or as
adjunctive treatment to L-dopa in more advanced PD
(Brunt et al. 2002; Lieberman et al. 1997, 1998; Mizuno
et al. 2003).

Dopamine agonists may be ergot-derived, such as per-
golide, cabergoline and bromocriptine. Pergolide and
cabergoline have been reported to be potent 5-HT,p-
receptor agonists, whereas bromocriptine potently blocks
5-HT,g receptors (Newman-Tancredi et al. 2002). The
non-ergot-derived DAs ropinirole and pramipexole are
non- or less-potent 5-HT,g-receptor agonists, and have
demonstrated less affinity for 5-HT,g-receptors (Millan
et al. 2002).

There have been several reports of cardiac valve
regurgitation (CVR) in patients with migraine treated with
ergot-derived methysergide and ergotamine (Bana et al.
1974; Hendrikx et al. 1996; Redfield et al. 1992; Wilke
et al. 1997), and in patients treated with the appetite
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suppressants fenfluramine and dexfenfluramine (Connolly
et al. 1997; Jollis et al. 2000). Initial reports of CVR in
patients with PD were described as fibrotic complications
in patients treated with bromocriptine (Serratrice et al.
2002). In addition, there have been numerous reports of
CVR in patients treated with pergolide, which, although
approved for the treatment of PD in Europe and the USA,
has recently been voluntarily withdrawn from the market in
the USA due to the risk of valvular heart disease (Baseman
et al. 2004; Corvol et al. 2007; Dewey et al. 2007; Flowers
et al. 2003; Horvath et al. 2004; Junghanns et al. 2007,
Kenangil et al. 2007; Kim et al. 2006; Peralta et al. 2006;
Pritchett et al. 2002; Schade et al. 2007; Van Camp et al.
2003, 2004; Waller et al. 2005; Yamamoto et al. 20006;
Zanettini et al. 2007). More recently, there have been
growing concerns over the use of cabergoline (approved for
the treatment of PD in Europe and for the treatment of
hyperprolactinaemia in the USA), due to cardiovascular
adverse events similar to those reported for pergolide
(Horvath et al. 2004; Junghanns et al. 2007; Kenangil et al.
2007; Peralta et al. 2006; Pinero et al. 2005; Schade et al.
2007; Yamamoto et al. 2006; Zanettini et al. 2007).

The aim of this paper is to summarize and compare
available published literature on the frequency of CVR in
patients with PD being treated with ergot-derived and non-
ergot-derived DAs. As randomized controlled trials to test
the risk of an adverse event such as CVR would not be ethical;
all of these reports are case reports or case-control studies.

Materials and methods
Identification of all studies

A systematic search was performed on electronic publication
databases including PubMed, Medline, BioMed Central,
Web of Science and the Cochrane Library, (as well as the
bibliographies of reviews identified during the search), and
clinical trial registries using both the generic and brand
names for pergolide (Permax®; Valeant Pharmaceuticals
International, CA, USA), cabergoline (Dostinex®; Pfizer,
NY, USA), ropinirole (REQUIP®; GlaxoSmithKline,
Brentford, UK), pramipexole (Mirapex®; Boehringer In-
gelheim GmbH, Ingelheim, Germany) bromocriptine
(Parlodel®; Novartis Pharmaceuticals AG, Basel, Switzer-
land), piribedil (Trivasta1®; Servier, Neuilly-sur-Seine,
France), lisuride (Dopergin®; Schering AG, Berlin, Ger-
many) and rotigotine (Neupro®; Schwarz Pharma AG,
Monheim, Germany). The search term used was ‘dopamine
agonists’ AND ‘fibrosis” OR ‘valvular heart disease’ OR
‘valvulopathy’. Individual searches were also performed for
each individual agonist to ensure that no citations were
missed. The search included publications up to and including
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December 2007 and no lower date limit was applied. Papers
in a foreign language were included, provided there was an
English abstract and all other criteria were met.

Screening and evaluation of studies

Studies included in the literature review were case-control
or observational in nature and included ten or more patients
per group. A group was defined as patients receiving ergot
DA:s, those receiving non-ergot DAs or the control group.
Each study must have had an active DA treatment group
and a control group untreated with a DA or treated with a
different agonist. Untreated patients may have been
patients with PD or healthy, untreated controls. Studies for
inclusion must have assessed the incidence, odds or risk of
fibrosis, valvular heart disease or cardiac valvulopathy, as
confirmed by echocardiography, and have included patients
aged over 18 years, with PD of any duration.

Abstracts that did not meet inclusion criteria were
eliminated and case reports of fibrosis, valvular heart dis-
ease or valvulopathy without a control group were
excluded. The studies included were reviewed and agreed
upon by the author group.

Data extraction

Once the studies were chosen, information regarding
patient populations, treatments and outcomes were col-
lated. For each study the number of patients per treatment
group, gender and mean ages were extracted, along with
the type of current treatment received by each patient and
whether or not previous treatment with DAs was specified.
Average daily dose, cumulative dose, duration of treatment
and duration of disease were also noted. In addition, the
number or proportion of patients who experienced an event
of aortic, mitral or tricuspid regurgitation or any event of
regurgitation, and any associated calculation of risk [e.g.
odds ratio (OR)] and P-value, if calculated, were recorded.
Mitral tenting area (defined as the area between the systolic
coaptation point of the mitral leaflets and the mitral
annulus by echocardiography) was also measured in some
of the studies. The mitral tenting area in restrictive valvular
heart disease is a measure of the intensity of the retraction
of the mitral valve towards the apex due to the restrictive
valvulopathy.

Results
Literature review

Using the term ‘dopamine agonists’ and ‘fibrosis’ or ‘val-
vular heart disease’ or ‘valvulopathy’, 166 publications



Valvular heart disease associated with dopamine agonists in Parkinson’s disease 181

were identified. Of these, 43 publications were written in a
language other than English (with no English abstract), 36
were not relevant to the analysis, 16 had no abstract
available, 13 were comments or letters, 19 were reviews,
25 were case studies of fewer than ten patients and none
was a randomized controlled trial. No further publications
were identified when the terms ‘pergolide’, ‘cabergoline’,
‘bromocriptine’, ‘ropinirole’ or ‘pramipexole’ were used in
place of ‘dopamine agonists’, and no publications were
identified with the DAs lisuride, piribedil and rotigotine. In
all, 14 citations were relevant according to the inclusion
criteria and were included in the descriptive review. All
were case-control or observational studies (Baseman et al.
2004; Corvol et al. 2007; Dewey et al. 2007; Dhawan et al.
2005; Junghanns et al. 2007; Kenangil et al. 2007; Kim
et al. 2006; Peralta et al. 2006; Ruzicka et al. 2007; Schade
et al. 2007; Van Camp et al. 2004; Waller et al. 2005;
Yamamoto et al. 2006; Zanettini et al. 2007). The indi-
vidual studies are described below. For each study the
demographic and treatment details are shown in Table 1,
and the proportions of patients with CVR in individual
valves and/or any valve are presented in Table 2.

Corvol et al. (2007) reported an observational study of
146 patients with PD. Of these, 86 patients treated with
pergolide for at least 3 months and 47 patients in the non-
pergolide group underwent two-dimensional echocardiog-
raphy. The severity of CVR was assessed in the aortic,
mitral and tricuspid valves.

Moderate-to-severe CVR in at least one heart valve was
seen in 15 (17.4%) patients in the pergolide-treated group
compared with two patients (4.3%) in the control group
[OR 4.75; 95% confidence intervals (CI) 1.02, 22.1;
P = 0.03). In addition, analysis of individual valves dem-
onstrated significantly higher moderate-to-severe CVR in
the tricuspid valve in the pergolide group, compared with
the non-pergolide group. Moderate-to-severe CVR was
found in multiple valves in four pergolide-treated patients
and no patients in the non-pergolide group. Higher cumu-
lative doses were observed in patients with multiple valve
regurgitation (P < 0.05). Furthermore, the presence of a
thickened or restrictive valve was associated with the
cumulative dose of pergolide (P = 0.02).

Dewey et al. (2007) conducted a case-control study in
72 patients receiving DAs for PD (n = 70) or Restless Legs
Syndrome (RLS; n = 2). Patients treated with pergolide
(n =36) were compared with controls who had been
treated with a non-ergot DA (ropinirole or pramipexole)
and who were matched by age, sex, diagnosis and lifetime
dose of agonist (n = 36). All patients underwent transtho-
racic echocardiographic evaluation and the degree of CVR
was assessed. A significant difference in mean valve scores
was reported for aortic (P = 0.01), mitral (P < 0.01) and
tricuspid (P < 0.001) valves, demonstrating a significantly

increase in CVR in the pergolide group, compared with the
non-ergot DA groups.

Kenangil et al. (2007) evaluated the effect of ergot-
derived DAs on CVR in patients with PD. Frequency of
CVR was assessed by transthoracic echocardiography in 46
patients who had been taking pergolide, cabergoline or a
combination of the two for a minimum of 1 year (n = 46)
vs. age-matched healthy controls (n = 46). A significant
association was found between moderate CVR and the use
of pergolide and/or cabergoline (aortic CVR, P = 0.021;
mitral CVR P = 0.005; tricuspid CVR, P = 0.021). Mild
CVR was also significantly more common in this group vs.
the healthy controls (P = 0.013). In addition, significantly
more degeneration and calcification of the mitral and aortic
valves were observed in the ergot DA group, compared
with the healthy controls (P < 0.05). The frequency of
CVR did not differ between the group of patients taking
either pergolide or cabergoline and those patients taking
both agonists.

Zanettini et al. (2007) performed a transthoracic echo-
cardiographic prevalence study in 245 patients taking DAs
for PD. The relative risk of CVR of any valve, as well as in
the individual aortic, mitral and tricuspid valves, was
estimated in patients treated with the ergot DAs, pergolide
(n = 64) and cabergoline (n = 49), and the non-ergot DAs
ropinirole (n = 6) and pramipexole (n = 36), as well as in
healthy controls (n = 90).

An increased frequency of moderate-to-severe CVR
(grade 3 or 4 where CVR was measured on a scale of 0—4)
was reported with both pergolide, (15/64 patients; 23%)
and cabergoline (14/49; 29%), compared with non-ergot
DAs (0/42) or controls (5/90; 6%). The proportion of
patients with CVR in the pergolide group was significantly
increased, vs. the control group, for mitral CVR, relative
risk 6.3 (P =0.008) and aortic CVR, relative risk 4.2
(P =0.01), but not for tricuspid CVR, relative risk 5.6
(P = 0.16). The proportion of patients with CVR in the
cabergoline group was significantly increased, vs. controls
for aortic CVR, relative risk 7.3 (P < 0.001), but not for
mitral CVR, relative risk 4.6 (P = 0.09) or tricuspid CVR,
relative risk 5.5 (P = 0.12). The risk of CVR with non-
ergot DAs was similar to that for healthy controls. In
addition, a positive association was found between the
increased risk of CVR and patients who had received
higher cumulative doses of pergolide or cabergoline.

Leaflet thickening of any valve was found in 17/64
(27%) of patients in the pergolide group and 8/49 (16%) of
patients in the cabergoline group. No cases of leaflet
thickening were reported in the non-ergot or control
groups. Furthermore, the mitral tenting areas in the per-
golide, cabergoline and non-ergot groups (pramipexole and
ropinirole) were significantly higher than in the control
group. In the ergot group, the mitral tenting area changed
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Table 2 Frequency of cardiac valvular regurgitation (CVR) in patients in the 14 studies included in the literature review and summary of reported findings
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0/18

15/78 (19)

6/78 (8)

20/78 (26)

5/46 (11) 7/46 (15)

7/78 (9)

Any

Van Camp et al. (2004)
Baseman et al. (2004)
Waller et al. (2005)
Kim et al. (2006)
Peralta et al. (2006)

1/46 (2)

9/46 (20)

2/46 (4)

15/46 (33)
Moderate/severe  7/55 (13)

Moderate/severe
Mild

9/63 (14)

13/55 (24)

5/63 (8)

6/55 (11)

3/63 (5)

7/55 (13)

5/63 (8)

0/20

5/58 (9)

0/20

5/58 (9)

3/33 (10)*  6/49 (12)

15/42 (36)
30/82 (37)

Moderate/severe

15/85 (18)

4/16 (25)

3/16 (19) 8/85 (9)
0/19

14/82 (17)
3/12 (25)

2/16 (13) 5/85 (6)  6/82 (7) 1/16 (6) 6/85 (7)
7/113 (6)

17/82 (21)
8/12 (67)

Yamamoto et al. (2006) Moderate/severe

Schade et al. (2007)

17/19 (89)
2/90 (2)
0/38

4/19 (21) 9/12 (75)

Any

5/90 (6)

29/113 (26) 0/42

1/90 (1)

0/42

14/113 (12) 0/42

7/49 (14)

21/113 (19) 0/42 3/90 (3)
0/38

Moderate/severe

Zanettini et al. (2007)
Junghanns et al. (2007)

Dhawan et al. (2005)
Dewey et al. (2007)

1/36 (3)

0/36

6/49 (12)

Moderate/severe

3/234 (1)

Any

11/36 (31) 28/36 (78)  5/36 (14)
7 (15)

27136 (75)
9 (20)

5/36 (14)

14/36 (39)
7 (15)

Any

1)

12
0/47

1)

Moderate

Kenangil et al. (2007)
Corvol et al. (2007)

2/47 (4)

1/47 (2) 8/86 (9) 15/86 (18)

7/86 (8)

1/47 (2)

Moderate/severe  5/86 (6)

Mild

13/36 (36)

40/90 (45)a

Ruzicka et al. (2007)

# Percentages as reported in the published study

significantly with increasing grade of mitral regurgitation
(P = 0.003).

Schade et al. (2007) conducted a nested case-control
study on a cohort of 31 patients diagnosed with CVR from
a population of over 11,000 patients from the UK General
Practice Research Database who had been prescribed anti-
PD drugs between 1988 and 2005 (Schade et al. 2007). For
each patient with a recorded diagnosis of CVR, records of
patient examination, echocardiogram and heart catheteri-
zation were assessed. Of the 31 patients, six had received
treatment with pergolide, six with cabergoline and 19 with
no DA.

Compared with patients who had not received a DA, an
increased risk of CVR of any severity was reported for
both pergolide (incidence rate ratio 7.1) and cabergoline
(incidence rate ratio 4.9). The risk of CVR in the non-DA
control group was similar to that for healthy controls
(incidence rate ratio 1.0).

The risk of CVR with both pergolide and cabergoline
increased with cumulative doses of more than 3 mg
(adjusted incidence rate ratio 37.1 and 50.3, respectively),
and with a treatment duration of over 6 months (adjusted
incidence rate ratio 9.8 and 7.8, respectively).

Junghanns et al. conducted a retrospective, two-dimen-
sional, transthoracic echocardiographic study in patients
with PD taking DAs (Junghanns et al. 2007). The fre-
quency of valvular heart disease was then determined. The
study assessed 123 patients who were treated with pergo-
lide (n = 25), cabergoline (n = 24), ropinirole (n = 13), or
pramipexole (n = 23) or were healthy controls (n = 38).

A significantly increased frequency of moderate valvu-
lar heart disease (grade 2, where CVR was measured on
scale of 0-3) was reported with ergot DAs (11/49 patients;
22%) vs. non-ergot DAs (1/36; 3%) vs. controls (0 patients)
(P =0.001). In contrast, the risk of CVR with non-ergot
DAs was reported as being similar to that for healthy
controls.

No correlation was found between echocardiogram
findings and cumulative dose or treatment duration. Simi-
larly, no correlation was found between the mitral and
aortic valve tenting distances, and areas and grade of CVR
or vascular heart disease score. Moreover, no relevant
association of tenting parameters with treatment status was
observed.

Peralta et al. (2006) compared the frequency of CVR in
75 patients with PD treated with pergolide (n = 29), ca-
bergoline (n = 13), ropinirole (n =8) or pramipexole
(n = 25) with 49 control patients without PD by transtho-
racic echocardiography.

A greater proportion of patients had CVR of grade 2-3
(where CVR was scored on a scale of 1-3) in the pergolide
group (9/29 patients; 31%) and the cabergoline group (6/
13; reported as 47%), than the non-ergot group (3/33;
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reported as 10%) or the age-matched controls (6/49;
reported as 13%). A significantly increased risk of
moderate-to-severe CVR was reported with pergolide
vs. controls (P =0.04) and cabergoline vs. controls
(P = 0.013). The frequency of moderate-to-severe CVR in
the non-ergot DA group vs. controls was not statistically
significant (P = 0.47). The study reported that the risk of
CVR was not associated with cumulative dose or treatment
duration.

Leaflet thickening of the mitral and tricuspid valves was
observed in one patient in the pergolide group, one patient
in the cabergoline group and no patients in the non-ergot
DA or control groups. Mitral tenting distances and areas
were not reported.

Yamamoto et al. (2006) conducted a case-control study
using transthoracic echocardiography to determine the
frequency of CVR in 210 patients with PD treated with and
without DAs. Patients treated with pergolide (n = 66), ca-
bergoline (n = 16) or pramipexole (n = 16) were assessed,
along with a group of patients who had previously been
treated with an ergot-derived DA (treatment discontinued
at least 6 months prior to the study; n = 27) and control
patients with PD who had never been treated with a DA
(n = 85).

A statistically significant increase in the frequency of
moderate-to-severe CVR (grade 2 or 3 on a scale of 0-3)
was reported in patients treated with cabergoline (11/16
patients; 69%) vs. controls (15/85; 18%; P < 0.001). The
proportion of patients with moderate-to-severe CVR was
19/66 (29%) for the pergolide group, and 4/16 (25%) for
the pramipexole group, although these proportions were
not significant vs. the control group. The odds of experi-
encing dopamine-agonist-related valvular abnormalities
was significantly higher in the cabergoline group (adjusted
OR: 12.96; 95% CI: 3.59-46.85) than in the pergolide
group (adjusted OR: 2.18; 95% CI: 0.90-5.30), the pram-
ipexole group (adjusted OR 1.62; 95% CI 0.45-5.87) or the
group previously treated with ergot DAs (adjusted OR
1.26; 95% CI 0.40-4.02). Interestingly, the proportion of
patients with CVR who had previously received treatment
with an ergot DA (6/27; 22%) was not statistically signif-
icantly different from the proportion of patients with CVR
in the control group (15/85; 18%).

The risk of CVR was associated with cumulative dose
and duration of treatment with cabergoline (P < 0.05),
although no further information was available on the past-
treated group. No significant difference was reported,
however, among the pergolide, cabergoline or pramipexole
groups, or the group previously treated with ergot DAs in
terms of valvular calcification and thickness.

Waller et al. (2005) performed a retrospective study of
patient records between 1998 and 2003 by electronically
searching for the presence of the word ‘pergolide’ and the

presence of a two-dimensional echocardiogram. The
majority of the patients in this study (64%) were receiving
treatment for RLS and 29% were receiving treatment for PD.

In total, 118 patients were included in the study; 55 in
the pergolide group and 63 who had not taken pergolide
prior to undergoing an echocardiogram (the control group).

A significantly increased frequency of CVR of the aortic
valve of any degree of severity or frequency was reported
with pergolide (25/55 patients; 45%) vs. control (13/63;
21%) P = 0.006; however, no significant difference in the
frequency of moderate-to-severe CVR at the mitral (7/55;
13% vs. 3/63; 5%), aortic (7/55; 13% vs. 5/63; 8%) or
tricuspid (6/55; 11% vs. 5/63; 8%) valves was reported
with pergolide vs. control (P =0.19, P=0.55 and
P = 0.75, respectively).

The study reported evidence of an association between
higher daily doses of pergolide and moderate-to-severe
CVR (P = 0.05). Moreover, it was noted that patients in
this study were taking relatively low doses of pergolide; the
median daily dose was 0.71 mg/day, although one patient
who was receiving 16 mg/day pergolide did have severe
CVR. No apparent association between the duration of
treatment and the presence of moderate-to-severe CVR was
reported.

Van Camp et al. (2004) evaluated 96 patients with PD
using transthoracic echocardiography to determine the
frequency, severity, dose-dependency and reversibility of
pergolide-induced CVR. The pergolide group contained 78
patients; 26 of these were receiving at least 5 mg/day
pergolide and 52 patients were receiving less than 5 mg/
day pergolide. The control group comprised 18 patients
who were being treated with non-ergot DAs.

A significantly increased risk of CVR was reported with
pergolide vs. controls, for any severity of CVR [pergolide,
26/78 patients (33%) vs. controls, 0 patients; P = 0.0025].
The risk of moderate-to-severe CVR (of any valve), how-
ever, was not found to be significantly different [15/78
patients (19%) vs. O patients; P = 0.066].

A higher frequency of moderate-to-severe CVR was
reported in patients who were receiving high doses of
pergolide [>5 mg/day, 11/26 (42%)] than in those receiv-
ing low doses of pergolide [<5 mg/day, 15/52 (29%)] and
the effects of pergolide treatment were shown to be
reversible in two patients in whom the drug was stopped.

Tenting distances and areas were measured, and a sig-
nificant correlation was recorded between cumulative
doses of pergolide and the tenting areas of the mitral valves
(r=0.412; P = 0.017).

Baseman et al. (2004) reviewed the clinical database of
the Clinical Center for Movement Disorders at the Uni-
versity of Texas Southwestern Medical School to identify
patients believed to be taking pergolide (Baseman et al.
2004). All patients were being treated for PD, with the
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exception of three who had RLS. In total, 46 patients being
treated with pergolide who agreed to undergo echocardi-
ography were included in the study. Descriptive terms for
the degree of regurgitation observed were converted to
numerical values. These scores for CVR for this group of
patients were then compared with those from an age-mat-
ched control group derived from the Framingham study
(n = 46) (Singh et al. 1999).

The Baseman study reported that 41/46 (89%) patients
treated with pergolide had some degree of valvular
insufficiency. The risk of abnormal CVR (aortic CVR >
trace severity, mitral CVR > mild severity and tricuspid
CVR > mild severity) with pergolide vs. controls at indi-
vidual valves increased two- to threefold, which was
statistically significant (P < 0.03). In addition, the signif-
icant risk of concerning CVR (aortic CVR > mild severity,
mitral CVR > moderate severity and tricuspid CVR >
moderate severity) increased fourfold in the aortic valve
(P =0.04) and 14-fold in the tricuspid valve (P = 0.02).
There was a threefold higher risk of concerning CVR in the
mitral valve (P = 0.12), but this was not significant. Valve
thickening was noted in 15 patients; however, the presence
of one or more thickened valves was not associated with
lifetime pergolide ingestion.

Kim et al. (2006) performed a two-dimensional echo-
cardiographic study on selected patients from an outpatient
clinic (n = 58) with probable PD who were taking ergot-
derived DAs. Patients taking pergolide (n = 36) or bro-
mocriptine (n = 22) were compared with age-matched
healthy controls (n = 20).

The study reported a non-significant increased fre-
quency of CVR of any severity in the pergolide and
bromocriptine groups, compared with healthy controls. The
mean dose of pergolide in this study was 1.1 mg, and it was
noted that patients in this study were on much lower doses
of pergolide than in some other studies. One patient with
mild CVR, however, who was on a higher dose of pergo-
lide (4.4 mg/day) and one patient on a low dose (2.5 mg/
day) had severe multiple CVR. The daily dose of pergolide
was found to correlate with the tenting area of the mitral
valve (r = 0.385; P = 0.020).

Dhawan et al. (2005) retrospectively reviewed data from
three UK centers for 234 patients with PD treated with
cabergoline to identify symptoms suggestive of pleuro-
pulmonary, cardiac or retroperitoneal fibrosis. Of the 243
patients, 15 (6%) were identified with symptoms sugges-
tive of respiratory or cardiac fibrosis, although only three
cases were found to be possibly associated with fibrotic
side-effects.

Ruzicka et al. (2007) reported mild mitral regurgitation
in 40 out of 90 (45%) patients with PD and in 13 out of 36
controls. In one patient only, moderate mitral regurgitation
was seen. There was no correlation between the current or
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cumulative dose of pergolide and tenting area and tenting
distance on echocardiography. The mean pergolide dose
was however relatively low at 2.9 £ 0.75 mg/day.

Summary of the literature review

Eleven of the 13 studies found a significant increase in the
frequency of CVR of any severity in the ergot DA group,
compared with the non-ergot group or controls (Baseman
et al. 2004; Corvol et al. 2007; Dewey et al. 2007
Junghanns et al. 2007; Kenangil et al. 2007; Peralta et al.
2006; Schade et al. 2007; Van Camp et al. 2004; Waller
et al. 2005; Yamamoto et al. 2006; Zanettini et al. 2007).
One paper reported a non-significant increase in the fre-
quency of CVR of any severity in the ergot DA group,
compared with healthy controls (Kim et al. 2006). Another
paper, a retrospective evaluation of 234 patients who had
taken an ergot-derived DA (cabergoline), found 15 sus-
pected cases of CVR and only three with probable CVR,
suggesting a low risk of fibrotic side-effects in patients
with PD (Dhawan et al. 2005).

An increased risk of CVR with cabergoline treatment
was reported in five of the 13 studies (Junghanns et al.
2007; Peralta et al. 2006; Schade et al. 2007; Yamamoto
et al. 2006; Zanettini et al. 2007) and, in four of these
studies, the increased risk was statistically significant
(Peralta et al. 2006; Schade et al. 2007; Yamamoto et al.
2006; Zanettini et al. 2007). These studies also found a
similar risk with pergolide (Junghanns et al. 2007; Peralta
et al. 2006; Schade et al. 2007; Zanettini et al. 2007), with
the exception of the Yamamoto study (Yamamoto et al.
2006). Although the mean daily dose of pergolide for the
latter study was lower (1.4 mg/day) than in the other
studies (between 2.8 and 3.2 mg/day). The Kenangil study
reported an increased risk of CVR with pergolide or ca-
bergoline, or a combination of the two agonists, although
the relative risk of the two agents was not discussed (Ke-
nangil et al. 2007). Five additional studies reported an
increased risk of CVR with pergolide treatment (cabergo-
line was not assessed in these five studies) (Baseman et al.
2004; Corvol et al. 2007; Dewey et al. 2007; Van Camp
et al. 2004; Waller et al. 2005). No study reported an
increased risk of CVR with non-ergot DAs vs. controls.

In several of the studies, mitral tenting distances and
areas were assessed, although results were inconsistent. A
correlation between pergolide dose and the tenting area of
the mitral valve was reported in two of the studies (Kim
et al. 2006; Van Camp et al. 2004). In contrast, no corre-
lation was found between the mitral valve tenting distance
or area and risk of CVR in the Junghanns study (Junghanns
et al. 2007). Corvol et al. (2007) reported significantly
thickened or restrictive valves in pergolide-treated patients
with moderate-to-severe CVR. An increase in leaflet
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thickening in the pergolide and cabergoline groups was
observed by Zanettini et al. (2007). This study also reported
a significantly greater mitral tenting area in the non-ergot
DA group, compared with healthy controls, albeit similar to
patients with trace or mild CVR. It is suggested that
although this may be caused by a weak agonist effect on
serotonin receptors, it is not sufficient to cause CVR (Za-
nettini et al. 2007). Similarly, leaflet thickening was noted
in one patient taking pergolide and another taking caberg-
oline in another study (Peralta et al. 2006). No difference
among pergolide, cabergoline or pramipexole was noted in
valvular calcification or thickness by Yamamoto et al.
(2006). Although thickened valves were noted in several
patients by Baseman et al. (2004), this was not associated
with lifetime pergolide ingestion.

Analysis of the risk of moderate-to-severe CVR

At the outset of this review, a meta-analysis was planned
on a subset of studies that specifically reported moderate-
to-severe CVR of any valve. Moreover, the inclusion cri-
teria and methodology of the literature search were
designed with a meta-analysis in mind. There were too few
studies published that met the criteria for inclusion in a
meta-analysis, however, and those studies available had
methodologies too disparate to draw any reliable conclu-
sions. Although most of the studies quantitatively assessed
CVR as mild, moderate or severe, the grading of CVR was
subjective in several cases, resulting in possible inter-study
and inter-cardiologist variability (Antonini and Poewe
2007). When investigating the incidence of CVR in
patients, this may be confounded by the presence of some
form of degenerative valvular disease that also induces
CVR. For example, echocardiography should exclude
ischemic cardiomyopathy, a frequent cause of restrictive
mitral valve disease, also leading to increased tenting areas
and distances. Similarly, other diseases such as rheumatic
valvular heart disease must also be excluded. In only one of
the studies was ischemic cardiomyopathy carefully exclu-
ded (Van Camp et al. 2004). These limitations were
partially considered in some of the other studies, in which
tenting area and/or distances for the mitral valve were
measured (Baseman et al. 2004; Corvol et al. 2007
Junghanns et al. 2007; Kenangil et al. 2007; Kim et al.
2006; Yamamoto et al. 2006; Zanettini et al. 2007).

Discussion

Incidence and outcomes with other ergot-derived drugs

A systematic review of the available data found an
increased risk of CVR in patients with PD being treated

with ergot-derived DAs, compared with those treated with
non-ergot derived DAs or controls. Furthermore, this
increased risk was reported with both cabergoline and
pergolide therapy. This is in agreement with numerous
reports of CVR in patients treated with pergolide (Flowers
et al. 2003; Horvath et al. 2004; Pritchett et al. 2002; Van
Camp et al. 2003) and with increasing concern over the use
of cabergoline for the treatment of PD, due to similar
reported adverse events (Horvath et al. 2004; Pinero et al.
2005).

The occurrence of CVR in patients treated with DAs is
similar to events reported in patients treated for migraine
with ergot-derived methysergide and ergotamine (Bana
et al. 1974; Hendrikx et al. 1996; Redfield et al. 1992;
Wilke et al. 1997) and in patients treated with the appetite
suppressants fenfluramine and dexfenfluramine (Connolly
et al. 1997; Jollis et al. 2000). Moreover, in many of the
papers reviewed, similar incidences of CVR in patients
taking appetite suppressants were noted (Baseman et al.
2004; Junghanns et al. 2007; Van Camp et al. 2004; Za-
nettini et al. 2007). Only one paper reported a lower
incidence of CVR than previously reported with fenflura-
mine and phenteramine (Waller et al. 2005), but as already
mentioned, the doses of pergolide used in this study were
lower than in the other studies. These agents are ergot-
derived and, similar to pergolide and cabergoline, have
been found to have a higher pronounced agonist affinity to
5-HT,g receptors than the non-ergot DAs ropinirole or
pramipexole (Newman-Tancredi et al. 2002).

Methodological differences among dopamine
agonist studies in PD

The level of detail given for patient demographics, study
design and outcome measures varied considerably among
the studies. Echocardiography was used to assess the level
of CVR in all studies except one (Schade et al. 2007). In
this study, patient records were retrospectively reviewed;
echocardiograms may have been available for some
patients, but not for all. Where echocardiograms were not
available, the presence of CVR was assessed by clinical
records and heart catheterization (Schade et al. 2007).

In the majority of studies, patients were excluded if they
had a history of CVR or other related conditions. In the
Dhawan et al. (2005) and Waller et al. (2005) studies,
patient records were retrospectively reviewed, but patients
were not excluded based on previous history or echocar-
diographically-detected abnormalities unrelated to drug-
induced CVR. In three of the studies, no information on
exclusion criteria was available (Baseman et al. 2004,
Dewey et al. 2007; Peralta et al. 2006). In all studies,
echocardiograms were not available prior to treatment with
a DA. Some of the studies used healthy individuals in the
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control group, others used patients with PD with no history
of CVR, while historical controls were used in one study.

Although an echocardiogram was used to measure CVR
in most of the studies, the way that CVR was scored varied
between studies. The majority of studies used a semi-
quantitative measure of valve disease based on recom-
mendations by the American Society of Echocardiography
(Zoghbi et al. 2003), which defines valve regurgitation as
absent, 0; trace, 1; mild, 2; moderate, 3; and severe, 4. This
scale was interpreted differently by different groups,
however, for example in some studies, grades ranged from
0 to 3, in which case a grade of 2 or 3 indicated moderate-
to-severe CVR, and lower grades were used to define
absent/trace/mild regurgitation. In other studies, grades
ranged from 1 to 3 or 1 to 4. Grades of moderate-to-severe
CVR were considered ‘abnormal’ and thus clinically rele-
vant. Some studies reported CVR of any severity, whereas
others only reported moderate-to-severe CVR. The out-
comes reported also varied among studies; in some cases
the incidence of CVR was reported for each of the aortic,
mitral and tricuspid valves, as well as CVR of any valve. In
contrast, some studies only reported CVR at some/all
individual valves or only CVR of any valve. Although in
some of the early publications it appeared that the tricuspid
valve was more affected than the mitral or aortic valve
(Horvath et al. 2004; Pritchett et al. 2002), impairment of
any valve has been reported alone or in combination in the
majority of studies.

Despite these limitations, all studies reported an
increased incidence of CVR in patients treated with ergot
DAs. In the majority of studies, the risk of CVR signifi-
cantly increased with ergot DAs, compared with non-ergot
DAs or controls.

Ergot vs. non-ergot dopamine agonists

As summarized in the results, 11 of the 13 studies found a
significant increase in the frequency of CVR of any
severity in the ergot DA group, compared with the non-
ergot group (Baseman et al. 2004; Corvol et al. 2007,
Dewey et al. 2007; Junghanns et al. 2007; Kenangil et al.
2007; Peralta et al. 2006; Schade et al. 2007; Van Camp
et al. 2004; Waller et al. 2005; Yamamoto et al. 2006;
Zanettini et al. 2007). The doses of pergolide used across
the different studies varied; one paper reported a non-sig-
nificant increase in the frequency of CVR of any severity in
the ergot DA group, compared with the control group (Kim
et al. 2006), but also reported a lower mean dose of per-
golide in the study population (1.1 mg/day) in comparison
to other published studies (1.8-3.2 mg/day), which may
account for the apparently lower risk reported. Another
study also reported lower daily doses of pergolide (mean
dose 1.4 mg/day) suggesting a possible explanation for the
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lower risk of CVR found in this study in the pergolide
group (Yamamoto et al. 2006). The median dose of per-
golide in the Waller et al. (2005) study, was also low
(0.71 mg/day), although this is perhaps not surprising as
64% of the patients in this study were receiving pergolide
treatment for RLS, in which case a lower dose of DA was
appropriate, compared with patients with PD. This study
did, however, report an increased risk of aortic CVR.

In contrast, cabergoline mean doses were similar across
all the studies reviewed (3.6—4.0 mg/day) and similar
increased risks of CVR were reported with the exception of
one study, in which a retrospective evaluation of patients
treated with cabergoline found 15 suspected cases of CVR
and only three with probable CVR, suggesting a low risk of
fibrotic side-effects (Dhawan et al. 2005).

An association between cumulative dose and the risk of
CVR was reported in five of the studies (Corvol et al. 2007,
Schade et al. 2007; Van Camp et al. 2004; Yamamoto et al.
2006; Zanettini et al. 2007). A similar association was not
demonstrated in the Waller et al. (2005) study, although
patients in this study were on lower median daily doses of
pergolide. In addition, two of the studies reported an
association between the increased risk of CVR and the
duration of treatment (Schade et al. 2007; Yamamoto et al.
2006). In the five studies that reported the duration of
treatment for both pergolide and cabergoline, the mean
duration of treatment with pergolide was 1.5 to 2.6 times
longer than that for cabergoline. Despite a shorter duration
of treatment, the risk of CVR was as high in the cabergo-
line group as in the pergolide group. To determine if
the patients in the different groups were exposed to a
similar dose of DA, the following dosage equivalents
have been suggested: 1.0 mg pergolide = 4.0 mg caberg-
oline = 1.0 mg pramipexole = 4.0 mg ropinirole (Grosset
et al. 2004). Taking these equivalents into consideration,
the relative dose of cabergoline received by patients in
these studies may be considered higher than the pergolide
dose.

Long-term outcomes for patients treated
with ergot-derived dopamine agonists

There have been reports that the side-effects of ergot-
derived agents may be reversible if therapy is stopped and
an alternative non-ergot therapy is sought. Van Camp et al.
(2004) reported reversibility of CVR in two of six patients
in whom pergolide was discontinued. Similarly, revers-
ibility of CVR with pergolide was reported by Calomne
et al. (2004). A reduction in the frequency of CVR over
time after the discontinuation of dexfenfluramine has also
been reported (Shively et al. 1999). Furthermore, the
reported frequency of CVR in a group of patients who
had been treated with an ergot DA in the past was not
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significantly different from the control group, who had
received no treatment with a DA (Yamamoto et al. 2006).

Further studies

Since this literature review was conducted, there has been a
further report of CVR in patients treated with cabergoline
(Yamashiro et al. 2008). The frequency of CVR was
assessed in patients with PD taking low-dose DAs.
Transthoracic echocardiographs were analyzed in 527
consecutive patients (448 patients treated with DAs and 79
age-matched controls who had never been treated with a
DA). The frequency of CVR of the aortic valve was sig-
nificantly higher in the cabergoline group (14%) compared
with the control group (3%) (P < 0.05). Relative risk was
significantly higher in patients treated with higher daily
doses (P =0.0007) and higher cumulative doses
(P = 0.0006). No statistical difference was identified in the
frequency of the tricuspid and mitral CVR. None of the
other DA groups, including pergolide, gave higher fre-
quency or higher OR compared with the controls. None of
the patients showed severe regurgitation.

Implications of prescribing dopamine agonists
in patients with PD

The original intention of this review was to include a
meta-analysis of the studies reporting clinically significant
moderate-to-severe total CVR, however, this would have
been inappropriate for several reasons. Randomized con-
trolled trials to test the risk of an adverse event would not
be ethical, a prospective study to compare the risks among
different DAs will not be carried out and, therefore,
studies available for analysis are limited to observational
or case-control studies. Guidelines for the reporting and
evaluation of meta-analyses of observational studies have
been assembled by an expert panel (Stroup et al. 2000),
but it has also been noted that potential bias may exist in
observational studies, in terms of publication, location and
inclusion (Egger and Smith 1998). The diversity of study
design, patient population and outcome measures also
make meta-analysis of such studies challenging (Stroup
et al. 2000). Although for this study, strict inclusion cri-
teria were defined a priori and every effort was made to
obtain as many published studies as possible in this area,
there were too few studies published that met the inclu-
sion criteria and those studies available had methodologies
too disparate to draw any reliable conclusions from a
subsequent meta-analysis. Furthermore, it has been
reported that a meta-analysis based on a small number of
studies should often be taken as inconclusive, regardless
of the significance of the result (Davey Smith and Egger
1998).

Although a meta-analysis of the current literature seems
scientifically inappropriate, the review of the published
literature permits us to conclude that the symptomatic
treatment of PD with ergot-derived DAs can lead to val-
vular heart disease. The frequency of CVR observed with
ergot-derived DAs is not low, and is seen far more fre-
quently than previously presumed, a frequency comparable
to that observed with appetite-suppressant drugs. Indeed,
fibrosis is a known side-effect when taking a drug with an
ergotaminic structure on a regular basis and, due to safety
concerns such as the development of fibrotic complica-
tions, pergolide was voluntarily withdrawn from the US
market by the manufacturer in March 2007.

No significant statistical correlation was observed
between the use of non-ergot-derived DAs and CVR,
suggesting less risk of CVR with non-ergot-derived DAs
than with ergot-derived DAs. These results should be
interpreted with caution, however, as the number of
patients taking non-ergot DAs included in these studies is
low. Although current literature suggests that the risks of
CVR with ergot-derived DAs may be dose-dependent and
sometimes reversible, alternate treatment options, such as
non-ergot DAs are available. Non-ergot DAs are now,
together with L-dopa, the cornerstones of the symptomatic
medical treatment of PD, due to their efficacy and favor-
able adverse event profile. In Europe, cabergoline and
pergolide are now indicated as second-line therapy in
patients who are intolerant or fail treatment with a non-
ergot DA, accompanied by regular clinical and echocar-
diographic monitoring. However, further research in this
field is needed; we still know little of the natural history of
valvular heart disease in a large cohort of patients with PD,
or whether patients with PD are pre-disposed to degener-
ative CVR as compared with age-matched controls. Animal
studies can further enhance our knowledge in this field.
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