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ABSTRACT ]

BACKGROUND
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tion was assessed according to American Society of Echocardiography recommen- N Engl) Med 2007;356:39-46.
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dations. The mitral-valve tenting area was also measured and used as a quantitative
index for leaflet stiffening and apical displacement of leaflet coaptation.

METHODS

RESULTS
Clinically important regurgitation (moderate to severe, grade 3 to 4) in any valve
was found with significantly greater frequency in patients taking pergolide (23.4%)
or cabergoline (28.6%) but not in patients taking non—ergot-derived dopamine ago-
nists (0%), as compared with control subjects (5.6%). The relative risk for moder-
ate or severe valve regurgitation in the pergolide group was 6.3 for mitral regurgita-
tion (P=0.008), 4.2 for aortic regurgitation (P=0.01), and 5.6 for tricuspid regurgitation
(P=0.16); corresponding relative risks in the cabergoline group were 4.6 (P=0.09),
7.3 (P<0.001), and 5.5 (P=0.12). The mean mitral tenting area was significantly great-
er in ergot-treated patients and showed a linear relationship with the severity of mi- |
tral regurgitation. Patients treated with ergot derivatives who had grade 3 to0 4 re- i
gurgitation of any valve had received a significantly higher mean cumulative dose of i X
]z

pergolide or cabergoline than had patients with lower grades.

CONCLUSIONS

The frequency of clinically important valve regurgitation was significantly in-
creased in patients taking pergolide or cabergoline, but not in patients taking non-
ergot-derived dopamine agonists, as compared with contro! subjects. These findings
should be considered in evaluating the risk—benefit ratio of treatment with ergot
derivatives.
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" EVERAL STUDIES AND CASE REPORTS
R, strongly support a causal relationship be-
s’ tween the occurrence of drug-induced “re-

strictive” valvular heart disease and treatment
with pergolide, an ergot-derived dopamine recep-
tor agonist mainly used to treat Parkinson’s dis-
ease.® More specifically, pergolide may induce
fibrotic changes in valve leaflets and in the mi-
tral subvalvular apparatus, causing thickening, re-
traction, and stiffening of valves and resulting in
incomplete leaflet coaptation and valve regurgi-
tation. .

Valvular heart damage has also been reported
with the ergot-derived dopamine agonists bro-
mocriptine and cabergoline.>” This is impor-
tant, since cabergoline is widely prescribed in
many countries for Parkinson's disease and, at low
Furthermore, although non-ergot-derived dopa-
mine agonists may represent a valid alternative
for the treatment of Parkinson’s disease, their
safety with regard to fibratic reactions has been
questioned.5?

The valvular abnormalities seen with ergot-
derived dopamine agonists are similar to those
observed in patients receiving antimigraine ergot
alkaloid agents (such as ergotamine and methy-
sergide) or the anorectic drugs fenfluramine and
dexfenfluramine. These abnormalities also closely
resemble carcinoid-related valvulopathjes.?0-12

It has been proposed that the valvular dam-
age induced by these agents may be mediated
by the serotoninergic system. All the implicated
drugs have been shown to have high affinivy for,
and to be full or partial agonists of, the serotonin
(5-hydroxytryptamine [5-HT]) receptor subtype
5-HT,,, which is expressed in heart valves and is
lknown to mediate mitogenesis.***5 Proliferation
of fibroblasts may therefore occur within valve
tissue when the S-HT,, receptor is stimulated.

To assess the prevalence of valvular disease in
patients treated with ergot-derived dopamine ago-
nists, we performed echocardiography in a large
representative sample of patients with Parkinson’s
disease who were treated with pergolide, caber-
goline, or non-ergot-derived dopamine agonists
and in a group of control subjects without Par-
Kinson's disease. We evaluated the severity of re-
gurgitation for the mitral, aortic, and tricuspid
valves, as well as the degree of deformity of the
mitral-valve apparatus.

METHODS

SUBJECTS
We recruited a convenience sample of patients
from a large cohort of subjects atrending the out-
patient service of the Parkinson Institute in our
hospital in Milan. All patients who were seen con-
secutively for an office visit between January and
June 2005 and who met eligibility criteria were
asked to participate. The study was approved by
our hospital ethics committee; every patient and
control-subject gave specific written informed
consent.

The patients were subdivided into three groups.
In the pergolide group were patients who had
been taking pergolide for at least 12 months and
had never been treated with cabergoline or with

o ,,,doses,,for,ftheft,reatment—roF—rhyperprolactinemiaf*non=ergoFderived’dop’a’mine agonists. The caber-

goline group consisted of patients who had been
taling cabergoline for at least 12 months and had
never been treated with pergolide or with non—
ergot-derived dopamine agonists. Patients in the
“non-ergot” group had been taking non—ergot-
derived dopamine agonists (pramipexole or ropin-
irole) for at least 12 months and had never been
treated with ergot-derived agonists.

Clinical exclusion criteria were a history of
cardiac valvular abnormalities and previous use
of anorectic drugs or other ergot-derived drugs.
Echocardiographic exclusion criteria were valve
calcification, valve regurgitation associated with
annular dilatation or excessive leaflet motion, and
mitral regurgitation associated with left ventricu-
lar wall-motion abnormalities or left ventricular
dilatation.

Control subjects were recruited from among
relatives of the patients or acquaintances of the
medical staff or were selected from a group of
patients referred to our echocardiography labora-
tory for arterial hypertension or for fitness evalu-
ation before participation in sports. None of the
control subjects had Parkinson’s disease or had
ever been treated with dopamine agonists or ano-
rectic drugs. Exclusion criteria were the same as
for patients with Parkinson’s disease. Control sub-
Jects and patients were matched according to sex
and age (one control subject for every two patients
for each sex; the age for all control subjects was
within 5 years of the mean age of the patient
group). Hypertensive patients were recruited to
reproduce in the control group the same frequen-
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cy of hypertension found in the entire patient
group.

ECHOCARDIOGRAPHY

All enrolled patients and control subjects under-
wenta complete transthoracic echocardiograph-
ic examination. All echocardiograms were per-
formed with the same equipment (Acuson Sequoia,
Siemnens) by two experienced echocardiographers
who were unaware of the treatment status of the
patients; patients and physicians were instructed
not to discuss the medication history of the pa-
tients. Special attention was given to the mor-
phologic study of the mitral, aortic, and tricuspid
valves. Echocardiographic and Doppler data for
patients and contro! subjects were stared on opti-
cal disks for off-line analysis and were interpret-
ed independently and in blinded fashion by the

Figure 1. Mitral Tenting Area.

The mitral tenting area (dotted triangle) is shown from
the parasternal long-axis view at end systole. The dou-
ble-headed arrow shows the aortic root (AR). AL de-

nates anterior mitral leaflet, AV aortic valve, IVS inter-

two sonographers.

All semiquantitative and quantitative mea-
surements for quantification of regurgitant valve
disease were made according to recommenda-
tions of the American Society of Echecardiog-
raphy.*® Valve regurgitation was defined and
quantified as follows: absent, 0; trace, 1; mild,
2; moderate, 3; severe, 4. If one of the two readers
differed from the other by one grade, the higher
rating was assigned; no rating differences greater
than one grade were found in our study. To evalu-
ate the global risk of regurgitant valve disease,
we also used a composite scoring systern derived
from the sum of mitral, aortic, and tricuspid
scores (value range of the composite score, 0 to
12; higher scores indicare more severe disease).
Abnormal leaflet or cusp thickening was judged
to be present when the thickness, local or wide-
spread, was more than 5 mm.

To create a quantitative index for leaflet stiff
ening and apical displacement of mitral leaflet
coaptation, we measured the mitral-valve tenting
area as previously described in a study on the val-
vular effects of pergolide?; this measurement has
been used mainly for the evaluation of mitral re-
gurgitation in ischemic heart disease.2”® The
mitral tenting area was obtained from the para-
sternal long-axis view and was measured as the
area enclosed between the annular plane and the
mitral leaflets at end systole (Fig. 1). Stiffening of
the leaflets and their displacement toward the apex
cause an increase in this area and result in incom-
plete leaflet coaptation and valve regurgitation.

LV left ventricle, MVA mitral-valve apparatus, P poste-
rior mitral leaflet, and RV right ventricle.

To derive systolic pulmonary-artery pressure,
we calculated the tricuspid-valve pressure gradi-
ent from the tricuspid regurgitant jet velocity. We
then increased the gradient by S mm Hg if the
diameter of the inferior vena cava was less than
10 mm with complete respiratory collapse, by 15
mm Hg if the diameter of the inferior vena cava
was more than 20 mm without respiratory varia-
tion, and by 10 mm Hg in intermediate cases.!®

STATISTICAL ANALYSIS

Values are given as means +SD. We tested diffec-
ences between the groups of patients and the
controls for contnuous variables with an unpaired
Student's t-test or Mann~Whitney test according
to the characteristics of the data distribution. We
tested differences for categorical variables with
the chi-square test; we used the chi-square test
for trend to assess a linear trend for the increas-
ing degree of valve regurgitation. Relative risks
for moderate or severe mirral, aortic, and tricus-
pid regurgitation were calculated for the pergolide
and cabergoline groups as compared with the coa-
trol group.

We analyzed the relarionship between regur-
gitation grade and the mitral tenting area, using
analysis of variance; we used linear contrasts to
assess for changes in the mean values with in-
creasing degree of mitral regurgitation. We used
regression analysis to assess the relationship
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between cumulative dose and compaosite score. diabetes, and coronary heart disease were simi-
Statistical analysis was carried out using SPSS lar in each group of patients and in the control
software. For all analyses, a value of P<0.05 was group. The mean body-mass index and the mean

considered to indicate statistical significance. systolic and diastolic blood pressure in each group
of patients were not significantly different from

RESULTS those in the control group. The mean duration of

Parkinson’s disease was significantly higher in the

STUDY POPULATION pergolide group than in either the cabergoline

During enrollment, we screened 180 patients for group (P<0.001) or the group taking non-ergot-
whom a review of their records showed that they derived dopamine agonists (P=0.02); the difference
met the requirement for consistent use of a single between the non-ergot group and the cabergoline
drug for Parkinson's disease. Five were excluded group was not significant. The mean duration
for a history of cardiac valvulopathy preceding of therapy was significantly higher in the per-
treatment for Parkinson’s disease, and 175 met golide group than in either the cabergoline group
eligibility criteria. Of these, 4 missed their ap- (P<0.001) or the non-ergot group (P<0.001) and
pointment at the echocardiography laboratory; was also higher in the non-ergot group than in
the remaining 171 patients had an echocardio- the cabergoline group (P<0.001). A high degree

—graphic examination. Sixteen-were excluded from—ofvariability was found for mean curnulative doses

the analysis on the basis of echocardiographic in all groups.
criteria — five for calcified valves, five for poor
image quality of the ultrasonograms, four for left ECHOCARDIOGRAPHIC FINDINGS
ventricular wall-motion abnormalities, and two The principal valvular abnormalities detected in
for mitral-valve prolapse. the groups of patients and in the control group
For rthe control group, 98 subjects were are summarized in Table 2. The prevalence of ab-
screened: 49 were recruited on a voluntary basis normalities and the regurgitation grade for each
among relatives of the patients or acquaintances group af patients and controls are reported sepa-
of the medical staff, and the remaining subjects rately for the mitral, aortie, and tricuspid valves.
were selected from a series of persons referred At each site a significantly higher prevalence of
to our echocardiography laboratory for arterial grades 2, 3, and 4 regurgitation was found in the
hypertension (29 persons) or for fitness evalua- pergolide group and in the cabergoline group
tion before participation in sports (20) on the than in the control group, with a linear trend for
basis of the aforementioned matching require- greater severity of valve regurgitation in the two
ments. Two subjects were not included because treatment groups. No significant differences were
of a history of cardiac valvular abnormalities; 96 found between the non-ergot group and the con-
met eligibility criteria and underwent echocar-  trol group. The frequency of clinically significant
diography. Six control subjects were excluded from valve disease (grade 3 to 4 regurgitation) was sig-
the analysis because of poor image quality (three nificantly higher in both the pergolide and caber-
subjects), mitral-valve prolapse (two), or dilata- goline groups (23.4% and 28.6%, respectively),

tion of the aortic root (one). but not in the non-ergot group (0%), than in the
control group (5.6%) (Table 2). Mean composite re-
CLINICAL FEATURES gurgitation scores were significantly higher in both

The principal demographic and clinical features the pergolide and cabergoline groups than in the
of the 155 patients and 90 conrrol subjects in-  control group, whereas no significant difference
cluded in the analysis are summarized in Table 1. was found between the mean composite scores
Patients in the cabergoline group were slightly in the non-ergot group and in the control group
younger than those in the pergolide group (P= (Table 2).

0.008); none of the groups of patients were sig- The relative risk for moderate or greater valve
nificantly different from the control group with regurgitation in the pergolide group as compared
respect to age. Among patients and controls, men  with the control group was 6.3 for mitral regur-
were predominant, although there were no sig- gitation (95% confidence interval (CI], 1.4 to 28.3;
nificant differences between the percentages of P=0.008), 4.2 for aortic regurgitation (95% CI,
men and women. The frequencies of hypertension, 1.2 to 15.0; P=0.01), and 5.6 for tricuspid regur-
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gitation (95% CI, 0.7 to 49.7; P=0.16). In the caber-
goline group the relative risk was 4.6 for mitral
regurgitation (95% Cl, 0.9 to 22.8; P=0.09}, 7.3 for
aortic regurgitation (95% CI, 2.2 to 24.8; P<0.001),
and 5.5 for ticuspid regurgitation (95% CI, 0.6 to
51.6; P=0.12).

Among patients treated with ergot-derived do-
pamine agonists, 17 cases of localized or diffuse
leafler thickening were found in the pergolide
group and & in the cabergoline group. No cases
of leaflet thickening were found in the non-ergot
group or in the control group (Table 2).

The mitral tenting area in each of the three
treatment groups was significantly higher than
in the control group (Table 2). In the ergot group
(the combination of the pergolide and cabergo-
line groups), the mean mitral tenting area changed
significantly with an increasing grade of mitral

regurgitation (grade 0 to 1, 2.68%0.72 cm?; grade
2, 3.07£0.75 cm?; grade 3 to 4, 3.56+0.89 cm?;
P=0.003, calculated by analysis of variance); us-
ing linear contrasts, we found a significant linear
relationship between mitral tenting area and se-
verity of mitral regurgitation (P=0.001). Within
the ergot group, patients with leaflet thickening
of any valve had a significantly higher mean com-
posite regurgitation score than did patients with-
out this abnormality (6.61.9 vs. 4.4+1.5, P<0.001);
the mean composite score for patients in the ergot
group who had no leaflet thickening was signifi-
cantly higher than the score in the control group
(4.4£1.5 vs. 3.27+2.02, P<0.001) (Fig. 2).

In both the pergolide and cabergoline groups,
patients with grade 3 to 4 regurgitation of any
valve had received, on average, a significantly
higher mean cumulative dose of the drug than
those with lower grades (Table 3). A significant
linear relationship was recorded between cumu-
lative doses and composite scores in the petgolide
group (r=0.34, P=0.005), and a trend toward such
a relationship was observed in the cabergoline
group {r=0.26, P=0.06).

The mean systolic pulmonary-artery pressure
was significantly higher in the pergolide group
than in the controls (3125.1 vs. 28.845.5 mm Hg,
P=0.02); no significant differences were found
between the other groups of patients (cabergo-
line, 28.615.1; non-ergot-derived dopamine ago-
nists, 27.9+4.1 mm Hg) and the control group.
Patients receiving pergolide who had grade 3 to
4 aortic regurgitation, mitral regurgitation, or
both had 2 mean systolic pulmonary-artery pres-

Table 1. Main Clinical Features of the Subjects.*

Group Receiving Non—Ergot-Derived
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Table 2. Valvular Abnormalities in the Groups of Patients and in the Control Group.*®

44

Group Receiving
Cabergoline Non—Ergot-Derived

Pergolide Group Group Dopamine Agonists  Control Group
Variable (N=64) (N =49} (N=42) [N=90)
Grade of mitral regurgitation —
no. of patients (%)
Olol 19 (30) 11 (22) 26 (62) 43 (53)
2 36 (56) 33 (67) 16 (38) 40 (44)
3 6 (9) 4(8) 0 2(2)
4 3(5) 1(2) 0 0
P value <0.001 <0.001 0.27
Grade of aortic regurgitation —
no. of patients (%)
Otol 34 (53) 27 (45) 31 (74) 86 (73)
2 21 (33) 15 (11 11 (26) 21 (23)
3 ey 12 (24) 0 3(3)
4 1(2) 0 0 0
P value 0.02 <0.001 0.68
Grade of tricuspid regurgitation —
no. of patients (%)
Otol 17 (27) 8 (16) 23 (55) 47 (52)
2 43 (67) 18 (78) 19 (45) 42 (47)
3 4 (6) 2 (4) 0 1)
4 0 1(2) 0 Q
P value 0.002 <0.001 0.70
Any grade 3 to 4 regurgitation — 15 {23) 14 (29) 0 5 (6)
no. of patients (%)
P value 0.001 <0.001 0.17
Composite regurgitation score 4.822.01 5.14+1.84 3.4£1.29 3.27+2.02
P value <0.001 <0.001 0.44
Leaflet thickening of any valve — 17(27) 8 (16) 0 0
no. of patients (%)
Pvalue <0.001 <0.001
Mitral-valve tenting area — cm’ 2.95:0.81 1.1:0.80 2.8:0.62 2.37£0.49
P value 0.001 <0.001 0.002

* Plus—minus values are means +SD. Regurgitation grades are as follows: 0, absent; 1, trace; 2, mild; 3, moderate;
and 4, severe. P values were obtained by Student's t-test and chi-square test for the comparison between each patient
group and the control group, and by the chi-square test for trend where applicable.

sure that was not significantly different from
those who had grade 0 to 2 aortic and mitral regur-
gitation (32.8+4.4 vs. 30.5+5.2 mm Hg, P=0.16).

CLINICAL EVENTS

After echocardiographic examination during the
study, one 69-year-old man who was taking per-
golide underwent mitral-valve and aortic-valve

replacement for severe mitral regurgitation and
moderate aortic regurgitation. The surgeon de-
scribed the leaflets of the mitral and aortic valves
in this patient as diffusely thickened and retract-
ed, but no pathologic specimen was available for
our examination because the operation was per-
formed at another institution. A 72-year-old man
in the cabergoline group with moderate mitral
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Figure 2. Composite Regurgitation Score in Control
Subjects and in Patients Receiving Ergot-Derived
Dopamine Agonists (EDA) Who Had Either Normal
or Thickened Leaflets.

cabergoline group) closely resembles the results
of a study on pergolide,? as well as those of stud-
ies on appetite-suppressant drugs.*? Moreover,
we noted in both the pergolide and cabergoline
groups a significant association between cumu-
lative dose and severity of valve regurgitation. We
also observed a significanr linear relationship be-
tween the cumulative dose of pergolide and the
composite regurgitation score. A trend toward a
linear relationship between dose and compasite
regurgitation score was seen for cabergoline; how-
ever, duration of therapy and sample size might
have been insufficient to achieve significance in
this cohort. No increase in the risk of valve regur-
gitation was observed in patients treated with non—
ergot-derived dopamine agonists (mostly prami-
pexole). Leaflet thickening was detected in a
minocity of patients taking pergolide or cabergo-

In this box-plot diagram, the horizontal line within each
box represents the median, the limits of each box the
interquartile range, and the whiskers the maximum
and minimum values.

Table 3. Regurgitation Grade for Any Valve and Mean
Cumulative Dose of Ergot-Derived Dopamine Agonist.

Grade Pergolide Cabergoline

cumulative dose (mpg)

Oto 2 4566+2700 2341+2039
Jto 4 6498+2624 401543208
P value* 0.02 0.03

W+

Regurgitation grades are as follows: 0, absent; 1, trace;
2, mild; 3, moderate; and 4, severe. P values were ob-
tained by Student’s t-test for the comparison of different
grades of valve regurgitation (0 to 2 vs. 3 to 4) within
each group of patients.

and aortic regurgitation was hospitalized for
heart failure; after several days of intensive med-
ical therapy, he improved and was discharged.

DISCUSSION

Our findings confirm safety concerns related to
the use of pergolide and show that an increased
risk of cardiac valvulopathy also exists in patients
taking cabergoline. Taking into consideration the
differences in scoring systems, the frequency of
grade 3 to 4 valve regurgitation in our population
(23.4% in the pergolide group and 28.6% in the

line, but it was not seen in any of the patients tal-
ing non-ergot-derived dopamine agonists or in
any of the control subjects.

Use of the mitral tenting area as a quantita-
tive index for stiffening of the mitral leaflets
produced the following findings: within the ergot
group, the mitral tenting area increased signifi-
cantly with increases in the severity of mitral re-
gurgitation, and more important, in patients in
the ergot group who did not have clinically sig-
nificant valve regurgitation, the mitral tenting
area was greater than in the control group. We
speculate that this index might be used as a
marker of early mitral-valve damage during treat
ment with ergot-derived dopamine agonists. The
fact that many patients in the ergot group who
had no leaflet thickening had a significant de-
gree of valve regurgitation suggests that leaf-
let rhickening may be a late marker of valvular
disease.

The observed relationship between the sever-
ity of valvular functional impairment and the
presence of the typical morphologic alterations
found in patients in the ergot group supports
the hypothesis of a fibrosing process involving
the valve leaflets and subvalvular apparactus. Al-
though the observation that this process occurs
with both pergolide and cabergoline suggests a
class effect, studies of the activity of serotonin-
receptor-subtype 5-HT,; agonists suggest that
some other agents in this class, such as lisuride
and terguride, may not have similar consequenc-
es.® The finding of a significantly greater mi-
tral tenting area in the non-ergot group than in
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the control group could be evidence of a weak
agonist effect by this drug class on serotonin re-
ceptars that is not sufficient to produce the valvu-
lar damage observed in patients taking ergot-
derived dopamine agonists. The mean mitral
tenting area in the non-ergot group is similar to
that observed in patients in the ergot group who
have grade 0 to 1 valve regurgitation (2.80+0.62
vs. 2.68+0.72 cm?).

The finding of a significantly higher mean sys-
tolic pulmonary-artery pressure in the pergolide

group than in the other groups of patients or in

the control group is apparently independent of
valvular effects, since patients without clinically
significant valve regurgitation had a mean sys-
tolic pulmonary-artery pressure that was not sig-
nificantly different from that of patients with

~grade 3 1o 4 regurgitation. Moreover, the mean
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systolic pulmonary-artery pressure in the caber-
goline group, which had a composite valve-regur-
gitation score that was similar to the score in the
pergotide group, did not differ significantly from
that in the control group. The clinical meaning of
this finding is probably negligible, if we consider

that the mean systolic pulmonary-artery pressure
in the pergolide group, after a mean duration of
therapy of about 5 years, is only 2.4 mm Hg higher
than in the control group.

In conclusion, we found a significant increase
in the risk of heart-valve regurgitation in patients
taking ergot-derived dopamine-receptor agonists
for Parkinson's disease. The finding of a signifi-
cantly increased mean mitral tenting area, not
only in patients receiving ergot-derived dopamine
agonists but also in patierits treated with non—
ergot-derived dopamine agonists, suggests that
follow-up echocardiographic monitoring is advis-
able in all patients with Parkinson's disease wha
are treated with dopamine agonists.
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