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Abstract

AIM: To study recent experience and safety of ergono-
vine stress echocardiography in our centre.

METHODS: In this study we collected the clinical vari-
ables of patients referred since 2002 for ergonovine
stress echocardiography, in addition to indications, the
results of this test, complications, blood pressure and
heart rate values during the test and the number and
results of tests requested before this technique.

RESULTS: We performed 40 tests in 38 patients, 2
tests were carried out to verify therapy efficacy. The
prevalence of classic cardiovascular risk factors was
low and the most frequent indication was chest pain
(57.5%). Coronary angiography was performed in 32
patients, and showed normal coronary arteries in 27
patients and non-significant stenosis in 5 cases. In 16
patients, coronary angiography was carried out after a
positive or inconclusive ischemia test. Another 6 patients
had a normal stress test (5 exercise electrocardiography

(49

Jgu;:;:fe..g@ WJC | www.wjgnet.com

tests and 1 nuclear imaging test). Of the 40 ergonovine
stress echocardiography tests, 6 were positive (4 in the
right coronary artery territory and 2 in the circumflex
coronary artery territory), all of them by echocardio-
graphic criteria, and by electrocardiographic criteria in
only 3 (50%). The presence of non-significant coronary
artery stenosis was more frequent in patients with posi-
tive ergonovine stress echocardiography (50% vs 6%, P
= 0.038), and were related to ischemic territory. During
the maximum stress stage, there was a higher systo-
lic (130.26 = 19.17 mmHg vs 136.58 + 27.27 mmHg,
95% CI: -12.77 to 0.14 mmHg, P = 0.055) and diasto-
lic blood pressure (77.89 + 13.49 mmHg vs 83.95 +
15.73 mmHg, 95% CI: -10.41 to -1.69 mmHg, 2 = 0.008)
than at the baseline stage, and the same was regis-
tered with heart rate (73 + 10.96 beats/min vs 79.79 +
11.72 beats/min, 95% CI: -9.46 to -4.11 beats/min, P
< 0.01). Nevertheless, there were only 2 hypertensive
reactions during the last stage, which did not force a
premature end to the test, without sustained tachy or
bradyarrhythmias, and the technique was well tolerated
in 58% of cases. A unique complication (2.5%) of this
test was a prolonged vasospasm with a slight increase
in necrosis biomarkers, however, this was without reper-
cussion.

CONCLUSION: Ergonovine stress echocardiography
can be performed with safety, is well tolerated in the
majority of cases, and is useful for determining the
ischemia mechanism in selected cases.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Coronary vasospasm may be the cause of effort angina,
myocardial infarction, syncope and sudden death"”, When
there is no documentation of the initial clinical picture,
the unique tests available for diagnosis orientation are the
vasospasm provocation techniques.

There are several substances that can be used to cause
a coronary vasospasm. Methylergometrine (a synthetic
medicine chemically related to ergonovine) and acetyl-
choline are the most commonly used; another substances
which can provoke vasospasm are histamine, dopamine
and serotonin'™”,

There is a significant demand for non-invasive tests in
Cardiology for the assessment of ischemia due to fixed
coronary stenosis. The situation in vasospasm provoca-
tion techniques is different, because their safety have been
questionedm. However, there are a number of studies
which have demonstrated that ergonovine stress echocar-
diography is a safe tool for the diagnosis of vasospasm,
after confirming the absence of inducible ischemia or
significant coronary stenosis by coronary angiography,
and has many advantages compared with invasive provo-
cation tests. These techniques have relevancy, especially,
in the differential diagnosis of resting chest pain, which is
suspected to be related to the vasospastic origin, in which
coronary angiography or coronary computed tomography
do not show significant stenosis’ .

In this study, we assessed the experience related to er-
gonovine stress echocardiography over the last few years
in our centre, collected the clinical variables of patients
referred to our laboratory and the test results.

MATERIALS AND METHODS
Study group

We retrospectively collected the results of ergonovine
stress echocardiography carried out in our centre since
2002. The tests were performed with the administration
protocol of an intravenous bolus of ergonovine (methy-
lergometrine) every 5 min across 3 stages (initial dose
of 0.05 mg, middle dose of 0.10 mg and later dose of
0.20 mg), with blood pressure measurement and 12-lead
electrocardiography at each stage and continuous echocar-
diography and electrocardiography (1-lead) monitoring,
The criteria for finishing the test were to have reached
the highest dose of ergonovine, the detection of electro-
cardiographic changes (ST segment deviation of 1 mm
or more in at least 2 contiguous leads) or wall motion
abnormalities (transient worsening of myocardial function
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in at least 2 contiguous segments) that led to suspicion
of ischemia, significant arrhythmias, symptomatic hyper-
tensive or hypotensive response (systolic blood pressure
> 200 or < 90 mmHg, respectively), or symptoms which
forced a premature end to the test. At the end of each
study, an intravenous bolus of diltiazem (0.125 mg/kg)
was administered to all patients. The criteria for consider-
ing a test as abnormal were the detection of electrocar-
diographic or wall motion abnormalities that suggested
ischemia, with or without associated symptoms.

Collected variables

We included the following patient baseline characteristics:
age, gender, current ot ex-smoket, high blood pressure,
diabetes mellitus, hypercholesterolemia, chronic kidney
disease, and antecedents of myocardial infarction, typical
and variant angina, and surgical or percutaneous coronary
revascularization), interruption of treatment that could
modify the test accuracy, number and results of prior tests
(coronary angiography, dobutamine or dipyridamole stress
echocardiography, nuclear perfusion imaging and exer-
cise tests) and indication, time between the studied event
and ergonovine stress echocardiography, and its results
(positive tests and criteria for positivity, affected territory,
symptoms, dose of ergonovine administered, complica-
tions and blood pressure and heart rate at baseline and
during the maximum stress stage). Informed consent was
obtained from all patients.

Statistical analysis

Data are shown as average = SD or as number and per-
centage. Continuous variables were analyzed with the #
test for paired samples. Quantitative variables were ana-
lyzed with the chi-square or Fisher test. We considered a
difference as statistically significant when the P value was
< 0.05.

RESULTS

There were 40 tests carried out in 38 patients, 2 tests were
performed to verity the efficacy of therapy with calcium
channel blockers. Baseline characteristics and test indica-
tions are shown in Table 1 and Figure 1, respectively. The
critetia for requesting these tests were based on the clini-
cal suspicion of coronary vasospasm as the reason for the
clinical picture studied, after rejecting the possibility of
inducible ischemia or significant coronary artery stenosis.
Before ergonovine stress echocardiography, all patients
underwent an ischemia test or coronary angiography.
Coronary angiography was performed in 32 patients, and
showed normal coronary arteries in 27 patients and non-
significant stenosis in 5 cases, all confirmed by flow coro-
nary reserve measurement. The percentage of stenosis in
patients with non-significant coronary artery disease was
35% in 2 cases and 30%, 28% and 25% in the other 3
patients, which was performed by quantitative assessment.
In 16 cases, coronary angiography was carried out after a
positive or inconclusive ischemia test. Another 6 patients
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Age (yr, mean * SD) 55+12.11
Masculine gender 24 (63)
Active smokers 14 (37)
Ex-smokers 4 (10.5)
Alcohol consumption > 2 drinks/d 6 (16)
Arterial hypertension 17 (48)
Diabetes mellitus 5(13)
Hypercholesterolemia 15 (39)
Chronic kidney disease 2(5)
Antecedents of myocardial infarction 1(2.6)
Antecedents of typical angina 2 (5)
Antecedents of variant angina 3(8)
Antecedents of percutaneous coronary revascularization 2 (5)
Antecedents of surgical coronary revascularization 1(2.6)

Chronic kidney disease was defined as a creatinine clearance of < 60 mL/min.

Positive tests 6 (15)
Transient segment function worsening 6 (15)
Dynamic ischemia in electrocardiogram 3 (7.5)
Chest pain during the test 6 (15)
Hypertensive reaction 2(5)
Sustained tachy or bradyarrhythmias 0(0)
Complications 1(2.5)
Mild adverse reactions 16 (40)

had a normal stress test (5 exercise electrocardiography
tests and 1 nuclear imaging test). Among the group with
an abnormal ergonovine stress echocardiography, 3 pa-
tients (50%) had a non-significant stenosis in the vessel
related to ischemia during the test, while among the group
with an initial negative ergonovine stress echocardiography
only 6% had a non-significant stenosis (Figure 2); this dif-
ference was statistically significant (P = 0.038). With regard
to the baseline characteristics of the patients and the clini-
cal picture studied, there were no significant differences
between patients with a positive and negative ergonovine
stress echocardiography. A baseline echocardiography was
performed in all patients, and was normal in 28 (74%)).
Findings included 1 case (2.6%) of stress cardiomyopathy
in relation to transient apical dyskinesia, 1 case of mild
rheumatic mitro-aortic valvulopathy (mild aortic stenosis
with mild mitral stenosis), 1 case of non-obstructive septal
hypertrophic cardiomyopathy and 1 case of non-ischemic
dilated cardiomyopathy, due to cardiac magnetic resonance
imaging that did not show late gadolinium enhancement
and suggested ischemic necrosis.

The ergonovine stress echocardiography results are
shown in Table 2. Among the 6 abnormal cases, 4 were
related to the right coronary artery territory while 2 were
related to the circumflex coronary artery territory, without
multivessel spasm. Among the positive tests, all patients
presented with wall motion abnormalities and 5 (83%) had
chest pain, whereas only 3 (50%) presented with signifi-
cant ST segment changes, that consisted of ST segment
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[ Chest pain

Hl NSTEMI

Il STEMI

O Sudden death
Il Variant angina

B Therapy efficiency
assessment

Figure 1 Indications for ergonovine stress echocardiography (n = 40). In all
cases with myocardial infarction and referred for ergonovine stress echocardiog-
raphy, coronary angiography did not show significant stenosis, and a vasospasm
provocation technique was performed to orientate the study of its aetiology.
Ergonovine echocardiography for studying chest pain was performed when
there was a suspicion of coronary vasospasm due to clinical characteristics. We
defined variant angina when there was documentation of transient ST-segment
elevation in patients with chest pain with normal blood levels of necrosis biomar-
kers. NSTEMI: Non ST elevation myocardial infarction; STEMI: ST elevation
myocardial infarction.

elevation of at least 1 mm in 2 contiguous leads in all cas-
es (2 in inferior leads and 1 in lateral leads). On the other
hand, 1 patient had chest pain with the highest ergonovine
dose with neither worsening in regional myocardial func-
tion nor significant electrocardiographic changes (only a
diffuse decrease in T' wave voltage), that was attributed to
a dose-dependent diffuse coronary vasoconstriction.

In 16 tests (40%) the patients developed an adverse
effect: headache (10 cases), nausea (4 cases) and anxiety
(2 cases). There was a hypertensive response in 2 patients
(highest systolic blood pressure 200 mmHg in both pa-
tients) in the last stress stage, which did not force a pre-
mature end to the test. A statistical trend was found where
higher systolic blood pressure values were observed dur-
ing the test (95% CI: -12.77 to 0.14, P = 0.055) and signif-
icant differences were noted in relation to higher diastolic
blood pressure values (95% CI: -10.41 to -1.69, P = 0.008)
and heart rate (95% CI: -9.46 to -4.11, P < 0.01). Blood
pressure and heart rate values are shown in Figure 3. A
unique and serious complication was a prolonged vasos-
pasm in the lateral segments with 0.15 mg of ergonovine,
which led to a mild increase in necrosis biomarkers (high-
est troponin I = 10.2 ng/mL), but without wall motion
abnormalities in the control echocardiography performed
1 mo later. This patient had presented with a non ST el-
evation myocardial infarction, and coronary angiography
showed a luminal stenosis of 30% in the first diagonal
branch. The other 5 positive cases improved rapidly with
intravenous nitrates.

The time between the studied event and the ergono-
vine stress echocardiography was, in cases with elevation
of necrosis biomarkers, 56 £ 11 d, and 3 = 1 d for the re-
maining cases. In all patients, treatments that could modify
the test results were withdrawn at least 48 h before the er-
gonovine stress echocardiography, with the exception of
2 cases in which the aim was to show treatment efficacy
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Ergonovine stress echocardiography

6 abnormal

5 (83%) coronary 1 (17%) ECG
h exercise
angiograph
glograpny test normal 27 (84%)
coronary
angiography

3 (50%) non 2 (33%) normal

32 initially normal

13 exercise ECG

test abnormal
4 exercise ECG

1 dobutamine echo test normal

abnormal
1 nuclear

2 nuclear imaging imaging normal

abnormal

significant coronary
stenosis angiograph
glograpny 2 (6%) non 25 (78%) normal
significant coronary
stenosis angiography

Figure 2 Tests performed before ergonovine stress echocardiography depending on the results of the stress test. ECG: Electrocardiography.
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Figure 3 Blood pressure and heart rate at baseline and during the maxi-
mum stress stage of ergonovine stress echocardiography. DBP: Diastolic
blood pressure (mmHg); HR: Heart rate (beats/min); SBP: Systolic blood pres-
sure (mmHg).

and who had a prior abnormal stress test. The total dose
of ergonovine administered was 0.15 mg in 2 studies (5%)
that were abnormal, and 0.35 mg in the other cases (aver-
age dose 0.34 £ 0.04 mg).

DISCUSSION

Among patients referred for ergonovine stress echocar-
diography, the prevalence of classic cardiovascular risk
factors was low and the most frequent indication was
chest pain. This technique allowed us to orientate the
clinical picture diagnosis to coronary vasospasm in 15%
of tests. Although there was a mild increase in blood pres-
sure and heart rate, this technique was well tolerated in
the majority of patients. The test was safe, resulting in the
unique complication a prolonged vasospasm with a slight
increase in necrosis biomarkers, but without wall motion
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abnormalities on control echocardiography. The presence
of non-significant coronary stenosis was more frequent
among the group of patients who had a positive ergo-
novine stress echocardiography, and these stenoses were
related to the ischemic tertitory.

The induction of coronary vasospasm in patients who
are suspected to have variant angina can occur in as many
as 31% of Caucasian patients, and appears to be more
', Vasospasm may be
related to a hypetsensitivity to vasoconstrictor stimulus,
with an imbalance between relaxing factors, such as nitric
oxide, and constrictor factors released by the endothelium.
Oxidative stress, endothelial dysfunction, high endothe-
lin-1 activity and regional sympathetic denervation dem-

onstrated by nuclear imaging may play an important part
[12,13,19-21]

common among east Asian patients

in the pathogenesis of coronary vasospasm
Test positivity would support the diagnosis of coro-
nary vasospasm, contributing to a complete differential di-
agnosis of chest pain, while if the test is normal, suspicion
of vasospasm has to be based on treatment response and
clinical picture. Vasospasm may be confirmed with Holter
electrocardiography in cases with frequent symptoms, if it
shows typical ischemic electrocardiographic changes'*”".
Ergonovine stress echocardiography has demon-
strated excellent accuracy in orientating the diagnosis of
coronary vasospasm, compared with the invasive provo-
cation test, with a sensitivity of 93%, specificity of 96%,
positive predictive value of 96% and negative predictive
value of 86%"**. The fast recognition of wall motion
abnormalities, information that is usually unavailable dut-
ing invasive techniques, occur before electrocardiographic
changes and onset of symptoms™*, and allow us to pre-
vent complications related to ischemic waterfall. On the
other hand, ergonovine stress echocardiography avoids
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the use of contrast and radiation associated with coronary
angiography. One problem with this test may be the lack
of a central venous approach for temporary pacing or an
intracoronary catheter for intracoronary medicine infu-
sion. However, with regard to its safety, several studies
have reported a very low rate of complications, similar to
dobutamine or dipyridamole, when appropriate patient
selection is carried out by excluding those with significant
stenosis and rapidly administering the antidote” "7,

The most frequently affected territory is normally the
one related to the left anterior descending coronary artery,
followed by the right coronary artery”'". In our study the
latter territory was the most common; this situation may
be explained by the smaller sample size compared with
another studies.

Consistent with the literature, an important number of
positive cases did not have electrocardiographic changes;
this finding does not support the performance of tech-
niques with only electrocardiographic monitoring“z’w’zzl.

Among the patients with positive tests, 5 (83%) devel-
oped chest pain, while only 1 patient with a negative test
had chest pain with the highest ergonovine dose, but with-
out worsening of myocardial wall motion or significant
electrocardiographic changes. Chest pain is not a variable
systematically registered in other studies because it is not a
criterion for a positive response™****# Tn one study in
which 52 patients with acute coronary syndrome and nor-
mal or near-normal coronary angiograms were enrolled"”,
chest pain was registered in 19 cases (76%) with positive
ergonovine stress echocardiography and in 4 patients
(15%) in the group with a negative test. These data were
similar to the data found in the present study.

With regard to prognosis, patients with a positive test
seemed to have more frequent events and a lower survival
during follow-up, although these patients continued with
the treatment. This was more evident in smokers or if
there had been a multivessel spasm'"

In this study, we found a higher rate of non-significant
stenosis on coronary angiography in patients with a posi-
tive ergonovine stress echocardiography compared with
patients who had a negative test. Thus, we expect that
with the extension of non-invasive coronary angiogra-
phy[7,8,23
coronaty artery stenosis, the request for ergonovine stress
echocardiography will increase in the near future. On the
other hand, we are aware of not having performed coro-
nary angiography in all patients, and the real rate of cases
with non-significant stenosis and a negative ergonovine
stress echocardiography may be higher. Thus, these find-
ings have to be interpreted with caution.

There are other possible uses for ergonovine stress
echocardiography. This technique may be useful for deter-
mining the cause of acute heart failure without structural
or coronary heart disease, due to the fact that it has been
described as severe mitral regurgitation related to spasm
of a posterior branch, which can be manifested during an
ergonovine stress test”. This technique could have ad-
ditional value in the differential diagnosis between stress

I and the uncertain meaning of non-significant
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cardiomyopathy and coronary vasospasm, as several stud-
ies have demonstrated that this test is negative in stress car-
diomyopathy. Nevertheless, the diagnosis of this pathology
remains complex especially in patients with transient apical
dyskinesia and normal coronary angiographymzsj.

Our data suggest that ergonovine stress echocardiog-
raphy can be performed with safety in the majority of
patients, usually with good tolerance.

Thus, based on our experience, we consider that et-
gonovine stress echocardiography is a safe and useful tech-
nique for orientating the ischemia mechanism if patients
are appropriately selected on the basis of either previous
normal coronary angiography, normal exercise electrocar-
diography or pharmacological stress test, contributing to a
more complete differential diagnosis of chest pain.

COMMENTS

Background

The diagnosis of coronary vasospasm is often complicated. Frequently, there
is no documentation of the initial clinical picture, and the unique tests available
for diagnosis orientation in these situations are the vasospasm provocation
techniques. A positive result in these tests supports the diagnosis of coronary
vasospasm, contributing to a more complete differential diagnosis of chest pain.

Research frontiers

Ergonovine stress echocardiography has demonstrated excellent accuracy for
the diagnosis of coronary vasospasm, compared with the invasive provocation
tests, and has many advantages compared with these tests. With regard to
prognosis, patients with a positive test seemed to have more frequent events
and a lower survival during follow-up, and this was more evident in smokers or
if there had been a multivessel spasm.

Innovations and breakthroughs

The safety of vasospasm provocation techniques has been questioned. How-
ever, there are a number of studies that have demonstrated that ergonovine
stress echocardiography is a safe tool for vasospasm diagnosis, with a very low
rate of complications if patients are appropriately selected on the basis of either
previous normal coronary angiography or normal exercise electrocardiography
or pharmacological stress test. Several studies have reported a very low rate of
complications, similar to dobutamine or dipyridamole stress echocardiography,
when appropriate patient selection is carried out, and rapidly administering the
antidote.

Applications

In this study we have registered a higher rate of non-significant stenosis on
coronary angiography in patients with positive ergonovine stress echocardi-
ography compared with patients who had a negative test, and these stenoses
were related to the ischemic territory. We expect that with the extension of non-
invasive coronary angiography and the uncertain meaning of non-significant
coronary artery stenosis, the request for ergonovine stress echocardiography
will increase in the near future. Based on our experience, ergonovine stress
echocardiography can be performed with safety in the majority of patients,
usually with good tolerance, and we consider it a safe and useful technique for
orientating the ischemia mechanism if patients are appropriately selected.

Terminology

Coronary vasospasm: a sudden constriction of a heart blood vessel, causing a
reduction in local blood flow that can provoke a myocardial infarction. Coronary
angiography: Examination of the heart blood vessels using x-rays following
the injection of a radiopaque substance. Echocardiography: examination of the
heart using ultrasound techniques. Ergonovine: an alkaloid derived from ergot
that induces muscular contraction. It can be used for assessing the predisposi-
tion to a coronary vasospasm. Myocardial infarction: destruction of an area of
heart muscle as the result of occlusion of a coronary artery.

Peer review
This is a well-written paper dealing with the topic of ergonovine stress echocar-
diography. The authors studied 40 patients with this method and report their
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experience. All the patients had either normal or non-significant coronary angi-
ography or normal stress tests before ergonovine stress echocardiography. The
test was positive in 6 patients. No complications were registered.
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