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Background: We will focus our attention in this article in the ECG changes of classical Prinzmetal
angina that occur during occlusive proximal coronary spasm usually in patients with normal or
noncritical coronary stenosis.

Results: The most important ECG change during a focal proximal coronary spasm is in around

50% of cases the appearance of peaked and symmetrical T wave that is followed, if the spasm persist,
by progressive ST-segment elevation that last for a few minutes, and later progressively resolve. The
most frequent ECG changes associated with ST-segment elevation are: (a) increased height of the
R wave, (b) coincident S-wave diminution, (c) upsloping TQ in many cases, and (d) alternans of
the elevated ST-segment and negative T wave deepness in 20% of cases.
The presence of arrhythmias is very frequent during Prinzmetal angina crises, especially ventricular
arrhythmias. The prevalence and importance of ventricular arrhythmias were related to: (a) duration
of episodes, (b) degree of ST-segment elevation, (c) presence of ST-T wave alternans, and (d) the
presence of >25% increase of the R wave.

Conclusions: The incidence of Prinzmetal angina is much lower then 50 years ago for many
reasons including treatment with calcium channel blocks to treat hypertension and ischemia heart
disease and the decrease of smoking habits.
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In 1950, Prinzmetal et al.! described a new evident classical triggers such as exercise, stress,
syndrome of precordial pain of ischemic origin, etc. According to the classical description, the
later on named variant angina or Prinzmetal pain episodes often occur in consecutive or nearly
angina, which usually occurs at rest without consecutive days. Episodes occur typically at night

Addpress for correspondence: Antonio Bayés de Luna, Fundacion Investigacion Cardiovascular, Institut Catala Ciéncias Cardiovasculars,
C/Sant Antoni M* Claret, 167,08025 Barcelona, Spain. E-mail: abayes@csic-iccc.org

Under the auspices of International Society for Holter and Noninvasive Electrocardiology (ISHNE). First of all we have to state that
may exist crises of symptomatic occlusive coronary spasm without ECG changes, and cases of silent coronary spasm with evident ST
changes.

© 2014 Wiley Periodicals, Inc.
DOI:10.1111/anec. 12194

442



AN.E. « September 2014 « Vol. 19, No. 5 ¢ Bayés de Luna, et al. * Prinzmetal Angina . . . * 443

A B
DURING PAIN

2 min. LATER
—NO“PAIN—

Figure 1. (Case 1) Electrocardioram of variant type
of angina pectoris. A, during spontaneous pain; note
ST elevation in leads 2 and 3 and slight depression in
lead 1. B, two minutes later pain disappeared and ECG
reverted to normal. (Reproduced with permission from
the American Journal of Medicine. [27:375-388, 1959]

or in the early hours of the morning often at the
same time, and are associated with ST-segment
elevation (Fig. 1).

Ventricular arrhythmias often occur at the
maximum ST-segment elevation, although may
also occur during the ST resolution (reperfusion
arrhythmias)??, ventricular fibrillation, and sudden
death rarely occurs.*®

There are crisis without ECG changes and also
typical ECG changes without pain (see later).”-*°
The angina crises are sporadic self-limited and
appear usually isolated and are not part of the
typical clinical setting of acute coronary syndromes
(ACS).

The original hypothesis of Prinzmetal to ex-
plain this syndrome was that transient coronary
vasoconstriction induces sudden, but transient and
usually total, occlusion of one or rarely more
than one coronary artery (coronary spasm). This
hypothesis was convincingly demonstrated by
coronary angiography in prior reports’ 1° The pain
can be controlled with the use of nitroglycerin and
very rarely evolves to acute myocardial infarction.
Currently, crises are less frequent and they are
more evenly distributed during day and night (see
incidence 3.1).

In patients with Prinzmetal angina, the coronary
arteries usually appear normal by coronary an-
giography or show nonsignificant (<50%) coronary
obstruction.!? The ischemic episodes typically last
for a short period of minutes whereas in acute
coronary syndromes (ACS), the process of ongoing
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Figure 2. (A) Surface ECG of a 65-year-old patient
with typical crisis of Prinzmetal angina that presents
in the peak of pain an ST-segment elevation like a
transmembrane action potential (TAP). This case had a
transitory complete proximal occlusion of the LAD above
D1 (ST-segment elevation from V; to Vg, | and VL with
ST-segment depression in inferior leads especially Il and
ventricular fibrillation). The lack of ST-segment elevation
in VR, the small ST-segment elevation in V; and the clear
ST-segment elevation in Vg—if the placement of Vg is
well done—is against that the occlusion is also above
S1. (B) ECG done several hours after the resolution of
the crisis with a typical pattern of prominent negative
T wave in all precordial leads (reperfusion pattern). (C)
One week later, the ECG was normal, even with the
recovery of rS morphology in V{-V,.

ischemia is usually longer and progressive with
"ups and downs” of active ischemia.

There are several recognized triggers for
Prinzmetal angina including tobacco, cocaine,
hyperventilation, hypomagnesemia, and the use of
histamine, ergonovine, or acetylcholine, which are
drugs to provoke coronary spasm for diagnostic
purposes.!! In spite of its usefulness, these tests
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Figure 3. Crisis of coronary spasm (Prinzmetal angina) recorded by Holter ECG. (A)
Control, (B) initial pattern of a very tall T wave (subendocardial ischemia), and (C)
huge pattern of ST-segment elevation. (D-F) Resolution toward normal values. Total

duration of the crisis was 2 minutes.

are rarely performed in clinical routine.!? There
is evidence indicating that exercise may provoke
coronary spasm in rare cases.'® Alcohol ingestion is
a controversial issue because one study'* suggests
that it is possible to prevent vasospastic angina
by alcohol ingestion whereas other!® indicated
that variant angina may be provoked by alcohol
ingestion.

The pathophysiology of Prinzmetal angina in-
cludes an increased vasomotor tone with ev-
idence of regional sympathetic dysinnervation,
endothelial dysfunction, and increased platelet
activation.'®?! Patients usually present with in-
creased fibrin formation and decreased fibrinolytic
activity during the night, when most of the
angina crises occur. It has been demonstrated that
endothelial nitric oxide synthase polymorphism is
associated with reduced nitric oxide production
and coronary spasm. In these cases, the adminis-
tration of L-arginine may improve the symptoms.??

Coronary spasm may also appear in patients
admitted to the coronary care unit (CCU) in the
course of ACS or other clinical situations such
as after coronary bypass surgery. In these cases,
ST-segment depression frequently occurs, but the
ECG changes may be difficult to discriminate,
because the baseline ECG is usually altered’-° and
furthermore as happened in cases of diffuse distal
spasm the occlusion is subtotal.?32*

In this review article, we aim to review the ECG
changes of classical Prinzmetal angina that occur
during occlusive coronary spasm, in patients with
normal coronary arteries or noncritical coronary
stenosis. We are not dealing: (1) with cases of
coronary spasm in patients with ACS often of
NSTE-ACS type?® or (2) with diffuse and distal
spasm due to subocclusion of distal coronary
arteries or due to microvascular spasm often
provoked by intracoronary acetylcholine testing?*
that have very different electrophysiological and
pathophysiological characteristics.

ECG CHANGES

ECG changes are usually present, but in some
cases symptomatic crisis may appear without any
ECG change.®?5 Although the initial studies!2¢-%°
were performed using surface ECG recordings in
patients with crises typically occurring at regular
times (often during the night; Figs. 1 and 2), more
detailed ECG changes have been obtained during
continuous ECG monitoring? or Holter recording.?
(Fig. 3) Furthermore, these methods have allowed
recording of asymptomatic crises with ST-segment
alterations in patients who also have symptomatic
crisis of Prinzmetal angina.>*3%3! In the Bayés
series,® the number of asymptomatic crisis was
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Figure 4. See the appearance of ST-elevation with angina at peak exercise test, followed
by junctional rhythm due to AV block after the termination of the exercise, due presumably
to coronary spasm of RCA proximal to the AV nodal branch. Coronary angiography shows
an evident subocclusive stenosis at this place.

very high (35%) but all the patients also had
symptomatic episodes.

The exercise test is frequently normal, although
in a small number of patients, variant angina may
be demonstrated during exercise (Fig. 4).% 101332 [n
some cases the patients developed or showed ST-
segment depression during an exercise test, but the
authors did not describe the clinical background of
these findings. Most probably, these changes rep-
resented a classical myocardial ischemic response
to exercise, and not coronary spasm.

Changes of Repolarization: ST-Segment
and T Wave Changes

The baseline ECG is usually normal or can
depict a nonspecific ST changes, or flat or negative
T wave, in the leads showing ST-elevation during
the attacks.? 3

® The most frequent and typical ECG changes are
related to repolarization as a consequence of
progressive ischemia, which occurs very

abruptly during coronary spasm. In more than
50% of the cases,® the first ECG change is a
tall, symmetrical and usually peaked T wave
that is accompanied by a mild increase in
the QT interval (Fig. 3). However, the change
in the QT interval duration is difficult to
appreciate, because prior ECGs to compare with
are not necessary available. Identical changes
have been well demonstrated and validated
during abrupt coronary occlusion in the course
of a percutaneous coronary intervention (PCI).33
In some cases, the peaked and symmetric
positive T wave is the only visible change,
and is occasionally accompanied by a negative
U wave.!3** (Fig. 5) In the majority of cases, the
peaked T wave is followed by progressive ST-
segment elevation that lasts for a few minutes,
and later progressively resolve and return to
normalization of the T wave, often with again
a transitional peaked, positive and symmetric
T wave (Fig. 3). The presence of ST-segment
elevation coincides with the period of time
that angina is present, usually between 1 and
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5 minutes of the coronary spasm. In cases
recorded with surface 12-lead ECG, reciprocal
ST-segment depression can be seen in some
leads, which allows to localize the ischemic
myocardial segment, and thereby the involved
coronary artery with coronary spasm (Fig. 2). The
presence of ST-segment elevation is frequently
associated with other ECG changes that can
be recorded with Holter monitoring.!?:2%31,32:35
The most frequent ECG changes associated with
ST-segment elevation in Bayés series were the
following® (Fig. 6):

(a) Increased height of the R wave, which appears
in practically all cases.

(b) Coincident S wave diminution or disappearance
in all cases.

(c) Up-sloping TQ segment in two third of cases.

(d) Alternans of the elevated ST-segment and
negative T wave deepness were found in 20%
of cases (Fig. 7).

In a study by Rozansky,® alternans of ST-
segment and T wave was considered as a sign of
electrical instability.

All these changes are the expression of sudden
ischemia that may correspond to grade 3 of
ischemia in the Sclarovsky-Birnbaum grading
system of the severity of myocardial ischemia.3®

During the resolution period of ST-elevation,
which occurs when the crisis vanishes, and
normally lasts a few seconds, a negative T wave
often appears. It may be very deep and often
transient (Figs. 2, 8, and 9) and may be similar
to the ECG pattern of ACS described by Wellens
et al.’”3% The deep of the negative T wave that
may appear immediately after the resolution phase
of the severe Prinzmetal angina (Figs. 8 and 9)
is dependent on the severity and duration of the
preceding ischemia, and may last from few minutes
to several hours (Fig. 2).

In coronary spasm occurring in the course of
ACS?2% especially with preexistent subendocar-
dial ischemia, and/or when there is significant
baseline coronary artery occlusion, an alternating
ST-segment depression and ST-segment elevation
may be seen. However, in Bayés series of 119 crises
of coronary spasm of Prinzmetal angina type, there
were cases of alternans of ST-elevation but not a
single case of alternation between ST-elevation and
depression.

-

Figure 5. ECG morphology: sequentlal changes. (A)
Without pain; (B and C) with pain; (D) release of pain
Note that with pain there is pseudo-normalization of
negative T wave and appearance of negative U wave.
(Taken from Bayés de Luna A. Clinical ECG. Wiley-
Blackwell, 2012.)

The presence of ST-segment elevation alternating
in precordial and inferior leads is infrequent and is
associated with multiple spasms involving the left
anterior descending and usually the right coronary
artery.”

e OT lengthening and increased QT dispersion
may be present in Prinzmetal angina.*® The
latter has to be measured in a 12-lead ECG.°
Increased QT dispersion was reported in patients
with Prinzmetal angina who experienced cardiac
arrest 3940

e Early repolarization: There are recent new
data®® %’ on the coincidence of early repolar-
ization pattern in Prinzmetal angina and the
prognostic significance of such coincidence (risk
of lethal arrhythmia). In one paper,*! the early re-
polarization pattern in infero and/or lateral leads
was observed after angina crisis in 21% of 281
patients with confirmed variant angina. Patients
with early repolarization pattern in the post-
angina period had 4-fold higher risk of cardiac
events (cardiac death/aborted cardiac arrest/fatal
arrhythmia) than those without. Those with early
repolarization and the horizontal/descending ST
variant had an 8-fold higher risk. Also a case
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Figure 6. Relationship between the presence of ventricular arrhythmia and the duration
of the attacks (< and >5 m) (A), the ST-elevation isolated (< or = 4 mm) (B), and in
relation to the R Clinical ECG wave (C), the presence or not of ST_QT alternans (D), and
the modification of the R Clinical ECG wave in relation to the basal R Clinical ECG wave
(E). Each bar graph represents one characteristic of the crises. The calculations included

all the attacks that showed that characteristics.

report of variant angina and J Clinical ECG wave
pattern in the inferolateral leads and polymorphic
ventricular tachycardia (VT) was published.*?

Changes in Depolarization

e Transient intraventricular conduction disorders,
especially right bundle branch block (RBBB)
in case of proximal left anterior descending
coronary spasm, and hemiblocks may exist, but
they are very rare.*> As far as we know, no
case of left bundle branch block (LBBB) has been
described, probably because the LBB has double
blood supply.

¢ Q Clinical ECG wave appears occasionally,
especially in cases of preexisting occlusive
coronary artery disease with a ACS. Very
rarely in patients with normal coronary ar-
teries, severe and persistent Prinzmetal angina
crises may trigger acute myocardial infarction
with O waves.3! However, in most cases, the
Q waves are transient?®** and do not represent

permanent necrosis, because of the brief period
of myocardial ischemia (Fig. 2).

Arrhythmias

The presence of arrhythmias is very frequent
during Prinzmetal angina crises.>%3! In Bayés
series,® arrhythmias developed in 95% of the cases
(Table 1).

(1) Ventricular arrhythmias. In the study by
Bayés, ventricular arrhythmias were very
frequent (90% of the cases). Short episodes
of nonsustained ventricular tachycardia occur
in 66% of the patients studied by Holter
monitoring but only one patient presents
sustained ventricular tachycardia (40 seconds)
and none of ventricular fibrillation occurred
(Figs. 9 and 10). Also cases of polymorphic
ventricular tachycardia have been described.
Ventricular arrhythmias appear at least in
about one third of patients during the resolution
phase of coronary spasm, after the period of
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Figure 7. Holter recording of a patient with a severe crisis of Prinzmetal angina. Observe the presence of clear
ST-segment and TQ alternans together with some premature ventricular complexes (PVCs).
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Figure 8. Patient with crises of Prinzmetal angina who presented during these crises with typical ST-elevations pattern.
During the resolution of pain (Holter method recording) the ST-elevation disappeared within a few seconds, an along
the resolution starts the appearance of negative T wave.

maximal ST-segment elevation.The remaining
cases occur during the ischemic period before
maximal ST-segment elevation developed.?®
(Table 2). The prevalence and importance of
the ventricular arrhythmias were statistically
related (see Fig. 6) to: (a) the duration of
episodes (P < 0.005), (b) the degree of ST-
segment elevation; (P < 0.006), (c) the presence
of ST-T wave alternans (P < 0.005), and
(d) the presence of >25% increase of the
R wave (P < 0.025). However, in Previtall's
study? comparing patients with Prinzmetal

angina episodes with and without ventricular
arrhythmia, no important differences were
found in the ECG, clinical and angiographic
parameters. However, the Prinzmetal angina
episodes with reperfusion arrhythmias lasted
significantly longer (P < 0.001) and showed
greater ST-segment elevation that those without
ventricular arrhythmias. In other study?® with
hospitalized patients without acute myocardial
infarction during the index hospitalization,
serious ventricular arrhythmias were present
in 11%, and ventricular fibrillation in 5% of
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Figure 9. In the lower part, a crisis lasting 13 s. is shown. In the upper part the amplified
onset at end of the run is recorded. See after the end of ventricular tachycardia just from
the first sinus complex a very evident deep negative T wave of reperfusion, that last only

several minutes.

the cases. Serious ventricular arrhythmia was
more frequent in cases of striking ST-elevation.
Some cases of sudden death due to ven-
tricular tachycardia, frequently polymorphic
ventricular tachycardia triggering ventricular
fibrillation have been published, particularly
in patients with severe ischemic heart disease,
heart failure, or thyrotoxicosis.*>*° These
patients occasionally had recurrent crises after
treatment with infedipine was stopped. In some
cases, implantable cardioverter-defibrillator
(ICD) was implanted.*”4°

(2) Other arrhythmias (Table 1). More infre-
quently, the following arrhythmias can be seen
during Prinzmetal angina: (a) supraventricular
tachycardias (Fig. 11), (b) second-degree AV
block and occasionally complete AV block due
to RCA spasm, (c) AV dissociation, and (d) sinus
node dysfunction.

CLINICAL IMPLICATIONS

The following are the most important clinical
implications of coronary spasm.? % 10:49

Incidence

Today, the incidence of true Prinzmetal angina
is much lower than 45-50 years ago, for many
reasons: changes in the natural history of ischemic
heart disease, new treatments to avoid recurrences,

especially new drugs such as calcium channel
blockers, to treat ischemia and arterial hyperten-
sion, and the decrease of smoking habits.’

The coincidence with other related dis-
ease, such as Raynaud syndrome, was also
described.!?

Clinical Course

In the majority of cases, patients are not
hospitalized, at least as an emergency, but present
with pain suggestive of angina, not related to
exercise.?%2° The diagnosis may be difficult,
especially because the ECG usually normalizes
within a few minutes, after the resolution of
symptoms. Furthermore, symptoms appear at rest
in contrast to classical angina pectoris. Further-
more, frequent episodes of silent or practically
silent coronary spasm, even with striking ST-
segment changes can be seen. This occurs in
35% of cases in one series® and also has been
described in other series.?2%% Usually, in these
cases, the duration of the silent crises is short,
but may be accompanied by serious ventricular
arrhythmias. In one series,® arrhythmias and
conduction disturbances accompanied 12% of
Prinzmetal angina crisis and were more frequent
during painful episodes.

Finally, ventricular arrhythmia occurred as we
have already stated frequently at the end of an
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Table 1. Arrhythmias 19 Patients (95%), 18 with Ventricular Arrhythmias Prevalence of Arrhythmias

Number of Crisis Number or Patients
(121 Crises) (20 Patients)

No arrhythmias 78 (64.5%) 1 (5%)

Isolated PVC (5x) 18 (14.8%) 13 (65%)
Complex (C) PVC 15 (12.4%) 6 (30%)
Ventricular tachycardia 10 (8.3%) 7 (35%)
Supraventricular tachycardia 6 (5%) 3 (15%)
Second degree A-V block enckenbach type 2 (1.6%) 2 (10%)
Sinus node dysfunction 2 (1.6%) 2 (10%)
A-V dissociation 1 (0.8%) 1 (5%)

Isolated PSVC 1 (0.8%) 1 (5%)

PSVC = Premature supraventricular contractions; Complex PVC = premature ventricular contractions of polymorphic, bigeminal,
pairs, or R/T type.
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Figure 10. From A to E sequence of changes during a crisis of coronary spasm. At the moment of highest ST-elevation
(E) short runs of VF appear very frequently.

Table 2. Occurrence of Cardic Arrhythmias According to the Timing of the Attacks

Beginning Maximum ST Ascent Ending
Minor VA 18 (100%) 2 (11%) 7 (39%) 9 (50%)
Minor VA 25 (100%) 5 (20%) 13 (52%) 7 (28%)
Other CA 12 (100%) 3 (25%) 7 (58%) 2 (17%)
Total 55 (100%) 10 (18%) 27 (49%) 18 (33%)

VA = ventricular arrhythmias; CA = cardiac arrhythmias.

episode when ST-segment was turning to baseline calcium antagonists. The crises of Prinzmetal
"reperfusion period."? 3! angina are now easily controlled. In only 1 of 20
The clinical picture of Prinzmetal angina has patients in Bayés series, crises have continued

changed very much with the introduction of after treatment.®
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Figure 11. A crisis of supraventricular tachycardia recorded crisis in two leads device. The
crisis starts when the coronary spasm presents lower ST ascent than after the crisis (see
arrow). In one channel the QRS during tachycardia is seen very narrow because there is not
ST-elevation in this lead, but in the other channel looks like a ventricular flutter because
coincides with highest ST-elevation expressed in this lead.

Mortality in patients with Prinzmetal angina
is relatively low. In one study,® in a 5.6-year
follow-up, the mortality was 10%. Also, in other
study?® of 273 consecutive patients that were
hospitalized because of severe vasospasm during
coronary angiography and/or rest angina with non-
ACS related ST-T changes, mortality was low (7%)
during 12-year follow-up.

Continued smoking and antecedents of “first-
wind” angina was the strongest predictors of
mortality. It was recently shown that recurrences
are possible in patients with ventricular fibrillation
associated with Prinzmetal angina.3®

In the study of Lanza et al.,°! major cardiac
events occurred in 20% of cases especially during
the first month of follow-up and in patients with
ST-elevation in both inferior and anterior leads.

Characteristics of Crises with and
without Ventricular Arrhythmias

The presence of ventricular arrhythmia is in
general related to the degree of ischemia during
the crises.

Compared with patients with ventricular ar-
rhythmia, those without ventricular arrhythmia®
have: (a) crises with shorter duration; (b) crises
with less ST-segment elevation, especially when
measuring the ST-segment elevation in relation to
the height of the R wave; (c) less frequent ST-TQ
alternans; and (d) smaller increase in the R wave
amplitude.

In one study of patients with Prinzmetal angina,?
there is not a clear relationship between ventricular
arrhythmia and the presence or previous myocar-
dial infarction, number of vessels affected, and
ventricular function.

Prinzmetal Angina and Baseline ECG

The baseline ECG in patients with typical
Prinzmetal angina is usually normal or present
nonspecific ST/T changes in the majority patients
with classical Prinzmetal angina®; no ECG evidence
of myocardial infarction was usually found. This
is important as it demonstrates that a potentially
severe arrhythmia due to a severe coronary spasm
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may appear in patients with a normal baseline
ECG.

Prinzmetal Angina and Coronary
Angiography

In general, the coronary angiography was normal
in about half of the cases, while of the rest
the majority of cases had lesions with less than
50%. In one series,® coronary angiography was
normal in 30% of the cases; and in 20% of the
cases, three-vessel disease was found but with
stenosis lower than 50%. In another study,?® all the
patients included present less than 50% of coronary
stenosis; in two third of cases, coronary stenosis
<30% was found. Finally, in one study? there was
a relativity high number of patients with coronary
stenosis >50%.

CONCLUSIONS

The crises of classical Prinzmetal angina present
the following characteristics:

(1) They frequently occur in patients without
coronary artery lesions or in association with
mild coronary stenosis.

(2) Crises of coronary spasm may be silent in
around 20-30% of cases, and ventricular
arrhythmia may appear during these crises,
this may explain the existence of unexpected
sudden death due to ischemia.

(3) In the early phase, ischemia is very of-
ten limited to the subendocardial area tall
T waves).

(4) Later on, ischemia becomes transmural (ST-
segment elevation) and lasts for a few minutes.
In the resolution phase, deep negative T waves
can be seen and they are transient and related
to reperfusion.

(5) Occasionally, only pseudo-normalization of
previous negative T waves occurs, sometimes
with the appearance of negative U waves.

(6) Ventricular arrhythmias are frequent and they
are often related to the severity and duration
of ischemia and usually not to the presence
of preexisting coronary stenosis. Ventricular
arrhythmias appear during the crisis, especially
at the moment of maximal ischemia (highest
ST-segment elevation) or during the resolu-
tion period. In at least one-third of cases,
nonsustained ventricular tachycardia occurred.

(7

Occasionally, sustained ventricular tachycardia
often polymorphic and ventricular tachycardia
has been described.

Other types of arrhythmias may also occur,
especially AV block in case of spasm of RCA.
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