Coronary Artery Spasm s




Coronary Artery Spasm

Definition: Refers to a sudden intense vasoconstriction of

an epicardial coronary artery that causes occlusion or near
occlusion

Usual cause of variant angina but may be involved in other
coronary syndromes

First described in 1959 by Prinzmetal M: Angina pectoris. I.
A variant form of angina pectoris.

Prinzmetal M, Kennamer R, et al. Am J Med 1959,;27:375-388.

Two pioneers:
Attilio Maseri and Hirofumi Yasue

Maseri A et al. Case of acute myocardial infarct without coronarographic changes. Boll Soc Ital Cardiol. 1972;17(12):1234-42.

Maseri A et al. Angina pectoris with ST seg elevation. Clinical, ECG and angiographic characteristics. Boll Soc Ital Cardiol. 1975,20(9):939-47.
Maseri A et al. Coronary spasm as a cause of acute myocardial ischemia in man. Chest.1975,68:625— 633.

Maseri A et al. Coronary vasospasm in angina pectoris. Lancet. 1977 Apr 2;1(8014):713-7.

Yasue H et al. Prinzmetal's angina: atropine suppression. Ann Intern Med. 1974 Apr;80(4):553.

Yasue H et al. Role of autonomic nervous system in the pathogenesis of Prinzmetal's variant form of angina. Circulation. 1974,;50(3):534-9.
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Subjects

Duration: April 1986 - December 1995
Total no. of CAG: 6806

Total no. of coronary a. spasm
: 273 (4.0%)



Comparison between variant
angina and effort angina
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ST segment usually elevated usually depressed
on ECG

Arrhythmia  usually occur(50%) seldom occur

Ambulatory ECG
up to 90% ST change 75% ST depression

asymptomatic symptomatic



Pain at rest on exertion

longer duration shorter duration
may occur in cyclic pattern not cyclic
midnight to 8 AM 6 AM to noon

Exercise tolerance
well preserved decreased



Provocation test
of Coronary Artery Spasm

1. Discontinue antianginal and antiplatelet
agents

2. Baseline ECG and CAG

3. Temporary pacemaker insertion



4. Provocation

Ergonovine (IV or intracoronary)

Acetylcholine (intracoronary)

[12 lead ECG And CAG at the time of chest
pain or 2 min. after administration ]

5. Intracoronary nitroglycerin after
demonstration of spasm at the end of

the study



Diagnostic Criteria
of Coronary Artery Spasm

1. Demonstration of transient narrowing
in a coronary segment that initially
appeared to be normal

2. Occurrence of transient total or

near total obstruction in a normal
coronary segment or at the fixed lesion



3. Prompt vasodilatory response of
obstructed segments to the administration
of nitroglycerin or spontaneous relief of
the obstructed segment



Clinical Situation Where Spasm
Provocation Is Helpful

+11 associated with
no preceding rise in HR & BP

cyclic recurrence in early morning
transient ST elevation or ventricular

arrhythmias
nonspecific or no ECG change

associated with
variable exercise threshold

ST elevation during stress test
syncope or ventricular arrhythmias



Contraindications
to Spasm Provocation

1. Absolute
amenorrhea in premenopausal women
severe LV dysfunction
severe hypertension

severe aortic stenosis
significant left main coronary stenosis

2. Relative
recent Ml (<5 days)
uncontrolled angina
uncontrolled ventricular arrhythmia



Age & Sex Distribution

Age
(yr.)
21-30
31-40
41 - 50
51-60
61-70
71-80

Total

N =273

M

no.
3
15
58
103
39
6

224

=

no.

3
17

22

49

Total
no.
K
18
78
125
45
-



Nature of Chest Pain

N=273
Resting Bg 5
216 (10.6% )

(79.2% )




Development of Spasm
N =273

no. %

Spontaneous 47 17.2
Provoked 226 82.8



Provocation Method
N =226

Agent Route no. %

EG vV 122 54.0
EG IC 60 26.5
Ach IC 44 19.5

EG ; Ergonovine
Ach ; Acetylcholine
IV ;intravenous
IC ; intracoronary



Baseline CAG Finding

N =273
Normal CAG 151 ( 55.3%)

Stenotic Lesion (+) 122 ( 44.7%)

< 50% 56
50 - 75% 46
> 75% 20



Risk Factor

N=273

Hypertension 81
Diabetes 37
Smoking 200

e



ECG Change
lo significant change 74 27.1%

complete
ST depression AV Block
29 3
10.6 % 11%
ST elevation
168 —




ECG Change & Chest Pain

N =273
Chest Pain
Positive -
ece  [Positive] 196
- °
Total 262 11

199
74

273



Time Onset of Chest Pain
N =273

Time no. %

morning ( 6A - 8A) 215 7838
night (10P - 6A) 43 15.8
daytime ( 8A - 10P) 15 54



Location of Spasm
no. %

RCA 168  48.3
LAD 132 379
LCX 4 126

Lt. main -+ 1.2




ECG Change

ST seg. elevation
N = 165




ECG Change

ST seg. depression
N=29

lead no.
ILILavVF 14
I, aVL 3
V1,2&3 3

V4,5&6 9




Basal Coronary Artery Diameter

(mm) 47 NS

1

pLAD mLAD dLAD piCX dLCX p-RCA m-RCA d-RCA
O ol



Coronary Artery Diameter after NG

(mm)
5 NS NS NS NS NS NS

NS NS
= alaNeaYals 1 "=&n

pLAD mLAD d-LAD pLCX dLCX p-RCA m-RCA d-RCA




Vasomotor Tone Ratio

diameter after nitroglycerin - basal diameter

diameter after nitroglycerin .-



Vasomotor Tone Ratio (%)

Location Group | Group |l p value
LAD proximal 255+11.3 140123 <0.05
mid 142+ 6.6 1527.0 <005
distal 26.6 £+ 10.2 70£38 <0.05
LCX proximal 16.2+6.5 9.7 +3.2 <0.05
distal 23.0+82 108x5.7 <0.05
RCA proximal 29.3+5.7 7.1+7.1 <0.05
mid 276+70 1231338 <0.05
distal 282+56 13.0+9.1 <0.05
Total 245+ 27 86 £1.9 <0.01
Group | : Vasospastic angina Group Il : Control MEAN = S.E.

NS : Not Significant



Summary-1

1. Coronary artery spasm was documented in 273 (4.0%) out of
6806 patients who had coronary angiograms.

2. The most prominent clinical symptom was the typical chest
pain which occurred during midnight to early morning at rest.

3. Coronary artery spasm occurred on normal looking coronary
artery most frequently, however, spasm occurred on fixed
lesion more often if the fixed stenosis was found on coronary
angiogram, regardless of severity of the stenosis.



Summary-2

4. Spasm without ECG changes and chest pain occurred in
8 cases (2/47 Sp, 1/44 ACH, 3/122 |V EG, 2/60 IC EG), and
it may be an evidence of silent myocardial ischemia.

5. Spasms on the right coronary artery were the most
frequently demonstrated, and those on left anterior
descending artery and left circumflex artery were
followed in decreasing order of frequency.









55Y0 Male: 1 S8t m%H M AH L
(Recurrent early morning chest pain)

CCU ECG monitoring = chest pain +

rocardiogram(lead




Baseline ECG




Baseline CAG

After ergonovine IV




EG 005mg

ECG during EG provocation




EG provocation

After ICNG



ECG after ICNG







Baseline ECG
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SPONTANEOUS SPASM

ECG during chest pain
(spontaneous spasm)




CAG during spontaenous
spasm: pLCx near total,
mLAD tight >90% stenosis

After ICNG
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Baseline ECG
: ST depression




ECG during chest pain
(spontaneous spasm)




CAG
(spontaneous spasm)







After ICNG







Baseline ECG




SPONTANEOUS SPASM
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ECG during spontaneous
spasm




Baseline CAG:
spasm in LAD ostium

After ICNG



ECG after ICNG







Baseline ECG




After EG provocation




Baseline CAG:

After EG:
RCA total occlusior



ECG after ICNG




After provocation

After ICNG:
Fixed lesion in dRCA




Fixed lesion in dRCA
(after ICNG) '

After PTCA
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SPONTANEOUS SPASM

ECG during spontaneous
spasm




CAG during spontaneous
spasm

After ICNG:
fixed lesion in dRCA



ECG after ICNG




Fixed lesion in dRCA
(after ICNG)

After PTCA






Baseline CAG

After EG provocation:
pLAD total occlusion




Stunned myocardium: relieved after ICNG
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Introduction

Myocardial Stunning
Myocardial Hibernation

Perfusion - Contraction Mismatch
99mTc- MIBI, PET, 201TI scintigraphy
Inotropic Reserve
Dobutamine infusion
Post-extrasystole potentiation
Nitroglycerin

Takatsu F. et al (Am J Cardiol 1988; 58:647 - 649 )
Mathias P. et al ( Am Heart J 1987; 113:383 - 385 )
Fournier C. et al (Am Heart J 1991; 121:593 - 595 )
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60 YO Male: Resting chest pain for 5 hours




Baseline: RCA total occlusion

After IC NG




Reperfusion arrhythmia: Ventricular Fibrillation

VF after Reperfusion After D/C Shock
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Re-occlusion of RCA prox

After IC NG again







Baseline EKG

VNI N ‘,1,\\"




After 15t provocation dose




After 2"? provocation dose |




|C Ergonovine




Relieved by IC NG










Minimal response after
1%t provocation dose



Total occlusion of LAD and LCx
after 2"d provocation dose



Incompletely relieved by
15t IC NG




Completely relieved by
2"4 |IC NG






Nonspecific response
to Ach provocation




Total occlusion after
ergonovine

Relieved by ICNG




Nonspecific response
to Ach provocation




Specific response
after ergonovine

Relieved by ICNG






Baseline ECG




ECG after Ach provocation




Baseline CAG:

After Ach:
LAD total occlusion




After Ach:
LAD total occlusion

After ICNG







Patient was recommended to have PM implantation in an outside
hospital d/t documented complete AV block
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Lesson 1: Coronary artery spasm may be one of the
dynamic mechanisms of myocardial ischemia

Different mixture of fixed & variable obstruction
may produce myocardial ischemia

100%

Obstruction

Variable
Obstruction
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Coronary artery spasm can be

a cause of AMI and sudden cardiac death

Lesson 2:
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2317|. 1994;24(1):53-9.

Provocation Test in Patients with

Coronary Artery Spasm

At oladE st

Intracoronary Ergonovine

ergonovine IV or IC is the preferred method.
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Provocation Test

1. Discontinue antianginal and antiplatiet agents
2. Baseline ECG and CAG

3. Pacemaker insertion

4. Provocation test

Ergonovine Acetyicholine
Intravenous EG q 5 min Intracoronary ACH q 5 min
50,100,200 ug 20,50,100 pg for LCA
lntnoo:ona%'E q 5 min 20,50 pg for RCA
10,10 ug for RCA
10,10,10 pg for LCA
12 lead ECG and CAG at the time of chest pain or 2min after
ECG or 1 and 2 min after ACH

5. Intracoronary nitroglycerin immediately after demonstration of
spasm or at the end of the study



Acetylcholine Provocation Test

* Endothelial dysfunction
« Short duration of action
« Wide applicability



.LV. Ergonovine Provocation Test

« Conventional method
* Focal spasm



Lesson 4: Genetics may play a role
In coronary artery spasm

Genetics
Common adrenergic receptor polymorphisms as novel

risk factors for vasospastic angina

Jin-Shik Park, MD, PhD,*"! Shu-Ying Zhang, MD, PhD,*™" Sang-Ho Jo, MD,*" Jae-Bin Seo, MD,*"
Lian Li, BA,*” Kyung-Woo Park, MD,*” Byung-Hee Oh, MD, PhD,*™“ Young-Bae Park, MD, PhD,*"* and
Hyo-Soo Kim, MD, PhD*"* Seoul, South Korea

Park JS, Park YB et al. Am Heart J. 2006;151(4):864-9.



Association of adrenergic receptor polymorphisms
with coronary artery spasm

Table Ill. Odds ratio and 25% Cl for VA clinical parameters
and AR genotypes in multiple logistic regression analysis

OR 95% CI P

arcDel322-325 dllele carrier 5.132 2.094-12.578 .0003

p2GIn27 homozygote 3.152 1.364-7.285 .0072
Smoking ] 4.902 2.105-11.416 .0002
Male sex 1.348 0.570-3.186 NS
Age (1 y) 1.089 1.046-1.135 <.0001
Diabetes 4.103 0.836-20.131 NS
Hypertension 0.434 0.184-1.024 NS
Dyslipidemia 1.869 0.541-6.457 NS

Park JS, Park YB et al. Am Heart J. 2006;151(4):864-9.
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Scanning the whole genome
: GenomeWide Association Study

Variant Angina Healthy Control
(N=260) (N=780)
Inclusion Criteria SOl MM HSEEAIAIA
1) EG/Ach-provocation test (+) (KoGES, Korean Genome and Epidemiology Study)
2) Spontaneous coronary spasm - relived AT g A2 E AtY
with IC-NG (CH=Al 22 E)
7P AH X2 E3 AlSH DRSO = o
3) EG echocardiography (+) deats S ':&HEA'F—;}E%H S/17t s
o

From 5 educational centers in Korea

1:3 matching with case patient
- MESCHE 3

° XL_|-|: |:|:|O_| ) Age
Hgmjogq « Gender
- = IMSHEHA * Smoking status
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Genotyping (Affymetrix SNP array 6.0)



97 2] Candidate Gene &4
- Replication THA| H S XISH

Chr  SNPID Position locys ~ Dominant Gene

allele symbol
3 rs12491866 11792421  3p25.2b A nearC3orf31  0.39 0.6544  5.72E-05
4 rs11131966 181125591  4q34.3c A 0.25 0.5616  1.65E-05
4 rs17045377 165847618 4q32.3b G 0.16 1.787  1.88E-05
5  rs3811964 32805856  5p13.3b T NPR3 0.19 1.648  4.33E-05
6  rs9295100 159791920 6q25.3e G 0.27 0.569  8.16E-06
6  rs699941 46634975  6pl2.3e T CYP39A1 0.23 1.662  1.83E-05
9 rs10818642 123974865 9q33.2b T C90rf18 0.14 0.4874  2.33E-05
13 rs4329788 90406889  13g31.3a G 0.19 0.5147  8.36E-06

18  rs8099415 3810765 18p11.31d C DLGAP1 0.45 1.568 2.72E-05
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1. Patient with fixed lesion and coronary artery spasm
. 5 S A AR WY > UM ZHAO| X £0{7 F2

(0. tid pcZ} OFL| 2} q 8hr or bid pcZ} OFL| 2} q 12hrs)

2. Patient without fixed lesion and coronary artery spasm:
. BE9F A EH A| ZFCH ©| vasodilator coverageZt = 8
long acting nitrate EE.= CCBE Ht 10A| £0{, 0| Ho 2 E5E5IH

nitrate patchS 1124



Take Home Messages

1. Suspicion is the key to diagnosis!

2. Coronary artery spasm # variant angina: important in

conversion to UA, can cause AMI and even sudden cardiac

death

3. When needed provocation is key. Ergonovine provocation (IC

or IV) is the preferred method.

4. Genetics may play a role in coronary artery disease.

5. Time and method of medication is important in treatment.
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