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Myocardial Infarction with No

Obstructive Coronary Arteries
“The Essential is Invisible to the Eye...”




MINOCA
“Myocardial Infarction with No
Obstructive Coronary Disease”

MINOCA is a broadly labeled term: a variety of
causes can result in this clinical condition.

We are treating an AMI, despite the absence of
obstructive CAD.

MINOCA patients seems to have better
outcomes than their AMI-CAD counterparts, but
there are controversial data about this issue...
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MINOCA

Nothing new under the sun:
Comed in 2013 It was descrlbed back |n the 30’s...

f““"‘"’ - , . -

3 ¢ ESIONS OF CORONARY

~  instances of myocardial infarction without complete coronary occlusion.

- P

HARRY GROSS, M.D.

AND

WILLIAM H. STERNBERG, M.D.
NEW YORK

e 1 e 4

QOur study adds 15 new instances of extensive myocardial infarction
in which the intimal changes in the coronary arteries were insignificant
and the lumens not materially narrowed. It i1s our intention in this
paper to consider the functional factors which could produce circulatory
disturbances severe enough to cause necrosis of the cardiac muscle
even though the lumens of the coronary arteries remained patent.
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~ | Gross H, Steinberg WH. Myocardial infarction without significant lesions
B | of coronary arteries. Arch Int Med (Chic). 1939;64:249-267.
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MINOCA Diagnostic Criteria
Contemporary Diagnosis and Management Crlterla to be fUIflIIed

of Patients With Myocardial Infarction in the
Absence of Obstructive Coronary Artery Disease

14 ’,.t [ , "
A Scientific Statement From the American Heart Association -— A I\/l I - FO h e Sal
1apie 1. IVIINULA viagnostic Lriteria | | u nIV r

The diagnosis of MINOCA is made in patients with acute myocardial

infarction that fulfills the following criteria: D efl n |t| O n Of M yO Card | al

1. Acute myocardial infarction (modified from the “Fourth Universal
Definition of Myocardial Infarction” Criteria)

Detection of a rise or fall of cTn with at least 1 value above the 99th I n farCtI O n C rlte rl a

percentile upper reference limit

Corroborative clinical evidence of infarction evidenced by at least 1 - N O n O b S t r u Ct I V e

of the following:

-
Coronary Arteries on

New ischemic electrocardiographic changes

Development of pathological Q waves . . .
. 0)
Imaging evidence of new loss of viable myocardium or new A n g I O . < 5 O /() Ste n O S I S I n

regional wall motion abnormality in a pattern consistent with an
ischemic cause

Identification of a coronary thrombus by angiography or autopsy m aj O r e o i Card i aI Ve SS e I S .

2. Nonobstructive coronary arteries on angiography:

Defined as the absence of obstructive disease on angiography (ie,

no coronary artery stenosis 250%) in any major epicardial vessel* - N O S O e C I f I C A I te r n at e
This includes patients with:

Normal coronary arteries (no angiographic stenosis) Di ag n O S i S fo r t h e

Mild luminal irregularities (angiographic stenosis <30% stenoses)

Moderate coronary atherosclerotic lesions (stenoses »>30% but

| Clinical Presentation

3. No specific alternate diagnosis for the clinical presentation:

Alternate_diagnoses include but are notvl_imit?d to n.onischemic Cl rcu I atl on. 2019, 139 e89 1—6908 DO |
causes such as sepsis, pulmonary embolism, and myocarditis 10 1161/C| ROOOOOOOOOOOOOG?O




MINOCA

Prevalence and Prognosis

Systematic Review of Patients Presenting With
Suspected Myocardial Infarction and Nonobstructive

Coronary Arteries

Sivabaskari Pasupathy, BSc(Hons); Tracy Air, BA (Hons), M.Biostatistics;

Rachel P. Dreyer, BSc(Hons), PhD: Rosanna Tavella, BSc(Hons),

Preval en Ce 690 Proportion 9s% ¢

Larsen, 2013
Collste, 2013 A

Sun, 20124

Rhew, 2012
Hamdan, 2012
Aldrovandi, 2012 A
Agewall, 2012
Tritto, 2011 A
Leurent, 2011
Kang, 2011
Uchida, 2010 4
Frycz=Kurek, 2010 -
Gehrie, 2009 -
Baccouche, 2009
Ong, 2008 A
Ahmar, 2008
Larson, 2007 -

Gehani, 2001
Hochman, 1999
Zimmerman, 1995
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(l-squared = 99%, p=0.000)0

PhD;

John F. Beltrame, BSc, BMBS. PhD

*
——i |
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O 10 (0. 06 0 14)
0.05 (0.04, 0.06)
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0.04 (0.04, 0.05)
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3.86
2.31
4.04
2.69
3.96
3.59
4.09
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4.11
4.11
3.71
3.09
3.79
3.97
3.97
3.43
4.11
4.08
3.68
2.67
3.99
4.05
4.10
4.07
100.00

STEMI in MINOCA 330/, Proportion (95%Cl) % Weight

Rossini, 2013 4 021 (0.17,0.27) 1156

Sun, 2012 1 {1.00 (0.29,1.00) 5.51

Kang, 2011 4 036 (0.31,041) 1157

Uchida, 2010 - 0.15 (0.02 0.45) 8.25

Frycz-Kurek, 2010 0.38 (0.35,0.41) 11.73

Ong, 2008 A 0.07 (0.01,0.22) 10.72

Strunk, 2006 - ' i 9.10

Germing, 2005 -/l;*J 9.91

11.46

0.00 (0.00,0.27) 10.19

033 (0.22,0.44)
0.0 02 04 06 08 1.0
Circulation. 2015;131:861-870.
10.1161/CIRCULATIONAHA.114.011201

(l-squared = 95.4%%, p=0.000) 100.00
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MINOCA
Prevalence and Prognosis

Systematic Review of Patients Presenting With
Suspected Myocardial Infarction and Nonobstructive
Coronary Arteries
Sivabaskari Pasupathy, BSc(Hons); Tracy Air, BA (Hons), M.Biostatistics;

Rachel P. Dreyer, BSc(Hons), PhD: Rosanna Tavella, BSc(Hons), PhD:
John F. Beltrame, BSc, BMBS, PhD

Comparative Studies

All-Cause MI-CAD MINOCA OR (95% CI)  All MINOCA
Mortality % (95% Cl) % (95% Cl) PValue Studies

In-hospital 3.2% 1.1% 0.37 (0.2-0.67) 0.9%
1.8%, 4.6%) (-0.1%, 2.2% P=0.001 (0.5%, 1.3%)

12-month 0.59 (0.41-0.83) 4.7%
P=0.003 (2.6%, 6.9%)

Circulation. 2015;131.681 87C. BCi. 1U.1161/CIRCULATIONAHA.114.011201




MINOCA
Prevalence and Prognosis

Presentation, Clinical Profile, and Prognosis of Young Patients With
Myocardial Infarction With Nonobstructive Coronary Arteries
(MINOCA): Results From the VIRGO Study

Basmah Safdar, MD, MSc; Erica S. Spatz, MD, MS; Rachel P. Dreyer, PhD; John F. Beltrame, MD, MPH; Judith H. Lichtman, PhD, MPH,;
John A. Spertus, MD; Harmony R. Reynolds, MD; Mary Geda, MSN; Héctor Bueno, MD, PhD; James D. Dziura, PhD, MPH;

Harlan M. Krumholz, MD, SM; Gail D’Onofrio, MD, MS
Ml aged 18 to 55 years:
MORTALITY nonobstructive vs

A ! _ obstructive coronary
MILAD MINA disease. N: 2690.

PREVALENCE
@ MINOCA: 11,2%.
STEMI: 21% in MINOCA
and 52% in MI-CAD.

¢ 4 i i One and 12-Months
TIME SINCE AMI (IN MONTHS) Mortallty Slmllar In
MINOCA vs MI-CAD.

{&D}J Am Heart Assoc. 2018;7:e009174. doi:10.1161/JAHA.118.009174
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MINOCA: ETHIOLOGY

ENT

Contemporary Diagnosis and Management
of Patients With Myocardial Infarction in the
Absence of Obstructive Coronary Artery Disease

A Scientific Statement From the American Heart Association

In-situ thrombosis

L

Coronary microvascular dysfunction

Circulation. 2019;139:e891-e908. DOI:
10.1161/CIR.0000000000000670




MINOCA
A Working Diagnosis

Additional ) -
Investigation Diagnosis

Clinical Presentation

Rise and/or fall of cTn with one
level >99 percentile plus

ischemic signs/symptoms Consider Clinical Context
¥ (clinically overt diagnoses)
Nonobstructive CAD

(<50% lesion on angiography)

“Working Diagnosis’ Review Angiography Findings* * Obstructive CAD

(clinically overlooked diagnoses) 5 Coronary emboli/thrombus

Exclude: « SCAD (Dissection)

« Missed Obstruction E =
unctiona ssessment « Takotsubo Svnd
(Ischemic Mechanisms) axkoisu Yn rome
(Echo, LVA”Q”a’") « Other Cardlomyopathles

Myocardial Injury
Nonischemic Mechanisms < Myocardltls
Contrast Cardiac MR Imaging

(clinically subtle diagnoses)

* CMRI confirmed Infarct
MINOCA

MINOCA n with » Plaque Disruption
Myocardial Infarction with Myocardla| |nfarctlo « Coronary emboli/thrombus

Nonobstructive Coronary Nonobstructlve Coronary + SCAD (Dissection

Arteries Arteries = Coronary Artery Spasm
(Ischemic Mechanisms) (Ischemic Mechanisms) * Microvascular Disease

*Consider FFR

Circulation. 2019;139:e891-e908. DOI: 10.1161/CIR.0000000000000670

« Unclassified MINOCA
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farction who are ruled out

_ . ial in
AHA.SCIENTIFIC STAT Patients Wlm_ acute mygcard:e: disease should undergo
Contemporary Diagnosis and Management for obstructive coronary d y derlying cause of
of Patients With Myocardial Infarction in the additional testing to elucidate the underly
Absence of Obstructive Coronary Artery Disease| . . and to initiate appropriate treatment,
A Scientific Statement From the American Heart Association jschemi
R R = Tt e I i .
e E— Clopldogrel...
| ‘ o / | - Statin
== - Beta Blockers, ACE Inhibitors,
. X o . Calcium Channel Blockers
il e — - iates, Nicorani
Cilostazol...
- Unconventional Antianginal
No Clue about Therapies...
Acute Treatment... | = Anticoagulant Therapy...

- Treatment of Underlying
Condition in Supply Demand
Mismatch....

- Medical or Devices Therapies
In Heart Failure...
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MINOCA: Acute Treatment?
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Myocardial Infarction with No

Obstructive Coronary Arteries
“The Essential is Invisible to the Eye...”
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MINOCA = AMI = Ischemia
Revascularization?

Revasculariza*
a iIschemic

unblocking o

or by sul

Percutanou

—~tha rastoration of perfusion to

chieved by
blood vessels
icements.

Artery Bypass
Graft



Case Presentation

- 39 years old male HT, obesity and metabolic syndrome.

- Ongoing oppressive 9/10 chest pain, associated with
shortness of breath and diaphoresis.

- Mild heart failure on phv~*- - ination.
- Laboratory findin~~- ; ang\ograph\/ \arkers negative.
- Admission E | Jrgen diate and slight ST

segment for inme KO -al leads.
- No pain re ! e\’ascu\ar\za _.«uoglycerin.




Angiography: RCA.

The RCA is dominant, with no obstruction.

@)
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ACADEMY

CTLEOAATING 1S YEART
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Angiography: Left Coronary Artery

No obstructions, but notorious slow flow 1.Contrast injection starts.
in LAD: >3 Beats in filling the Vessel. 2.The CX'is completely filled, the

LAD is only patrtially filled.

INTERVENTIONAL

AChnlEal




We have a young male with ongoing chest pain, mild
heart failure and ST changes in anterior leads...
Urgent catheterization seems to be appropriate!

If slow flow is
causing myocardial
ischemia: MINOCA

The patient
doesn’t have
obstructive CAD.
However, the
slow flow in LAD

IS notorious. 1. How can we

determine that?

Is the LAD slow
flow related to
the clinical
situation?

2. Is there any
appropriate

Let’s perform a Left |  treatment?

Ventriculography! §


http://www.google.com.ar/url?sa=i&source=images&cd=&cad=rja&docid=Wht91HsbU4gOXM&tbnid=VvIfa65tkiZ00M:&ved=0CAgQjRwwADg6&url=http://www.copyblogger.com/critical-thinking/&ei=SW0nUYyPJYWc9QSiyoG4AQ&psig=AFQjCNGDQrTeDTrZWiX_YHCoPtuDPyhzDw&ust=1361624777660254
http://www.google.com.ar/url?sa=i&source=images&cd=&cad=rja&docid=Wht91HsbU4gOXM&tbnid=VvIfa65tkiZ00M:&ved=0CAgQjRwwADg6&url=http://www.copyblogger.com/critical-thinking/&ei=SW0nUYyPJYWc9QSiyoG4AQ&psig=AFQjCNGDQrTeDTrZWiX_YHCoPtuDPyhzDw&ust=1361624777660254

Left Ventriculography

We do not perform left ventriculography routinely.
In this case we wondered if the slow flow in LAD had impact
on ventricular function, besides the chest pain and EKC

changes compatible with myocardial ischemia.
In order to optimize D2B time, the patient was sent to the Cath Lab without
previous ECO, according to our PPCI protocol.

Re!ional
Wall Metion
Abnormality *

Normal

wrt o
. : s
S?
PER\CARD\T\ TAKO'[:SUB 07 M/NO_C 4
4 4

BENEFIT EXPECTED IF FLOW IMPROVES




Left Ventriculography

Anterior hypokinesis with mild to moderate function impairment

gustavosamaja@hotmail.com




And what about treatment?

We homologated
the treatment of
this “unexpected”
Slow Flow to our
standard protocol
for No Reflow.
We administered
distal IC Adenosine
for ensuring drug
delivery to the distal
vascular bed.

Szl

crirn



pVAE
b Ongomg
chest-pain

Pre-adenosine Post-adenosine

s

No angina, EKG is better
Vasospasm: and flow Seemsdto have LAD flow
' ' ved. :
intracoronary Impro how improved and
NTG failed to But... Can we sho symptoms

restore flow

more objective data? disappeared
- ——



Trying to show more objective data...
TIMI FRAME COUNT

TIMI Frame Count
A Quantitative Method of Assessing Coronary Artery Flow

C. Michael Gibson, Christopher P. Cannon, William L. Daley, J. Theodore Dodge, Barbara

Alexander, Susan J. Marble, Carolyn H. McCabe, Lori Raymond, Terry Fortin, W. Kenneth
Poole, and Eugene Braunwald
Circulation. Volume 93(5):879-888. March 1, 1996.

The number of cineframes needed for dye to
reach standardized distal landmarks was
counted to objectively assess an index of

coronary blood flow as a continuous variable.

The TIMI FRAME COUNT is longer in LAD,
so the CORRECTED TIMI FRAME COUNT
(CTFC) is calculated dividing by 1,7.

The index is simple, objective, reproducible
and guantitative, besides all the potential
factors that introduce variability.

LAD Normal CTFC
21.1+1.5 frames

Normal flow is 215 to £27 frames for 95% Confidence Interval.




Treatment: IC Adenosine
Pre-adenosine c1rc44,7 Post-adenosine cTFC28,2

The original paper analyzed angiograms filmed at 30 frames/second.

Our angiograms were taken at 15 frames/second.

INTERVENTIONAL

AChnlEal




Follow Up

In Hospital

- Clinically uneventful.
-Cardiac biomarkers elevation and
pronounced anterior T wave inversion.
-Discharged on aspirin, atorvastatin,
enalapril and diltiazem.

Ul/L
100 83

Troponin |
27

14

44
50

11 12

0 3 25 24 48 72 9 15 24 48 72 96 hs




Was it a MI? It was a MI

Late Gadolinium Enhancement:
Anterior subendocardial necrosis
with transmural progression on
the apical anterior and inferior
segments associated with
hypokinesis with a mild
impairment of LVEF.

SPECT

9y 5

‘%’

i

Cardiac SPECT: @
apical necrosis | = T
pattern.
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The Case of our MINOCA Patient

Additional

Clinical Presentation Investigation Diagnosis

P> .

se and/or fall of ¢cTn with o
level >99 percentile plus

ischemic signs/symptoms Consider Clinical Context

+ (clinically overt diagnoses)
Nonobstructive CAD

Review Angiography Findings*

xclude: (clinically overlooked diagnoses)

» Missed Obstruction
(Ischemic Mechanisms)

we¥llar Imaging * Plaque Disruption
« Coronary emboli/thrombus

()
— + SCAD (Dissection)
- / N
Arteries Coronary Functional Assessment * Soromary-Artery-Spasm
(Ischemic Mechanisme) g C NTG * Microvascular Disease

No Reflow Treatment zinciassiled MINGCA
P —

NTERVENTIONAL

ACADEMY



Chest Pain
Angiography

Pathoplysiolog
Risk Factors

Coronary flow
reserve

Nitrates resp
Exercise stress
Dlagnostic test

Management

Patient Populati
most affected

Coron
of

Coronary Slow Flow

The case of our MINOCA Patient

It is related to increased
microvascular
resistance and stress
test is usually negative. i
It occurs in obese young
Wl males, with prolonged

Prolonged - at Rest
Normal with delayed 9-;-»’;"
opacification Y 4
Unclear/ Increased v
microvascular resistance
Male gender, Obesity

Normal/ debatable

rest pain.

. : n
variable Angiography is
Usually N i debatabl -
i egative/ dehatable normal but with

delayed
Dipyridamol, Mibefradil, opacification
others are investigative ' roup
Young Males ]Z

microvascular coronary bed.
Adapted from Yakan et al. ReviewsinVascularMedicine2 (2014) 118-122



The case of our MINOCA Patient related to
Coronary Slow Flow

Coronary Slow Flow is defined angiographicaly as the slow antegrade passage
of contrast material in the coronary arterial tree in the absence of epicardial
coronary artery stenosis or spasm.

The prevalence of the Coronary Slow Flow is between 1% and 5% of all
coronary angiograms performed in ACS. True myocardial infarction is
uncommon and occurs in about of 8% of those patients.

The pathophysiology of CSFP is not yet fully understood, resting resistance of
the microvascular coronary arteries is thought to play a central role.

The name “Cardiac Syndrome Y” has been suggested due to the possible role
of “neuropeptide Y” in the pathophysiology.

- There are not guidelines nor recommendations
about acute or chronic treatment of Syndrome Y.
- We homologated the acute treatment to our
protocol for No Reflow management.




The case of our MINOCA Patient related to

Coronary Slow Flow
And What About Secondary Prevention in those Cases?
ORIGINAL RESEARCH ARTICLE @

Medical Therapy for Secondary Prevention and
Long-Term Outcome in Patients With Myocardial

Infarction With Nonobstructive Coronary Artery

I ' ion. ;135:1481-1489. DOI:
Disease 10 1161/GIRCUL ATIONAHA 116, 026336
MINOCA in 9136 p, 4.1 vesr==5"" up.

- Beneficii = IN SUN\N\ARY... ins and
angiotensin-( NO gPECIFIC ngiotensin

- Trend t« RECOMM. - vnects of B-blockers.
- No benefit of DAPT.

Berthil Lindal et Al. Circulation 2017

¢L’ =
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TAKE HOME MESSAGE

- Coronary arteries with no
obstruction doesn’t always mean
“Normal Coronary Arteries”:
KEEP AN EYE ON THE FLOW!

- Improving flow with IC drugs can
be beneficial for these patients,
especially if “Syndrome Y”is
causing an AMI.

* The essential can be
Invisible to the eye...

ja@hotmail.com



;I'ake Home Message |l
Microcirculation is Invisible to the Angio...

/Be Aware of the Flow:
- MINOCA

- Syndrome Y
| - No Reflow
T Blush in PPCI y

Full Coronary
Circulation




Thank You

gustavosamaja@hotmail.com



BACK UP
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Laboratory results

Hematocrit
Leukocites

Urea

Sodium

Glucose

Total Cholesterol
LDL Cholesterol
CPK

Troponin |

38%
11700

33 mg/dl
139 mEq/I
125

152

63

183
Negative

Hemoglobin
Platelet
Creatinine
Potasium
Hepatogram
Triglycerides
HDL Cholesterol
CK-mB

@)

NTERVENTION
ACADEMY

13mg/dI
230000
1.02 mg/dl
4.7 mEq/l
Normal
251 Hypertension and
33 central obesity

44




EKG

Admission
DIl
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EKG

Post Adenosin

DIl DIl

aVvVR aVvL aVF
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EKG

Evolution

DIl DIl

aVvVR aVvL aVF
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ORIGINAL CONTRIBUTION

The Spontaneous Coronary Slow-Flow Phenomenon:
Reversal by Intracoronary Nicardipine

Hetal H. Mchta, MD";
Nicholas Ruggiero, MD'; Paul Walinsky, MD';
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Mackenzie Morris, Mp'%;, David L. Fischman, MDY;
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FC'« e menk Conclusions. IC nicardiping
ese Hindings implicate 1

John J. Finley, IV, M,

Melissa McCarey, MPH'; Michael P. Savage, MD'

oW duUrng percutaneous coronary Intern
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el blockars in the long-term management of CSF are neased

J INVASIVE CARDIOL 2018 December 15 [Epub Ahead of Prlnt]

KEY WORDS: coronary microcirculation, coronary siow fiow phenomenon. acute coronary Syndromes. microvasc

hest pain contributes to frequent emergency room
C visits and is a leading cause of increasing health-care

costs. An under-recognized cause of chest pain, the
coronary slow flow (CSF) phenomenon is characterized by
delayed coronary opacification during diagnostic angiogra-
phy in the :.bsence of obstructive epicardial coromary ar-
tery disease (CAD) or other conditions that are known to
impair coronary flow."* First described in 1972, CSF may
be more common than generally appreciated. CSF has been
described in up to 7% of patients undergoing diagnostic an-
giography and may account for up to 4% of unstable angina
admissions.** The clinical course can be challenging, with
recurrence of chest pain occurring in up to 80% of patients
and hospital readmission in 20% within a 2-year follow-up
period.* While the pathophysiology of CSF i not fully
understood, abnormally elevated microvascular resistance
appears to be an important feature® Because of the angio-
graphic similarity of CSF to no-reflow observed during per-
cutaneous coronary intervention (PCI) - a condition associ-
ated with microvascular spasm — we hypothesized that CSF

may be reversed by intracoronary (IC) administration of

nicardipine. Nicardipine, a dihydropyridine calcium-channel
blacker with selective vasodilatory effects, has been shown
to increase coronary blood flow and reverse no-reflow com-
plicating PCL“” Accordingly, the goal of this study was to
assess the effect of IC nicardipine on the CSF phenomenon

Vou. 30, Erus 2018 Decesan 15

Methods

The effect of IC nicardipine on CSF was assessed in 30
patients. CSF was defined as the presence of angiographically
normal or near-normal coronary arteries and Thrombolysis
in Myocardial Infarction (TIMI) 2 flow {requiring >3 beats
to opacify prespecified branch points in the distal vasculature
of at least one of the three major epicardial coronary ves-
sels)."* Patients were excluded if there were coronary artery
stenoses >40% or other conditions that can be associated
with impaired coronary flow (recent PCI, coronary artery
ectasia, epicardial coronary arterial spasm, cardiomyopathy,
or significant valvolar heart disease).

Nicardipine was prepared in 2 diluted solution of nor-
mal saline with a concentration of 100 pg/1 mL. Nicardip-
ine was administered as a 200 pg intracoronary bolus, after
which repeat angiography was performed. Coronary flow
before and after nicardipine was assessed by TIMI flow grade
and by the corrected TIMI frame count (TFC) based on
previo established criteria by Gibson et al." TIMI flow
grade <3 and TFC 228 were considered abnormal.

Demographic data are reported as mean £ standard de-
viation or number (percentage). Differences in TFC before
and after IC nicardipine were evaluated by paired t-tests. A
P-value <.05 was considered statistically significant. This ret-
rospective study was approved by the Institutional Review
Board of the participating hospitals.

Objective evidence of ischemia
Abnormal electrocardiogram
Abnormal stress test
Elevated troponin

Any of the above

#® Pre-Nicardipine

® Post-Nicardipine

Ly

All Vessels

g,
S
g
g
-
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E

FIGURE 4. Corrected TIMI frame counts before and after
intracoronary nicardipine by vascular territory. Significant
improvement in TIMI frame count after nicardipine was seen
for all vascular territories [all P<.001). LAD = left anterior de-
scending; LCx = left circumflex; RCA = right coronary artery.

No Reference to Clinical Improvement or AMI
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