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Problématique

Chronic Kidney Disease Prognosis Consortium: 637 315 patients without known CVD from 24 cohorts (F/U=5
years)
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Coronary artery disease
In Asymptomatic CKD patients



Silent ischemia

and Unrecognized myocardial infarction

* 3 main risk factors of silent ischemia or unrecognized myocardial

infarction:
o Diabetes mellitus
o Hypertension

o Chronic Kidney disease =2 silent ischemia in 10-25 % of patients!

Arenja N et al. Prevalence, extent, and independent predictors of silent myocardial infarction. Am J Med. 2013

Kannel WB et al. Incidence and prognosis of unrecognized myocardial infarction. Framingham study. NEJM 1984
Valensi P et al. Prevalence, incidence, predictive factors and prognosis of silent myocardial infarction. ACVD 2011




3 Ways to Detect CAD

* Coronary plaque / calcification
* Inducible myocardial ischemia

* Unrecognized myocardial infarction



Indications to detect CAD

European Heart journal (2016) 37, 2315-2381 JOINT ESC GUIDELINES

¢ dot10.1093/eurheartj/ehw106

2016 European Guidelines on cardiovascular
disease prevention in clinical practice

The Sixth Joint Task Force of the European Society of Cardiology
and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of 10 societies
and by invited experts)

Developed with the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation (EACPR)

Circulation

ACC/AHA CLINICAL PRACTICE GUIDELINE

2019 ACC/AHA Guideline on the Primary Prevention
of Cardiovascular Disease: Executive Summary

A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines

1. Angor typique ou atypique

2 ECG de repos suggérant une ischémie ou un infarctus
myocardique

3. Athérosclérose carotidienne ou artériopathie des
membres inférieurs

4 Sédentarité chez un sujet de plus de 35 ans présentant
un deuxiéme facteur de risque et désirant reprendre
une activité physique

5. Présence d'au moins deux facteurs de risque parmi:
- Dyslipidémie
- HTA
- Tabagisme actif
- Histoire familiale de coronaropathie précoce
- Présence d'une micro- ou macroalbuminurie
- Obésité abdominale
-~ Age supérieur a 55 ans
- Sédentarité

ESC GUIDELINES

European SOCiety aci10.1093/eurheartjlehz425
of Cardiology

2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes

The Task Force for the diagnosis and management of chronic
coronary syndromes of the European Society of Cardiology (ESC)



« Coronary plaque »
to detect CAD



Coronary CT angiography

VP N et 97 % B Test Clinical Likelihood of FFR-significant CAD
Results 0% 50% 100%
+ i
Table 12 Characteristics of tests commonly used to ICA . - :
diagnose the presence of coronary artery disease :
+
Com CTA |
Diagnosis of CAD :
Sensitivity (%) Specificity (%) T
2 PET i
Exercise ECG ** * % 45-50 85-90 g ——
Exercise stress echocardiography™  80-85 80-88 Brats i _
Exercise stress SPECT™ ™ 73-92 63-87 CMR . _—-r—
Dobutamine stress echocardiography™ 79-83 82-86 :
| = SPECT + —+—
Dobutamine stress MRI*** 79-88 81-91 i __ |
Vasodilator stress echocardiography™ 72-79 92-95 e o
Vasodilator stress SPECT™ 90-91 75-84 ) )
Vasodilator stress MR %05 67-94 61-85 ™ Clinical Likelihood range where test
can rule-in CAD (Post-test probability will rise above 85%)
Coronary CTA="®-'% 95-99 64-83
— - Clinical Likelihood range where test
Vasodilator stress PET ™ ' 81-97 74-91 can rule-out CAD (Post-test probability will rise below 15%)

ESC Guidelines CAD, EHJ 2019



Coronary CT: Plaque Vulnerabilty

Stenosis > 50% Probability of Having ACS

RR M

Coronary CT Angiography Predicts
Acute Coronary Syndromes Independent
of Significant Stenosis in Acute Chest Pain

Results From the ROMICAT-II
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E - Spotty Calcium
- 250% Any high-  All high-risk =
Stenosis  risk plaque plaque LowHu Spotty Ca
Relative Risk 344 320 9.0 82 11 82 37.2 - — - RR 37.2
95% ClI (16.7-70.7) (7.8-131.2) (5.1-16.0) (4.7-145) (6.2-20.1) (4.7-145) (9.1-152.7) -

P-Value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Truong QA. et al. Circulation 2013



« Inducible myocardial
ischemia » to detect CAD



Test non—1nvasifs de stress
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Stress CMR

Sven Plein. Cardiac MRI, What the
cardiologist needs to know, ESC 2017




Case report
, ) )

68-year-old man

- CKD with GFR= 44 ml|/min e

- Chest pain for 4 months RIRESS

- SPECT: normal REST
STRESS

- Go to stress CMR

REST




Case report: First pass (inducible ischemia)




Case report: LGE

Coronary angiography revealed high-grade stenoses of the proximal LAD, proximal Cx and RCA.




Inconclusive stress test ?°

Circulation: Cardiovascular Imaging

QRIGINAL ARTICLE

Clinical and Economic Implications of Inconclusive
Noninvasive Test Results in Stable Patients With
Suspected Coronary Artery Disease

Insights From the PROMISE Trial

 10-25% of all non-invasive stress tests in clinical routine (literature)
* Worse prognosis compared to patients with conclusive stress test

* +140% of medical costs after 2 years

-

—| Prescribe another Stress test !!

Goyal et al. Circulation CV Img. 2020



Management of silent ischemia

In an asymptomatic patient with CKD and discovery of a silent
ischemia?

Reinforce the treatment of CV risk factors in particular dyslipidemia (increased statin
dose? add Ezetimibe?) and diabetes mellitus...

e ACEi +++ (specially if non controlled hypertension, diabetes,...)
* i-SGLT2 +++ (specially if diabetes, history of heart failure)
e Consider an anti-ischemic treatment (beta-blocker?).

* Consider coronary revascularization, specially in the case of severe three-vessel CAD
or LV dysfunction.



« Unrecognized myocardial
infarction » to detect CAD



Pronostic value of Unrecognized MI

CENTRAL ILLUSTRATION Time-to-Event Curves for Death and/or MI and MACE
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Antiochos, P. et al. J Am Coll Cardiol. 2020;76(8):945-57.

METHODS In the multicenter SPINS (Stress CMR Perfusion Imaging in the United States) study, 2,349 consecutive
patients (63 + 11 years of age, 53% were male) with suspected CAD were assessed by stress CMR and followed over a
median of 5.4 years. UMI was defined as the presence of late gadolinium enhancement consistent with Ml in the absence
of medical history of MI. This study investigated the association of UMI with all-cause mortality and nonfatal Ml (death
and/or MI), and major adverse cardiac events (MACE).

Antiochos et al. JACC 2020



Coronary artery disease
In Symptomatic CKD patients



Safety and Incremental Prognostic Value of

Stress CMR in Patients with Known Chronic
Kidney Disease

Théo Pezel'?3, Thierry Unterseeh?!, Thomas Hovasse?, Philippe Garot?, Solenn Toupin#, Francesca Sanguineti?,
Stéphane Champagne?, Tania Ah-Sing3, MD; Alyssa Faradji3, Martin Nicol*3, Lounis Hamzi3, Jean Guillaume Dillinger?,
Patrick Henry?, Valérie Bousson3 and Jérome Garot?.

2 Department of Cardiology, Lariboisiere Hospital-APHP, Paris, France PUBLIQUE DE PARIS

1 Cardiovascular Magnetic Resonance Laboratory, ICPS, Massy, France ASSISTANCE 9 HOPITAUX

3 Department of Radiology, Lariboisiere Hospital-APHP, Paris, France

c) I C PS 4Siemens Healthcare France, Saint-Denis, France
‘ é | Universite

Paris Cité

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Methods
Study population

* Bi-centre retrospective study from January 2008 to December 2021

* All consecutive symptomatic patients with known CKD (defined by eGFR <60
ml/min/1.73 m2) but without known CAD, referred for stress CMR.

Stress CMR

* Vasodilator agent: dipyridamole (ICPS) — adenosine (Lariboisiere)
* 1.5T CMR scanner

* First pass perfusion imaging to detect inducible ischemia

* LGE imaging to detect myocardial infarction

Primary outcome: MACE

* Non-fatal myocardial infarction or CV death

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Flow chart

Patients referred for stress perfusion CMR = 39,398 e Stress CMR was well
Consecutive patients with known CKD and without known CVD = 887 tolerated without
: occurrence of severe
Excluded:
GFR < 30 ml/min/m? = 62 adverse event related to
J Claustrophobia =28
Poor gating =12 the injection of
Intolerance to stress agent =9 o
Declining participation =7 gadolln ium.
Patients successfully underwent stress perfusion CMR = 769
» Patients lost to follow-up =67 * No nephrogenic
Patients with clinical follow-up forming the study cohort = 702 systemic fibrosis case.

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Baseline characteristics

Table 1. Baseline and CMR characteristics of CKD patients with or without inducible ischemia (N=702)

All patients Without ischemia With ischemia ——
(N=702) (N=557) (N=145) P

Demographics

Age, years 714+ 8.8 71.3+ 8.8 71.7+ 8.8 0.64

Male, n (%) 492 (70.1) 392 (70.4) 100 (69.0) 0.46

Body mass index, kg/m? 26.8+3.2 27033 26.0+2.6 <0.001
Cardiovascular risk factors, n (%)

Diabetes mellitus 347 (49.4) 255 (45.8) 92 (63.5) <0.001

Hypertension 525 (74.8) 413 (74.1) 112 (77.2) 0.51

Dyslipidemia 411 (58.5) 326 (58.5) 85 (58.6) 1.00

Current or previous smoking 107 (15.2) 86 (15.4) 21 (14.5) 0.88

Family history of CAD 54 (7.7) 51(9.2) 3(2.1) 0.007

Obesity (BMI >30 kg/m?) 84 (12.0) 80 (14.4) 4 (2.8) <0.001

Time between CKD diagnosis and CMR, years 3.6%29 32£28 54+3.1 <0.001

e¢GFR, ml/min/1.73 m? 41£9 43+9 36+ 10 <0.001
Ten-year risk for fatal CAD (%)* 3.6 (1.0-5.9) 3.5 (0.9-5.8) 4.2 (1.2-6.3) <0.001
Indications to stress CMR, n (%)

Symptomatic angina 618 (88.0) 513 (92.1) 105 (72.4) <0.001

Dyspnea 88 (12.0) 44 (7.9) 44 (30.3) <0.001
Stress CMR findings

LV ejection fraction, % 62.8+9.8 62.8+9.1 62.8 £12.1 0.97

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Examples of stress CMR in patients with known CKD

Perfusion LGE
A o= < e ™ . . .
! / e 4 Panel A: normal. 77-year-old male with hypertension and history of
.g n£oo e L & : *; ‘
5 = s Sk & ™ g 5 CKD (GFR 38 ml/min/m?), presenting atypical angina.
2 P

Panel B: inducible ischemia. 69-year-old female with and history of

CKD (GFR 56 ml/min/m?), presenting dyspnea on exertion.

Ischemia +
LGE -

Panel C: myocardial scar without ischemia. 70-year-old female
with diabetes mellitus, hypertension and history of CKD (GFR 41

ml/min/m?), presenting dyspnea on exertion.

Ischemia -
LGE +

Panel D: myocardial scar with additional inducible ischemia. 67-
year-old male with diabetes mellitus, hypertension and history of

CKD (GFR 55 ml/min/m?), presenting atypical angina.

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted

Ischemia +
LGE +




Results

Results: Prognostic value of Inducible ischemia in CKD
patients

A
¥ Nolschemia ¥ Ischemia A Nonfatal MI B Cardiovascular mortality
» o without nonfatal Mi
(® ]
< HR = 12.50 (7.50-20.80) Ischemia Ischemia
E p < 0.001 —— Noischemia —— No ischemia
o 02 2]
g 04 sHR = 17.00 (7.09-41.00) sHR = 8.49 (4.53-15.90)
35 Gray'’s test: p < 0.001 Gray'’s test: p < 0.001
2 % %
g 02 ‘g 0.1 - g 1
© 2 2
S
£ < g
3
U LEn o nsa s
00 ‘
0 1 2 3 4 5 [ 7 _‘—Jll LR A B A R AR AN AL AR AN JN—M
00 0 -
Years of follow-up T T T T T T T T
Number at risk 0 2 4 6 0 2 4 6
No Ischemia | s57 557 554 550 496 412 258 0 Years since the stress CMR exam Years since the stress CMR exam
" N ; . s
N I HEE % E W T ¥ B % 5 % B ¥ ¥ %
Traditional Cox model Competing risk model (Fine and Gray)

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Results: Prognostic value of both Inducible ischemia and LGE in
CKD patients

p<0.001

p<0.001

60
p<0.001

50

40

33.6

30

20

Total Event Rates of MACE (%)

13.0

10

2.1

| |
0
Ischemia —, LGE - Ischemia -, LGE + Ischemia +, LGE - Ischemia +, LGE +
(n=480) (n=77) (n=110) (n=35)

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Results: Prognostic value of the extent of Inducible ischemia in

CKD patients
MACE

68.2

60 Study population
Prreng<0.001

44.1

B
o

22.2

Annual Event Rates (%)

N
o

Mild, moderate, and severe ischemia were defined as the

A involvement of 1 to 2, 3 to 5, and >6 myocardial segments,
o | respectively.
No Mild Moderate Severe
ischemia ischemia ischemia ischemia
(n=557) (n=61) (n=45) (n=39)
Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted




Results

Results: Multivariable Cox regression analysis for the

pJ,AJ:,\J_:,\.A ~L AMAMNT
MACE Cardiovascular Mortality
Hazard Ratio al Hazard Ratio I
(95% CI) pyaie (95% CI) g il

Model 1*
Age 1.02 (0.99-1.06) 0.17 1.09 (1.05-1.15) <0.001
Male 0.86 (0.51-1.48) 0.59 0.80 (0.48-1.46) 0.67
Body mass index 1.05 (0.99-1.13) 0.12 1.04 (0.95-1.14) 0.397
Diabetes mellitus 5.22 (0.88-9.50) <0.001 8.27 (3.59-19.1) <0.001
Hypertension 3.66 (1.99-6.73) <0.001 5.50 (2.26-13.4) <0.001
Dyslipidemia 0.77 (0.51-1.25) 0.63 0.59 (0.30-1.08) 0.09
Current or previous smoking 2.81 (1.55-5.11) <0.001 1.36 (0.62-3.09) 0.28
Family history of CAD 1.08 (0.47-2.46) 0.78 1.90 (0.78-4.50) 0.35
LVEF 0.92 (0.72-1.19) 0.54 0.87 (0.66-1.22) 0.68
eGFR 0.83 (0.61-0.97) 0.03 0.71 (0.52-0.89) 0.02
Time between CKD diagnosis and CMR exam 1.62 (0.91-2.59) 0.19 1.99 (0.91-4.40) 0.10
Model 27
Presence of unrecognized MI 5.07 (3.13-8.21) <0.001 6.15(2.98-12.1) <0.001
Model 2bis’
Presence of inducible ischemia 16.4 (8.31-34.2) <0.001 8.22 (3.08-26.2) <0.001
Model 3¢
Presence of unrecognized MI 4.67 (2.83-7.68) <0.001 6.21 (3.10-12.5) <0.001
Presence of inducible ischemia 15.5 (7.72-30.9) <0.001 7.67 (2.61-22.6) <0.001
Model 4
Presence of unrecognized MI 4.60 (2.80-7.66) <0.001 6.02 (2.89-11.8) <0.001
Number of segments of inducible ischemia 1.19 (1.10-1.29) <0.001 1.11 (1.04-1.52) 0.021

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Results

Results: Incremental prognostic value of stress CMR findings

MACE
C-index (95%CI) NRI (95%CI) IDI (95%CI)
Model 1 (traditional CV risk factors) * 0.74 (0.69-0.78) Reference Reference
Model 2 (model 1 + unrecognized MI) 0.82 (0.76-0.87) 0.250 (0.067-0.440) 0.035 (0.018-0.060)
Model 3 (model 2 + inducible ischemia) 0.87 (0.83-0.90) 0.477 (0.236-0.678) 0.049 (0.025-0.071)

* Model 1 included traditional CV risk factors: age, male, BMI, diabetes mellitus, hypertension, dyslipidemia, current or previous
smoking, family history of CAD, LVEF, GFR, and time between CKD diagnosis and CMR exam.

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted




Main findings

Conclusion

Main findings

* In symptomatic patients with known CKD but without known CAD, stress CMR is feasible

and safe.

* Inducible myocardial ischemia and unrecognized Ml by stress CMR were independently

associated with CV mortality or nonfatal Ml.

* Stress CMR findings had an incremental prognostic value above traditional risk factors for

predicting the occurrence of MACE.

Pezel T et al. Journal of Cardiovasc Magnetic Resonance 2023. accepted



Microvascular
angina




ESC GUIDELINES
E SC European Heart Journal (2019) 00, 1-71 ) %50 Su,,

European Society doi:10.1093/eurheartj/ehz425 . =
of Cardiology e 5

[

2019 ESC Guidelines for the diagnosis and

management of chronic coronary syndromes Investigations in patients with suspected coronary micro-

vascular angina
The Task Force for the diagnosis and management of chronic

coronary syndromes of the European Society of Cardiology (ESC) Recommendations Class® Level®

6.1 Microvascular angina

Patients with microvascular angina typically have exercise-related
angina, evidence of ischaemia in non-invasive tests, and either no
stenoses or mild-to-moderate stenoses (40—60%), revealed by
ICA or CTA, that are deemed functionally non-relevant.*'> Given
the similarity of angina symptoms, a microvascular origin of angina
is typically suspected, after excluding obstructive epicardial coro-
nary stenoses, during diagnostic workup of patients with suspected
myocardial ischaemia. Regional LV wall motion abnormalities rarely
develop during exercise or stress in patients with microvascular
angina.*'>*'® Some patients may also have a mixed pattern of

angina, with occasional episodes at rest, particularly associated with
exposure to cold.

Guidewire-based CFR and/or microcirculatory

resistance measurements should be consid-

ered in patients with persistent symptoms, but

coronary arteries that are either angiographi-
cally normal or have moderate stenoses with
preserved iwFR/FFR #2413

Intracoronary acetylcholine with ECG moni-
toring may be considered during angiography,
if coronary arteries are either angiographically
normal or have moderate stenoses with pre-
served iwFR/FFR, to assess microvascular
\arasc:;spasm.‘"2'438"440

Transthoracic Doppler of the LAD, CMR, and
PET may be considered for non-invasive

assessment of CFR #20~#32441



Cardiac MRI with Quantitative Perfusion
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Cardiac MRI with Quantitative Perfusion
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Automated Pixel-Wise Quantitative

Myocardial Perfusion Mapping by The Prognostic Significance of Quantitative Myocardial
CMR to Detect Obstructive Coronary Perfusion: An Artificial Intelligence Based Approach Using

Artery Disease and Coronary Perfusion Mapping
Microvascular Dysfunction T —

Validation Against Invasive Coronary Physiology

Tushar Kotecha, MBCuB,""* Ana Martinez-Naharro, MD,™** Michele Boldrini, MD,” Daniel Knight, MD," Heart Centre, St Bart
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