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Vad har dessa
patienter
gemensamt?

A: Klaffsjukdom
B: Snygga ekobilder
C: Medfétt hjartfel

D: Pulmonell hypertension
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Disposition - Pulmonell Hypertension

Del 1 - 45 min

* Inlechning - PH - goblt problern 2022 ESC/ERS Guidelines

* Oklar dyspne’ - vardet av en strukturerad tidig utredning

* EKO & Hemodynamik vid differentiering av PH av olika genes - Patientfall 1-2 . ®
for the diagnosis and

* Diskussion - Fragor

Paus- 30 min treatment of pulmonary
Del 245 min hypertension

* EKO & Hemodynamik vid differentiering av PH av olika genes - Patientfall 3
L ]

» Behandling vid PAH - behandlingsalgoritmen Official ESC Guidelines slide set
* Riskstratifiering vid PAH - Webb baserad - Patientfall 3 . @ ESC ERS
* Sammanfattning - Diskussion - Fragor ot carciogy
5 6
Pulmonell hypertension @ ESC
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1. Pulmonell arteriell hypertension :
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3. Associerad till lungsjukdom — B PR/ PE| "
4. Sekundart till kronisk lungembolisering | "= BN R -+~ e v
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Rare Very common Common Rare Rare g
5. Multifaktorella/oklara orsaker 7
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Figure 1

Central illustration

Group2 &3
- The dominating causes of PH
- ~85-90 % of all PH cases

No available treatments for the
PH component in Group 2-3.
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2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertensien

{Eurapearn Heart Journaf; 2022 —doi: 10.1093/eurheartj/ehac237 and Europenn Respiratory Journat, 2022 — doi: 10.1183/13993003.00875 2022)

Figure 12

Pathophysiology of
pulmonary
hypertension
associated with lung
disease (group 3)
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Remodelling of pulmonary vessels

Severe PH
No PH Non-severe PH (PVR >5WU)

Prevalence ~70% ~20% ~5-10%
Mostly ventilatory Mostly circulatory
exercise (imitation exercise limitation
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Hypoxaemia at rest andior during exercise
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2022 ESC/ERS Guitielines for the diagnosis and treatment of pulmonary hypertensien

{Eurapearn Heart Journaf; 2022 —doi: 10.1093/eurheartj/ehac237 and Europenn Respiratory Journat, 2022 — doi: 10.1183/13993003.00875 2022)
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Figure 11

Pathophysiology of
pulmonary
hypertension
associated with left
heart disease
(group 2)

www.escardio.org/guidelines
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2022 ESC/ERS Guitielines for he diagnosis and trealment of pulmonary hypertensic
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Figure 1

Central illustration
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Figure 7

Pathophysiology and
current therapeutic
targets of pulmonary
arterial hypertension
(group 1)

PAH (Group 1) in Sweden
* Incidence - 8 cases / miljon / year
* Prevalence - 49 cases / miljon

* Totally ~ 500 cases
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Central illustration
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Figure 15
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Overlap in
treatments/multi-
modality approach in
chronic thrombo-
embolic pulmonary
hypertension

CTEPH (Group 4) in Sweden
* Incidence - 2 cases / miljon / year
* Prevalence - |9 cases / miljon

* Totally ~ 300 cases

A

Proximal PA fibrotic
abstructions

@ ERS

B C 3
Distal PA fibrotic
s Microvasculopathy

ESC/ERS

Multimodal CTEPH treacment
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2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertensien
ac237 and furopean Respiratory journal, 2022 ~ doi: 10.1183/13993003.00879 2022
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Patient case - Anna

* Patient seeks primary care

* Unclear dyspnea
* Fatigue
* Dizines

Patient case - Anna

* Patient seeks primary care

* Unclear dyspnea
* Fatigue
* Dizines

* Primary care dr interpretation

* Slight overweight
* Lack of training?
* Burned out?

2024-01-20

* Resp. inf.?
* Asthma?

Figure 2 PESC
ERS
Symptoms in patients Symptoms
. Early
with pulmonary

Fa”et An na \ '_ hypertension

- Unspecific

A: Borja trana mer
- Unclear Dyspnea
B: Remiss t||| Specialist . Rare symptoms due to pulmonary artery dilation
5 « Exertional chest pain:
dynamic compression of the left main coronary artery

Late » Hoarseness (dysphonia):
compression of the left laryngeal recurrent nerve

C: Kontakt med psykolog

(cardiovocal or Ortner’s syndrome)
= Shorwness of breath, wheezing, cough, lower respiratory
tract infection, atelectasis:

D: Vidare utredning med labprover, . CEmpkessan of the bt 2
spirometri, ekokardiografi mm g
! @ESc @ ERS— )

www.escardio.org/guidelines
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Dyspnea - potentially serious - demands a structurized work up

OVERSIKT OVERSIKT

Andfaddhet potentiellt allvarligt
—kréver strukturerad utredning

VIKTIGT ATT TIDIGT IDENTIFIERA PATIENTER MED
PAH OCH CTEPH FOR ATT FORBATTRA PROGNOSEN

2024-01-20
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Central Hospitals

Tampenade
Heart failure, PH, Shunt

Artarial blood gas
D-dimer, Tropanins

ize the patient’'s and doctor’s delay to PAH & CTEPH diagnosis!

Cardiac shunt
Cardine ischemis

Step 2

2022 ESC/ERS Guidelines
for the diagnosis and
treatment of pulmonary
hypertension

Official ESC Guidelines slide set
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@ESC Ekokardiografi
Recommendations for diagnostic strategy (1)
ERS
* Hjartats morfologi
Recommendations Class Level
Echacardiogranhy
Echocardiography is recommended as the first-line, non-invasive, diagnostic : " * VK samt HK funktion
Investigation In suspected PH
It is recommended to assign an echocardiographic probability of PH, based on .
: it : * Klaffvitier
an abnormal TRV and the presence of other echocardiographic signs suggestive | B
of PH
It is recommended to maintain the current threshold for TRV (>2.8 m/s) for * Non-invasiv hemodynamik
echocardiographic probability of PH according to the updated haemodynamic 1 C
definition
Based on the probability of PH by echocardiography, further testing should be * Orsak till PH: LHD eller CHD
considered in the clinical context (i.e. symptoms and risk factors or associated lla B
conditions for PAH/CTEPH) e . . .
In symptomatic patients with intermediate echocardiographic probability of PH, b C * Inte tillrackligt for att satta diagnos — RHC behdvs
CPET may he considered to further determine the likelihood of PH ®
wwaw. escardio.org/ guidelines i o3 e

28



Differentiering fran grupp 2 —
PH sekundart till vinstersidig
hjartsjukdom:

e Vansterkammarens systoliska och diastoliska
funktion (E/A samt E/é)

¢ Vansterformaksstorlek
o Klaffvitier

o Vansterkammarhypertrofi

2024-01-20

Differentiering fran medfédda hjartfel:

Fargdoppler

Misstanke om shunt - TEE

30

Berakning av sPAP ekokardiografiskt

Daniel Bernouli (1700-1782)

BERNOULLIS FORENKLADE EKVATION

SPAP = (4xTRV

max

2) 4+ CVP

Table 1. Echocardiographic estimation of mRAP, mg!nm [14).

29
Hemodynamisk definition av pulmonell hypertension
Tabell 5
Definition Haemodynamic characteristics ProkdlEd 15
PH mPAP >20 mmHg Trmaer @
mPAP >20 mmHg FortotheSakoon ) :/
Pre-capillary PH PAWP <15 mmHg ozt @
PVR >2 WU
mPAP >20 mmHg
Isolated post-capillary PH PAWP >15 mmHg
PVR SZ WU ‘Superior Vena Cava @
E——— mPAP >20 mmHg S [\ \']
il L R PAWP 515 mmHg e )
capillary PH fanense
PVR >2 WU
Exercise PH mMPAP/CO slope between rest and exercise >3 mmHg/L/min
" 202285 : di ent of pulmenary hyps bt
Weiw. escardio.arg/guicelines oumol; 2022 —doi 10.1033/eurhzantj/ ehac237 and ournor; 2022 - doi: 10.1183/13983003.00875-2022)
31

IVC size lﬁmpse % RA pressure (mRAPcio)
Low <21 on | >50% 3mmHy
Inemedate <2lm KE3 Bt
2.1 om 8§ mmHg
High 21 om ) = 15mmHg
IVC (iferior vena cava), RA (rght atrium), mF. - iessure by echocardiography)

32



Diagnostic strategy

2022 Guidelines

B |t is recommended to assign an
echocardiographic probability of PH,
based on an abnormal TRV and the
presence of other echocardiographic
signs suggestive of PH

Itis recommended to maintain the
current threshold for TRV (>2.8 m/s) for
echocardiographic probability of PH
according to the updated
Whaemodynamic definition

* Sannolikhet fér PH baserat pa onormalt hog TRV samt férekomst
av andra ekokardiografiska tecken till PH

* Rekommenderar bibehalla cut off for TRV, >2.8 m/s

2024-01-20

Ekokardiografisk sannolikhet for PH och rekommendation for vidare uppféljning

2.8 m/s motsvarar 31 mmHg

Figure 5

5 ™ Peak tricuspid regurgiation velocity (m/s)
Echocardiographic ;

a3 3
probability of B T TR
pulmonary | | |
hvpertension and Presence of other echo PH signs * (see Table 10)
recommendations for
further assessment

~%

INTERMEDIATE
Risk factors or associated conditions for PAH or CTEPH

, \ k > Yes/No.

L
|
~ <
9 l < | 1
e
Al d Echo follow S
N"‘;'ar;:’ l:gmiﬂ z(zlais \la)w m(g:’:?.dq
@ESc @ ERS—
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Ytterligare ekokardiografiska parametrar fér detektion av PH
Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension
A: The ventricles B: Pulmonary C: Inferior vena
artery cavaand RA

RV/LV basal dameter/ | RVOT AT VC diameter
arearatio >1.0 <105 ms and/or =21 mm with

mid-gystolic decreased inspimatory

notching Avplaning av kammarseptum

Flattening of the Eardy dastolic

RA area (end-systole)
interventricutar pulmonary >18 cm?

TAPSE/sPAP

septum (LVEI >1.1in regurgtation
systole andjor diastole) | velocty >22 mis

TAPSE/SPAP ratio PA dameter AR g Eccentricity index >1.1 =

<055 mm/mmHg dameter E . ‘8 .\ i
PA dameter Q
>25 mm °

Ytterligare ekokardiografiska parametrar for detektion av PH

35

Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension

A: The ventricles B: Pulmonary C: Inferior vena
artery cavaand RA
RV/LV basal dameter/ RVOT AT NC diameter
area ratio >10 <105 ms andior >21 mm with
mid-gystolic decreased inspiratory
natching colapse (< 50% with PAT <105 ms
Flattening of the Eary dastolic RA area (end-systole)
interventricular pulmonary >18 cm?®
septum (LVEI >1.1in regurgitation
systole andor diastole) | velocty >22 m/s
TAPSEIPAP ratio PA dameter AR 8
<055 mm/mmHg dameter E
PA dameter ‘g EDPRvel >2.2 m/s PA diameter >25 mm
=25 mm :

36



Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension

A: The ventricles

RV/LV basal dameter;
area ratio >1.0

Flattening of the
nterventncuar
septum (LVEI >1.1 in

systole and lor diastole)

B: Pulmonary
artery
RVOTAT
<105 ms and/or
mid-systolc
notching

Earty dastolic
pulmonary
re,::gulm

velocty >22 mis

C: Inferior vena
cavaand RA

NC diameter
>21 mm with
decreased inspiratory
colapse (<50% with
a sniff or <20% with

IVC > 21 mm,

Minskad

quiet inspiration)

Ytterligare ekokardiografiska parametrar fér detektion av PH

RA area (end-systole)
~18 :,..I

iation

Hogerférmaksarea >18 cm?

2024-01-20

Ekokardiografiska parametrar vid bedémning av patienter med PH

€ 88X

Figure 4

Transthoracic
echocardiographic
parameters in the
assessment of
pulmonary
hypertension

@ESCDERS

TAPSEIPAP ratio PA dameter >AR g
<055 mm/mmHg dameter 4
PA dameter g
>25 mm !
37
Hemodynamisk definition av pulmonell hypertension
Tabell 5
Definition Haemodynamic characteristics ProkdlEd 15
PH mPAP >20 mmHg Patkle o
MPAP >20 mmHg Fortothe Sakon g =
Pre-capillary PH PAWP <15 mmHg Dt Pt
PVR >2 WU
mPAP >20 mmHg
Isolated post-capillary PH PAWP >15 mmHg
PVR SZ WU ‘Superior Vena Cava @
E——— mPAP >20 mmHg S [\ \']
il L R PAWP 515 mmHg e ) »
capillary PH ot vente )
PVR >2 WU <l
Exercise PH mMPAP/CO slope between rest and exercise >3 mmHg/L/min
" 202285 the di ent of pulmenary hyps bt
www.escardio.org/guidelines {Eurspeon Heon fournal; 2022 —doi: 10.1083/eurheartj chac237 a Rerpirarory Journol; 2022 = doi: 10.1183/13993003_00375-2022)
39
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What’s new in pulmonary hypertension diagnosis and phenotyping?
New Hemodynamic definition of PH - ESC:ERS’s guidelines 2022

PA medel > 20 mmHg
Pulmonary hypertension (PH) at rest

LHD - HFpEF

LHD phenotype, rest
Elderly, comorbid., PAWP 12-15
Exercise => PAWP > 25 mmHg
Vol load => PAWP = 18 mmHg

Humbert et al EHJ 2022

PAWP < 15 mmHg
PVR >2 WU
Pre-capillary PH

PAWP > 15 mmHg
Post-capillary PH

Exercise PH

MPAP/CO slope
between rest & exercise
>3 mmHg//min

1. PAH Treatment ? Treatment ?
3. Pulmonary disease, Hypoxia
4. CTEPH

5. Multifactorial, unclear

2. PH - Left Heart disease

Cardiax Ex. limitation
PAWP/CO slope > 2 mmHg/I/min

PVR <2 WU
Isolated
post-capillary PH
IpcPH

PVR >2 WU
Combined
post- & pre-capillary PH
CpcPH

Unclassified PH
PVR <2 WU

PAWI ulmonary Artery Wedge Pressure
CO = Cardiac Output

10
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* Man, 81 ar

* Overvikt

* Diabetes typ Il

* Formaksflimmer

* Ischemisk hjartsjukdom samt
tidigare infarkt

* OSAS (obstruktivt somnapné
syndrom)

Fall 1

Fall 1

Peak tricuspid regurgitation velocity (m/s)
:

{ '

|

Risk factors or associated conditions for PAH or CTEPH

¥ N -

|
) °
4 . ¥ ]
. Alternative diagnosis Echo follow-up
Maxhastighet 3.4 m/s (Class Ha) (Class lla)

2.8 29-34
i [ [
Presence of other echo PH signs * (see Table 10)
S ‘\_- P Yes/No
D L
¥ + : ‘
PH PROBABILITY PH PROBABILITY PH PROBABILITY
Low INTERMEDIATE HIGH

Further intervention */
RHC (if indicated )

>34

Yes/No
|

+

(Class )

@ESC @ ERS—

41
Fall 1— Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS
HK dilatation Normal septumrorlighet HK/VK >1.0 ???
Eccentricity index 0.9
43

42

Fall 1 - Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS

PAT 80 ms

Ingen mid systolisk notch

RA area 28 cm?

IVC diameter 26 mm
Resp variabilitiet

44

11
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Fall 1 — Man 81 ar, Gvervikt, DM typ 2, FF, CAD/MI, OSAS

RVFAC 37 %

TAPSE 24 mm

S 11 cm/s

FWS -29 %

TR maxgradient 46 mmHg

Fall 1 — Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS

sPAP =46 + 8 = 54 mmHg

Ingen perikardviatska

45

Fall 1 - Man 81 ar, vervikt, DM typ 2, FF, CAD/MI, OSAS

Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension

A: The ventricles B: Pulmonary C: Inferior vena.
artery cavaand RA
RWV/LV tasal dameter/ RVOT AT WC diameter
area ratio >10 <105 ms andfor >21 mm with
rrid-systolic decreased inspinatory
notching collapse (<50% with
asniff or <20% with
quiet inpiration)
Flantening of the Early dagtolc RA area (end-systole)
nterventricular pulmonary >18 em?
septum (LVEI >11in  regurgitation
systole andior diastole)  velooty >22 mis
TAPSE/SPAP ratio PA dameter >AR
<055 mmvmmHg dameter
PA dameter
>25 mm

© ESC/ERS DR

?

80 ms
NO Mid-systolic
notch

26 mm
Inspiratory
collapse

No Flattening  n.a 28 cm?

LVEI<1.1

0.41 n.a

47

46

Fall 1 —Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS

Shehs i

28 534

Prosence of other echa PH g  see Tabe 10)

¥

f]

®
FH PROBABLITY PHPROBABILITY
Low INTERMEDIATE
ik ficton o asocited condtionsfor PAH or CTEPH
_» -
) ®
At dagross Eholowsp
(Class ) (Class 1)

Presence of other echo PH signs ® (see Table 10)

By

—
YeNo 1

s PH PROBABILITY
i HIGH
|
T B
oo :
BHC (fndccet) Yes/No
(Cassly
@esc @ ERS- l
“Further intervention /"
RHC (if indicated %)
(Class 1)

48
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Fall 1 - Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS o
Fall 1 — Man 81 ar,
« RHC - Hemodynamik — PH? PAH eller HFpEF? overvikt, DM typ 2,
FF, CAD/MI, OSAS
BEEEEERHEEEREEE
mmHg | mmhg | mmhg | mmhg | mmhg Vmin | /min/m2 | mi/m2 mi/l 3 % wu wu .
A: pre-kapillar PH
Vila 8 94 10 14 10 63 475 226 357 531 910 623 9 q 166
’
B: Post-kapillar PH
2022

C: Kombinerad pre- och post-
kapillar PH

HFpEF= Heart failure with preserved ejection fraction

mPAP = mean pulmonary arterial pressure

PAWP = Pulmonary arterial wedge pressure

PVR = Pulmonary vascular resistance

CAD/MI = Coronary artery disease/Myocardial infarction

OSAS = Obstructive sleep apnea syndrome iy ozl O

49 50
Fall 1 - Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS Fall 1 — Man 81 ar, 6vervikt, DM typ 2, FF, CAD/MI, OSAS
* RHC — Hemodynamik — PH? PAH eller HFpEF? * Hemodynamik — Benlyft

* Beror pa ESC/ERS guidelines 2015 vs. 2022 samt komorbiditetsbérdan

MAP | MPAP | TPG | PAWP | MRAP o c | svi |avo2 | sa02 | svo2 | PVR | swR MAP | MpaP o | msl)lrvlm a;nvnl/)|2 el IRl B s
mmHg | mmhg | mmhg | mmhg | mmhg Vemin | Ymiom2 | mijm2 | mifl % % wu wu . & 1/min ® ©
89 10 10 63 2,26 35,7 53,1 91,0 62, 16,6 63 4,75 2,26 35,7 53,1 91,0 62,3 2 16,6
24 14 2,1

Vila 4,75 iy 3 y Vila 89 24
Benlyft
2015 mPAP >20 mmHg 2022 10 sek
mPAP > 25 mmHg .
- Pre-capillary PH <
PAWP < 15 mmHg p ¥ PAWP <15 mmHg
> Benlyft
PVR > 3WU PVR >2 WU A
HFpEF= Heart failure PAP> 25 H mPAP >20 mm Hg HFpEF= Heart failure with preserved ejection fraction
mPAP = mean pulmo m = mmHg . mPAP = mean pulmonary arterial pressure
PAWP = Pulmonary qf PAWP > 15 mmHg ISOlatEd pOSt-ca pl ”a rv P H PAWP >15 mm Hg PAWP = Pulmonary arterial wedge pressure
PVR = Pulmonary va: PVR = Pulmonary vascular resistance
cAp/MI = coronary PVR £ 3WU PVR €2 WU CAD/MI = Coronary artery disease/Myocardial infarction
OSAS = Obstructive sleep aprea syndrome OSAS = Obstructive sleep apnea syndrome
51 52
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Sammanfattning

Fall 1

* Pulmonell hypertension
* PH grupp 2 - HFpEF — Benlyft
* Guidelines rekommenderar:

Volyms- (500 ml iv, 5 min) eller
arbetsbelastning vid PH och PAWP ~13-15 mmHg

53

Fall 2

* Man 69 ar

* Overvikt

* Hypertension
¢ Aortastenos
* LBBB

* Ischemisk hjartsjukdom (CAD), STEMI, PCI

2024-01-20

Figure 1

Central illustration

wiww. escardio.org/guidelines

Hodical thorspy  IpePb Surgcal therapy:  Opuinized

At s @ Testomst of IHDY oFA treatmant of
cen Interveationt indertying disease
responses CpepH ebon ,

PULMONARY HYPERTENSION E SC
FRCE- 2 ERS

* Hoenuclogeal
dncrcers
= Syrtemic dsorders

u < Tesvien of (1D Madical tharapy g (i)
Frdngs

o (i)

ESC/ERS

54

Fall 2

Maxhastighet 3.5 m/s

55

Peak tricuspid regurgitation velocity (m/s)
1

. : . v ) )
<28 ) ¢ 2934 f >34
] x -
Presence of other echo PH signs * (see Table 10) <
i i
)— ab }— P—— (Yes/No
o - l
? | o N
“'PH PROBABILITY /" PHPROBABILITY /PH PROBABILITY
LOwW INTERMEDIATE HIGH

| ] |

Risk factors or associated conditions for PAH or CTEPH

)‘ ¥ l )‘ P Yes}Na
~ )
4 I | T
Alternative diagnosis Echo follow-up | RH
(Class la) (Class lta) ‘ Clnss
@Eesc @ ERS—

56

14



Fall 2— Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

HK/VK >1.0

Normal septumrorlighet
Eccentricty index 0.6

HK dilatation

2024-01-20

Fall 2 - Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

PAT 60 ms RA area 22 cm?
Mid systolisk notch

IVC diameter 23 mm

Andningsvariabilitet

57

Fall 2 — Man 69 ar, dvervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

TAPSE 12 mm

$’6.5 cm/s FWS -14 %

RVFAC 25 %

58

Fall 2 - Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

Perikardvatska

TR maxgradient 66 mmHg

PASP =66 + 8 = 74 mmHg

59

60
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Fall 2— Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

Fall 2 — Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension

A: Th Y C: Inferior vena
artery cavaand RA
RVILV basal dameter/ | RVOT AT INC diameter
area ratio >10 | <108 msandior |21 mmwan
mid-systolc decreased inspinatory
| notching collapse (<50% with
a sniff or <20% with
b — quiet Iniration)
Fanening of the Eary dagtolc RA area (end-systole)
interventricular pulmonary >18 em?

septum (LVEI >1.1in | regurgitation
systole andior dizstole) | velooty >22 mis
TAPSE/PAP ratio PA dameter >AR
<055 mevimmHg dameter

PA dameter

>25 mm

© ESC/ERS DR

No Flattening
LVEI<1.1

0.16

60 ms
Mid-systolic notch

2.5m/s

31 mm

23 mm
Inspiratory
collapse

22 cm?

il

Presence of other echo PH signs ® (see Table 10)
]

ar sy >34
T T T

Presence of cher echa PH v * (vee Tabe 10)

Yes/No.

—® e  (YeaiNe

” ]

k1 v T =

oW INTERMEDUTE HGH

ik ficton or asocited condtonsfor PAH or CTEPH

- e - (Yo

) ®

. T L

e (R
(Cass ) (st i) & "o
@esc @ Ers—

61

Fall 2

Hur ska vi
utvardera
komorbiditeternas
betydelse?

63

62

Fall 2 - Man 69 ar, 6vervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

* RHC — Hemodynamik

Vila 1

MAP | MPAP | TPG | PAWP | MRAP
mmHg mmhg mmhg mmhg mmhg
04 48 26 22 12 66

a svi a-v02 | Sa02 | SvO2 PVR SVR
G2 mi/m2 mi/l % % wu wu
2,13 323 51,9 95,0 68,2 21,1

6,0

64
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Fall 2 —Man 69 ar,
overvikt, hypertension,
Aortastenos, LBBB,
CAD/STEMI/PCI

A: pre-kapillar PH

B: Post-kapillar PH

C: Kombinerad pre- och post-
kapillar PH

iy Ozl U]

65

Fall 2 — Man 69 ar, Gvervikt, hypertension, Aortastenos, LBBB, CAD/STEMI/PCI

* RHC —Hemodynamik - PH grupp 2 - HFrEF — kombinerad pre- och postkapillar PH

e Uppenbart redan i vila —annars volym- eller arbetsbelastning

Vila 1 4,35 ) 2

MAP | MPAP | TPG PAWP | MRAP co a svi a-v02 | Sa02 | svO2 PVR SVR

mmHg | mmhg | mmhg | mmhg | mmhg Ymin | Ymvmz | mim2 | mijl % % wu wu

04 26 12 66 2,13 323 51,9 95,0 68,2 21,1
48 22 6,0

3

mPAP >20 mmHg
PAWP >15 mmHg
PVR >2 WU

Combined post- and pre-
capillary PH

Sammanfattning

Fall 2

* Pulmonell hypertension

* PH grupp 2 — Kombinerad pre- och postkapillar PH

67

Figure 1 PULMONARY HYPERTENSION 5 ESC
e y
T, 4 @ ERS
) . H popmiacin
Central illustration
; oL -i e
@
ey
e
. [——
: i [
Systemic dnorders
Rare
3
— - Opimied
i || nea b Otmietiredi | 2R pimisiogl
cen ndiariping hung. Irterventional: undertying dsesse
regonses CoePht dacae. AL o
Lomg Teatmers 14O+ Savarm PH: Tasicsl harsgys g (i) =]
anpancatios |1+ Rommmahe AR Sl e 3
piauipind drugs (s b
@ESC @ ERS =
TP 2022 ESC/ERS Guitelines for Lhe diagnoss and treatment of pulmonary hypertensior
Lt (European Heart Journal: 2022 - dol: 10,1093 /eurheartjfehac237 and furopean Respiratory Journal 2022 — dei: 10.1183/13993003.00879.2022)
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Fall 3

¢ Kvinna 32 ar gammal
* Upprepade synkoperingar

+ Telefonkonsult fran narliggande sjukhus

— Sty

Peak tricuspid regurgiation velocity (m/s)
1
4 + B
2.8 29-34 >34
i [ [

Presence of other echo PH signs ® (see Table 10)

— ‘\— v — Yes/No
& N
¥ + ¥ +
PH PROBABILITY PHPROBABILITY
Low INTERMEDIATE HIGH

i |

Risk factors or associated conditions for PAH or CTEPH

i\ 3 . ‘\ ¥ 5 (Yes/No
. ® ®
Maxhastighet 4.0 m/s o . T + l
iy s TRC (et
(Class la) (Class lla) (Class 1)
@Esc @ ERS—

69
Fall 3 — Kvinna 32 ar, upprepade synkoperingar
HK dilatation D-formad VK HK/VK >1.0
Eccentricity index >1.1
71

70

Fall 3 — Kvinna 32 ar, upprepade synkoperingar

RA area 27 cm?

IVC diameter 24 mm PAT 70 ms
Ingen respirationsvariabilitet mid-systolisk notch

72
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Fall 3 —Kvinna 32 ar, upprepade synkoperingar

RVFAC 21 % TAPSE 11 mm S 11 cm/s FWS -7 %

2024-01-20

Fall 3 —Kvinna 32 ar, upprepade synkoperingar

TR maxgradient 64 mmHg SPAP =64 + 15 = 79 mmHg Perikardvatska

73

Fall 3 — Kvinna 32 ar, upprepade synkoperingar

Table 10 Additional echocardiographic signs sug-
gestive of pulmonary hypertension

A: The ventricles B: Pulmonary C: Inferior vena
artery cavaand RA
' >1.0

RVILV basal dameter/ | RVOT AT 70 ms 24 mm
arearatic >10 105 ms andlor Mid-systolic notch No inspiratory
mid-systolic collapse
notching
Flattening 2.7m/s 27 cm?
quiet inpiration) LVEI >1.1
Fattenng of the Earty dastoke RA area (end-systole)
nterventncuar pulmonary >18 em® 0.13 36 mm
septum (LVEI >1.1 1 || regurgtation
systole andlor diastole) | velodaty >22 mis
TAPSE/PAP ratio PA dameter >AR 8
<055 mmimmHg dameter g
PA dameter )
>25 mm °

74

Fall 3 —Kvinna 32 ar, upprepade synkoperingar

>34

Presence of other echo PH signs ® (see Table 10)
1

28 534 >34
P T Yes/No
‘. s ¥ Yes/No - v
- - —-— PH PROBABILITY
Low INTERMEDUATE HGH HIGH
‘Risk factons or associated Condition for PAH or CTEPH [
é ? ? % Yes/No H
Aot dagross o lowi i Yes/No
(Cass ) (Class ) (Cusst)
@esc @RS 1 J'
" Further intervention /'
RHC (if indicated %)
(Class 1)

75

76
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Figure 6

Diagnostic algorithm
of patients with
unexplained
dyspnoea and/or
suspected pulmonary
hypertension

www.escardio.org/guidelines

o
rgorce : anpected P ERS
General practitioner Fast-track
« Pt by aryme
P an wmest  Fast-track referral at
: o
- NPT wctd  any time in case of
* O, saturston e s s "
T warning signs®,
~ e or when PAH
or CTEPH®
T e e
T 7 are suspected
Lung assessment Heart mmsessmen
vl R
. ABG (see Figures 4.5,
eeerru
igmrr | e -
. CPET
o (O e — TR
(e
& Compeabentive PH
work-up (Table 14 ”
and ReCo Table 2) =
L] Ivasrve asiessmant 5
Miraze Further " Rk ficson for BAH® ), .| mneeded a
accordngly dagneste work up or CTEPH' {ReCo Tabie 2) 8
@esc @ Ers

2

Fall 3 —Kvinna 32 ar, upprepade synkoperingar
Resultat fran PH utredning:

WHO FC
Pre-Syncope
6MWD
NT-proBNP

IS0 MitA

Hemodynamik
mPAP
PAWP
mRAP
PVR
co

Ekokardiografi

Lungscint

Spirometri
HRCT

i

x5

220m

8081

Ingen vasoresponder
50 mmHg

6 mmHg

11 mmHg

14.9 WU

3.0 I/min

TRV >3.4 m/s
Ekokardiografiska tecken till PH

Inga tecken till Lungemboli

Mattligt nedsatt diffusions kapacitet

Inga tecken till fibros eller emfysem. PVOD?

77

Fall 3—Kvinna 32 ar,
upprepade synkoperingar

A: pre-kapillar PH

B: Post-kapillar PH

C: Kombinerad pre- och post-
kapillar PH

Fall 3 — Kvinna 32 ar, upprepade synkoperingar
Resultat fran PH utredning:

WHO FC Il
== Pre-Syncope x5
6MWD 220m
NT-proBNP 8081
Hemodynamik Ingen vasoresponder
mPAP 50 mmHg
PAWP 6 mmHg
mRAP 11 mmHg
PVR 14.9 WU
0 3.0.1/min
mPAP >20 mmHg
PAWP €15 mmHg
PVR >2 WU
HRCT Inga tecken till fibros eller emfysem. PVOD?

79
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@ESc

Clinical classification of pulmonary hypertension (1) ERS
GROUP 1 Pulmonary arterial hypertension (PAH)
1.1 Idiopathic
1.1.1 Non-responders at vasoreactivity testing
1.1.2 Acute responders at vasoreactivity testing H . Pre—ka |||ar PH
S Sammanfattning p
1.3 Associated with drugs and toxins
1.4 Associated with: * PAH
1.4.1 Connective tissue disease F ”
1.4.2 HIV infection d 3 . ° .
1:4.:3 Peréal hypertension Insattes pa PAH behandling ...
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.5 PAH with features of venous/capillary (PVOD/PCH) involvement
1.6 Persistent PH of the newborn

wwaw. escardio.org/ guidelines

81 82

History of Approval of Vasoactive PAH therapies PAH - Treatment alternatives in relation to individual Decisions

v Oral therapies
Beraprost' lloprost inhaled Room-temperature stable epoprostenol i.v.
ERA Dual
Bosentan, Macitentan
Single
Bosentan lloprosti.v. — Ambrisentan
Sildenafil Beraprostt' Selexipag PDES5i or sGC stimulators Sildenafil, Tadalafil == Arachidonic acid = Prostaglandin |

Riociguat > ] /
fravec we |

Endothelin pathway Prostacyclin pathway

Prostacyclin analogues or Treprostinil, Selexipag

1995 ! i 2015 receptor agonists

Epoprostenol i.v. Treprostini S A ! LV, S.c and inhalation
Macitentan® therapies

Treprostinil oral”

2

Prostacyclin analogues Epoprostenol, Treprostinil
o . Riociguat”
*End of decentralised procedure in EU; local approvals ongoing Treprostinil inhaled
“Approval of these therapies varies by country, and thus they might Tadalafil
not be approved in the indications mentioned in your country. Please
refer to your local full SmPC before prescribing.
*Prolonged release derivative

Image adapted from Humbert M, et al. New Engl J Med 2004; 351:1425-36.
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Behandlingsalgoritm vid I/H/D-PAH eller APAH-CTD

Treatment of patents with UID-PAH o PAH-CTD
Cenre.  cesting
General measures throughout
the course of the disease
(ReCoTable 5)
(Class )
Patient without Patient with
cardiopulmonary comorbidities ‘cardiopulmonary comorbidities*
? Al sk ccegories
Risk (3 strata)
(Tabe 16)
Tow o ocarmeds Fiigh
Initial ERA Initial ERA + PDESi nitial oral monotherapy
+ PDESitherapy and ivise PCAY with PDESi or ERA
(Cassh (Cass o) (Gl )
Regular follow-up assessment Regular follow-up assessment
(b 17) and indvidalzed therpy
Rik (4 strac)
(Tae 18)
Figure 9 o T T
Eur Heart J, Volume 43, Issue 38, 7 v v v
. o S Addiv.or s<.PCA andior
October 2022, Pages 3618-3731, ] AddPRA  og PDESi t0GCs evaluate for lung transplantation
https://doi.org/10.1093/eurheartj/eha (Class) (Class lla) (Class ) (Clss 1)
€237 @ESC @ ERS
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Fall 3 — Kvinna 32 ar, upprepade synkoperingar
- Insatt pa trippelbehandling

mRAP co
mmHg I/min

(Sv02, %) (cn
I/min/m2

FC/6MWT
NTproBNP

ng/kg/min

2024-01-20

The New ESC/ERS 2022 PH guidelines - Risk stratification in PAH

- The expanded

3-strata model
at baseline

Determinants of prognosis (estimated Low risk Intermodiate risk
1-year mortality) (<5%) (5-20%)

Clinical observations and modifiable variablos
Sgrs o right HE S Ave
Progression of symptoms and clinical o
Syncepe Ocasional syncope®
WHOC I
: o e
Peak VO3 11-15 mUminkg
(35-65% pred)
VEIVCO; sope 36-44
BNP 50-800 gL
NT-proBNP 300-1100 rglL
A area 1826 em
TAPSE/SPAP 0.19-032 mm/
mmig
Mimal pericardal efiasion
RVEF37-54%
SVI 26-40 mbim*
RVESYI
42-54 mlim®
RAP 8-14 mmHg.
Q1 20-24 Uminte?
5V131-38 mLim?
510, 60-465%

Bomarkers: BNP or NT-proBNP*

Echacardiogrphy

FHaemodynamics

Baseline 50 11 3.0 14.9 31220

© O G

m Upprepade synkoperingar

2.5 veckor 25 51 “ 5.7 6.5 3/240 3.Bosentan => 2. Sildenafil =>
(1) (61.9) @.7) 577 Macitentan 10x1  Tadalafil 40x1
2.5 man 23 34 4 5.9 4.9 1/375 Macitentan  Tadalafil  Treprostinil
+ (s) (70.0) (29) 140 10x1 40x1 27.5
9 méan 18 23 3 6.0 3.4 14430 Macitentan Tadalafil Treprostinil
- 3) (64.2) (2.9) 178 10x1 a0x1 35
18 man 18 - - - - 1/455 Macitentan Tadalafil Treprostinil
- 158 10x1 40x1 35
22 mén 7 29 2 6.4 3.7 11475 Macitentan Tadalafil Treprostinil
- (5) (71.6) (3.0) S50 10x1 40x1 35

87

Baseline

HK - Uttalat dilaterad

HK - Uttalat nedsatt funktion
HK/HF - 66 mmHg

PASP - 85 mmHg
TAPSE/PASP - 0.13

PEX - Uttalat

2.5 manader

HK - Mattligt dilaterad

RV — Matttligt nedsatt funktion
HK/HF - 51 mmHg

PASP 54 mmHg

TAPSE/PASP - 0.37

PEX- Inget

18 manader

HK - Lindrigt dilaterad
RV — Normal funktion

HK/HF - 36 mmHg
PASP — 39 mmHg
TAPSE/PASP - 0.53
PEX - Inget

Fall 3 — Kvinna 32 ar, upprepade synkoperingar

2.5 veckor

HK - Uttalat dilaterad

HK - Uttalat nedsatt funktion
HK/HF - 61 mmHg

PASP - 76 mmHg
TAPSE/PASP - 0.18

PEX- 20-30 mm

9 manader

HK - Lindrigt dilaterad

RV - Lindrigt nedsatt funktion
HK/HF - 50 mmHg

PASP 53 mmHg

TAPSE/PASP - 0.36

Peric. exudate - Inget

22 manader
HK - Lindrigt dilaterad
RV — Normal funktion
HK/HF - 32 mmHg

PASP — 35 mmHg
TAPSE/PASP - 0.71
PEX - Inget

88
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Key Message - Launch of a new tool for Ris

Summary

stratifica www.svefph.se

@esc s ORIGINAL ARTICLE i . .
: . z s Prognostisk riskstratifiering vid
Evaluation of the Eurapean Society of ’ ; pulmonell arteriell hypertension
Cardiclogy/European Respiratory Society 2 C g L =
derived three- and four-strata risk
stratification models in pulmonary arterial
-t peal

ESC/ERS pulmonary hype LRVLAY

hyps ]
risk stratification calculator

Hemodynamisk definition av pulmonell hypertension

Tabell 5

Definition Haemodynamic characteristics ProkdlEd 15

PH mPAP >20 mmHg N
mPAP >20 mmHg Porto e Bakoon () :/

Pre-capillary PH PAWP <15 mmHg Dkapot @
PVR >2 WU
mPAP >20 mmHg

Isolated post-capillary PH PAWP >15 mmHg P Arsry
PVR <2 WU Apvtrleatan

mPAP >20 mmHg
PAWP >15 mmHg

Right At —

Combined post- and pre-

capillary PH Reftvenle
PVR >2 WU
Exercise PH mMPAP/CO slope between rest and exercise >3 mmHg/L/min
8
|
Yo icariioanguidelnm {European Heon fournai; 2022~ doi: 10.1033/eurheartj i) e

91
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SAMMANFATTNING

Q

Ekokardiografi

. . rekommenderas som
Utredning av oklar dyspné . L "
forsta linjens modalitet

vid misstankt PH

Vid hog klinisk misstanke om PH, med misstanke om
PAH eller CTEPH, bor RHC utforas for att sakerstélla

diagnos
Ny hemodynamisk definition av PH — For differentiering mellan pre- och post-kapillar PH

) .r—h hemodynamiskt - volym- eller arbetsbelastning for att
- mMPAP > 20 mmHg vid RHC demaskera forhojda fyllnadstryck

Sannolikheten fér PH
baseras pa Tl vmax

ﬁ (>2.8 m/s) + andra
ekokardiografiska tecken
till PH

E Vid PAH/CTEPH finns
> riktade behandlingar

Tl (tricuspidalisinsufficens)

RHC (Hogersidig hjartkat)

93

2024-01-20
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D I-kranskarl

Kari Feldt

Torsdag 29 januari 2024, 12.35-14.30



DT kranskarl - diagnostik
for framtidens kardiologer

Sv. Kard. Féreningen 2024/01

1. Bakgrund - Riktlinjer & CCTA i Sverige.
2. Lite om DT fysik & premedicinering

3. CCTA - Hur gor vi? + Kliniska case

4. Pivotala studier

5. Sammanfattning

Kari Feldt, Bitr. Overlikare, Kardiolog
PO Kranskdarl/Klaff /DT Hjdrtlab

ME Kardiologi & ME Radiologi
Karolinska Universitetssjukhuset

@ESC ESC GUIDELINES
European Heart Journal (2020) 41, 407477 .&SC Su,,
European Society  doi:10.1093/eurheartjlehz425 . A
of Cardiology . 5

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)

Offer diagnostic testing

Coronary CTA'
—

Choice of the test based on clinical

likelihood, patient characteristics
and preference, availability, T for ischaemia
as well as local expertise’ \)(km::‘mmm

paaepuew Sunsal
ansouSeip oN

g
g

Very high

Epikardiell kransartarsjukdom (CAD)

Icke-obstruktiv CAD Obstruktiv CAD
Plack, <50% stenos Plack, >50% stenos
FFR >0.8 (foga flodesbegransing) FFR <0.8 (signifikant stenos)
Koronar dysfunktion kan finnas Stenos > ischemi > angina
Non-atherosclerotic intimal lesions S thiCke"Fi’rr‘t;gressive atherosclerotic lesions —
i, L e S e gam O

macrophage Late FA

NC

o tomm | 3 . —4
Y8, 5 Le.

A

Abdelrahman KM, JACC K

2020

Nationellt: CCTA okade trots
pandemi

Antat
45000

40000
35000

30000

25000
20000

for alla

Figur 2. Under 2020 sdgs en tydlig minskning | antalet patienter som
jck 1) och hjartiinurgl.
Detta efter flera &r av 6kning av antalet kranskarlsrintgen och PCL

g med

daremot fortsatte att oka | Svenige, men valdigt léngsamt och frén en lég niva.

A



Swedeheart
Arsrapport
2020

CT-angio fortfarande underutnyttjad
undersdkningsmetod

Undersdkning av hjirtats kranskirl med
datortomografi dir man samtidigt injicerar
kontrastviitska, s& kallad CT-angio, kar i Sverige,
men vildigt lingsamt och frén en lag niva

(Figur 2).

Metoden #r mycket triffsiker nir det giller
att utesluta fortringningar i kranskirlen och
har flera fordelar framfér kranskirlsréntgen.
Patienten behover inte genomga onédiga
undersdkningar och onddiga resurser tas inte
frin virden. Forst om metoden visar nigon form
av fortringning kan man behéva ga vidare med
kranskirlsréntgen.

Vid de CT-angio som gjordes i Sverige under
2020 visade 80 procent inga fortringningar eller
icke-signifikanta fértringningar (Figur 8). En
1-arsuppfljning av de CT-angio som gjordes
2019 verkar bekrifta CT-angios pélitlighet - i

Nordamerikanska riktlinjer 2021-

2021 AHA/ACC/ASE/CHEST/SAEM/
SCCT/SCMR Guideline for the
Evaluation and Diagnosis of Chest Pain

A Reportf the Aneican Colege of Cadiogy/Amrian Heat Association
Jint Commite n Cinial racticeGuidelnes

Wiing Marth Gulat D, M5, PACC, FARA, i José A, ogar,MD, FAHA, FACC,

Commitee Pl . Levy, MD, MFY, FACC FAV, Vi Chairi  David A Mortow, MO, MPH, FACC, FAWA

Members® MD, M, FACC, FAHA, VieChar - Robert E 0'Comnor, MD, NP, FAR
Michsl A Ros, MD, ACC,

Exra Amsterdam, MD, FACC] Ll 1. Skaw, D, ACC, FAJA, MSCCTY
Despk L Bhat, MD, P, ACC, FALA|
Kim K Bicher, NS, PussD, ACC

Top 10 Messages for Cardiac CT from

021 ACC/AHA/SCCT Multi-Soc

CCTA= Clas 1 forintermediate
() K i

and £CC

ccn-casoriemedite o Rl (L) Thevarany perid o2
highrisk table cardiacchest pain normal CCTA s 2 years

i

Asessment of non obstructive (¢50%)
coronary atheroscerosis s important

Consider CCTA for known non

&
obstrctive CAD andpersistent O ) st
Sabierepions patients <65 years ol

f6)) s Use CCTA to enhance GOMT
Chest Pain and reduce layered testing

() (e) (o) (o) (e)

Fig. 1. Top 10 mesages fom cardi T

JCCT Editorial, Oct 2021

80 procent av fallen behévdes ingen form av
intervention (Figur 9).

SWEDEHEART anser att anviindningen av
CT-angio bér 6ka i Sverige.

Patient <65/70 ar med oklar brostsmarta ska i forsta hand utredas med DT kranskarl
Patient >65/70 ar med kand kranskarlssjukdom (mm.) kan utredas med fysiologiskt test
Aven svarvarderad AKUT bréstsmarta (intermediar risk) kan utredas med DT kranskarl

CCTA och Cor-ai i Sverige (SWEDEHEART 2022)

('\IQ SCCT 2023...

Number/
Year
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— Angio — CABG
M in-patient examination. 2022 — PClincluding diagnostics ~ — PCI
M in-patient examination, 2021 —cr

CCTA i Sverige. Ca. 80 mL
kontrast och 2mSV straldos

Trend: cor-ai (6verst) och CCTA
(nederst) i Sverige sedan 1982

Arlig genomsnittlig bakgrundstralning &r 2.4 mSv fér icke rokare | Sverige



Styrande lokalt dokument

1(7)

OKlar brostsmérta — Utredning av kroniska koronarsyndrom, Patientflode

Kranskirl, ME Kardiologi

e Steg 1: Klassificera brostsmartan

e Steg 2: Vardera PTP (Pre-Test Probability) for obstr.CAD

e Steg 3: Valj lamplig diagnostisk undersokning

* Steg 4: Behandla pavisad CAD (prognos, symptom)

9 K. Feldt, ME Kardiologi & Radiologi. Lena Forsberg, ME KlinFys,
Dimitrios Venetsanos, Angio/PCl, Liyew Desta, Angio/PCl m.fl..

2- ESC

Pre-test sannolikhet for obstruktiv CAD

1

Patients with angina and/or dyspnoea and suspected
coronary artery disease

Clinical classification of suspected angina

@ESC

European Society
of Cardiology

Typical angina Meets the following three characteristics:
1. Constrictingdiscomfortin the front of the chest or in the neck,
jaw, shoulder, orarm;
2. Precipitated by physical exertion;

3. Relieved by rest or nitrates within 5 min.

Atypical angina Meets two of these characteristics.

Non-anginal Meets only one or none of these characteristics.
chest pain
o
)
e
o
www.escardio.org/guidelines ESC Guidelines on the di d of chronic coronary syndromes

(European Heart Journal 2019; 10.1093/eurheartj/eh2425)

3 - Beroende pa PTP: Valj diagnostisk
undersokning, eller avsta?

id angina eller dyspné |
Vid angina elier spne ‘ : Option for CAC
& ysp Low s————» MOt o o ascuDrisk
pecesaay stratification
Table5 Pre-test probabilities of obstructive :omna.7 artery disease in 15 815 sImPComatlc patients according to age, .
\ Pretest likelihood of CAD | Intermediate- Younger patient Less obstructive
sex;and the natureof eymp L < porarycnty high (<85 of age) OR CAD suspected = CCTA favored JACC 2021, October 28.
AHA/ACC/ASE/CHEST/SAEM/SCCT/SC
Intermediate- Older patient More obstructive Stress testing favored Diagnosis of Chest Pain
Age Men Women Men Women Men Women Men  Women high (265 of age) CAD suspected
30-39 3% 5% 4% 3% 1% 1% 0% 3%
40—49 22% 10% 10% 6% 3% 2% 12% 3% Progression of Atherosclerosis
50-59 32% 13% 17% 6% 11% 3% 20% 9%
o
60-69 44% 16% 26% 1% 2% 6% 27% 14% &
9]
70+ 52% 27% 34% 19% 24% 10% 32% 12% g

CAD = coronary artery disease; PTP = pre-test probability.

Knuuti J, et al. 2019 ESC Guidelines for
the diagnosis and management of
chronic coronary syndromes

Abdelrahman, K.M. JACC 2020



Use of exercise electrocardiogram in the initial diagnostic management of patients with suspected coronary artery
disease

Recommendations Class® Level®
Exercise ECG is recommended for the assessment of exercise tolerance, symptoms, arrhythmias, BP response, and event c

risk in selected patients.“

Exercise ECG may be considered as an alternative test to rule-in and rule-out CAD when non-invasive imaging is not m B
available.*® -~

e
13 Knuuti), et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes

Computed Tomography (CT) history

Godfrey Hounsfield, inventor of

clinical CT in 1971 Godfrey Hounsfield - Nobel Speech 1979
Nobel prize, 1979 (Medicine and
Physiology)

Shared with Allan Cormack (SA)
15t October 1971; 15t patient
p—

A further promising field may be the detection of the coronary arteries.

1919 - 2004 K

It may be possible to detect these under special conditions of scanning,

DT kranskarl - en metod for
framtidens kardiologer

Sv. Kard. Foéreningen 2024/01

1. Bakgrund - Riktlinjer & CCTA i Sverige.
2. Lite om DT fysik & premedicinering

3. CCTA - Hur gor vi? + Kliniska case

4. Pivotala studier

5. Sammanfattning

Kari Feldt, Bitr. Overlékare, Kardiolog
PO Kranskdrl/Klaff /DT Hjartlab

ME Kardiologi & ME Radiologi
Karolinska Universitetssjukhuset

How does CT work

Modern CT Scanner

i whbtes Tube
Aperture / Fan
bore ~ 70 B

UK Cardiac CT Coursa, $ Edyvean 2018




Temporal Resolution

Good temporal resolution achieved by “freezing” the heart

Ability to resolve two adjacent structures separately Immc;t;;c;na\évc;tlriri(c:de%?f%ngE)hase of least cardiac motion: mid

= the ability to view small objects diastole or end-systole.

Zaxs : : Spatial resolution
09 08 07 06 05 O04mm Imaging Modality Bl
. (mm)

Spatial Resolution

60 bpm (1 bps) = RR =1 sec= 1000 ms H10%RR = 100ms |
Scanner minimum roaton times =300 500 ms (03s-055) |

10
100
: ; ‘ i1 O Cardiac CT 03-06 ke ﬁ
* 64x0.6 mm 2-FFS Angiography T (eg 10%)
s i Catheter angiography 0.15-0.2 R R R R ’ R
: ! P O VUS 0.100.15 s
" ch.aatidean Cardiac MRI 1.0-7.0 — i
' o Poor time resolution blurs the effec st
: » SPECT 40-150 of good physical/spatial resolution S
. x1mm
Soan direction Echocardiography 05-2.0
Flohr et al_JCCT_2009;3:143
'é;;/(lji‘t;il,c%rdiac CT Tutorials (UK K K
Pre-treatment: Beta-blockers & Nitroglycerin DEARATE Wt CHESL SUSSRLALoN S SaRTely dissly Hsea3s Heabliineers -

+ “Maximize” temporal and spatial resolution

Slow and regular

heart rate e
Dilated coronary i
arteries
. Two tubes - Siemens Dual Source
Fa St rOta t I o n (2 7 0 m S/ - Definition Classic (0.3 sec rotation) - 83 ms resolution o i ::LI:I?;I:
rota ti O n ) ~ Definition Flash (0.285 sec rotation) - 75ms 4 0 v wall with
- Definition Force (0.255) >66ms - different
|\/|U|tI-SeCtOr g composites

Input Patient
Highly resolved * Received stent as treatment of
spectral CT data severe stenosis Pure Lumen
- Decompositionof * Severe degree of coronary artery
Reveals the und ity of the
materials and fine disease with calcifications EY N::tn :ﬁexmm s mm:;..m
resolution * Cardiac symptoms persisting > No value delivered Invasive imaging in advanced CAD

reconstruction
Two tubes (Siemens) i 3 '
for simultaneous 2

sector scanning

Computed Tomography 16
Courtesy of Medical University of South Carolina, Charleston, USA' © Siemens Healthineers, 2021




DT kranskarl - en metod for
framtidens kardiologer

Sv. Kard. Féreningen 2024/01

1. Bakgrund - Riktlinjer & CCTA i Sverige.
2. Lite om DT fysik & premedicinering

3. CCTA - Hur gor vi? + Kliniska case

4. Pivotala studier

5. Sammanfattning

Kari Feldt, Bitr. Overlékare, Kardiolog
PO Kranskdrl/Klaff /DT Hjdrtlab

ME Kardiologi & ME Radiologi
Karolinska Universitetssjukhuset

Kalk i kranskarl: kvantifierbart (calcium score), men kan aven
orsaka artefakter som forsvarar angiografisk bedomning

Stort forkalkat plack | prox. LAD -
stenosgrad ej bedémbar.

Feldt, K. 2023

DT Hjarta-Kranskarl (Cardiac CT), avbildar:

1) Aterosklerosbérda (karlvag,
2) Stenosgrad (lumen)

g)

3) Placktyp (icke férkalkad, férkalkad, blandad) +/- hogrisk karakteristika

Coronary Calcium

Coronary Computed Tomography Angiography

Journal of Cardiovascular Computed Tomography 2021 1
(10.1016}.jcct.2020.11.002)

593-109DOI: K

Coronary Artery Calcium Score (CAC) - bildserie utan kontrast

CAC scare =0

CAC scoring may be considered to improve risk
classification around treatment decision thresh-
olds. Plaque detection by carotid ultrasound is
an alternative when CAC scoring is unavailable

or not feasible.'*%

Non-contrast CT scans showing different scol
score test.

26

e CAC score =29
?&\ o |

r aderférkalkning
riskmarkor for kardiovask.
over kliniska riskfaktorer)

erforfettning

alkade plack férbises)
noser

Il alder, kon (t.ex.
culator ger
aldrarna 45-83)

Ib B

Overall amount of coronary plaque CAC

Mild 1-100

Moderate 101-300

Severe 301-999
res from a calcium Extensive >1000

Frank L J Visseren et al. 2021 ESC Guidelines on cardiovascular disease prevention. European Heart Journal, Volume 42, Issue 34, 7 September 2021 K
Cury RC, Leipsic J, CAD-RADS2 Consensus Document (SCCT), Radiol Cardiothorac Imaging. 2022 Sep



DT kranskarl (CCTA) - avbildar bade karlvagg (plack) OCH

lumen (stenos)

A: Icke forkalkat plack med
>90% stenos
(hos pat med stabil angina).

B: Icke forkalkat plack, 70-
90% stenos och tva hogrisk-
karakteristika

(pat med plackruptur, NSTEMI)
- lagattenuerande plack (rod)

C: “Vulnerabelt” plack, 40-
60% stenos i prox LAD.

Tre hogriskarakteristika.
(lagattenuerande plack, pos.
remodellering av karlvaggen, flackvis
forkalkning)

First septal fr.

Journal of C: Computed Tc 2021 1593-109DOI: (10.1016/j.jcct.2020.11.002) K

Terms and Conditions

2-feature positive
(+/+) plagues have
45-fold higher
likelihood of cardiac
events as compared

 mosy L to -/- plaques.

- RaLPETY 2 : e . ...and 9-fold higher

e 2 event rate up to 10y.
fegmb 40 s s of follow-up.
) . The extent of necrotic
Mrths o flow-p f core (LAP volume
>4%)
HRP and added
: luminal stenosis
| HR465(206-105) § ] = = (red) increase

B0t i ¢ o - | discriminatory value
as does HRP and
added plaque
progression in serial
CTCTA.

1 Logrankp<0.0001

JASETBIN 01 23 45678

Years of Follow-up

Shaw et al. Journal of Cardiovascular Computed
Tomography
Volume 15 Issue 2 Pages 93-109 (March '2'021’)
DOI: 10.1016/j.jcct.2020.11.002

Journal of Cardiovascular Computed Tomography 2021 1593-109DOI: (10.1016/j.jcct.2020.11.002)
Copyright © 2020

High Risk Plaque (HRP) features
- CCTA and IVUS (intravascular ultrasound of arterial wall)

Positive remodeling

N\ o
- 49% Necroticvcore
:| 11% Calcification
.] 40% Fibrous/Fibrofatty

If 1 or more adverse plaque feature -> x3 risk of CHD death or Ml
If both >70% stenosis and adverse plaque -> x10 risk

Williams, M et al JACC Jan. 2019, vol 73 (SCOT-HEART trial data)

Stabilt plack
=fibroaterom med
tjock fibros "kappa”

Hogriskplack
- tunn fibrés kappa

- Stor plackvolym
- Nekrotisk karna
- Positiv remodellering

CCTA avbildning av aterosclerotiska plack:

Hog grad av korrelation mellan CCTA, Cor-ai med IVUS/OCT, och PAD (histopatologi).
Observationsstudier tyder pa hdg precision for detektion av pat. med 6kad risk for CV events
Plackborda pa CCTA associerad m. framtida koronara hiandelser d@ven hos FH-pat.

(1-2) Journal of Cardiovascular Computed Tomography 2021 1593-109DOI: (10.1016/j.jcct.2020.11.002) -

(3) Tada H, Kawashiri MA, Okada H, et al. Assessment of coronary atherosclerosis in patients with familial hypercholesterolemia by coronary computed
tomography angiography. Am J Cardiol 2015;115:724-29.

ELSEVIER  Copyright © 2020



Kvinna <50 ar med typiska bréstsmartor och hogt LDL
(PTP 10%).

Feldt,K & Damlin A. 2023 K

CCTA: Pivotala studier att
kanna till

Sv. Kard Foreningen 2024-01-25

- PROMISE

- SCOT-HEART (5 arsdata)
- DISCHARGE

- RAPID-CTCA

Kari Feldt, Bitr. Overlkare, Kardiolog
PO Kranskdrl/Klaff /DT Hjdrtlab

ME Kardiologi & ME Radiologi
Karolinska Universitetssjukhuset

65 y/o0 man med laggradiga CBS sedan manader.
Arbetsprov: 170W (89%), inga CBS, arb-EKG i grazon (ST-sankningar
med snabb regress)

Distala RCA: icke-forkalkat plack, 50-70% stenos, tva hogrisk- K
karakteristika (lagattenuerande, pos. remodellering av karlvaggen). FeldtK & Damlin A. 2023

PROMISE- Comparing CCTA & Functional
testing

o | 10 000 patients with
stable chest pain of
intermediate risk
(mean age 61, 2.4
risk factors, mean

PTP 53%)

A .
Anatomic testing strategy (CTA) (n=4996) Functional testing strategy (0=5007)

Allocation

. Randomized to CTCA
on e : or Functional Testing

Follow up: 26
Analysis |
[rameaiiss1om months
[, 4 Udo Hoffmann. Circulation. Prognostic Value of Noninvasive
Cardiovascular Testing in Patients With Stable Chest Pain, Volume:
t’ 135, fssuer 24, Pages: 2320-2332, DOr @y
(10.1161/CIRCULATIONAHA.116.024360) K

© 2017 American Heart Association, Inc.



PROMISE PROMISE- Comparing CCTA & Functional
testing

100+

Anatomic Testing Functional Testing
90 159 Anatomical vs. functional testing
149 Hazard ratio, 1.04 (95% Cl, 0.83-1.29) 15 15
80 3 1 P-07s i Abnormal vs. Nomal:  HR (95% CI)  p-value s Abnormal vs. Normal:  HR (95% CI)  p-value
& 704 ;(‘): 13— Severely abnormal 10.13(5.15, 19.92) <.0001 13, ——  Severelyabnormal ~ 3.88(2.58,5.85) <.0001
g 9 12 =~~~ Moderately abnormal  7.67 (3.83, 15.37) <.0001 12 =~~~ Moderately abnormal ~ 2.65 (1.46,4.83) 0.0014
& 60 8] T Mildly abnormal ~ 2.94 (1.64,5.26) 0.0003 —— Mildly abnormal ~ 0.94 (0.47, 1.89) 0.8666
kA 11
= 7] e Normal } — Normal
S 504 6 Anatomical S i
2 54 testing o] |
2 404 4 a8 -l i
=] 2 |
< 3 Functional z i
554 2] - testing g
2051 0 6 12 18 24 30 36 2 &
10
0 T i T T T T
6 12 18 24 30 36
Months since Randomization
No. at Risk 0 6 12 18 4 3 3% 0 6 12 18 24 30 36
Anatomical testing 4996 4703 4362 3551 2652 1705 902
Functional testing 5007 4536 4115 3331 2388 1518 832 Months since Randomization

Months since Randomization

The discriminatory ability of CTA in predicting events was significantly better than functional
Unadjusted Kaplan-Meier estimates of the primary composite end point (death from any cause, c-index, 0.72; 95% Cl, 0.68-0.76 versus 0.64; 95% Cl, 0.59-0.69; P=0.04).
nonfatal myocardial infarction, hospitalization for unstable angina, or major procedural
complication). .
The adjusted hazard ratio for a CTA strategy, as compared with a usual-care strategy of functional 1
testing, was 1.04 (95% Cl, 0.83 to 1.29)

Udo Hoffmann. Circulation. Prognostic Value of Noninvasive Cardiovascular Testing in K
Douglas PS et al, N Engl J Med 2015; 372:1291-1300 y N N ) N . . -
DOI: 10.1056/NEJMoa1415516 Patients With Stable Chest Pain, Volume: 135, Issue: 24, Pages: 2320-2332,) © 2017 American Heart Association, Inc.

PROMISE- (RCT) DT kranskarl vs. Fysiologisk ischemidiagnostik PROMISE

Anatomic Testing Functional Testing
R R W Low prevalence of myocardial ischemia and obstructive CAD in
4 PR drimsie 7 1 g DT i 196 S contemporary stable chest pain populations. Of those randomized:
o S Mildly abnormal ~ 2.94 (1.64, 5.26) 0.0003 on 1‘: Mlhﬂym:: 0.94(0.47,1.89) 0.8666 _ e .
Fo o ! Udo 12.6% (n=582/4602) had a positive functional test
£ : P Hoffmann. 11.9% (n=534/4500) had >70% coronary stenosis (or >50% in LM)
g Volume:
= 135, 1 : . . . . .
24, Pages: CTCA adds the detection of nonobstructive CAD = identification of
g
bt 220292) additional at risk patients
Months since Randomization SO St Siecuiion .
Anatomic Testing O{?RI\II\I F;\VK EI;\I/l GE Il,)AI % ?N . bt ] L 148
1. Clinical trials report a higher diagnostic sensitivity for CCTA compared with J s ORI “553“:“” :“CLE -
stress testing for detecting obstructive CAD on ICA (2, 3, 4,37,38,88). CCTA Outcomes of Anatomical versus Functional Testing Testing in Patients With Stable Chest Pain
. . . for Coronary Artery Disease Insights From the PROMISE Trial (Prospective Multicenter Imaging Study for
without stenosis or plaque has a low CAD event rate. From the PROMISE trial, Perd. Dol M. Ul ofre, W D, M2, Marsh P M. Drid 3. M, W ¥ it Cfest kil

Hussein R. AkKhalid, P.D, Brendan Cavanaugh, .., Jason Cole, M.D., RowenaJ. Dolor, M.,

the 3-year CAD event rate for negative test findings was 0.9% for CCTA versus T o 3 Yy o M. W T e
2.1% for stress testing (17).

Editorial, see p 2333

Udo Hoftmann, MD, MPH, Maros Ferencik, MD, PhD, James E. Udelson, MD, Michael H.
Picard, MD, Quynh A. Truong, MD, MPH, Manesh R. Patel, MD, Megan Huang, PhD,
Michael Pencina, PhD, Daniel B. Mark, MD, MPH, John F. Heitner, MD, Christopher B.
Fordyce, MD, Patricia A. Pellikka, MD, Jean-Claude Tardif, MD, Matthew Budoff, MD,
George Nahhas, MD, Benjamin Chow, MD, Andrzej S. Kosinski, PhD, Kerry L. Lee, PhD,
and Pamela S. Douglas, MD

for the PROMISE Investigators*

A

37 JACC 2021, October 28. AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR i(
Guideline for the Evaluation and Diagnosis of Chest Pain.



The DISCHARGE Trial Group. N Engl J Med2022;386:1591-1602

Fig. 1

PREVALENS & ARLIG ADVERSE EVENT RATE HOS PATIENTER MED
ICKE OBSTRUKTIV CAD (1-49% stenos)

Nonobstructive CAD m No CAD Nonobstructive CAD

1.6%

Median = 33.4%

0.2%
|

Prevalence (%) Annual Event Rate (%)

- Meta-analys fran 17 publicerade studier (N=49 957)

- Pat som soker for misstankt angina

- Median uppféljning 2.5 ar

- Blandade events: mortalitet (all-cause/CAD), AKS, koronar
revaskularisering

Journal of Cardiovascular Computed Tomography 2021 1593-109DOI: (10.1016/j.jcct.2020.11.002)
Copyright © 2020

Time-to-Event Curves for the Primary Composite Outcome.

Hazard ratio, 0.70 (95% Cl, 0.46-1.07)

P=0.10 . .
Invasive coronary angiography

Computed tomography

Cumulative Incidence (%)

18
Months since Randomization

No. at Risk
Invasive coronary angiography 1714 1692 1664 1654 1496 1190
Computed tomography 1773 1758 1741 1731 1541 1244

T NEW ENGLAND
JOURNAL of MEDICINE

CT or Invasive Coronary Angiography in Stable
Chest Pain

N Engl J Med
Volume 386(17):1591-1602
April 28, 2022

The DISCHARGE Trial Group

Multicenter RCT with 3561 patients.

Stable chest pain, intermediate risk for obstructive coronary
artery disease, were randomly assigned to CCTA or invasive
coronary angiography.

Primary outcome: major adverse cardiovasc. events (MACE)
Secondary outcome: procedural complications

T NEW ENGLAND
JOURNAL of MEDICINE

CT or Invasive Coronary Angiography in Stable Chest Pain

The DISCHARGE Trial Group

§5. Cumulative Incidence Curves for Major Procedure-Related Complications
5044

g

g
H
S04
%
fam 1.9%
E (n=33)
0 10%
- 0% 0.5%
- . 7 3 ] 5 3 [ 7 (=9
Months since Randomization

Group — ICA — CT

HRompi 0.26 (0.13-0.55) till férdel for CCTA vs. Cor-ai

== | Pga. 1.9% komplikationer vid cor-ai med/utan PCI
concuusions -Procedurrel. infarkt 0.6%;
e T e -VT/VF 0.3%
associated with fewer major procedure-related.

-blédning/mjukdelar mm. 0.6%

Jamnt férdelat mellan ICA med resp. utan PCl (se tabell 58).

The DISCHARGE Trial Group. N Engl J % e NEW ENGLAND
Med2022;386:1591-1602 JOURNAL of MEDICINE



. ] Annals of Internal Medicine
Ove rv I ew/C o n cl u s I o n s Ann Intern Med. 2023; 176(4):433-442. doi:10.7326/M22-3027

From: Subclinical Coronary Atherosclerosis and Risk for Myocardial Infarction in a Danish Cohort [A
Prospective Observational Cohort Study] - COPENHAGEN GENERAL POPULATION STUDY (N=9533)

Over 3.5 years of follow-up, there was no significant between-

: ] : 2 : N ot taton . [—
group difference in the risk of major adverse cardiovascular
events.
Major procedure-related complications were less common with o
Computed Invasive Coronary oo —
Tomography Angiography Effect Size oot L

Outcome (N=1808) (N=1753) (95% CI) EELGnmnRERE R MR RRLLEREE D
Expanded major adverse cardiovascular events — no. (%) — .

Cardiovascular death, myocardial infarction, stroke, transient ische- 50 (2.8) 80 (4.6) 442 10 0.85)

mic attack, or major procedure-related complication - = o
Secondary outcomes benshe
Major procedure-related complications during initial management 9(0.5) 33(L9) 0.13 t0 0.55) Mot
—no. (%)19 —_— - Nosca
Nonfatal myocardial infarction 3(0.2) 10 (0.6) T
e A

Nonfatal stroke 1(0.) "5 7 : : : . : ‘ :

Cardiac arrhythmia: ventricular tachycardia or fibrillation 6(0.3) D 01 w0 ;25‘ me o ow G ot 0 o ;;; m o w

Complication prolonging hospitalization by 24 hr| 11 (0.6) Figure Legenna: h e * e " "

—— Time to event curves show adjusted probabltes for primary end pointof and secondary pointof death or myocardial infarctio straified by CTA findings of SCA. The dotted
Dissection of coronary artery or aorta 2 (OAl) line indicates 5-y probabilities. Analyses were adjusted for sex, age, arterial ia, current smoking, i obesity, diabetes, aspirin, statin, education level, and income. ::\nss.
Cardinc arrst 201 e e e T

Cardiac tamponade 1(0.1)

f Download: 04/18/2023

https://www.acponline.org

Annals of Internal Medicine Annals of Internal Medicine

Ann Intern Med. 2023; 176(4):433-442. doi:10.7326/M22-3027 Ann Intern Med. 2023; 176(4):433-442. doi:10.7326/M22-3027
From: Subclinical Coronary Atherosclerosis and Risk for Myocardial Infarction in a Danish Cohort [A From: Subclinical Coronary Atherosclerosis and Risk for Myocardial Infarction in a Danish Cohort [A
Prospective Observational Cohort Study] Prospective Observational Cohort Study]

Myocardial Infarction Death or Myocardial Infarction
" CTA Findings Mean Adjusted ~ Mean Risk Mean Relative Risk
C 5-Year Probabilities ~Difference, % (95% CI)
020 020 (95% Cl)
No subclinical coronary atherosclerosis 036(0.16-0.76) - (Reference) 100 (Reference)
[ro— Any subclinical coronary atherosclerosis 1.02(0.55-1.89)  0.67 —o— 2.95 (1.54-5.64)
ructive-
045 Obstuctive 015 e Obstructive subclinical coronary atherosclerosis
extensive o Nonobstructive- Nonobstructive 059 (0.30-1.17)  0.23 o 159 (0.76-3.33)
: Obstructive- £ exiosive Obstructive 340(1.68-689)  3.04 —e— 9.19(4.49-18.82)
3 onextensive 3 Obstrctve B cbebaci o o 3
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RAPID-CTCA

Cumulative incidence of primary endpoint of one year all cause death or non-fatal myocardial
infarction (type 1 or 4b).

DT kranskarl - modaliteten
for framtidens kardiologer

Sv. Kard. Féreningen 2024/01

8
—— CTCA + standard of care
Standard of care only

Ingen skillnad i antal
terapeutiska koronara
interventioner eller 1-
ars utfall av dod eller
hjartinfarkt

1. Bakgrund - Riktlinjer & CCTA i Sverige.
2. Lite om DT fysik & premedicinering

3. CCTA - Hur gor vi? + Kliniska case

4. Pivotala studier

5. Sammanfattning

Cumulative incidence (%)

Adjusted hazard ratio (95% CI)
0.91(0.62 to 1.35), P=0.65

0 3 6 9 12
Time since randomisation (months)
No at risk
CTCA + standard of care
817 g5t 842 620 14 Kari Feldt, Bitr. Overlékare, Kardiolog
Standard of care only PO Kranskdrl/Klaff /DT Hjértiab
ME Kardiologi & ME Radiologi

871 836 828 822 802 th.
chmyj
©2021 by Briish Medical Journal Publishing Group Alasdair J Gray et al. BMJ 2021;374:bmj.n2106 - Karolinska Universitetssjukhuset

K K

Sammanfattning (1) Sammanfattning (2)

- CCTA (vs. scint) ar en patientsaker metod

(PROMISE). - CCTA stratifierar risk for CV event dven hos

asymtomatiska individer baserat pa
aterosklerosbdrda + stenosgrad (bl.a.
Copenhagen Gen. Pop.), samt forekomst av
HRP/vulnerabla plack-karakteristika.

- CCTA okar diagnostisk precision (hittar icke-
obstruktiv koronar-sjd) och har hégt negativt
prediktivt varde (PROMISE)

- CCTA kan anvandas vid akut/oklar
brostsmarta med intermediar risk, men ev.
nyttan jmf. “usual care” &r oklar (RAPID-
CCTA)

->svensk-nordisk multi-center RCT pagar
(FAST-CCTA)

- CCTA kan leda till 6kad sekundarprev.
behandling (statin, aspirin mfl.) + battre timing
med inv. angio/PCl jmf. arbetsprov och/eller
scint (SCOT-HEART)

- CCTA ar forenad med farre komplikationer an
invasiv angio med/utan PCl (DISCHARGE)

K K. Feldt 2024/01 K
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European Heart Journal (2017) 38, 991-998
40i10.1093eurhearteh095

META-ANALYSIS

Imaging

Diagnostic performance of cardiac imaging
methods to diagnose ischaemia-causing coronary
artery disease when directly compared with
fractional flow reserve as a reference standard: a

3 - DT kranskarl eller fysiologisk ischemidiagnostik?
- beror pa tillganglighet, lokal expertis, och klinisk

fragestallning...

Styrande lokalt dokument 3(7)

meta-analysis Favors use of CCTA Favors use of stress imaging
:;::.T::p:::r‘zzaf:g?iﬁ?ﬁ:ﬂ:‘e;j:::vjrmg ll(w:‘l.ghmE L Norgaard’, « Rule out obstructive CAD + Ischemia-guided management
Viigledning vid remittering till DT kranskiirl + Detect nonObStrUCtlve CAD
Vessel based senSitiVity Specificity ingar/ilopp, radena stero ksdu « High-quality imaging and expert | « High-quality imaging and expert
a naIySiS DD 10%s e, Saitig e <50 interpretation routinely available | interpretation routinely available
de 0.91(0.88-0.92) 0.58(0.55-0.61) Fm e fhmy Py
TA .91 (0.88-0.92) 0.58(0.55-0.61) eoting b st —
- ii med vilopuls

. i [ : e, ] ;H”;Le;vas\agisigvutgurwmekon(rimd\kz(iun} « Prior functional study « Prior CCTA inconclusive

FFR_CT 083 (078_087) 078 (078_081 ) N . ln b .. = - 5;tf:::r;yd;;:;n::;:;’;kt:::i:xr(vinllgimhnsminﬂoir;kinvhlindbﬂdbmix inconclusive
mm pl karlavsnitt

“ LA ‘ ;:\r':;:(:f\:::;s‘;nllslent stent | kalk). | regel ar funktionellt ischemitest att « Anomalous coronary arteries « Suspect scar (especially if PET or
Invasiv Angio 0.71 (069'074) 0.66 (064‘068) 7S -+ GFR<20 m/min, el.20-29 mU/min och e mplig for uppuitskring fore/efter DT, + Require evaluati?n of aorta or stress CMR availablc?)

i . Vigledning i valet av funktionellt ischemitest pulmonary arteries + Suspect coronary microvascular

L] " ° (DSE): Utfors ph ME Kardiologi H, ME Klinisk fysiologi H. dYSfUV‘Ctlon (when PET or CMR
MR 0.91(0.84-0.95) 0.85(0.79-0.89) “ ' T e avalable
nast

el 17 g;;;ag al;nzl‘lzksla'nDSE om: pmxdna.kerbemcnde rytm, nArdn‘be'snz;, formaksflimmer, J ACC 2021 , October 28.

MPS (scint) 0.57 (0.49-0.64) 0.75(0.69-0.80) = o] o ] V0 Mol (P s p ME Kl fiologi S cch H e AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for
oo | ks 025 B LMESK lnley the Evaluation and Diagnosis of Chest Pain

02 y SE NA NA vid pacemaker, f5 iksflimmer, obesitas, LBBB.
Stress-eko 0.77(0.61-0.88)  0.75(0.63-0.85) —«: o el @ o
(patient baserad ! SPECT Bk on 52 K

i D I ... |
analys) 0 oz o 1 s 1

3 - Vilken diagnostisk undersdkning? Imaging Atherosclerosis and Beyond

- Emerging Technologies

Table5 Pre-test probabilities ofobstructivecoronar?artery disease iniSBlSs!mpbomati: patients according to age, A R e
sex, and the nature of symptoms in a pooled analysis' “ of contemporary data™**? - Perivascular fat X
attenuation index (FAIl),
Diagnosti © Telal Agpal Nonagnal  Dpgwoert detects phenotypic
;%gdevg:deig \ Age Men  Women  Men  Women  Men  Women Men  Women cha.nges in adipocytes in
30-39 % 5% 4% 3% 1% 1% 0% 3% perivascular fat as a
w49 W 0% 0% &% % % % % response to vascular
inflammation
III()T carl 50-59 3% 13% 7% 6% 1% 3% W 9% A - Plaque quantification C
ranskar 0-69 4% I % % W e w MR and characterization
Y .
< 0+ % W M 9% M% 0% wm o g (vascuCAP, Elucid
Ischemi- «— Bioimaging, Boston, MA)
Diagnostik? CAD = coronary atery disasesPTP = re-est pobbily. KnuutiJ, et al. 2019 ESC Guidelines for the - Wall shear stress profile
diagnosis and management of chronic coronary .
syndromes - FFR-CT calculations
L (HeartFLow, Redwood
53 K City, CA)



Summa summarum

Coronary Artery Disease
Coronary Vascular Dysfunction

s e ~
DT kranskarl - 1" metod for
koronar anatomi

» avbildar ateroskleros fr. tidigt stadium
» graderar stenos
» >50% stenos betraktas som obstruktiv
Adapterad fran: Jansen, T.PJ. et al. ] Am > kan avbilda vulnerabla pIaCk
Coll Cardiol. 2021;78 (14):1471-1479. » farre komplikationer jmf. Inv. Angio.
» endast 2 mSv starlning/80mL IVK

58 K
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Latest news on cardiac tropnin

Ola Hammarsten
Professor and Senior
Physician at Sahigren’s
University Hospital

Sweden

Sahlgrenska akademin

Kinetics of troponins

Membrane

Myoglobin
Troponin
Thin filament

Sarcomere

Muscle cell
Clin Chem

. 2014 Aug;60(8):1098-104.

doi: 10.1373/clinchem.2013.217943.

What is cardiac troponin?

Katus H et al. Am J Cardiol 1991 Troponin C

Troponin T

Troponin |

Troponin

Tropomyosin

Time

Expected elevations from 1cm?3
damaged human cardiac tissue
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Clearance of troponins
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Sci Rep 2020 Apr 22;10(1):6791. doi: 10.1038/s41598-020-63744-8
Clin Biochem. 2017 Jun;50(9):468-474. doi: 10.1016/j.clinbiochem.2017.02.007.
Clin Chem. 2020 Feb 1;66(2):333-341. doi: 10.1093/clinchem/hvz003.

Kinetics of troponin |
and troponin T

Protease

Muscle fiber

cTnT or cTnl

Clin Chem. 2020 Feb 1;66(2):333-341.doi:
10.1093/clinchem/hvz003.

Eur Heart J Acute Cardiovasc Care

. 2016 Aug;5(4):354-63. doi: 10.1177/2048872615585518.

Epub 2015 May 5.

Days

—cTnT

cTnl

cTnT is retained in necrotic cardiac tissue
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A high cTnl/cTnT ratio may indicate necrosis
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Eur Heart J Acute Cardiovasc Care

. 2023 Jun 2;12(6):355-363.
doi: 10.1093/ehjacc/zuad017



A high cTnl/cTnT ratio may indicate necrosis

10000 - . nature medicine
COVID19 Myocardial

E e 210000 ] |nfarCt|0n .' Perspective https://doi.org/10.1038/s41591-023-02513-2
léo 0.0 © Eo 'f e o ° °
o 1001 AR oo s ) A new clinical classification of acute
c ° ° °
5 oo £ myocardialinfarction
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Clin Chim Acta

. 2022 Feb 15;527:33-37.
doi: 10.1016/j.cca.2021.12.030.

CK is released after, not during exercise
Retirement of type 2 myocardial infarction? g
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Myoglobin frisdttning kommer inte under utan efter anstrangning

Int. J. Sports Med. 7 (1986) 259263
© Georg Thieme Verlag Stuttgart  New York

Muscle Cell Leakage of Myoglobin After Long-Term Exercise and Relation to the Individual

Performances

L.E. Roxin', G. Hedin?, and P. Venge'

Department of Clinical Chemistry’ and Infectious Diseases?, University Hospitat, Uppsala, Sweden

SMyoglasin
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7 [ % s 7 3R] 2% Hours

Time ofter compieed exercise

Fig. 1 Myoglobin and creatinine kinase (CK) in serum before and
after an 89-km ski race. The dotted lines indicate the means + 2 SD
for the age-matched reference group.
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Fig. 6 The alterations of S-myoglobin during 5 h of bicycle exer-

cise in a group of 11 men (mean + SEM).

Over tenfold more CK than
dead cardiomyocytes

4
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Perfusion time (min.)

-a-CK release (%)

Dead cardiomyoﬂs (%)

-=-Dead cardiomyocytes (%)

Life Sci. 1996;58(7):545-50.doi: 10.1016/0024-3205(95)02262-7.
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Apparent non-necrotic release after
short ballon-ischemia
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Circulation. 2021;143:1095-1104. ORIGINAL RESEARCH ARTICLE

Temporal Release of High-Sensitivity Cardiac
Troponin T and | and Copeptin After Brief Induced
Coronary Artery Balloon Occlusion in Humans

Troponin release from turnover of troponin?

300mg troponin per heart
Secretory autophagy

1% turnover per day

3mg troponin mobilized /]

Median troponin T level 1

jol . 2022 Jun 6;221(6):e202110151.doi: 10.1083/jcb.202110151.

J Cell
10/40 000 = 00&% 0 Oct 1;183(1):94-109.¢23. doi: 10.1016/j.cell.2020.08.031.

<0.025% of mobilized troponin ever in circulation
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ORIGINAL RESEARCH ARTICLE Apparent non-necrotic release from
S Analysis of Cardi H
Montifies PCSKE (Proprosein Comvertase cardiac cell cultures

Subtilisin/Kexin Type 6) as a Novel Player in
Cardiac Remodeling After Myocardial Infarction

Editorial, see p 1645 Tim Christian Kuhn, MD
Inhannac Knahal
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A Network of Macrophages Supports
Mitochondrial Homeostasis in the Heart
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Can we develop a necrosis specific cardiac biomarker?
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RESEARCH LETTER

Novel Troponin Fragmentation Assay to
Discriminate Between Troponin Elevations in Acute
Myocardial Infarction and End-Stage Renal Disease

KE. Juhani Airaksinen®, MD, PhD*; Rami Aalto, MSc"; Tapio Hellman®, MD, PhD; Tuija Vasankari, MSc;
Akseli Lahtinen, BSc; Saara Wittfooth, PhD

Circulation. 2022;146:1408-1410. DOI: 10.1161/CIRCULATIONAHA.122.060845



Diff. methylated CpGs
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Comprehensive human cell-type methylation atlas
reveals origins of circulating cell-free DNA in health
and disease
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2T-PCR interrogating methylation status of FAM101A Detection of tissue specific DNA in heart and white blood cells (WBCs) —
digital 2T-PCR with FAM101A assay

Allelic Discrimination

RFU for Allele 2 - HEX

20001 & N Assay design require DNA
- T 79— .| -
L template length: 79-82 bp FAM101A 2T-PCR assay FAM101A, absolute quantification, cp/ul
2500 A‘* 55°C, 455 annealing, 45 cycles.
1 A (Assay by Zemmour et al. Heartl  Heart2  WBC1 WBC2  MgBlock NM.gBlock MixgBlock  NTC 1000
. requires 118 bp)
2001 A1 TR e "
2T-primer - 900
FAM101A-2T.NM
1500 (Non-methylation 800
sensitive) 3 -hemiprobe FAM, detects -
1000 S —hemiprobe
N methylated target -
T(a) 55.2-61.8 °C 2T-NM: 5'-CARCAAGACAGAATAAAREE  Tm=55,6 20 bp (WBCs butalsoin )
500 2T-M: 5’ -CAAGGCAGGATARAAGE Tm=56, 5 17 bp heart) g T I R s .
o I s PYSIRY =X WS B e
/ —hemi P e | s G L 2 s
0 1000 2000 3000 4000 5000 6000 7000 5’ -hemiprobe ! ! g
RFU for Allele 1 - FAM Aryaca portann © o
2T-NM: CCTTTACAARGCAAAAATAAACAGTA-5'  Tm=60.7 26 bp o - £
" Non-Methylated gBlock 2T-M: CCTTTACAAGCCAAAAATARACGCTA-5" Tm=63.7 26 bp 8 1m0
A Mixed gBlock
@ Methylated gBlock ‘ 200
* nrc (120) o
: TR PR 100
d : |
e . . v , ,
7P Forward primer o i Ho weci  wec2  Hertl et
CCTTTACAARCCAA=5" ______

CCTTTACAAACCAAAAATAAACACIA-5" ;MTM@QAQ&CAAC
(-) 5’—TTTZ-\TAGGTAGAGGAAATGTT:TGGTTTTTATTTGTGATTTTTAATATTGTGTTTTATTGTGTG:TTGTTGTTGGTTATTTTGTTTTTTTGG
57 -GAAAAGTGTAGGTTTTATAGGTAGA ~  ‘--==----------ct

Reverse primer

B Methylated B Non-Methylated

DE GRUYTER Clin Chem Lab Med 2016; 54(11): 1821-1829

Janet V. Warner* and George A. Marshall

High incidence of macrotroponin | with cTn-assay Heterophile Macrotroponin
a high-sensitivity troponin | assay antibodies
A few months after the introduction of the Architect ¥
high sensitive troponin-I (hsTnl) assay into our labora-

24 —
tory we noticed an increase in enquiries regarding possi- . N ? X o -I\ ] \\m
ble false-positive troponin I. r‘esults. Initial inV(.estigations | - — I\{ i \\
revealed that the false-positive results were likely to be

due to a high molecular weight complex in the patients’
plasma.



Normal Troponin release '
Kidney clearance

Low steady-state

EI Troponin release
Macro troponin buildup

Degradatiofdroponin levels Capture  Degradation
I — I —
I E— I E—
I E— I E—

Q I I Patient anti-troponin antibodies
1 S \
s\\

IFCC Guidelines 2023

Typical findings if troponin interference

DE GRUYTER Clin Chem Lab Med 2023; aop a

*Stable increased levels of troponin that do not match the Guidelines and Recommendations

clinic.
Ola Hammarsten*, Janet V. Warner, Leo Lam, Peter Kavsak, Bertil Lindahl, Kristin M. Aakre,
*Elevated levels persist long after a cardiac event, such as Paul Collinson, Allan S. Jaffe, Amy K. Saenger, Richard Body, Nicholas L. Mills, Torbjgrn Omland,
myocarditis Jordi Ordonez-Llanos and Fred S. Apple
. L : Antibody-mediated interferences affecting
Abnormal variation when reanalyzing the same sample or . . .
after dilution cardiac troponin assays: recommendations from

the IFCC Committee on Clinical Applications of
Cardiac Biomarkers

*Abnormal difference between different troponin methods.



The Sahlgrenska Troponin interference investigation protocol Analyze cTnl (Abbott) and cTnT (Roche)

before and after removal of I1gG

Two Li-Heparin gel tubes centrifuged.
Shipped at room temperature also during weekends. Clear result (70%) Unclear result (30%)
Store <8°C after arrival- stable for >1 week.

Protein G spin-column to remove IgG I cTn-assay interference I I Sucrose gradient ultra centrifugation I
+
2.4-fold dilution
I Number of refferals 109
Analysis of Troponin T (Roche, Cobas), Median age 50 yrs (45-62)
Troponin | (Abbott, Alinity) and Ferritin Male sex 68%
I Median cTnl if cTnl interference | 72 ng/L (24-199)
Troponin <40% after removal of IgG . . -
[ or/and low levels of troponin /T ] Median cTnT if cTnT interference 36 ng/L (22-83)
Median recovery if cTn interference | 8% (3%-26%)
S cTnT or cTnT interference 97
Yes No/indecisive -
cTnl interference 93
[ Troponininterference] [Sucrose gradient uItracentrifugation] cTnT interference 22
cTnl and cTnT interference 18

/Case 1: Classical troponin I interference \ / \

Male. 42yrs. STEMI two years ago. Six months ago stent Case 2: Unclear troponin assay interference
thrombosis. Now presents at ER with infection and stable cTnl Male. 40yrs. Previously healthy. ER due to chest pain. Elevated
elevation around 100 ng/L. cMR show scarring from previous cTnl. Normal heart workup during a few weeks.

events. No clear sign of myocarditis. Lab workup normal.
Protein G affinity chromatography spinn column

Protein G affinity chromatography spinn column cTnl 34 ng/L before 1gG removal (URL <35 ng/L)
cTnl 74 ng/L before IgG removal (URL <35 ng/L) cTnl 24 ng/L after IgG removal

cTnl 1 ng/L after IgG removal cTnT 3.5 ng/L before 1gG removal (URL <14 ng/L)
cTnT 6 ng/L before IgG removal (URL <14 ng/L) cTnT 3.5 ng/L after IgG removal

cTnT 4 ng/L after IgG removal

Interpretation: Cardiologist distrusts cTnl level. Discordant cTnT
Interpretation: Macro troponin | likely. Two necrotic events that and cTnl levels. Likely troponin | assay interference.

= / N /




Sucrose gradient ultracentrifugation

Case 2: Unclear troponin interference

Molecular weight marker #12

cTnl
Before Ig removal 34 ng/L
500 1000 1500
After removal of IgA 15 ng/L vl (40)—1g6 (150) —pE (350
After removal of IgM 32 ng/L - Myo (17) —Thyr (600)
After removal of IgG 24 ng/|_ i | . Molecular weight marker #12

o
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Relative level

Case 2: Unclear troponin interference

3
<
22
£ 1
'\_d‘ ©
T B 0| T T

1000 2000
Volume from the top (ul)

—1gG (150 kDa)
—albumin (80 kDa)
Myoglobin (17 kDa)

1000 2000
Volume from the top (ul)

—CTnl

Further development of sucrose gradient ultracentrifugation

Sahlgrenska akademin

VID GOTEBORGS UNIVERSITET

Lakare pé Hjartmottagningen NAL
Norra Alvsborgs Lanssjukhus
461 85 Trollhattan

Tack for remissen pa man fodd 1969

Din patient har makro Troponin |, det vill séga ett langlivat komplex mellan Troponin | och en
antikropp av typen IgG. Det leder till stabila 6kningar av Troponin | utan 6kat lackage fran
hjértat och anses vara ofarligt. Hos vissa patienter ebbar makro troponin bort, hos andra
kvarstar antikropparna under lang tid i de fa langtidsupféljningar som finns.

Din patient har en total nivé av Troponin | pa: 218 ng/L
Din patient har en obunden Troponin | nivé pa: 2 ng/L

cTnl

>

IgG N

Din patient har normala nivaer troponin T pa ca 10 ng/L som inte &r
bundet till 1gG.

Ny metod att avsl6ja Heterofila antikroppar
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Arftliga arytmisjudomar
— diagnos och handlaggning

Kristina Haugaa

Fredag 26 januari 2024, 08.15-10.13
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Cardiogenetics

Framtidens kardiologer

Arftliga arytmisjukdomar — diagnos och handlaggning

= Cardiomyopathies = lon channelopathies
-> Progressive disease -> Non progressive disease
= Rare during childhood = Risk from birth

= Risk can change during life

it -> Hypertrophic HCM - Long QT syndrome (LQTS)
Kristina Haugaa, MD, PhD > Dilated DCM - Brugada syndrome (BrS)
Prof MedH Karolinska institutet, - Arrhythmogenic ACM/ ARVC -> Catecholaminergic polymorphic ventricular
OL Karolinska universitetssjukhuset > Left ventricular non-compcation tachycaridia (CPVT)
- Syndromic connective tissue disease > Early repolarization syndrome
= Marfan etc

Seksjonsledare Oslo universitetssjukhus
Professor Universitetet i Oslo

sy,

Autosomal dominant inheritance 7% e

£ Institutet

Sudden cardiac death

e

Incidence of Sudden Cardiac Death
(per 100,000)

P Py Genetic cardiac diseases
Age (Years) Exercise induced sudden cardiac death

Autosomal dominant inheritance
B Cardomyopathies

Hypeepc Cardomyopaty

e Okama Carsampepamy
JACC CVI 2013
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Autosomal dominant inheritance
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Cardiogenetic disorders, management

= Counselling
= Inheritance
= Penetrance

- What is my risk of developing disease?
- What is the risk for my (future) children?

Karalinska
£ Institutet

= Clinical management
= Ventricular arrhythmias
-> SCD risk stratification
= Anti arrhythmic drugs
* Ablation

- When should children be genetically tested? * ICD

= Professions
- Athletic profession
-> Driving licenses

= Insurances

= Pregnancy

- Preimplantation genetic testing

= Afib
-> Anti coagulation

= Heart failure
- Medication, CRT-D
-> Heart transplant

= Exercise advice

= Pregnancy

One index patient -
5 genetic positive family members

15.01.2024

Why is it important to perform genetic testing?

A positive test result:
« Helps diagnosis
+ Allows focused family
examination
« Prognostic information by
genotype
A negative test result
-> Does not exclude inherited
disease

- Different yield of genetic testing

Referral
Caridologist
EKG, echo,

Age related penetrance

[ Frndines___]

Penetrant disease

Variabel penetrance

Risk stratification
arrhythmias

Intervals of follow

Preventive

7 o Not prog
isease :l

. Risk stratification _,
Therapeutic consequences arrhythmias

> Patients Start treatment R's:rf;;f:"gﬁ:;"’“

- Family members Follow up Intervals of follow up

measures
Exe

Pregnancy?

measures
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= Prevalens: 1:500

Hypertrofisk kardiomyopati

Vénster ventrikular hypertrofi > 15 mm utan
nagon annan forklarande orsak

= Genbérare: diagnos HCM vid 13 mm

11 12

15.01.2024




HCM behandling
Medikamentell behandling og livsstilsrad

Symtom dyspn, hjartsvikt, plotslig dod, AF, angina
Minska pulsen

Betablock /Ca antagonist

Antiarrytmisk

Betablock / Amiodarone

Antikoagulation p& AF

Antikoagulation oavsett CHADS VASC-score
Holter var 6 man vid férmaksdiameter > 45 mm

L S
Karalinska
nstitutet
MR cor
"
HCM Risk-SCD
Seore
I
| ular Arrhythmias
INTERMEDIATE
1€ gunaraly noe 1CD may b 1D sheuid b
dcated g+ comnidered
({i, ‘\ KARDIOLO
Gisk

Arytmirisiko

14

16

Ventrikular arytmier
ICD
HCM-risk calculator

ICD forblir en klinisk vurdering
bedomining

15.01.2024

HCM Risk-SCD Caloulator
Prp——
- s e

Y s o e e ot

bt Sl o A e S T
| ung alder gir hayere ris|ko
i 1

HCM Rak-SCD
Score
Low e TERHEDATE o
e e 50 s s i

KD should ba
comstered

HCM
Vem ska utredas genetisk?

Septum > 1.5cm utan ndgon annan férklarande orsak.
Indikationen starkt:

HCM i familjen

plotslig dod i familjen

Positivt gentest:
Famlie undersékning
koncentrera kliniska resurser till mutationspositiva individer

Ktr var 1-5 &r i friska mutationsbérare (EKG, eko)
Barn
Ungdom
Vuxen

Negativt gentest
EKG utan hypertrofitecken — Avlagringssjukdom?
Muskelsjukdomar?




& International Journal of Cardiology ‘ m‘

Vigorous exercise in patients with hypertrophic cardiomyopathy @W

ind H. Lie ®, Margareth Ribe’, Thea Bjune*, Ida Skrinde Leren®,
istina H, Haugaa < Jan 2018

Lars A. Dejgaard **, Trine F. Haland *
Knut Erik Berge***, Thor Edvardsen

Kan HCM patienterna trana?

Inget samband mellan idrott 6ver tid och incidens
av ventrikulara arytmier

Storre kaviteter hos dem som trénade och
forbattrad diastolisk funktion

Neutral eller gynnsam effekt av traning hos
HCM-patienter

121 HCM LVH+ patients,
grouped according to exercise tertiles

[R——
sERERERERES

Swdvtn Active Tertia ] Actve Tertin2 Aiva Terile 3
D e [amossss] [ssso 7]

Lars Dejgaard

= Vantricular
arrhythmias
= o ventricular

arrhythmias

17

19

Karolinska
Institutet

Exercise

- Patients with HCM should avoid competitive
sports activities, but should maintain a
healthy lifestyle

-> Advice on recreational activities should be
tailored to symptoms and the risk of
disease-related complications including
sudden cardiac death

- Asymptomatic family members, no
restrictions

15.01.2024

= Karglinska
nstitutet

18

22 ar kvinne.

W__Jv.\J____.._Jl ( s ) i 1 .»\(_\ ,_;._

i I - L
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= Hijertestans ved hai 1( i 'Lf‘ i V .
= Ekko A _.#1 g A AR | )
5 4 R TN !
- Lett dilatert RV(Q fanud 4
- EF normal O NI e R if)
- PKP2 positiv : | : i
" s o B N O ali) e it
Genetisk teg' E i |
Fan{ \‘\ 1 h\ ‘\
i | SRS N BN
Genetisk diagnose muliggjer familieundersgkefser
og kan identifisere risikoindivider
9.
20



Arrhythmogenic right ventricular cardiomyopathy
(ARVC)

Defct desmosomes

Karolinska
7 Institutet

oRog,

Zaidi and Sharma, EHJ 2015

21

Task force criteria for ARVC r if corolinsk

. . e Q,; arolinska
diagnosis e— ot istitutet
- Echo

- CMR
Biopsy
I3 + ECG
- — Repolarization
— Depolarization
—  Signal average ECG
T v 5 + Holter
— Ventricular arrhythmias
et i L J ¢ Ji5 3 — Ventricular premtature

e complexes

Genetic findings / Family history

23

22

Arytmogen héger ventrikular kardiomyopati
Forebyggande av plotslig déd och behandling

24

15.01.2024

= Karolinska
# Institutet

ARVC Symptomer e
= Ventrikular takykardi fran héger kammare
. Monomorf VT

. vanster grenblock

= PI6tslig hjartdéd (50% debutsymptom!)

= Hjartsvikt

e R R AR

t |1

Diagnostisera
screening?
Genetisk testning

Disease progression in AC
[—— FR——

Concested
Aktivitetsbegransningar = -
Icke-tavlings sporter L Asas
Lakemedelsbehandling
Betablockerare

Amiodaron

Hjartsviktsbehandling efter indikation e - B
led e S  |Seeaor




ICD behandling

ICD sekundar prevention
Overlevd hjartstopp
Syncope
Dokumenterad VT

ICD primér prevention

CD komplikationer
Tunnvaggig hdger kammare, unga patienter vaxer

2 Karolinska
nstitutet

25

Vigorous physical activity impairs myocardial
function in patients with arrhythmogenic right
ventricular cardiomyopathy and in mutation
positive family members European ) Heart failure 2014

Jorg iak’3, Nina E. "2, Rasmus Borgquist’, Pyotr G 4
Sebastian I. Sarvari'.2, Hans-Jorgen Smith?, Margareth Ribe', Anders G. Holst®,
Thor Edvardsen’?, and Kristina H. Haugaa'.2*

Phpsical acthity and evercise induced
vertricular arrhythemias [us]

Can ARVC patients exercise?

-
»

Exercise aggravates and o p<0.001

accelerates ARVC disease §m

MET: 5 s/ wodk during misimam 6 s

KARDIOLO
GIsK

Jgrg Saberniak

« 110 ARVC-patients

Aa-nsnPenm

R (4] ey d

27

15.01.2024

A new prediction model for ventricular

AC risk calculator arvcrisk.com,

Inctitutat

arrhythmias in arrhythmogenic right o
ventricular cardiomyopathy LE

ARVC Risk Calculator ARVC Risk Calculator

EHJ 2019

chard N o™,
b A, pama'

Prediction of sustained ventricular arrhythmia in ARVC

10802 2 5 year sk

L]

26

Biventricular ARVC

. 38y o male, previous competitive swimmer, DCM

. EF 15%, repetetive VTs

. ECG: low voltage, T-wave inversion V1-V4

. Cardiac Tx at 41y (2005)

. 2 years post TX, cousine diagnosed with ARVC
(2007)

. Mutation §

e

o

« Diagnosis of AC was missed in 2005

| v —
! « Genetic diagnosis from 2007

I A — A A

\

2
t \_LL’J\——'HJL_M iz i
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2 Karolinska
Institutet

Summary

« ARVC is a highly arrhythmogenic disease
« Risk stratification include
* Male sex
* nsvT
< Structural changes
* When structural changes are present — arrhythmic risk is high

« Clear association with exercise
« High intensity is most harmful

* Close follow up in patients with no ICD
 Holter monitoring

30

Dilated cardiomyopathy

S
iF
GENOTYPE PHENOTYPE
P
& §

= Approx 50% of "idiopathic”
DCM has a genetic etiology

= Actionable prognostic
genotype

Merlo et al. European Journal of Heart Failure, 20, 228-239, 2017

32

31

33

Dilated cardiomyopathy

15.01.2024

Karolinska

Institutet

2 cases with dilated cardiomyopathy

Karalinska
Institutet




Lamin A/C

= 43yowoman

= DCM 4
= ECG:

- AV block

> Afib

> VPC

= Holter; nsVT

= Genetic testing:

;«41-{4114«'(4\1‘1\1111"‘1\1“»““‘”]( ".}\‘f“,{.f(‘-.«lw\‘«W.‘,WJMMMWWMW

34

Karalinska
Institutet

Lamin A/C ﬁv—block

R

Frequent VPB/VT
DCM

» Actionable genotype

* High penetrance

« High incidence of malignant arrhythmias
*  When AV block requires pacemaker — ICD indication

 Exercise restrictions

36

Lamin A/C cardiomyopathy: young onset,
high penetrance, and frequent need for
heart transplantation EHJ 2017

123

Nina Eide Hasselberg'™, Trine Fink Haland"??, Jorg Saberniak'*?,

Pil Haugar Brekke', Knut Erik Berge*, Trond Paul Leren®, Thor Edvardsen’

and Kristina Hermann Haugaa'?*

« High penetrance
« Early disease
« High need of transplantation

23

15.01.2024

wesc_ .
Lamin A/C cardiomyopathy
ey Nina Hasselberg
VINTRICULAR [ eART
E— ———
| 9 v i
3
g o.a \_\
% * ‘\
£ oz !
- \ 1
O 3

Age at penetrant cardiac phenotype (vears)

35

Titin
* 48 yowoman

Dilated LV, reduced EF, v2

vl

.

* ECG: low voltage, AV block 1st degree i

* Holter: nsVT
v4

* Most common genetic cause of DCM
« Higher incidence of malignant arrhythmias

+ ICD awareness before EF<35%

Monitoring for Afib

High need of cardiac Tx

Good response to medical treatment

Involved in peripartum cardiomyopathy

0 S G S P R 5 O

Non-Sustained VT s e

37
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arglinska Woman 25 y S

3 Karolinska
* Institutet LT i

Institutet

= 6 months post partum
= Seizures during sleep, suspected epilepsy,

* Genetic testing:
« Heterozygous for mutation in KCNH2 =LQT2
< Postpartum risk x18

15.01.2024

38 39

Lang QT tid syndrom
* Forlenget QTc

« arc=ar /\RR QTc > 500 ms
e U-bglge

e = hgyrisikopasient|

Institutet

w
» Synkope / A e * breddegket QRS eller PM-rytme? QT-tid antatt
hjertestan§ ) <“[—s>. 1 forlenget hvis over 0,50s
i E 1 =
| iy ! : J . Iverdier:
¢ AP A, = A
\/\/\M/\/\[\ﬂ \p“/ 4\ it QTc =0.66s - menn:<0,45s

Torsade des Pointes

Polymorf VT, - _,l‘_/’us =P ALG | — kvinner:<0,46s
. - |
| 1

- | \
~————No % s -
kvinner <0.46 s ' QT=052s 8 ks
b S | R LEReteE | “— QTc=052/0.72
& - | =061s
40 41
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17 & gammel mann, hyppige synkoper

Trigger for arytmi Risikostratifiserin 7 < tiuter
g for plutselig ded
svgmming H Z::»: ,ﬂa"" e 1 T ‘ i v : ¥ E =i: f::':
s W Sieep, rest without arvusal 1 i ﬂ“————ﬂvr\,————.—ﬁ e
I | . | 1
B n] SEHACS URLRS u leaRkehaten
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Sk QTc > 500 ms
= =hogriskopatient |

LQTI LQT2 LOT3
(n=392) (0=209) (n=62)

Schwartz et al Circulation 2001 i w§‘" rlm n bl[' “
il ‘ ‘»‘-‘““A_a o 75 5 e T I S
£ I I I I I flw f‘ I “
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42 43

Karglinska Arbets EKG

LQTS Treatment / life style advise nstitutet 18 &r man, rep synkope

High pr of v induced arrhythmias
in catecholaminergic polymorphic ventricular

¥ mutation-positive family members
= LQTL,LQT2and LQT3 diagnosed by cascade genetic screening

= Beta-blocker, high doses a7 e’ Anatans Fron, Thas EavaraneniSs.
. Nadolol

= No competitive sports

= No QT prolonging medication (www.Crediblemeds.org)
= No swimming alone (LQT1)

= Pregnancy, childbirth, postpartum (LQT2)

= ICD

= (Sympatectomy)

With permission

KARDIOLOGSK AVDELING N i ’ MACHK 008A
AN S : .

45 46
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Katekolaminerg polymorf ventrikkeltakykardi

47

49

= Mutation i ryanodinreceptor 2 gen (RyR2), paverkar ca-homeostas

= Prevalens 1:10 000

— Debut oftast i barndomen, ungdomsér me

— VES, polymorf VT, VF
— OBS Simning

Diagnostik
Familj Anamnes
Arbete EKG
Gentest RyR2

d adrenergisk utlsta synkopor,
arytmier S

I
Ipv

‘j\

9 ISiLeren, K Haugaa et al Tidsskriftet 2010
Ay

Cardiogenetic testing summary

Genetic testing gives important actionable information
-> Cardiomyopathies and ionchannelopathies

Genotype — phenotype specific features
-> Close follow up for ventricular arrhythmias
= need of ICD
-> Penetrance
= Family counselling
- Exercise dependence
= Exercise restrictions

15.01.2024

Karolinska
Institutet

Katekolaminerg polymorf ventrikkeltakykardi

» Diagnostiseral!
» Hogdosera betablock

. Nadolol
. Flekainid
+ ICD?

* Undvik hégintensidrott
» Sympathectomy
* inte simma/bada ensam

48

15.01.2024
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Kardio-onkologl - Vad varje
kardiolog maste veta

Agneta Mansson Broberg

Fredag 26 januari 2024, 10.45-12.435



opecifika lagar och regler vid
hjartsjukdom

Sofia Kjellberg Lindgren

Fredag 26 januari 2024, 14.05-132.00
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Framtidens kardiologer

25-26 januari, 2024
Clarion Hotel Sign, Stockholm

Kardioonkologi-Onkokardiologi

Kardiovaskular toxicitet vid cancerbehandling.

Agneta Mansson Broberg dverlakare, docent
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Dagens program

* Introduktion

« Riskvardering och hantering av hjart- och kérlsjukdom i relation till
cancerbehandling

» Exempel pa kardiotoxiska behandlingar (antracykliner, antimetaboliter,
antiHer2, tyrosinekinasehdmmare, immuncheckpointhdmmare)

+ Kardioonkologisk approach och kardioprotektion
* Hjartkarlsjukdom under cancerbehandling
» Uppféljning

Okande andel langtidséverlevande

5-arséverlevnad vuxna 5-arséverlevnad barn
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Kardiovaskular toxicitet vid cancerbehandling.

< Ar det viktigt- patienterna &r ju botade fran cancern?

(Ar det ens relevant? Hur ser Iangtidsprognosen ut fér patienterna?)

+»Vad vet vi mer om risken?

(Vilken behandling ar varst? Ar vissa mer kansliga an andra? Har riskvérdering betydelse i forvag?)

*»*Finns det skyddande behandling?

(Strategier for multihit, neurohormonell ion, specifik

2024-01-23

Ju langre man lever efter cancerbehandling desto stérre risk

att fa hjart och karlsjukdom

Tukenova M et al. J Clin Oncol (2010) 28:1308-1315

Armstrong GT et al. J Clin Oncology 2013.

A 20 Al Cardiovascular Diseases B 20 Cardiac Diseases A B .
utsmsi] e g B
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Okad risk for kardiovaskular dod

(median alder 25 ar vid behandling, median followup 13.8 ar)

Author (Year) Survivors (n) Deaths (n)

Standardized mortality ratio [38% C.1]
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Long-term risk of ‘mortality lysis, Volume: 7, Issue: 9: 4801-4813, 15 August 2018, DOI:
10 1002/coma 1572)

Samre prognos vid hjértsvikt pga cancerterapi
(Cancer Therapy Induced Heart Failure, CTRHF)

8 £ 8
- '\‘H e -
1\ — a
£ e H] X
s i g8
g s | gy g =
3 g
g8 E 8
& ° 8 ©
= NCTHF -
g 5
€ p| ---- CTHF ® B -=--
g £ s
P=0.003 =
S
8 s
° 5 o
] 1 2 3 1 5 L] A o 1
Number at risk Years Number at risk
NCTHE 894 851 B2 667 520 364 189 NCTHE 894 819
o s 6 9 a u 18 o s P
Figure 1

induced heart failure.

Adjusted for age and sex

Adjusted for age and sex

P=0.057
3 4 5 6
Years
620 am N4 166
7 a 2 %

Kaplan-Meier curves for death and composite endpoint. The composite endpoint was defined as the composite outcome of left ventricular
assistant device implantation, heart transplantation or all-cause mortality, CTHF, cancer therapy-induced heart failure; NCTHF, non-cancer therapy

Kombinerad endpoint déd, LVAD eller hjart-trx

Nadruz W et al. Heart 2019 105(1):34-41




Vilka cancerbehandlingar galler det?

ystomic

08

il Volvulor

CANCERTERAPIER DAR BASELINE RISKVARDERING
REKOMMENDERAS

HERD.cargsted theraph

[ T -——
aint)

hepocelar

* Antracykliner
* AntiHer 2 terapier
* VEGF inhibitorer

* BCR-AbI TKI

* Proteasominhibitorer
B *+ MEK/RAF

« Antiandrogenterapier

< Ic

4 inibiors

Lyon et al EHJ 2020

Coll phase where chemo agents work o it e Mt ieen
v
K tionell e
onventione oo/ Voo
cytostatika 7 7
v v v
v v
om/cellcycleProteinatias.orgfeelleycle v v
v v v
4
v
Riktad v v 4 v v
cancerbehandling 7
v v v v
v v v Vousatols
v
4 v
v v
v v v
Immunbehandling 4 4 v 4 o v
c v v v v 4 v
Stralbehandling a7 v Va7
‘Guha et al 2014, Pharmaceutical journal. Joerg Herrmann. i cancer i jiotoxici hythmia. Nature review Cardiology 2020
Guidelines! Karolinska [ AROLINSKA
Institutet OLINS
ESVD el
(O ——— esc GuDEUNES b
2022 ESC GI:MQH"” on <ar:||:'-‘otr'|‘::logy Management of toxicities from immunotherapy: ESMO Clinical Practice
o (EHA), the Europ o T rosmoneen g follow-up
Society for Therapeutic Radiology and : R —
Oncology (ESTRO) and the International o the ESMO Guidlines Commicee”
Cardio-Oncology Society (IC-OS) Baseline cardiovascular risk assessment in
of pe: cancer patients sche ® osmonaren
Society of Cardiology (ESC) cardiotoxic cancer t rone
R and new |
the Cardio-Oncolog  Expert consensus for multimodality imaging
m Heart Failure Assoc  ©valuation of adult patients during and after cancer
N N therapy: a report from the American Society of
Isn"“:f::t‘i’;:;al”g::ﬁ Echocardiography and the European Association
Aemdor®. Ly, sompeng, ¢ © <y diovascular Imaging
: . .
Management of cardiac disease in cancer patients throughout oncological .
treatment: ESMO consensus recommendations
"

10

11

@ ESC European Heart Journal (2022) 00, 1-133

European Society  htps://doiorg/10.1093/eur heartjfehac244
of Cardiology

ESC GUIDELINES

2022 ESC Guidelines on cardio-oncology
developed in collaboration with the European
Hematology Association (EHA), the European
Society for Therapeutic Radiology and
Oncology (ESTRO) and the International
Cardio-Oncology Society (IC-OS)

Developed by the task force on cardio-oncology of the European
Society of Cardiology (ESC)

Authors/Task Force Members: Alexander R. Lyon*! (Chairperson) (United

/Y

= level of evidence A = level of evidence 8

level of evidence C

Karglinsk
karolinska | KAROLINSKA
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Strategier for kardioprotektion

e
e INska
@%ﬁmﬁmm
g W

KAROLINSKA

Pttt

2024-01-23

CENTRAL ILLUSTRATION: Selected Cardiotoxicities and Potential

Preventive Strategies

Anthracyclines

Coronary asospasm
gt screma

Omland, T. et al. J Am Coll Cardiol CardioOnc. 2022;4(1):19-37.

Hvasosasmis
“Bolusinfusion

Hssospasmis

Long-actig nrates

Goldum chamel
blackars

RISKVARDERING UTGOR GRUNDEN
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Baseline CV Risk Assessment
Checklist
Cardiac history
Cancer treatment history.
cvrisk

Lifestyle v
Risk Factors baLe
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STRATEGI

Likelihood of
CTR-CVT

Low

Intermediate

High

ROLINSKA
Clinical severity of CTR-CVT
Mild Moderate Severard
very severe




BASELINEUTVARDERING VIKTIGT

Cancer pans schbsed o oo
Patencrisklevel | TTE | NP cTn 2 §
A B B Table 2 — for
it g" 4 electrocardiogram baseline assessment
™ 5 e Recommendations Class®  Levet
o0 O An ECG is recommended in all patints starting
= & e cancer therapy as part of their baseline CV risk c
>4 assessmen.
_ In patients with an abrormal baseline ECG.* A
referral to a cardiologist” is recommended.
Second- and third enerstion BCR-ABLTKI -
BT ihbcors -
= P
a1 i .
= cardiac biomarker assessment prior to potentially car-
RAF and MEK iibors diotoxic therapies
®
S Class®  Level®
ia
- F 4 Baseline measurement of NP andior cTn’ i
= = recommended in all patients with cancer at isk of
Osimerns o CTRED i these biorrkers are going ta be c
Gy = ® ® @ measured during treatment to detect
=0 0 @0 =
o v Py o, cardac troponin: CTRCD, cancer therapy-reated cardia dysfunction: NP,
W o et peptdes.
st —
0" @ 0 @%r.@x Bo-n @o=n
@esc—

Lyon et al. ESC Cardionocology guidelines. EH) 2022.

©EsC 202

©B5C22

e for
cardiac imaging modalities in patients with cancer

General

Echocardiography is recammendd 35 the
frstdie modlty for the assassment of carda
funetion in patients with cancer *125434

3D echocardiography is recommended as the

preferred echocardographic modalty to messure
VEE7-a

GLS is recommended in all patients with cancer
having echocardiography, if
SvalbleTS80419PTNI02102

CMR. should be cansidered for the assessment of
cardize function when echocardiography is
unavaiable or non-diagnostic #0412
MUGA may be considered when TTE is nat
disgnostc and CMR is not avalabie ™%

ever® H

Baseli T
therapies
Baselne comprehensive TTE i recommended n
3 patients with cancer t hgh risk and very high
risk 6f CV tosiety before starting anteancer
s
apy-

30, threa dimensional; MR, cardisc magneticresomance; CTRCVT,
herapy-ceated CV toxicy; OV, canfonascu GLS, gobal longudi st LVEF,
. antgated acquittion e imiging TTE

f

moderate sk of CTR-CVT are included n Scten 5.

i recommendtons for biselne CV maging in patents with cancer at fow or

© 65 207

locus therapy (BCR-ABL) where baseline TTE should be consicered (e Figure 7

and Section 5.5.5).

2024-01-23

ANTRACYKLINBEHANDLING

Anthracycline chemotherapy surveillance protocol

Table 7 — ions for
baseline risk assessment and monitoring during an-
thracycline chemotherapy and in the first 12 months

DO O O & AP
A A 4 4 Racommandstions Chass®  Level®
™

Baselne echocardiography’ s recommended n al
patients with cancer before anthracyciine

@ ey AT

In 2l adults receiving anthracycline chemotherapy,
an echocardiogram is recommended within 12 B
months after completing treatment

In bigh- and very high-risk patients,

17

Baseline measurement of NP and cTn should be.

ANTRACYKLINBEHANDLING

Klassiska dos-relaterad riskbehandling

kumulativ dos av incidens av
doxorubicin hjartsvikt
300 mg/m? 1.7%
400 mg/m? 4.7 %
500 mg/m? 15.7%
650 mg/m? 48.0 %

kumulativ dos av andel pat med kardiellt

doxorubicin event
150 mg/m?2 7%
250 mg/m? 9%
350 mg/m? 18%
450 mg/m? 38%
550 mg/m? 65%

Swain et al. Cancer 2002

e e o comdemdnow mdmaderkpuers | M
cyces and within 3 months ster completng PSRRI ool
pidivainiigspenitey T and NP maritorig before every e dring
el rre. Y60 7 ® i bt ey ol il
ecocdcpupty hodveconsdestshrs [N | shorthopy complton commende g
cumulative dose of >250 mg’ of doxorubicin ki o aeis
1 I} D a o e N e g ey s i
anthracycine chematherspy and witin 3 months
In low-riskpatients, aditoralechocardiography
e v aftr therapy compltin should e consdered n 1
S B | e
. recehing a cumuiative dose of 2250 mgi? of
® ® @ @ @ et doxorubicin or equivlent *527212312
(ARG R oS T and NP morstoring every two cyces during
Baselne messurement of NP and cTn s ey chemotherspy andwitin 3 ot | §
Do © © ©® ® ®© ® ® @ recommended in highand very hghhrisk patients B | sfter therspy compltion may be consdered in g
prior o ntacyehne chemotheragy 447 ok patent 92221 g
= Cortinsed
(VR e () cusn
@esc—
Lyon et al. ESC Cardionocology guidelines. EH) 2022. 18
Topoisomerase- Oxidative
mediated stress response
DNA damage GSTM1
RARG HAS3
Cardiotoxic
cacertharapy WY v’ stress response
Drug metabolism Iron metabolism
CBR3 X ¥ HFE
Drug transport
ABC transporters
SLC transporters
Pre-existing heart disease
Diabetes
: Hypertension
MUliple SHPs Hyperlipidemia
rianting ¥ anthracycline dose
mage ot
environmental and "2
genetic factors Genetic vulnerability from
monogenic variants
TN
DCM genes
Fig 1. Contributors to cancer therapy-induced cardiovascular toxicity. A combination of clinical and geneti risk factors leads to fncreased risk of developing
toxici upon cancer therapy treament, Elucidarion of genetic contribuors of cancer th toxicity facilitates of its mo-
lecular mechanism and development of its therapeutic straeges.
Kim et al_2022_ Frontiers in Cardiovascular medicine 20
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Valdigt unga och gamla har en 6kad risk

100

&0
70
60
&0
40
30
20
10

Cumulative risk of chronic heart failure (%)

0 100

200 300 400 500

—a— Age <15
9044 « o « Age 40-50
—a— Age 15-39
Age =60

Von Hoff et al D. Risk factors for Doxorubicin Induced congestive heart failure. Annals of internal medicine 1979

—T—TT T T
600 TOO 8OO
Cumulative dose of doxorubicin (ma/m?)

1
800 1000

Kvinnligt kdn = storre kanslighet?

Khalid et al. Gender disparity. Cardio-Oncology_2020
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Table 5 —

primary prevention of cancer therapy-relat

diovascular toxicity
Recommendations

Management of CVRF according to the 2021 ESC
Guidelines oh CVD prevention kn dlinical practice
is recommended befors,” during, and after cancer
therapy.

Dexrazoane should be considered in adult
patients with eancer at high and very high CV
toxicity risk when anthracycline chemotherapy is
indicated®**

Liposomal anthracycines should be eansidered in
aduit patients with cancer at high and very high CV
toxicity risk when anthracycline chemotherapy is

ACE or ARB and beta-blockers recommended
for HF' should be considered for primary
prevention in high- and very highrisk patients
receiving anthracyclines and/or anti-HER2
therapies 151155 157316075

ACE or ARB and beta-blockers recommended
for HF' should be considered for primary
prevention in high- and very high-risk patients
receiving targeted cancer therapies that may case
HEE

Statins should be considered for primary
prevention in adult patients with cancer at high

and very high CV toxicity risk.

Class®

© EsC 2022

Strategier fér prevention och protektion

Karolinska
Institutet

i Conventiohal doxorubicin

Pegylated liposomal doxorubl

KAROLINSKA

Cardiac eventfree survival for PLD vs cnventional doxorubicin. Metastatic breast cancer. N= 509.

Rahman A. et al. International Journal of nanomedicine

2007
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M of with AC:
{ k)
Sympromatic CTRCD* Asmptomatic CTRCD*
1 S .
( | ] |
Very severe/severe Moderate Mild Severe/moderate Mild
I
Oncaoge
avatery ! ! ! 1
Discontirve | Incerrupt Interrupt
AC AC | Rty C Continue
(Class 1) | (Clas) regarding interruption (Class AC
| A reennaton L i Y maniconeg
AND AND AND (Class Iy
(Classy
Mot DT MDT
1 ]
L J 1 i
o J
srotegy
{
Corcinmerene || NPirse
oo s
(Class 5 i
« (Class la) (Chss lin)
@Esc—

Lyon et al, EH), 2022
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TABLE 2 Risk Factors and Long-Term Manifestations of Chest and
Mediastina Radiotherapy
Risk factors for developing RACD and RAPD.

+ Youngerage at the time o XAT (50 ys)
Cardiovascalar ik factors or established cardiopulmonary

Stralning

Lok of el or cbat 2. surce o acition

(2 Gylday)
umor in of next o the
S At o lft s achtion
= Concomitant chemotherapy (c.g. anthracyclines)
Potential manifestatons of chest and mediastinal XRT
Pericardu
= Constrcive periardtis e o extensive ibrous tickening, adhesions,

‘nssociated with signiicantly higher surgical mortalty
Cardac muscle

i e it

more common than reduced ejection fracton)

= schemic cardiomyopathy can occur due o advanced CAD.

Valves

= Value apparatus and leafe thickening, ibrosis, shortening, and
catification predominant on left-sded valves

= Valve regurgitation more common than stenosis
= Aoric valve stenosis most common stenofic lesion
Coronry artery dn

20 CAD oftn sean a2 tch yomgar 208

= Can occur =5 yrs after ex
. Coronay osta and provamat seqments v typically molved

Carotd arery d

< Radhotherapy mdced esions are moc xtensie ivoing longr
segqments and atypical areas of carotid seg

Other vascular disease.

e e e

Conduction system disesse

= Ectopy, tachyarthythnia, baselinesinus tachycardia and autonomic
dysfunction commonly seen

Lungs
= Progressive pulmonary fbrosis
« Recurrent pleural efusions

0. ooy o 1D st o e, WP ot
scied pimonay dsesie AT - adobersp.

Desai et al. Radiation associated cardiac disease JACC

Kranskarlssjukdom
Klaffsjukdom
Hjartsvikt

- HFpEF

- restriktiv hjartsvikt
Konstriktiv perikardit
Sinus takykardi
Fortledningssjukdomar

25

Anti Her2 behandling

Endothelial NRG-1 release:

cell % +Stress
- Ischemia
« Exercise
ErbB2 9 /Eﬁ ErbB4 @9 ErbB4

Cardiac ol 1

myocyte \

Suter TM et al. J Clin Oncol. 2007;25:3859-3865.

*  Her 2 tumdrmarkér pa vissa brostcancerceller
e uttrycks ocksa pa hjartmuskelcellen

¢ antiHer2behandling 6kar risken for
vansterkammar-dysfunktion
- dos-oberoende

¢ Reversibel (?) men oklart i kombination med
antracyklineffekt

2024-01-23

Stralbehandling-dosrelaterad toxicitet

200

150

100

-0

Increase per gray, 7.4% (95% Cl, 2.9-14.5)
P<0.001

Percent Increase in Rate of Major Coronary Events (95% CI)

2 4 6 38 10 12 14 16 18 20
Mean Dose of Radiation to Heart (Gy)

Cumulative incidence of

heart failure (%)

—e- 0-15 Gy no anthra
40 4 -+ 16-20 Gy no anthra
35 { - 221 Gy no anthra

=—e—0-15 Gy & anthra
—— 16-20 Gy & anthra
-=- 221 Gy & anthra

30
25
20
15
10
5 4

o 4
[&]

10 15 20 25 30 35
Time since treatment (years)

Darby etal. NEJM 2013

Ungefar 2,5 faldig 6kning vid 20Gy; 7,5% Okad risk per GY
Inget troskelvarde, linjart
Genomsnittslig debut 19 3r efter beh

Van Nimwegen F et al, J Clin Oncol 2016:34
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= @

EEame e @ @
.. JORUNON.

< @

@O Do G

HER?2-targeted therapy surveillance protocol

i

@ = asse (@) e

G >®o®eeeee

NP s1d T montringevery2-3 s durg
heray 304320 12 monts s heendof
rspy o e consdred i hgh- s vy

Lyon et al, EH), 2022
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Management of pati HER2 dysfunction
1
¢ 3
Symptomatic CTRCD* Asymptomatic CTRCD"
2
( |
Moderate o very severe Mid Severe Moderste Mid
I T T
Oncologcal 1 l l
s ﬁ‘f e
marrion | | e
| "Gy | "Gy Continue ant-HER2 | Continue ant-HER2
b A | under CV monitoring | under CV monitoring,
| e (Class 1) (Chss )
MDT

stotegy

*GLS decrease >15%
«cTand NP increase.

Table 9 — ions for
baseline risk assessment and monitering during fluor-
opyrimidine therapy
Recommendations Class*  Level®

Baseline CV risk assessment and evaluation
including BP measurement, ECG, lipid profie.

HbAle measurement, and SCOREY! c
SCORE2-OF" or equivalent is recommended'”
before starting fluoropyrimidines.
A baseline echocardiogram is recommended in
1 G}

patients with a history of symptomatic CYD
before starting fluoropyrimidines.

Screening for CAD® may be considered in patients
at high and very high risk of CAD® before o c
fluoropyrimidines.

© B5C 2022

BP, blood pressure; CAD, coronary artery disease; OV, cardiovascular; VD,
Grdiovascular disease; ECG, electrocardiogram: HbA1c, ghycated haemogiobin
SCORE2, Systematic Coronary Risk Estimation 2; SCORE2-OP, Systematic Coronary
Risk Estimation 2—Ok
*Class of recommendation.

*Level of evicence.

“SCORER (70 years) o SCORE2-OP (70 years) CV risk stratification: <50 years:
Tow risk <2.5%, moderate risk 1.5% to<7.5%, high risk =7.5%; 50-69 years: low risk
<5%: moderste risk 5% to<10%; high risk >10% >70 years: low risk <75%,
moderate risk 7.5% to <15%, high risk >15%
“ccording to pre-existing CVD and local protocols

 Persons.

Lyon et al, EH), 2022

- - e
Sl (Class la)
@esc
Lyon et al, EHJ, 2022 29
VEG F HAM MARE 'VEGFi surveillance protocol
Baseline | 3 M am &M M ™ M Sveey)
VEGFi-related cardiovascular toxicities . . ; ; -
WIN | HE foTe | viE  ATE | M
‘Monoclonal antibodies
Afibercepe Q ® -
oy @) @ ® o -
ramucemtr (@) @® -
VEGF TKI
At ® o ® & e (9] iy
e @ © @ © @ o 7
Lenvtis ®@ © @ ® @
Pazoparib ® ¢+ @ @ ¢« ©
Regorsfenib @ - e @
Sorsentb ® o - ® r > @ @
Suniinib ®@ ¢« ¢ @ .
Vandecanib ® » O . g s . !
® . < 1% incidence
@ Common ro<iincdence & Rare <01 ncidence s R e
@esc
@Eesc—
Lyon et al, EHJ, 2022 31
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ICl-myocarditer ar ovanliga 0,5-2% men inte séllan
fatala

T-lymfocyt

ctaa /) ol
' PDLI

®

Tumorcell
Dendritisk cell

Overlap syndrome

* ICI myocarditis

*  myosit

* myastenia gravis

Ref: Lipe et al,: AmJ
Emergency Med 2021

logy 2018. Dec 1; 4(12):1721-1728

Wang etal. Fatal toxic effect ted with

32
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Heterogen klinisk presentation

A e romstart o inmsaine Checkpoint B ECG Jiopona
Inhibitor to Clinical Myocarditis '
e— Riskfaktorer oklart:
— = sonomal£cG = clewted roponn Tidigare autoimmunsjd? OM?
—— - o - Normal Toponin Teore WAoo
3 | —— Kombination med andra IC| dubblerar risken
‘E jom D Ve E [U— Samtidig myosit &r vanligt
i -
R
! Biomarkéarer
—38 Troponin
— NT proBNP
0 30 60 % 120 150 180 200400600 - veras0% B Elevated NT-proBhP
Pl [ . Noumal NT-proBNP
Alla symptom och fynd: Dyspné, takykardi, 6dem, palpitationer, myalgi, syncope, yrsel,
Trotthet, brostsmarta, arytmier (VT, FFI, retledningshinder), Troponin, NT proBNP
Mahmood et al. Myocarditis in Patients Treated With Immune Checkpoint Inhibitors (J Am Coll Cardiol 2018;71:1755-64) 33

Clinically suspected iCl-associated Myocarditis

Initial tests: ECG, troponin, BNP, echocardiogram

Unstable patints Stable patients
Cardiac catheterization + LGE +/elevated T2 ED
Endomyocardial iopsy. =

[EeE v g2

Endomyocardial biopsy.

= e ]

* Bekrafta diagnos!
* Tidig MR

* PET-CT?

* Biopsi om neg

(Chss 1)
|
= (Co1} =
I |
[ Sart rcors

flminan myocardics

I |

Swhching ‘Second-line immunosuppression imissior level
ot prdon o) T it )
iy

o
Opeimal CV weatmens |
Including MCS

Weaning protocol by 10 mgwesk
with roporin moricorng

(Clas ) (Chss1)
| o
Complee rocovery

Second.ine immunosuppression
(Chss)

Zhang L et al. Cardi
Zhang L et al. C: of i

rdio Med (2019) 21-32

Hoga doser cortison

Vid paverkad hjartfunktioneller behandlingsrefraktér patient

Andra linjes immunsuppression, TNF a blockad; IL6
Abatacept/ ruxolitinib

Mykofenolatmofetil

plasmaferes

myocarditis. EHJ (2020), 41, 1733-1743
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Figure 1

Survival

580 patients
MACCE incidence 3.9 %
3y follow up

Wu et al. Acta Cardiol Sin. 2022 35

Take home message

» Adekvat cancerbehandling forlanger livet.

» Manga cancerbehandlingar kan paverka den
kardiovaskulara halsan under eller efterbehandlingen,
vilket i allvarliga fall kan leda till att behandlingen behéver
avbrytas.

En kardiovaskular riskvardering dar bade patient- och
behandlingsrelaterade faktorer ingar bor géras fore varje
cancerbehandling.

Patienter med hdg risk for kardiotoxicitet bér bedémas
och optimeras avseende hjart- och karlsjukdom for att
minska risken for kardiotoxicitet och for att férbattra utfall
bade fér cancern och hjartsjukdomen = langre liv.

Q" Karglinska
Lo v d Institutet

Clinical severity of CTR-CVT

Mild Moderate f:vrye:::rde
Likelihood of &
ey seescsccesssccee
.
Low o
o
.
.
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PROGRAM - Torsdag 25 januari 2024

Clarion hotel Sign

08.30-09.15 |Registrering + fika (ingar)
09.15-09.30 |Styrelsen halsar valkommen
PAH - vada? En foreldsning frdn grunden
09.30-11.30 |Goran R3degran och Anna Werther Evaldsson (Skanes universitetes-
sjukhus, Lund)
11.30-12.30 |[Lunch (ingdr)
12.30-12.35 |AZ
DT-kranskarl
12.35-14.30 Kari Feldt (Karolinska universitetssjukhuset, Stockholm)
14.30-15.00 |Fika (ingdr)
_ Biokemi for kardiologer
15.00-17.00 Ola Hammarsten (Sahlgrenska universitetssjukhuset, Géteborg)
17.00-17.05 |Arets handledare
17.05-17.20 |Quiz
18.00- Kursmiddag (ingar)

PROGRAM - Fredag 26 januari, 2024
Clarion hotel Sign

08.15-10.15 Arftliga arytmisjudomar - diagnos och handliggning
! ’ Kristina Haugaa (Karolinska universitetssjukhuset, Stockholm)
10.15-10.45 |Fika (ingar)
Kardio-onkologi - Vad varje kardiolog méaste veta
10.45-12.45 |Agneta Mansson Broberg (Karolinska universitetssjukhuset, Stock-
holm)
12.45-13.45 |[Lunch (ingar)
14.00-14.05 |Pfizer
14.05-15.05 Specifika lagar och regler vid hjartsjukdom
' ) Sofia Kjellberg Lindgren, Transportstyrelsen
15.05-15.30 [Quiz, utvdrdering och avslut
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