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Ton thwong tim mach 13 mét bién chirng cta
Xa tri vung ngwc/trung that

: Radiation-Associated Cardiac Disease
(RACD):
Tan thwro'ng van tim
| - Bénh DM vanh

! Bénh dong

shminn e S n * Bénhvan tim

iy * Suy tim va bénh co tim

* Bénh mang ngoai tim

* Bénh ly dwong dan truyén
* Bénh DM ngoai vi

Tén thuong dudng dan truyén

Nhip nhanh xoang khéng Day, véi hda, han

ché di dong 13 van

A —_—— Biéu hién sau xa tri vai té&i vai chuc nam.
hoac vong van hai I3 . o > s »
Gia tang ty Ié tw vong.

thich hop
Blac nhi that do cao

Hep, h& van tim
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Bénh co’ tim han ché /

Desai, M.Y. et al. J Am Coll Cardiol. 2019;74(7):905-27.



o N’

Tién bo trong xa tri giup giam phoi nhiém véi tim

Vung chiéu xa trong Hodkin lymphoma (A->D) va K vu (E2G)

Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27



Tién bo trong xa trj gitip gidam phoi nhiém véi tim
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Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27



Dich té hoc cac bénh ly trong RACD theo
mot s6 nghién clru quan sat

Loai ung thw Ty Ié hién Nguy co’ tich lhy
hanh/phat sinh GETIGED

Suy tim

Hodgkin
lymphoma?

K vu (phoi
nhiém trung
binh trén tim
2.5 Gy)?

Lieu phoi nhiém
that trai (Gy)
1-15
16-20
21-25
>25

Suy tim
Suy tim EF bao
tén
Suy tim EF thép

Tysénguy  Liéu phoinhiém Nguy co tich liy

co/OR that trai (Gy) 25 nam
1.27 1-15 4.4%
1.65 16-20 6.3%
3.84 >20 13.3%
4.39
9.1
16.9
3.17

lvan Nimwegen et al., Blood 129, no. 16 (April 20, 2017): 2257—65.
2Saiki H, Petersen IA, Scott CG, et al., Circulation 2017:135:1388-96



Dich té hoc cac bénh ly trong RACD theo
mot s6 nghién clru quan sat

Loai ung thw Ty Ié hién Nguy co’ tich lhy
hanh/phat sinh GETIGED

Lieu phoi nhiém Ty s6 nguy  Liéu phoinhiém Nguy co tich Iy

that trai (Gy) co/OR that trai (Gy) 25 nam
Bénh PM vanh  Hodgkin Trung binh 20 Gy 7.4%/Gy,
lymphoma? twong quan
tuyé tinh
K vu? Trung binh 4.9 Gy 7.4%/Gy,
twong quan

tuyén tinh

Bénh van tim Hodgkin <30 1.4 <30 3%
lymphoma3 31-35 3.1 31-35 6.4%
36-40 5.4 36-40 9.3%
>40 11.8 >40 12.4%

1Cutter DJ, Schaapveld M, Darby SC, et al., J Natl Cancer Inst 2015;107: jv008.
2van Nimwegen FA, Schaapveld M, Cutter DJ, et al.. J Clin Oncol 2016;34:235-43
3Darby SC, Ewertz M, McGale P, et al.. N Engl ] Med 2013;368: 987-98



Dich té hoc cac bénh ly trong RACD theo
mot s6 nghién clru quan sat

Loai ung thw Ty Ié hién Nguy co’ tich lhy
hanh/phat sinh GETIGED

Lieu phoi nhiém Ty s6 nguy Lieu phoi nhiém Nguy co tich Iy

that trai (Gy) co/OR that trai (Gy) 25 nam
Roi loan nhip Ung thw vt Ty suat phat sinh (IRR) cdy mady tao  Khoéng lam tang nguy co rbi loan
nhip 1.13 (95% Cl: 0.93-1.18) gitta  nhijp that va réi loan dan truyén
nhdm xa tri va khéng xa tri nghiém trong vé dai han
Roi loan than Hodgkin Tang tan s6 tim ldc nghi (OR 3.96)  Bat thuong phuc hoéi tan sé tim lién
kinh tw chd lymphoma? va bat thuong héi phuc tdn s6tim  quan tdi tang tl&r vong do moi
(OR 5.32) nguyén nhan (HR 4.6)

1Rehammar JC, Johansen JB, Jensen MB, et al., Radiother Oncol 2017;122:60-5
2Groarke JD, Tanguturi VK, Hainer J, et al.. ] Am Coll Cardiol 2015; 65:573—-83



Dich té hoc cac bénh ly trong RACD theo
mot s6 nghién clru quan sat

Bénh mang ngoai tim 1Hodgkin lymphoma 20% viém mang ngoai tim néu tim nam trong vung
chiéu xa; 7% va 2.5% néu thém cac bién phap che
chan

2Ung thu thuc quadn 36% co tran dich mang tim, 8% murc dd nhiéu
Voi héa PM chu 3Cdc logi ung thw ¢6 xa tri 15% c6 DM chi st hoa

viing trung thdt

1Carmel RJ, Kaplan HS. Cancer 1976;37: 2813-25
2Fukada J, Shigematsu N, Takeuchi H, et al. Int J Radiat Oncol Biol Phys 2013;87: 487-93
3Leon MB, Smith CR, Mack M, et al. N Engl J Med 2010;363:1597-607
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Tia xa gay ton thwong tim mach qua nhiéu co’ ché
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Endothelial cell injury
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Heart dam:\age

- Cap tinh: ton thuong té bao

ndi mac = phan &ng viém =2
tén thwong thanh mach

- Man tinh: Xo hoa doéng vai tro
trung tam

Heru Wang et al., Int J Biol Sci 2019; 15(10):2128-2138
Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27



Prior Chest Radiotherapy (XRT)

:

Macrovascular injury accelerates

Microvascular Valve endothelial injury
age-related atherosclerosis injury and
(years/decades post XRT) dysfunction
Reduced myocardial Increased capillary Leaflet fibrosis, thickening,
capillary density permeability shortening and calcification
+ Porcelain aorta . . .
. : . Reduced collateral Pericardial Pulmonary scarring,
.Il'.‘arntl;:lstenmu mkudmadﬂuw!:na flow/vascular reserve thickening, abnormal lymphatic
“:"““ '"“""h"“’Y yocardial territory (often subclinical) adhesions drainage
Myocardial ? Microvascular
: ; : ,. :
Ischemic myocardial Progressive Per ‘3.“’;' Progressive radiation Vs
damage/scarring myocardial fibrosis triction pulmonary disease an dfgurg ctenosis
Stroke and l 1
dural .
complications Progressive decline in LV systolic and J Concomitant Left ventricular
diastolic function, conduction disease —a— Cardiotoxic volume/pressure overload

Chemotherapy

Asymptomatic

Overt symptoms due to cardiopulmonary disease

Heru Wang et al., Int J Biol Sci 2019; 15(10):2128-2138
Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27



Yéu td nguy co RACD

e Liéu chiéu tia: liéu tich Ity >30 Gy hodc liéu trung binh >2 Gy/ngay
e Xa trj khi tré tudi (<50 tudi)

e Khéi u sat tim (K phoi, K vd, HL, K thuec quan)

e Xa tri vung thanh nguc trwdc hoac bén trai

* Hda tri phoi hop (anthracyclines, trastuzumab, fluorouracil)

* Ngubn phong xa la cobalt

* Co cac yéu td nguy co tim mach khac phoi hop

Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27



CAD la mot trong cac biéu hién pho bién nhat

* Ty & CAD lén t&i 85%
Ty |& NMCT gap 2,5 lan quéan thé chung
* Tré tudi hon

* Biéu hién: Hep DMV ko triéu chitng >
HC DM vanh man tinh = HC vanh cap

* Vi tri ton thuong tuy thudc vung chiéu
xa: LAD va RCA trong xa tri vung trung
that, LM-LAD trong xa tri vu trai

* Thudong ton thuong doan gan, 10 vao,
muc d6 nang hon so v&i nhom ching

van Rosendael AR et al. Radiother Oncol (2017),
https://doi.org/10.1016/j.radonc.2017.09.008



Bénh ly DM vanh trong RACD — Co’ ché bénh sinh

CENTRAL ILLUSTRATION: Changes That Occur in Vasculature
After Radiation Exposure

RADIATION-INDUCED VASCULAR SIDE EFFECTS

\
\
Artery Vein \\\
Arteriole Venule

Capill:
e Dysregulation of Cytokines
# HEAD NECK
" Cdapti':lalr_y e THORAX
oo, ‘W 3 Disorganized Cell Adhesion
ABDOMEN Molecules
Apoptosis

PELVIS

Persistent Reactive Oxygen

Altered Coagulation

Accelerated Senescence

Venkatesulu, B.P. et al. J Am Coll Cardiol Basic Trans Science. 2018;3(4):563-72.

lonizing radiation

3
il I -l

1. Apoplosis (acute) - bose mamow, CNS mjury. 1.
radiation enteropashy
*  pSi.medmted
*  Sphingomyelin ceramide pathway
2. Endothelial cell semescence (chronic) - CAD, PAD,
CVA, aging
*  PLBK/AKVmMTOR 3.
Insulin-like growth factor
IGFBP-§ 4,
Chad
PLAT 5.
JAGGED-1
SPRY 4 6.
NEMO
XIAP

[

Cell adhesion molecules

* 1 selectin, Integrin, immusoglobulin family

Coagulation status

¢ | thrombomodulin, *thrombin and platelet
actuivanon

* 1 circulating vWF

Reactive oxygen species

* 1 superoxide, peroxymitrite

Cyrokines

& 1 IL-LIL.6,IL-8 TNFa-reactive protein

Angiogenic pathways

* T aype Hlcollagen, PAI-1, SMA

Metabolic pathways

* 1 glycolysis, altered mitochomdrial oxidation and
Hpid pathways

Immanologic alterntions

* 1 TLR. t1CNCL6 overt immune 2ctivalion

Venkatesulu, et al., JACC: Basic to Translational Science, 2018, 3(4), 563-572



Patients Controls P-value
(N=79) (N=237)
CAC score 0 (0-26) 0 (0-3) 0.039
65 + 166 36+ 159
Plague presence
Patients without any coronary plaque 32 (41) 152 (64) <0.001
1-Vessel plaque 20 (25) 49 (21) <0.001
2-Vessel plaque 8 (10) 15 (6)
3-Vessel or left main plaque 19 (24) 21 (9)
Plaque extent
Segment involvement score 1.49+189 089+1.70 <0.001
Segment stenosis score 1.73+333 1.10+x232 0.034
Stenosis severity
<30% 42 (53) 162 (68) 0.001
30-50% 26 (33) 54 (23)
50-70% 6 (7) 21 (9)
>70% 2 (3) 0
Occluded 3(4) 0
Plaque composition
Number of non-calcified plaques 046+0.75 038+099 0.043
Number of mixed plaques 0.67+1.33 0.26+0.66 0.006
Number of calcified plaques 0.37+0.78 0.26+0.88 0.016

Bénh nhan xa tri c6 nguy co ton thwong
DM vanh phtrc tap cao hon

Controls’ Odds Patients’ Odds  P-value

ratio ratio

(95% CI) (95% CI)
CAC score>0 1 (ref) 1.7 (0.97-2.9) 0.063
Any coronary artery plaque 1 (ref) 2.6 (1.6-4.4) <0.001
Any proximal plaque 1 (ref) 4.1 (2.4-6.9) <0,001
Any non-proximal plaque 1 (ref) 1.3 (0.7-2.1) 0.472
Any non-calcified plaque 1 (ref) 1.8 (1.0-3.2) 0.035
Any calcified plaque 1 (ref) 2.1(1.2-3.9) 0.011
Any mixed plaque 1 (ref) 23(1.2-4.3) 0.013
Obstructive CAD (>50%) 1 (ref) 1.7 (0.8-3.6) 0.200
Any proximal obstructive 1 (ref) 29(1.1-7.5) 0.025

stenosis

Any non-proximal obstructive 1 (ref) 1.3 (0.5-3.2) 0.624

stenosis

van Rosendael AR et al. Radiother Oncol (2017),
https://doi.org/10.1016/j.radonc.2017.09.008



Nguy co’ khi PCI cling cao hon tréen nhém RACD

Proportion Deceased >
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Grant W. Reed et al., Circulation: Cardiovascular Interventions. 2016,9:e003483



Nguy co’ khi PCI cling cao ho'n trén nhém RACD

Proportion Deceased
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Grant W. Reed et al., Circulation: Cardiovascular Interventions. 2016,;9:e003483



Bénh nhan RACD c6 nguy co khi phau thuit CABG cao

* DOng/tinh mach dung dé bac cau xo hda, hep do xa tri

 Nguy co khi phau thuat cao: 16ng nguc bat thuong, ton thuwong da thanh
nguwc (tang chay mau, lau lién vét thuong)

* DM chd vbi hda -> tdng nguy co tai bién khi kep DM chi
* X0 hda phdi, gidm chirc ndng hé hap

Survival (%)

s 8 8 &8 & 8
| I R R p—

4)

o

L 1 o RS I S SRS SR IS SN WU SN SUS SN NS, SN S S S S S
0 1 2 3 4 0 1 2 3 4
Years

....................

>

Years

Xa tri rong rai Xa trj treomg hep Xa tri ti€p tuyén (K vu)

Eve Belzile-Dugas et al. ] Am Heart Assoc. 2021;10:e021686
Chang AS, et al., ] Thorac Cardiovasc Surg. 2007;133:404—-413



FSC 2022 khuyén cdo wu tién PCl & bénh

mach vanh do xa tri

Symptomatic CAD
Pre-operative assessment of LIMA and RIMA

viability, venous access, and sternal wound healing

is recommended in CS with radiation-induced
CAD where CABG is considered.

PCl may be considered in CS with
radiation-induced CAD with severe left main or
three-vessel disease with a high SYNTAX score

(>22) in whom the procedure is technically
682,689,690

feasible.

© ESC 2022



Ton thwong van tim 13 bién chirng mudn ctia XRT

* Ty 1& bénh Iy van tim: 26% sau 10

25 -
nam, 60% sau 20 nam 540 Gy
* VHD xuat hién trung binh sau 23 o 20 s
v V4 n v ? n n 7 . °, —31-356y
nam, muwc do nang ty |é thuan voi 0 e
A . m———s Yy
lieu xa tri 2 15 1 .
* Nguy co bénh van tim phai phau ;
N (V) AV = 10 p
thuat tang 9.2 lan 8
&
S ;|
N "

0 5 10 15 20 25 30 35 40
Years from HL diagnosis

Cutter DJ et al., J Natl Cancer Inst. 2015;107.



Sinh bénh hoc VHD sau XRT

e Xo hda + day |4 van dan dan, cé
thé kém vdi hda hodc khéng

* Pho bién nhat: AR > AS (van DMC
thwong nam sat vung chiéu tia
nhat + ap lwvc dong mau cao)

 \VVOi hda cho ndi van HL va van

A 2~ hiA Left b Right breast
PMC: toén thwong dac hiéu Controls o oreast e re  Iymdhems
* Van hai I3 cling c6 thé ton thuwong SRS
nhung thwong ko lién quan mép Cologen = s
van (khac véi ton thwong do thap) iy
Calcium ‘
stain -

van Rijswijk JW et al., Cardiovasc Pathol. 2020,;45:107176



Bénh van tim do xa tri c6 két cuc SAVR kém hon

1.0 4 =
N T
e
bt
0.8 —
s I
E LLH
E 0.6 - "II_I
-
=
o
I Log-rank statistic 61, p<0.001
0.2 -
Comparison Group
004 —— XRT Group
| | | |
0 3 6 9

Numbers at risk

Follow-up (Years)

Comparison group 135 119 103

XRT group

137 73 34

72
11

* Bé&nh nhén tién s xa trj trung that cé ty |1é
tl* vong sau SAVR 6 nam cao hon nhom
chirng (48% vs 7%, p <0.001)

* Bénh nhan tién st XRT cling c6 nguy co' ti
vong sau 5 nam cao hon sau thay van hai
14 (s6ng sot 55% so vdi 80% nhém chirng)

 Khé khin trong phau thuat RACD:

(1) VO6i hda lan rong tir vong van PMC -
AMC - |34 trwdc van hai 13, gay kho
khan trong boc |6 va khau van nhan tao

(2) Vong van nho: do xo hdéa = co nho
va/hoac xa tri khi con tré Itc tim dang
phat trién

Donnellan E et al., ] Am Heart Assoc. 2017;6:e005396



D. Gajanana et al. / Cardiovascular Revascularization Medicine 20 (2019) 376-380
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TAVR t6 ra tot hon SAVR & bénh nhan ton thwong van xa tri

C 10

09 - =

[1¥]

= 0.8 -

P

S 0.7 { — SAVR

N 06 4 TAVR —_—
‘ P<0.0001
[:I.E L) LJ L}

0 10 20 30
Days
SAVRE B4 49 48 33
TAVE &2 R2 h2 B2

D 1.0 -
0.9 4 ﬁ—‘_l—_
T —— SAVR
% 0.8 1 —— TAVR
u:] 0.7 1 P<0.0001
0.6 -
0.5 . . ' .
0.00 025 050 075 1.00
Years
SAVRE B4 31 31 30 28
TAVRE &2 47 45 40 a6

Nghién clru quan sat tai Mayo Clinic, 110 BN hep cht khit cé tién st xa tri vung nguc (55 SAVR, 55

TAVR)

Nhom TAVR: (1) Tudi, di€m STS cao hon, nhiéu bénh dong mac hon, (2) RN sau thu thuat thap hon,
(3) Thoi gian nam vién ngdn hon, (4) T& vong do moi nguyén nhan sau 30 ngay va 1 ndm thap hon

Zhang D, Guo, et al., ] Am Heart Assoc. 2019;8:e012110



Normal pulmonary findings
And no porcelain aorta

No prior cardiac surgery, Severe AS/AR

At least moderate MS/MR

Significant CAD

Surgical
AVR

MVR

CABG

(+/-
Commando
operation)

Significant CAD

Syntax 222

Surgical
AVR
+CABG

? TAVR
+PCl after
heart team
discussion
* Consider
hybrid
options

Lung or aortic findings

Normal pulmonary findings
but with porcelain aorta

Yes

Significant CAD

Surgical
AVR
MVR
CABG
(+/-

commando) +

ascending aortic
replacement/end
arterectomy
after heart team
discussion

* Consider hybrid
options

At least moderate MS/MR

Significant CAD

Syntax <22

? TAVR

+PCl after
heart team
discussion
* Consider
hybrid
options

Syntax =22

Surgical AVR
+CABG +
ascending
aortic
replacement
after heart team
discussion

* Consider
hybrid options

High-risk pulmonary findings

And porcelain aorta

Significant CAD

TAVR+ ?
referral
for
TMVR
trials

At least moderate MS/MR
Y M

o

Significant CAD

TAVR+ PCI
+ ? referral
for

TMVR trials

TAVR+PCI

All evaluation and management should be performed at an experienced center with a heart team of cardiologists and cardiac surgeons experienced in management of RACD. Many treatment decisions might

have to be individualized, especially in the setting of cardiac reoperation.

Desai et al, Radiation-Associated Cardiac Disease Review. JACC vol.74, no.7, 2019



Tia xa lam tang nguy co’ suy tim, dac biét HFpEF

* Ty |é bénh co tim lién quan XRT ~ 10%,
th&i gian trung binh tir chan dodn = t
vong ~3.6 ndm néu khong diéu trj (Nghién
cru trén 2617 bénh nhan HL sOng sét sau

5 nam).

* Nghién cltu trén 170 phu nit xa tri 1998 -
2013: 64% xuat hién HFpEF

van Nimwegen FA et al., Blood. 2017;129:2257—- 2265.



Co ché suy tim do tia xa

* Phan &rng viém man tinh, tang sinh cytokine = biét hda té bao co tim
- té bao co-xo (myofibroblast) sinh collagen

* Ton thuong ndi mach mach mau = ton thwong vi mach = chét té
bao

e Tich tu collagen va md xo = bénh co tim han ché, rdi loan chirc nang
tam truong

* That phai thudng bi anh hudng nhiéu hon that trdi (nam trwdc hon)

* CS thé gap suy tim giam chirc ndng tdm thu trén bénh nhan hda tri
vOi Anthracycline

Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27
Saiki H, et al., Circulation. 2017;135:1388-1396.



Diéu tri suy tim trong RACD

e Van tuan thu cac nguyén tac chung, tuy nhién thuong khé khin do da
sO suy chirc nang tam truong

e MOt s trién vong tir cac th&r nghiém trén dong vat:
+ Statins: Giam xo héa mo co tim do tia xa (Haydont V, Clin Cancer Res 2007)

+ ACEI/ARB giup giam ton thuong do tia xa (van der Veen SJ, Radiother Oncol
2015)

+ Tiém melatonin trong phuc mac trudc xa tri gidm tén thwong mach mau va xo
hda co tim sau 6 thang (Gurses |, Pathol Res Pract 2014)

+ Neuregulin ti td6 hop gidm ton thuong ty thé, gidm xo hda, phi dai co tim do
tia xa (Gu A, PLoS One 2015)

Desai, M.Y. et al. ] Am Coll Cardiol.2019;74(7):905-27
Saiki H, et al., Circulation. 2017;135:1388-1396.



Ton thwo'ng mang ngoai tim trong RACD

« 70% co bat thudng mang ngoai tim cac
muc do khac nhau

* Viém mang ngoai tim cap: hiém, thudong
gap khi xa tri liéu cao (HL, K thuc quan)

 C6 thé viem mang ngoai tim co that
(constrictive pericarditis) sau xa tri hang
chuc nam do xo hda, vbi hda mang ngoai
tim.

* Tién lwvgng phau thuat viem mang ngoai
tim co that do tia xa rat xau (~12% song sot
sau 5 ndm) = can nhac ki chi dinh

Belzile-Dugas and Eisenberg, J Am Heart Assoc. 2021;10:e021686.



Ton thwo'ng mang ngoai tim trong RACD

Badiyan, S.N., Puckett, L.L., Vlacich, G. et al. Radiation-Induced Cardiovascular
Toxicities. Curr. Treat. Options in Oncol. 23, 1388—-1404 (2022)



ROi loan nhip nguy hiém it gap trong RACD

* Pho bién nhat: RL than kinh ty déng
- b4t thudng hoi phuc nhip tim sau
l = | T gang suc (32%)
—> viscloainy * R&i loan dan truyén: 4-5%, thuong
Y- O xuat hién trong vong 2 thang sau xa
L . e Cac loan nhip khac: QT dai, block
| J——— nhanh/phan nhanh, nhip nhanh
OUTCOME ELEVATED RESTING HEART RATE* ABNORMAL HEART RATE RECOVERY' Xoa ng khé\)ng thIICh hqp ) .V.V. .
Exercise Duration -11+0.3, p=0.001 -1.0+04,p=0.006
Mortality, HR (95% ClI) 0.99 (0.40-2.45) 5.50 (1.97-15.36)

Relative to radiation patients without elevated resting heart rate* /with normal heart rate recovefy1

Groarke, J.D. et al, J Am Coll Cardiol, 2015; 65(6):573-83

Belzile-Dugas and Eisenberg, J Am Heart Assoc. 2021;10:e021686.



Cac bién phap CDHA c6 vai tro quan trong trong
sang loc RACD

TABLE 3 Utility of Various Diagnostic Tests in RACD
Echo Stress  Stress Extravascular
EACVI/ASE EXPERT CONSENSUS STATEMENT ECG (+/- Contrast, Strain) Echo Nuclear MDCT CMR LHC  RHC Ultrasound
Pericardial diseases
Expert Consensus for Multi-Modality Imaging Effusion + S - - + + - - -
Evaluation of Cardiovascular Complications of Pericarditis ++ ++ - - + o - - -
; H . Constriction - - -
Radiotherapy in Adults: A Report from the European * e * e A
. g f , Cardiac muscle disease
Association of Cardiovascular Imaging and the o _ _
A . S X f E h d h Subclinical myocardial fibrosis ? ? - - - +++ - ? -
merican OCIth o chocar Iograp y Nonischemic ++ ++ + + ++ +++4+ 44+ ++ -
Patrizio Lancellotti,* Vuyisile T. Nkomo, Luigi P. Badano, Jutta Bergler, Jan Bogaert, Laurent Davin, Ischemic ++4+4+ ++++ ++4+4+ 4+ +++ A+ e -
Bernard Cosyns, Philippe Coucke, Raluca Dulgheru, Thor Edvardsen, Oliver Gaemperli, Maurizio Galderisi, Heart failure with preserved gjection fraction 4 bt FIS ? 44 -+ b 4+ —
Brian Griffin, Paul A. Heidenreich, Koen Nieman, Juan C. Plana, Steven C. Port, Marielle Scherrer-Crosbie, .
Ronald G. Schwartz, Igal A. Sebag, Jens-Uwe Voigt, Samuel Wann, and Phillip C. Yang, In collaboration with the Valvular disease ? ++++ ++++ ? +++ +++ + ++ -
E.le!:)ean Society :)FC:L{"diulug_\‘ Working Groups on NLIL:IC;]_r Cardio‘lug_\‘ and‘ Cal_“diac (Io.mp_utzd '1'01?1:}g_r'1phy and Conduction system disease bt S+ 4+ ? 4+ ++ _ _ _
Cardiovascular Magnetic Resonance and the American Society of Nuclear Cardiology, Society for Cardiovascular )
Magnetic Resonance, and Society of Cardiovascular Computed Tomography, Lizge, Brussels, Leuven, Belgium, Coronary artery disease +++ +++ +++  ++++ +++ - e Srer =
Rochester, MN, Padun, Italy, Vienna, Austria, Bucharest, Romanin, Oslo, Norway, Zurich, Switzeriand, Naples, Italy, : : _ _ _ _ _ _ _
Cleveland, OH, Palo Alto, Stanford, CA, Rotterdam, The Netherlands, Milwaukee, WI, Boston, M A, Rochester, NY, Bxtracardiac vascular disease - -
Montreal, Quebec, Canada
CMR = cardiac magnetic resonance; ECG = electrocardiogram; LHC = left heart catheterization; MDCT = multidetector computed tomography; RACD = radiation-associated
cardiac disease; RHC = right heart catheterization.

Belzile-Dugas and Eisenberg, J Am Heart Assoc. 2021;10:e021686.




Dw phong va sang loc RACD

b

Pre-RT

Screening and Evaluation of Radiation-
Induced Cardiac Dysfunction

Post-RT Post-RT Post-RT
Days/Weeks Weeks/Months Years

}

RT Planning & Limiting
Cardiac Doses

*Motion control: positioning,
DIBH

Delivery: 3D-IMRT, proton,
heart contouring with possible
cardiac substructures used
for planning, image-guided RT
If appropriate

4

CVD Risk Evaluation Cardiac Imaging & Screening
* CV risk factor reduction: BMI, blood *TTE in high risk patients
pressure, lipids, blood glucose, 2
exercise, smoking Cardiac MRI if indicated
-Coronary artery calcification *Ischemic evaluation
*Coronary computed tomography

Cardio-oncology referral as
appropriate

*Biomarker assessment if appropriate:
hs-cTnT, NT-proBNP

Badiyan, S.N., Puckett, L.L., Vlacich, G. et al. Radiation-Induced Cardiovascular
Toxicities. Curr. Treat. Options in Oncol. 23, 1388—-1404 (2022)



Bat dau sang loc sau xa tri 5 nAm v&i bénh nhan cé
nguy co mac RACD cao

History of previous radiation therapy

!

Yearly targeted history and physical examination

!

L

Screen for modifiable risk factors

*  Smoking

* Inactivity

* Hypertension

* Dyslipidemia

* Diabetes mellitus

!

Address and treat risk factors

Reassess every 5 years

¢

Signs and symptoms of coronary disease, cardiomyopathy,
pericardial disease, valvulopathy, conduction abnormalities

* Angina

* Dyspnea

* Orthopnea, paroxysmal nocturnal dyspnea
* Palpitations, syncope

*  New murmur

Asymptomatic Symptomatic
TTE, CMR or CT coronary * TTE
* High risk patients (>35 Gy radiation) 5 years * CMR
after completion of radiation or after 30-35 * CT coronary

years old, whichever is last
* Low risk patients 10 years after completion
of treatment

Figure 4. Screening guidelines of radiation-induced cardiovascular disease.

Belzile-Dugas and Eisenberg, J Am Heart Assoc. 2021;10:e021686.



Két ludn

« Ton thuong tim 13 mét bién chirng nghiém trong cda xa tri vuing nguc/trung that, thuong biéu hién
mudn sau nhiéu nam

* Nguy co bénh tim mach do tia xa phu thudc tong liéu tia, vi tri xa tri, bién phap hda trij liéu kém theo
(anthracycline), tuéi khi xa tri va cac yéu td nguy co tim mach khac

* Tia xa gay nhiéu bénh ly tim mach khac nhau: Bénh DM vanh, bénh co tim, bénh mang ngoai tim,
bénh van tim, bénh ly dan truyén. RACD cé tién luvgng xau hon so véi BN tim mach khéng cé xa tri.

* Bé&nh nhan RACD c6 nguy co phau thuat cao = Can nhac can thiép qua da néu cé thé. Chu trong vai
tro cla Heart Team.

« Sang loc RACD sau két thuc xa tri 5-10 nam tuy nguy co, hodc ngay khi bénh nhan cé triéu chirng 1am

sang.



Summary — Radiation-Induced Cardiovascular Disease

Clinical Manifestations

* CAD (most common
complication)

* Valvulopathy (AR most
common, AS most
frequent requiring
intervention)

* Pericardial disease
(acute pericarditis,
pericardial effusions
and restrictive
pericarditis)

* Cardiomyopathy
(diastolic > systolic
dysfunction)

* Conduction disorders
(RBBB most common),
dysautonomia

Screening

Screen patients with TTE, CMR ) -5 “©% ¢

or CT coronary who have

received >35 Gy of radiation,

whichever is last: :

* 5years after completion or == ‘_"/

- Atage30-35 ——
‘_’

Any new symptom warrants
investigation

Risk Factors

* Total dose of radiation

*  Volume of heart
irradiated

* Concomitant use of
anthracyclines

*  Younger age at time of
radiation

*  Pre-existing
cardiovascular disease

*  Other cardiovascular risk
factors (HTN, DLP, DM2,
smoking, inactivity)

Management

TAVR has less 30-day
mortality than SAVR

CABG and PCl have similar
outcomes

Pericardiectomy has
extremely low 5-year survival

If surgery is consider, assess:

* Calcifications of thoracic
vessels (aorta, LIMA)

*  Pulmonary function

* Other cardiac
comorbidities

CAM ON DA
LANG NGHE!



