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CardioFlowDesign
http://cfd.life/about.html
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Toshiba
https://www.toshiba.co.jp/tech/review/2015/high2015/high2015pdf/1501.pdf

Minimally Invasive Diagnosis ‘
of Coronary Stenosis Based on \ P g H C
Structural and Fluid Analysis Using - - / @
4D-CT Image Tracking

Fractional flow reserve (FFR) is an index of the physi- Minimally invasive analysis of

stenosis of coronary arteries
Contraction Relaxation

@ B
deformation Y i

ological significance of a coronary stenosis and is defined
as the ratio of maximal blood flow through a stenotic
artery to normal maximal flow. An FFR value of 0.80 is

FFR < 0.8 | FFR =08

predictive of a coronary stenosis responsible for ischemia ! .
. . 4 Inner pressu
with an accuracy exceeding 90%. thD . of vessal
By using computational blood flow simulation, a com . s

puted tomography (CT)-derived FFR (CT-FFR) can be
computed from coronary computed tomographic angiog- Minimally invasive analysis of stenosis of coronary arteries

raphy images with minimal invasion. In order to estimate

CT-FFR accurately, it is important to take into account the effects of myocardial contraction and relaxation during the cardiac
cycle, patient-specific boundary conditions for coronary artery outlets, and vessel stiffness.

Toshiba has developed a novel four-dimensional® (4D)-CT analysis method based on 4D-CT image tracking and structural
and fluid analysis, in which the vessel deformation and volume variation data are used to identify analysis conditions such as
boundary pressure conditions and stiffness of vessels. This method can estimate the CT-FFR, pressure, and flow rate under the
identified analysis conditions.

Verification of this method has been carried out by comparing the 4D-CT-FFR analysis results derived from clinical 4D-CT
datasets with invasive measurements of FFR and phantom experiments of flexible tubes with and without stenosis.

(%) In this field, “four-dimensional” refers to the three spatial axes and the time axis, to show movement.

Aneurysm Flow (Philips %f)
http://iwww.philips.co.uk/healthcare/product/HCNCVC467/aneurysmflow




Cardio Flow Station (Cardio Flow Design f1:)
http://cfd.life/mri.html

MRI #&&2
fAREHS
[

DI - MEOREE

BERTABELRE&RIPAIL

fig 4

v

Cardio Flow Station : 4D Flow Postprocessor (C &2 BRHTHE R

MR IRILF—ZhEE EnARLA

H5—BhiE TIRBENEZDNDPI(ERR

2. M2 —varDES

1HicB W, flix OMFEHITE S R ANH D Z LI W TIEK L. TDOET, KA WG IZ
TIROHHIMFS I 2 b—2 9 ATOVWTERTD. 220, My Ial—vav] %,
(& A i 7 — & 2 U Ui E 72 (3 E O NP IR A 5L L, PR agikRlic 5 < 5k
IR Z L2 R 5T, MFB L OVUBN O ik 2 BB L, ERRZEE L ONEEIC SN D
BiEE2EET LD L LTERTH. Fio, MK Ialb—arzZ727200Y 7 =7
Ny r—=VB IO T 5 NBHEEEZ SO TREAR WG Oxtge L7 2%.

AR DEFRCBIE LT, LUNICHIEAZ1T O .



EHEET —2 L%, MRIX° CT 2 EDOWEGRTH L. WiEE b OB E 72130 E OPFERR
EHETHTRICBOWTHEAT S Y 7 by = 7 BLONET 5 ANBNREEZILICMEY I = L
—Ta Nl EH5.

WERERERNC E S 2 W EIC S b i, ZORERNFANIES BV A2/ R L2 E LT,
FERIIAEACIEL WSO LIRS 20, 22T, WEEAER &1L, RO O KE TR
K& U CEBHk & 2t o0k LY Navier-Stokes FREATH Y, 6 0JrE (Boltzmann J5
B L) 25T, 2o OXORTIFRE L.

1 3 J OV O it o BBLIZ W T, Fiifpe o > ¥ —Xie & o a2 & e
D, ZFHICRE SN2V, 772200, A OWEEHRZBIERICRET 206 ZICE Eh 5.

BRRIZI T 22 Wik JONAIR &1, TWREORZW, IRIERIEDIRE, 1RIET A ZADOWRGE, T
BIEZ &, IBRIEOREIZBWTIE, NEIYERIE L USEEITER & W o T2 EARBIER T E#t o
REDHIE BT, K0 BARRRIBERFIEORE GG, I, BT L0, HDHWE, sl
BLT L0 E NI PEBIRRIEOREIZE . THIBIE &1L, FEDORRICKT 5 THiEICD
WCHIETAZ L THD.

BRRIC I T 22k JONBIRICOR B DR 2T o b o Lid, EY B, ZOFHAMEN RS
NCVAIEEAZHNT 20 0%HET . 2771, #tSn 7 — 2o AN RIN TV D6
ERBICHEHTEL LD, My 2l —va Y7 N7 OB ETERETHD. —H,
WS~ O 2T 5 & Tided, BEREHRL LMy Ialb—va VY7 =T
WAL L COMEy R 2ab—a V7 YT DORSGy, JIALEYETZTA2MHYDX
5y, AP BRE~ DA MEIC W TUE, FRLZERSMETHD .

T — 2 EESW T & AT b5 HikE LC, Ky 7 7%, PC-MRI, #EEAIOTE % B
9% J5ik (perfusion CT &de) 72 N 5708, WD IB RN A M, Milh iz ik
HEPHIZIB DN TIE, M I =2 L—a v ORSRE L. 7272 L, vector flow mapping @ X
INCFHT =2 DI O XEFFEREZ T LT, MnGE HEET 56 DI 0TI, EEDSNL
ETHY, HKRZW IR X ORERICK L TR A 2T 2R B e o 7o R TR 2022 & b
5.

3. I —varoxsg

My I 2 b—3a ORRIL, EAEHRED 2 SOMEBEDLRICL > TERSN, HHRIC
HLTEDL D RERNIKBEEIT O DI > TEOBERPAMIL S NS, MR LR DAL, K
Bk, MoEs - BEEREIR, IR, GO, FHEMR, KERENNR, SRR ENHD. F72, WAR[E
X, B (SRR, PR (BREE L), SERMERTE, OERERENRET OND. BIK
HISCHRIL, BWISE L IBIRSRD 2 DICKBlE NS, 2SR s LT, mERERZE (FFR,
77— 7 OffagrE), BiREAE (MEIRE, KRS DEFSCIEERNR LB LN D,
FERANZIE, OIRPEERE, MR ORIE - BT TR, AL TRIARE D AREER S S, —
U7, IR L LCIE, MERNEHR (AL, AT b, 7a—F A NR—F—5)  [fEF AR
FAR, MAETEEMN EXIGEEZZ O DD, PRI E AR, IR G TFi)



~OEAPHRESND.

4. WELEREHEHERDOEBZF

My I 2 b— 3 BT 5 EB L OZEMEOHRIZONTIE, BIROEE, hiKkoTT
AL, BUEFRAFHRICE#E T 554y, My 2 = —3a & LTOEYSy, MikatRfk ROt
FEBXOENDAMNI DT TEZDLIRETHD. 2L, ity I=b—var V7 u=7 (f
RETIEAR) O2—PRHETHLOMNCE T, HRFEITRRD B2 D& THD. BEN
WZiE, MR I ab—ra 2B L B s, &< opLE LTI, WE ELZeMEOHRE
TER D, T HMERE (IEENR) 255 0ICITSE T — X OB HE OBRKIC L DR
B EOREEZRBEEICTHREEICTAMNELDD. 70, AONMTEMEEZHOT I EHLEETHS.

GIZINGL =)

MFEy 2 = L—3 a3 T, MBI RE O M £ 72 130D NIZEFR 2 £ A %2> DS T 5
VENR D L. BIROMEFICIBN T, EAEGROBEREDOME, B AT —a Tk
WO EE, RO, MEAERED 5 SN MERIROWEICEEE 52 5.

EABBIZONTIE, BEBINRD DAL LFREE (FEEORE) [ZESWT, BEfoRKH
BEERDTILERDD. T70bH, ik, EREGOMERESREEZHET DL LIk D.
HESERR SR & 13, BRUHERR I L OMRE S (B D EMMMEE) 2 ETh L. 2121, Zhbi,
—BMIZIRD LN L O TIERL, HBICI>TERNTRRESNDIRETH D, FlzIE, KE
Ak & B Cik, MERNERRL7-0, FUEMBBEEZERT S &, MEBERTIEOSRIEN
HBipn, Lo T, EAEBROMEERIZBNTL, £ Ial—rar V7 =T OxR
LT 5 & & bIT, ENEIICKT MR R EBET 5 X& Th 5. FrlZ, DLl E
NIZEFAR BREBNC R E S ZBE T2 L O R b 0 ER R ETHHAITTEERLETH H.

B AT =g %, ERAEGSORRMEONELET 5 TR THD. —ikiZ, EMH
BOMEEZ TR0 & LT, AEEMET5. 22 CHEELARDIOE, MWEONNEHETD
FOOBEEZ EDOLHIITRETENEVDIZETHD . ZHUTE, 2 DOHERHSH. 1 DL
EERELTENT, FOBKICHLTHLRUEELZEAT 7L THL. Zo%A, ROk
WA CGEEOMAET) bt fH, S OICHARTEERNE 7 E %2 FORBICTED TRMRITIUE
BBV, B9 1o, BEILICHEEEZ D HIETHD. ZogE, Bz EE T IR
HZEITRDHBDOT, T, BEOREEIOVTED TBBERDH D, REEIIBHNTH, XK
ERICEET 57k L, BEDOEREOMRICE > TEBT L HED 2580 (H5HWIE, Fhb
DALAEDE) BEZADLND. BEDOLE, WEHEOHWEAENEE L 22D, Frig, BROEE
FHPFEL 9 D56, BEHEICL > TERROENRE LS RRD X522 B0 0 et
HVBRIETH L. BUEOREEICED O S, (FEASCEEFRICL > TERIRERENIZEZ D
NARAVWESIRY T 27 EBLIOV AT A EOEHRKHZBRET S L IICRODERETHD .

BIEIZOWTIE, AT 2EABEBROMEICHAL SIS, EREBROSEIZOVWTHS
FInb_REThD. ERERIZ, HRENEKFELT, Table2 IRT LI T—F 772 b




FET D, Lieddo T, #ERREIFIESBIE SN-RAC, mEMHIcB T 207 —F7 7
I hASORFE L RENLHRETHDH. i, B L, MER LS L TV H5E0ME O
— (@7 E 2 S te) ITERAIN I EL A TVRWEGEE SO UEIZ OV T HE R SN
TR B0, I 6IT, MTRSRICK LT, EREAIDEIZ SILTWDNE ) MhEERT 2 51k
WZOWTHLEMNKETH S, RS, HELS5W (TEARV) ME~OXIGLLETHD.
IS D6, ZEiEk & FEIEN 2 IEF WA S FEME NS0 LT\, I EEEICRE
TEHZLIIRETHDN, M I 2l —2 gy ORHBIZL->TE, ZHEAERLZHE AT
L, BRI RGAVEET D, D), TOL I RME~OELLETHD. T DO
ST, MAERNPERRIE, —EICRY 2 @EIL=AE) Lo TREAIND. ZOBEORY
ﬁy@ﬁ#éLOwT%ﬁEﬁ%Eﬁké RAEINZIE, &Y 7 buoTIZB T, A1shvd

HERIZ% LT, IREEORBE LIRS LAabbYE, MO RGIZOWTHET L, T RE/2E#BRIC
ONTIE, FRMTRISRINE LT T 2 AR KETH S .

PO E L1, MEDOEZNEEZETOFFHATORNEIRES ONEERTLILRETHD.
TR O IR A SR HE SN D, ERAEKGORELBINT 572012, WWElE, S~&EMIZ
Tz i il L 72D S 22 5 X B LALEICHRET A& Th 5. 1771, ELEERL T
e LThH, MEDIGOERICERET D E, AENLE LW EOMENBEAET S, 2kt
T HM BB L RN, K232 —a Y7 b TIZBWT, BRSHEORE L
B ST, SHWEEZHET H2XEXTH 5.

RO L 1x, i L7z NER R ORIBE R 218 2N T 5 2 & Tho. wE, NEEmEIE+
FEERTH D, LoLRns, EHEBROR G- ZRIGE S KO FEIC LT, K
U 2N X o TEBSNZNPEEAARICIEMMA A U D, Mg, KA M 3838 L
IR, BEEEAMNS I AE R B E 525, £0, REGHOZRNME, FREBEICEES
B2 5. 207, RARZMNMNEZRETZ2MLERS S, L LRBL f“fcﬁTr{ﬂﬂ:;’t KEE
ZOME (H2DWITLIH AERICE LT LIREOMMNAER S Z & kO@ﬁékk%_
570 E TR A EDDH Z e s, KRS, DIBATIE, BERS D720, RILO 220 ki
BT HRETHD., VI2ab—vary V7 My =TIZBWTE, BROEEETTEB X OE DL
AR T 2 & & HIT, FIEICLD/RER (5 ~ORELZMRFIL, RTRXETHD.

SRIEALER & X, BRE L M EIR O OB TR CTH 5. FEFAFHHE 2175 LT, —#
BN RGO HLESIZ 6 L CREISME A HET 5. ZEZO0FEEmHMEE LTHRWA, §F
BORENDT-OITHE A EMRICIEE TS L W) FERE NS, HEAESIZOWTIZEAF
WEIEDY, AOESZICOWTUIMNWOREZRT LA ANETL2HDOTH LD, EEOME
PIZRB W TIoERITHEEE LT AV AT B FEIRIC A - T B LR B 7. Li=d- T, <At
BETHIEEINENI BDOTIERNE NS ZEITHETRETH D, BEMICIE, %iLT 5 Tk
Ylal—vald LT OFERER XYM L DOFRA VI Tl i B O 5 L3R
SNHEXETThHS.



Table2 R HEET—F 777 b

T—FT 77 NLFR R it JRRA

E—Abn— K= DSA B3 X BRIREE DE

Y S DSA EEROEARR, BRERER
N—RTF o CTA B & ORE

7a— MRA R B D iR A A 1
~NVFRFT MRA e FEE A 0D 2 [ N S4) B

A KL All Clip, Coil Stent, tEH5%
PNR— ¥ LR Y 22— A All ZEM G S A 2T K D s
[k DEF 11k]

MIEDET MBI T, MK DR B &S OB ENRE & 72 5. MR D% EEIC DUV TE,
WL~V TIRIEIE 2 B o ZAREN TR Y, @i, 1000~1050 kg/m* 2% ET 5. —77, K
WZOWTHE, £9, MikEz=o— b WMEKET D50, HDHVIE, FE=a— FUiiile LTERET
LZONNMEE 72D, —BIz, EBEMNICIEFE e~~~ b7 U v MEIZEBW T, B AWNEE A 200
sTPLETHIIE, Mz =a2— hUfiRe R LTHIRITRETIRAVE SRS, =a— Uik
ETBEE, RIS, KEE % 0.0035~0.005Pas L ET S, =2 — bR DEA, Casson &
FIVEEHT 5 Z LW, Casson T T VINDEIRIGTIEED/RT A —ZIZOWTIE, #wXHT
HIEHOXNH D, WTIUCLTYH, BEMEAOMAKEE L, @HEFHA Lz, BEAEIIARH
Thsb. LENR-T, WEBIOLEEOEHIZIBWTIE, Mk E &2 BRI 5 Y 2 2 #ilH
TELSHTHAITAE L EBR (BLOEKRNREE OF#EE (EBEKFE) ZRrd 5
XTHhHD. F, MIBROEECKE T, BEOWREICL>TUE, HFLIBLT D0, gL
DA (Ffe, HA) ORPFALZIRE L TBLERD .

EERIESLD

BRGME, 5 ETHMEB L ORKENICRD DN HERBESIC L > TRANITRD b
HUNANREDSTL D, AOBIRHAOOEREME, #HEBIOENZL>THESNS.

WE ARG & T 556, — KIS, MEE 1) BB XOT —F X—20 b OHEHE, 2)
il L & OBEFRIZ S W HEEM, 3) MRBFEOREMED 3 20 HRkEL, 0 L Thim LT
DMEENHi 2 EFRT D, TEOWEIEE, Bl 1) ~3) BIOMOFEOWTIZE > THik
DRV, FISOZEERRD bND. BESAOERICBNTHRETH D23, ZOERIET
RS NRIT UL R B0,

JENZEBERGEM L T55E, BECHRE LCTHENTDENEEZ ED L 525 T, #iE
ENELT D, FFR O X 5 2T Ol N B e 56, RBP4 72 E ) O il 2 k42
MEDEZNTHRETLZHEND L. —F, MIRKITIEEREIERIE TH 2 DT, £ Ot %
KW BWTEEIZ LN GEAICB L, Y20 1 >OWmEICx LGl 72 EEz2 BE L



THRIFIEEIV. g, FEMEREOSEE, WAIUIEOMERHMETIE2 <, EHOARMEIZ X
STHESND O THD. ZONE, RENRERICET 5ENEIZ, HE LEOMxHE
L LTI END. e, EIMEA BRI R SRMTMEN 3 554 (Dirichlet &1 & 3 2455) ,
2 O LOEICENMEZBEHT 5L 52 LITRETHRETH D, MENSIENEZFHRE L TEE
KRGt L T 572012, FEOME O & 28 LR EREKE TV 0 RIEET L2 E)
ERWBLZERHD. ZORE, TETADORTA—LHE (L ORA, EILEEN) 2Dk
ICIRE LT=ONEIRT 5 ERRFC, ED/RT X —ZEOEE N EA 2GR RIC G 2 5 8
WCOWTRRTHRETHD.

BRGFUOREICBNT, T—HRX—2%LB | LIEKEEZHEH L T LA ITEESLET
bb. L OEE, T N—ATREFERRADT — 2 ZIERENTEY, RETLHEH
WKL T, T—F_X—ADWMH R RNENEHRT D2 LERD S, EPERERET LR ED
RT A= DPREIZBNTHREETH 5.

B (M NRE & i/ RE R & O IS8T ABEREHITEEIC L - THESNTS. Rtk
EEMHT D BT, 30 LEBFEEAT 25CEMER . LA LR G, mERE ARk L
RET HHEITBNTIE, ZOZUMERIET 52X THDH. FHICERBIRCHIVUE, W B &
SO & I AAEE T 5. ZOFBIIOWTHRFIRILETHS.

(CRINENRCY

BAERAFEICB O CTHERT 2 & 2 &1, IR, FHREERB LUOBRR LR 52 b BRI,
FEROBA) LR B TR TEDRBETHEATE I 71/ T AR >TNDHENE N D
ZLETHD.

SR T ORI, HEREECHRICEES XD, HEKRTE22LTDITY, MOBEILS
FLM, HREI A NIRRT S, FEE AL, AP LT NWE ZAICEICRE IS N E
Tho. BEEIITHL, FhOBEREIZR-TRY, HEREAELWO THERTOBEIZB )
TIHEENLETHD. £7o, BEmEAMIC 2T 512572 > TiE, BEmt A Ws /1 OR
AT 2 HEDESRS (JiR) PEEND OEBEHOS L THELIBEISNTWVD ZENKETH
5. P ARYETH D L, BEEE AWIS ) OFHIA ST L CTRAYITR Y, EEICRE
RO Ie D T END L. HEETENHICRELS RN E BEREL2VE) , FHEBICR
L72ELThH, ELWVWITIEARY 2 7ev, R, HEE I LT, M chdrl %
RS2 IE7Z2 B 720y (mesh independency test) .

FHRSME &0, BHEAS T ERE, AT O ERAIE, FEFEITIE (B0, BRrfRiEE &) ,
LT LV OBRPGE, EERLTE, TR0 EGE, WHCHERE, @& Navier-Stokes J7
BAOD 7V o 7ER SIS bIND . FREFOREECBNTE, BEANATA—2EL
THRETHHOHH 5. BRI, REETICH T 2R o83 L OUERHEOMETH 5.
INBIZOWTE, FHEEOT A ITY XALED TRl 5 &3k, FHREFIEICET D IEHR 2R
TLMEND D, BEFRERGFHEIC OV TIL, 97T ASME 72 E 5 B O GTIEICBE T2 H A
RIA UBEOREINTEY, ERMIIZZDOTA RTA4 k- ET, fHEBEZRTRET



HD. KR, HEBE~DEENRKE WHER - ODEVE BV L, #ESEREOSE L, B
L, FHEKTFOMNED 2 SIZHOWTREE 2SN RD HiLsb.

[ I 21 —varEL]]

M I = L= 3 o, TR OB L ST, 2< ORESEF MEE S,
Ui T, SR A 0 ST & 12817, S S = L3 3 o & LC ok A7 T
MAAT5 & Cho. BRMICIE, HESh 2D RIAPEIHCCH b MTBE invivo TOR
ERER L BANICAET B OME NS F o S BRSNS RE TS, T, MBS A
R C OIS ATHE LR 5~ & Th 5.

QIRIDARER SE Sk oars |

MRFHREOFERD, =—FICED LI IR SN NITEE BB TH D, B R ITE
JE L EDOBAET — &2 Lot L7aunay, ZOED 72O X AL B b S L B L 7 5.

HEORMHAE LT, HERY MR EN D L0, ZOREFIEZTZIHIZDIE > T
L. REEL AL - BREND ZEDREND Z EITSBARTHD. 20 LT, BKRZHE
RFFET 5 L) A BUEIEEHIBEN D RE TH D, FRZ, BEREEAWNSIROEE LGS LT
FRT DL G, BREICEI S TRHREORZTIIRE AR D, £z, MM TR EZRTY
A, U— R @58 OFIRICE - TiE, b aneniin st << 5. Zhicky,
HTPBIRADTIRN K D 72 FORITRET 22172 B 7200,

FHEMEREELT 258, 7, TOEENELLFHREIN TV DI N 2R TIMLERD .
BE T — 2 02D EDO XD R FIEIC LY, TNERDIZODIZONTRENDIRETHD.
2, Mo EA ST L O il (B2, B AWS I0ME) Thiuk, ToRHEFEBIW
FEIZOWTHFRININETHD.

PRI NDIBIEIZOWTIE, T ORMAE N & REMEIZO W THIE SR IUER B0,
B 2L, RERIAEZOZWHICHW D FFR (BRZAERIZ D T1M) 23 ZUZi%s 7 5. FFR ©
LA, BECHDMENHSLSNIZIEETH DA, ZhaMifiy 2 alb— a k> TRODEEIC
X, ALy, BRTEHRSZ FFR LAHBET2EETH L Z RS idhide b,
H L, ERRAIZ2AMEDHENL L TORWEIE THIIL, IRRIC L > T oA Gl & R
) DR EN T IE e S 70,

[ & s FEPH O BR A ]

M T2 —2 a7 hy=TIZRBWTE, ANMEEZERICHERT 2 2 & IXREER G A
Wb, ADBPNMTET DOV, 2 VOEREARMNEL RS . 22T, a—¥ &, M
MyIab—a Y7 MEAMNETHEAT2E UM —Y) &, ity Iar—3 a3V 7k
T A SN T LRICHE DL (N —) ORI & Ete. TR ROBEHERFO =011,

BY AT LOMERNLEEND. FIZIE, SMT2—PFIZHF L TE, —EDOHEE =T THlBRICS
BLZRWIRY, Y7 b7 2L 20n e COEENLETHD. —J7, WEB2—F(Zo01T




b, TOEEZEHETIHMHARMNETH D, 2—F~DHBFIZOWVWTL, FELOEELMLET
HY, BEBHEROERIELE X2 THITR L.

BT L 2 b— a7 bua T, FERET TR, ML 2BHEORELE D, i
JFEPH LR Z R S 22U B, MRy 2 2 b—v a3 U BRI DRI oW TR E
CRFRERRT L LB, BEFORIE L EE U558 O £ 72X RS R SR uiE
B0,

[ D]

My I = b—a vzt A b (RN TERITT 2 L O REREThIUE, FHEMKROHESE
BN ENERETHD. ~— FHTE XL, HEEOCPU, AT VETHD. WELAH
ENER SN DGEEITITHER I ND 7T 7 4 v 7 AR — REREOFRbMETHD. Y7 U=
THTE AL, ¥t 0S ENX—T a3 10278 b. 727210, N— NEIZOWTIE, —RICIEHETIERSEE
TITEEMRENE DL LT TH Y, FEBERIITEELRVW I LICHETRETHD.

ZEMIZBEWNTE, 7, HHREX2 VT IOV THERET IR THD. HHRIWEEIL, §t
BRERBIOZENCY 7T O EAEROGH TH 5. EHEBRIZIZEAERBTZAINT
WBHZENZLHY, HRIFESEL D L, FETHD. T4 TITHEAIE, T4
ERFZT TR, T2 2Z T WMo ilOFREX 2V 7 4 JRPPARINLIRETHD. F
7z, Mty ab—ra & THOT—ZOREFE (REHHET) BLOT —% OmFH %
DIRSNBRT T2 B, F T4 L O%EE, FHRERRY, EALAIE LT=T — % OHPE
EMNTEELE S ND X0 BRHAHAZBET HRETHD. —FH, A4 MERADOY 7 by =713,
R EH SRR S DR E L SND D ETNLUSMNC Y 7 b = TR EE DD, Rk
FIZBOWTHIREEN D3 REEOERFIEN R ENLIRETH L. Flo, SRIEFITA A N—tF =2
U7 4 =R+ DBETLLERD D,

ZRMEOHMRO 2 FH & LY, FHRGEFE/BRICY 740 T, EEMICHRTED L)
IZTRETHD. AU T4 ThhiZ, FHEMARLFERIC, LTHREEFEZ2ETRELET—
ZHIMETHEIICTIRETHDH. AP A FThoTH, FkC, HEEFERGE LY 7
ANVEERL, B THRATEXDEIRAEL LDHRETHD. T4 04, BEMNE, &
Bat (RO ECHE O/ K2 Et) |, MERROET ACFHERK 170 & &R &)
LTHRELTEBE, HETHRRBTEDIICL TR LENDD. EL, &2TEHREFELTEN
RN RNWE DL, TARGFENERERDLDT, Ll b, FESFMFELZHELITX
DE9RTF—% (Z740) ZELTBTIZINVENI LHCEHEEZEMTIRETHS. Bk
B, FERSIER L OB R D STL 7 — X 1R KR STV T U7 e,

FEBIR L 2WGE, FEMEREEZFIATERNEICTIRETH D, HEFREFHEICEW
T, W& LT, #EBEERESM T, SHEPIGRLAAVWEAER S 5. B“eXIKRE LT, Z0k)
R EITK T D AWE A REMIIAG T 2 XETh 5. ¥, oA MIHOY 7 ho =7 IC
BT, 2—PRICTHRICHESRM A ERT TEX AN E ) AR L T MNERH 5.



5. MEREFHAM DE 25

PEREREAMABRIC 7o - TlE, £7°, FHMliRET2MRI I 2 —rva Y7 bhv=7R, &
DOIE (25 WITLIKR) OmMFEERIT L, THUCESWTME2XET I HLOTHINEERSE
HRETHDH. BERMITE, wikEBlkExige U, wikEIROMAE 2N 2 X% 5 72O O i
Yialb—varyVI7 =T ENS KORETHD.

PEREREME, ORRATEREFEN, OIERRAER, OKHER (6% O 3 207 =—XZ401T
TEZDLHRETHDH. OKATERE TG CIX, BRI AHNNIELATOND N EMHRT 5.
Bz 0, MAEBIREEO TR TIE, TObhiz7+—~ v hOEMAEGZIE L G AAD D00 E
WesB 3 2. OIEERHERTIX, FEMERERE L TESIT oNnD. KRR TIE, Eff (b
HWVEZNUITEN S D) BHLRETORBRZHEEL, & TR GEERICIEEOTRE) IckoT
HD SN DREROREEZFTMT 5. Hl20E, MERREEO TERTHIUE, invitro RIZBWTE
W ERR SIS 2 8t U7 E WS Z 5 2, #EE S 8 NIER O RS E 2503 5.
PG EDO TR THIUE, FHERNIRILCNN Yy 7 AT v TN EIZBWT, AHEOREEZ
T 5. @ERRBRCIE, R —¥Z ity Ialb—varyy 7 vy =T bl En
LREFROGEEE (RiENS) ZREGMICIHMIT 2. BEEERL501%, £ LRICBITS1) ANTE
@@%@&2)&%®%@@%ﬁ?%6 1) ASTEMEE, iR C ool B fE VR s
OMEAT SEIRER IS T3 AT D . ANTEPENE, intra-observer 35 L U inter-observer i (2 CETAf &
NHRETHY, ZhiZ iof%%%@mﬁ W52 DB HMT S . 1o, AITEMERTFET
5 TRIZBWTE, EBEOBRBGIZENT, #RZOTREZIE O, £, TORFEZHENTEMN -
B L CHEZ T 200 E VNI VAT AZOWVWTHRS L TBLMNERH L. 22 TiE, L
BUEEEDHE (HDWIET AU R) FTHBAALTHREITO XETHD. 2) EDKE
I, MIRFFES L OBERSGMOREICTHRET D, MIRFEOREICB WL, BFEA DMK
B L REE A E L2V R D IZEBWT, ABTICH Y 5 HHEIPETENL DMENE Nl LIZGED
WREMRDOUNEND D, BEREME, MRFEARICEOREVEEEL 525720, KIUEL
SHFTHHERD L. BRGUEORELEORL ST, TOEOEBIZONTHRHRDLMLENH
D, B, MKy Iab—va Y7 =7 BN OWTERRERZ1T O LERH D.
Valb—va VBBEFEO BRMICAS KR INTWD) BRIEE SR U0 EERMT 5 & v
IHLAEIE, Y2 b= a VLALLM X DBEFOBKIEE ORI (& 5V
PE) ZiEET 5. —F, YIalb—va UREHOBIELZ N DT 2546120, ZOEEICELT
BBRZATORITIUTR B 720,

6. MEIa2b—Lary7 b7 OBRBKRKEES

EREsR e LCOY 7 by =T E, ZOMAHRY, AR ORERNR & OBILR, IS (HAY
DIERRCE HHIPH) ZPEICERTDIMENR DD . FRIZ BT o A DOHIHE TR WFEEE 2 MRS SR
L LTRTHDIZOWTIE, £ OFaE & BRRAE & ORREZ R TIRINSLETH S, —J7, Bk
ROEFHIEE LT, ZOMKRMERERVPBRIESN TS HOIZK LT, B0 5 i
WHIFHO & DIZOWTHE, O R —MERHECHRRAEN ATRE L T 556 b & 5. 121X, HeartFlow




thD FFRerlC oW T, FFR &0 ) BEFOBRRIEE S H Y, Mifiz 2L —vavitksTIh
LSO OEFIMT 5 2 LN TET T2, FFRer DERIERIC SV TIRIBROLEIT 2o
oo o, LAV T, BINCHVC 56, BIFOBNITIE L ORE - BREO
@ AR Ui ECRGOBKMEREBNTOSERHD . ThUE, MRLTHMEY I 21—
a7 =T OHREBAEZPALNITLHILLFAZTHD.

7. BEINBMIKY I = L— 3 F A

BUE, Mt < = b—3 g a2 BRI CEEMIEN LTV 5 611% FFRer Z RV T e
Bbhan, 4%, UToXs>REHRTHIND. EDOX I RGEIZHONT, My 2 lb—
Ta U EERMR L T ANV TIIABERDPMLETHD.

1) JREEDZ I

M L2 b—a b fonsdT — 2B LOBKHEIZIZE ST, HEZZHT 5.
il -

* FFRcr 78 & DIRZEIRAE D2

2) iaktiE (O58h) oORE

M I 2 b—2a bl odT — 2B LUOBHHEEICE SN T, FRIEZIRETSH. =
ORI LI, RRBIE L T 55, BXO, FRIRWLEIIITDRVWD, FRIICET 2E %
To%mabat.
fl -

s NANZAFMCBNT, EZ L EZ0MEEMET D0ORTE

- MAEWNIBRE T 20, SEFIT & T 202 DIBFE TS ORE

C RENRIBIC T2V LT, A VERIFE T 20, AT 2 R ET 502 OIRFEGTEOWRTE
CBBICH LT, AEEITH D, BB LT 50 OWRE

- RBIEROLE, THMEEICET 23542175

3) VRIFET S A ZDWRIE
My I alb—rarnbBodT —2 B LRI E SN T, KERIEET N A%
BE 17N
i -
CREIARIE ISR LT, il 7 — A A N—— (RS, Ay aOfnd) OWRE
- EAREIRIC R LT, Hili7g 27 o b ORGE

4) JEAERLA
My L2 b—a rnbBond T —4 B L OBKHTERICESWT, BEICHREEZMHT 5.
il -



- ENIRIE R I L Tty R = L—Y g T = F iR L, BEEE AWNS SO KN E Dt
s DI RECTANE 7Bt 2 i

WTNOLEICB N T, MEITXLLTOmEY Thb.

CEENCBWT, BEDEDTZWIRRT# L BT 258604, My I 2 b— 3 UiFRa g
RIICHRT 5. (T3 Z8IR, 155 H%)

AR TRIEL, #Eolmy I ab—ya UEERICESW TR Thh 5.

8. &I

My I = b—a COEFEMEICE LT, #md 23 /0320, BIE, A EEL T,
DY T T2 TPREESH TV DIHEERH Y, EREHEOXJIBEBIRTHD. v Ial—
va rOfERIE, MEBRSHESRN R EOANT =2 IZEASNDTD, £ 0 OMEEEN
BEERD. E, #RAMBEY I 2L —a BT o00EN) ZEIZBNTUL, HEVAT A
DEERMLETHD. A RTA4 OERICEBWTIE, 26D EIC”EELSDY, Hilfox
BEGTRNEIICTLZENHETHD.






M—4 EERBRE COMKENTY 7 b7 OFERIZOWNT
BN AU Y] T P O e O
B TER

1. MM OGEEMTY 7 b U =7 DK

MPRARHT 24T 5 72DI2iE, FF CT MR E TRiG S L7 M O =IRoTEg 7 — & 234
e d, ZO=WRotEgT — 2 ITNHOBEHGILEL Y 7 MIFiMA T, IE U O (B0
M, IR E) o/ A4 APEBRELY 7 by =7 Z W TRESNTIERIRO RN T AT
—>ay (i) S s, i S E RSP OFRKFENT Y 7 F U = TIZHAA LI, Fix
IRPRHT SRAE SRR E S Ve D BITHLEMT A3 T AL, EDORERE LT, MATHFHIRT A —F—¢&
MyRENRE R 3G i D,

BAED MRMNTILZ O X D ICILHOEGAE Y 7 k7 = 7 LRI Y 7 8 7 = 7 2358 B A
B I T BITHOITND Z ENREW, EREO L5 RMLiE#TIZ e T 2 — o TR
EATHCH T TITWEBGLEE - BiEY 2 2 b— 2 Nl LEHEMAF OS5 B8R KT, D
7o OITHERITMPEIRNT 24T 2 DR D RE SNV TW Tz, & 2T AN, Mt of Atk 2~ %
HANEMINDITNE S T, M2 FEICATZA DY 7 b =T O=—AREmE D | BUETIL,
MAETAROF D> B AT FHI R T A — 52— TR REEGR OERK E T2 —D2>D Y 7 hU =
7 CHBIATAD LIS v ¥ — T = — AR TRINF MR & AL L7z 7 b7 = 7 A3
W INDE TR TER, DI, V7 My =T 2T 50 TITES, =RcHEg %
ZATE S THRMNTAE R A XV IRT X 5 A v T4 VRO MG Y 7 v o =7 bttt s s &
INZ7poTE Tz,

BUR CATFREARMIINT Y 7 N7 =7 /H—E 2% KA OBRICHBE L, £EY - ERs
WCOMANEE SN MY 7 =7 /= RE R BIZY A kLT,

(1) A ¥ FRUMFEHET & A2 T A R fEsT

BITE, MIRAATIZBMERICRE SN2 Y 7 MU =7 Tirbiv o A4 A Mo Mk & . =
WL % 52 T B> THMT L AR — R 2R 0 KT A4 0 T A RO RN S FAEL T D, Ao
A MO MFEAET TIX, BRIV TR R Z AIRFIC2IRICFIATE L2 0o AU v F3d
DN, MR MRAENT OV TR 2 S Mk TIThiud 2 b2an 2 & | Sk Cilyifighr > 7 b o
=7 HEUNAER R D A E B - BETH2LERDH DL ENVIT AV RBRBESND 0,
I FEARHT O S0 DR & FHELDOTZ DD 2 A N BNEEKT B A HEMEN S 5,

—J. A TA CROMNGEET Y 7 N =T Y —ERATE, —APNCED B L E
EBICE 0 MRMHT AT D oo, T EEOMEEL 2y hr—L LT, — 5T, FIAE



AT 2 & ARSI EE R EHT DT AL TN D RSN EE T, T LR OFAMEIC KT 5 808
Bashd, o, MR ZZDIRICIKIE DL ETOX A LT TRA A MO MEAENT X
DHELSZoTLEIEWNIT AUy bbb D,

R CEHEFEMIR & L OB SNz — b7 a8 —FFRerl3A4 v 74 L E O MY 7 s
=7 Th b, MIHITOZE TORMNGE KT IUX, F VA NLO MR 3 F3E & 72 2 "THE
b dH o,

(2) WH9EH O MFTREHT & 7207 H 89 O i AT

WF9E2 AR & LT MRAET Cld, 15 AV filbiTit R &4 BRRIR IR & BIESIT 720 | ook R
MORBA T =X LPHER SN2 T 5, BEITHERIT. 8% DOBE ORECBE. IR ITE#HTxS
LTI L, WH5eE B & LI iifghr Tik, Fnkoondizd, Y7 kv =7
EEVBEBENRRDND, LOLEWEBENRTFET DY 7 My =7 Tlik, B EE 5w
RN ME L O | ITHRERDIZ LD XD N 958 TT Ay Fbd D,

—J5. W E B & U it Tl SRR SRI3ME < 0 B O 28 O BE A P TR 7
EREIHEHIND, EUTERIT, BREWE A I 2 Y — R LAWK S ICHM»SIETH 54
ERH Y FEVEROBREREICBE L T, VWS ET VA TIEA SN TV D LERH D, B
EHME LMY 7 b D = 7 Tldmnz > THHEMEWE) BZEE L, B E T 50T
FERETE D ERICLE L THINT 2 Z ENE—ITkb b D,

IO XTI AR BRYE LI MRRENT & 2 A B L LI MUif#dT ik, B R 5729
ENENDY 7 hU=TIZRODLINHEEL 72D,

(3) fHHr7pgREIZRI L T

MFEEAT Y 7 B IRE S B E G U E o (T2 RgRE ] & LTiREShTnbh 2 &
bbb, TOHBEO—2E LT, MRMHTIE=KICEGZ b & IZTHhi 5D 72 I ZRou g L]
D—DEZITRONTZT2O TlIpn it HllE N5,

M7 pgRE) L3 TRBRES N B HEERBG A T 20— C. EREEOMM AR
ICHEEZ 252 L0, DRI RICHEELHT- 25 Z LR, BEFEOERELRICIBNT
AFEOKREEZA LTS b 0] ThHho CEEHEIEN 0608001 75) . D& DT, FHAYZakkeE
IZDWNWT, ORI 5 RE D, EORITHERRIES N TV D NICE L TRRIESSICB W TIZ
& EBHR S LTV,

R H 7B RE A 1R AL 2 BT E MY, 1R DT BERICBI L T, & DR SV B ORFED
RENTNDEDN, EDRERTET A LU IESW TR RIS ATHEZR D25 I12B L TS
ity X&Th o L Ebh b,



2. BARBG CTORKHFIE - TRLBEINOINER

IHE CEEERESR (7 7 A 1D & U TR SN Y 7 U = 7 IIFAE Lo Tz,
Z OO MmN Y 7 ME, @Rl EIXEFEAO DO TH - T, EEOKELY; T K ORI
RS TE LT, BRFEE B E LeERICRESNTE e (i ~— 72 —FFReri
2016 4F 11 AICE A ERES & L CRIEIRGEAGE S 728 2017 4F 2 AR TR 22 BT
A S TRy

LU, Mefist ofF AT 2588 AR E Y 22H 0 . iyt oHicix, Z=of AtEn
TETF VALV D ORISR TIEH SN D K 912> TE TN D, TV IERICE B RS
ELTCRAENAMRMMNTY 7 7 =7 /=2 LB TL %5 & FHEEN, ZOHRAICED
RICERRBG CERA SN2 0% 8 E LT,

ERRBLS CIMRMENT A — X — SN TH LR TIEH SN D ETOR TRIGHESHY L, 20
TRTIE LR TOND D0 MEHTY 7 b =7 /P —EARBIRETHHA I N DI
Hlzo> CEICEENFETE2OMBELTERLE (RO &

(1) MFEHNTY 7 b U =7 DEEFRETRICRE SN D56

1) MRt oA — 5 —

BEARES T3 E$ CT & L I3MEHRE TR ERICE SV T, JREDEREIIRHM 23T
b, O ETHBIEFHERMIC &0 MFtAFT 23 26 20 &Il S Iz B Mgt 54— &
—3ND, MRAENT 24— 2 —3 2% ZRBOERM 13, MEHETY 7 F U =7 /Y —E 2D
IRIERZEL TV DOMENR D D,

2) =WRoTHR O (R

MY 7 b0 =7 /= ZOFERIT, AERITMERROFE LB 21T 5, KT
EROREDNMERNGA . MERIREZETICHE S, Zofd, ZRTEROBEEIZR L
THREEANETH D,

MFEIENTY 7 b0 =7 /= RZHN LT DO ZWoTEBIL, +53 72105 5 HEE b & 22 R
BEZHALTWDLERS LN, MR EZ B E LT ERTEG 2 iR Sh 2 0 a ik
H) - BFHAHEOIZDRT DN DOHNETHD, 0D, MY 7 s =7 /Y —E 2%
R D hEkIE, R S SR S ILREIT I S Z L2 BEL T, FHRLVE
S E O =Wt AR L TR X BREFINEZ SN TWDONREE L, FERIR D
AR OEBE(LE NELE S > TS T2 & FHRERD,




3) MM Y 7 U =7 O#EAE
O MFETY 7 b U =7 O EIRGE
WY =RTEE AN ST @R EAMT OV, )22 AT AT RS R3S S
LDTENY T P =T REFICIVRGESNLTWORERD D, £V 7 U =TIk > Tl
P& S d =ocEifg EBIEIZRR L Z ENTFRSNDDOT, T2 =RTEfgomER
BEGEZ, Y7 U = TREFEICIVAEICRE SN TOWDRERD D,

@  HBEE OHMTKEEDHMER

MGRARHT TIXR ORRZR TREDS, K2HRHER - BURBEHERT - BORBEHEAI % X > TT
bbb, WYL MREITRE R 255720, Y 7 b7 = 7 EEE FEAE® - k% X
Ol R 2 L— 3 BT 2 Tk & g il B4 5 E a2 8 & LT
LHTENLEELY, 2O, Y7 U= TRME ITZDOTZOOHE - FH AT L
T5Z LT, BIEEOHM LV EHRFT D LW BLEN D b RITHE RO & RAET D
TEBEE LV, FETBEE OB LAV OMERFT 2 72010, S EFR iR C Mg Y 7 b
V7 OEELE ITHY T 5EREESNDDBREE LV,

@—1 MmEBROMH & = RTHBGEDORET =

M OBER TiE, MRFTEIFE O E, MV M O BESEIR  BEEEILAE O A~ D %L
Tilh7e & Ok 2 Il Y 7 o = TERIERICE 0T,

ENTEEPH N S X 5 & WMUNCEZER RO MR S vz, — 5T, ENTELFH YA
T D L MmERH OS2 2 h O, FERRIENFEUNTRRE T E 72 < 72 2 2 gt o
FEME - BEEEMET L D D,

HNILAE DIEH1L ) A XEDKFINEEL < | M & FRREDEBMAH T 5 572 2 /i
MEEHEL TWASEA. MEOLEZHHT 20N LV, & 512, BEHET 282 ofEn=
KITHES ECIIEA L CRIHENTWAZE b H D, 2D, ZIRITHEi#R) O &R
EEUNCHIHT 2121, Y7 U = 7 OBIEIC KT 2B R Tl < AR b 2
WThD,

R S A7z AR A MR ARHT 24T 5 DT+ 72 B 2 LTV 2 2O ety 72l %
V7 by = TEEE IC L VAT D, BT S A SR BT O RREhER K
TIHLRET L2250~ T, REERMERIRDERIN SR o T 56 TR RO E
IR T ESELWF & 7%, MERROH & =RoTEB O SETF = v 713, mRf#ET O 5
BICHET A CTHERER TR THY . V7 b7 = 7HREEE 1345 E R % o it~ 7




NEHE | BEE L IFRTTATROEEMEERIETE D LIV AT LB T H &
Th D,

@—2 M OFET

MAETERA I S 713, FHEME - OIER L BERRMORENTOIL D, MLIRAFHT O
F R ITFI R F OB OB LR T 203, FHEEFOREIZY 7 MU = 7T HAFEE O
WOBEZ TV, D), ERAOIMFEMNT Y 7 b7 =7 Tk, @72 EE 1
DIEFHBIERSND KO Y7 b= T7RMUE 20 Y7 FRTFHA ST
HONEE LY,

BRI L TH, ANIAZBET D010, IRITHBMICHESND LIV 7 |k
VT NTPA L ENTNDONREE LU,

RS T OMERR S, BRSNS E S RIE, BER A TS, B C MR
MrafiA+ 2500, AR OHENHS Z AN s, Y7 o TREFH T T
2 12 RN IRANICA MO & 2T R 2 HE D L 912V 7 b U =T B LU —
RO =7 %8252 ENEE LY,

® T L AR — N DOIERL

BHEFEOBRLE LT, R TORKEL (ZRTERICEIT R 7 2/VICHY) (28}
% Vi AE & AR E B IR S 5, B SV, M EILZ O £ £ TIZER
BRI 22 A OEHFETONTIMATIFHI N T A — & — L MR BB E R S ER S 4L
DM, BRRINERO & 5 MATIFH/3T A — & — & MiREE & & T i LR — N B3E S
AERSND LY 7 MY = T REFHEINTND I ENREE LU,

MATS)FH T A — 2 —FORKERICB L TIE, Alm & 2R — MIJECIE Sz b
SN SPULEOTET URIZESNTWNDSZENREEZ LWL (ED) ,

@ D TOFH

MLFRAFHT L AR — MZEESW T, BEITHIARN ThIL, HADBWIR L OEREE 72 &3
1T s, B R TIXERM OB TIXM AT IZ B 2 Fiki T+ 20l2RE L TV D L ITn 2 7
W, AT BT S B AR A A D ERT O BT 5 T2 OE O FE i, 8 EF]
EEFORIES, BhEFROBENTIF L2,

(2) MR PAZFEDOERI— A & LTRikEN 256



MEAEHT Y 7 b0 = 7 REERMRICRE SN D5 LIZEFAETH 20, RO RIZEE
TLOMEND D,

1) =WwocHigoEA L
= IS T 134K & 728 N IE RS Dicom # 7 & L CTHDIAE N TV D, M — B A $ft
FHIEET 258, 206 OEAFHROBY PNTEET 20ENH D,

SRS FTREFEA AL AN S AV T G 3 ML FRARAT - — B R IR ITR M S d SAE S LD 8, A
NEBROBIBRD A3 727 — B B SNTZHAEIT, EORRITKIAT 5B LT, TOEDY
WO TEBIMERHDL LB DD,

BN ROVEH L7e 56 OBAEOFTEICBE LT, Myt — & A2 e & & ik O
T, TOBRYVRDTBL ONEE LV, £, RIECBET 2 AN 2 EEHIBIH S 0Y 7%
MOBBRINTND I ENREFE LU,

2) =Wt B RIAME

MFERHT I — B2 DIREEHE O b LA ITEE o - EHAEGIL, EAEGZ O b OSCHMATRE E o
IR/ EDOE VR A ESND Z NSNS,

MGRIRHT D 7= DIZEAF SN TeT — X OFIFOHIIR, PR 1L, BEFEHEIZRE Ul iy
—EAREF T T O ERMR S RO L TR ZENEE LW, E7o, AT 2 AN
FREHIRE PRV Y RN O RRINTND ZENREE LU,

3) fRHT O GE RRE

18 OFf AT REFH DR E . FHEAE T O, FEREMEOBRER &NV — & A2 H#EF 12 X
DITOND N, EORRMWEEEMTON TV D 0B —ERBEFIC L VLS Tn
HTZEMEFE LW,

FEBRICREDPHERF SN TS Z EZBNICT A0, PR ERER DS EHIIIC
T Tyl TEXHHEMAENPEEINLIRXTH D,

4) fEHT L AR— N ORI

BRI 5 SN2 EA L2 E S U, K EFEIH OME N OBIFGFIRE T D AT AN
B RPN i AL S D MER B D, 7T L AR — Nl OFeek & FIARICRE S LD LR
»5D,

3. MFEANT IR DRHER L BROEMODOH 5~ EE
(1) BFJEE BIROKH



BAED L Z A, ERIOIMGEIRNT 6 2 IR XEREMZE~OIEHICH 5 L HER SN D, B
PRI SN D ~&E T, I E AR L Lo MR I ERE 2 % U2 DI RNEY Th 5, M
it 7 NOBFEE B E LIZAHICBE L TSRS THA RIA VR ENRESNDDONEE
Ly,

BIEDIMGRIRYT Y 7 U =7/ —E ADIKRIEZIL, ~— F 72 —FFRerZfRWT, =&
T VALV DRUVMIETIEH SN TEL T, TET VALV 4RO —A Y —X - JEH]
WMEZRIE LTV D, MR 222 AT 51Chz> T, mNWTET VA LU HESN
TR SN D MED B D,

(2) MmyRfEHTrOFIFIZEE LT

MFEFRAT OFE RIL, MATIIFHIRT A= — L L {7 FOFRWE T TV ipa L B a—
B2—07T7 4y ALEBICRMIND ETHEINS, L, Mg LaA— ME, =RocH
GO E LM IEED WE 72 ERE K ODIRFOREE 5 F, Maxlk7 —F 777 NaedBHo
Do TOZELEIRLIZD 2T, hORERRELEZO T, BEWICEBEZZWH 5 Z L3HIRFS
ns,

BURF AU CIIR R & Mgt O 5 1Tk @ U7z =R EZ < 72 < iiAT ORRIRAYE 78 & RS,
MGEAEHTHE R A & 9 BEAINTAREIRT 2 0BT 2 A I F I ER SN TN D LIZF N6 0,
MM FEAFAT 2 B2 TR 9~ 2 AT FEMRA IS MR AT ICBI L TR T2 Z & i s h g, 7z,
B 52AIC L0 WIEEHRECH A RTA4 v ORES, WUIREE - 8V AT AHHEE

SNDHTENEE LU,

FAMGETOY 7 b =T /Y —ERDSTE

F—=T =R OpenFoam, Frontflow/Blue

LA A LN A KMFoE=E
FHA R
avw— %L Fluent, CFX, SCRYU/Tetra
fviEh Acyss F Hemoscope
= i A /~n— k7 —FFRcr

2 ] ER—EX Cardio Flow Design
R 2 WS W2 CT-FFR
P Zepkne) Y .
[ G AL A 1 WA A AT —3 3 Hemoscope

I ARIZTRTOY 7 MU =7 /P —EAREH STV L DT TIEARN



% BIEY: - EHBU COMMPE SN MR Y 7 h =7/ — %

VIR =TI| \ \ i
2 TR B R 2B
e RS =Y ESASSE 3.3 o F
ML DT 7 — T ViR 2 T H 7DD
BRI 2L —Yard—ER, TSR
endovantage Endovantage, US % REfRAT JbdEh i BEOY I 2 L—3 g U b IR £ TheIR
U — B R DS R B O R RR BRI A —
—. fHx OWFFEE IR LTIt STV D,
Center for Computational Image Ty RFm hEA TR ERET D
and Simulation Technologies in . .y , HWHOEHBBLED Y 7 b =27 ThDH
AR R : B vit) . . B
GIMIAS Biomedicine, The University of srETRY LR M. MBI O MR 1T 2 5, A—7
Sheffield, UK Y —AThH Y LT ATRHE,
EENRBEZE O FEAM A 1T © 72 8 O i ff AT &
Heartflow HeartFlow, US FoTA v BN IR A ZRENE EN D ERER, AT HIRRZE
TN RAE S B BiAF,
Fibd Eh RS O I FE AT IS Al U 7 2= A T 4 AL
YT K, AE KTy 7 b7 &
Hemoscope Aot —br—= 24 (BA) I S N = iEE) Rz LTCHIZER Y 7 b & LTIRIEEE TV AT

. EEAEGOAERY — 7 25— g L OfF
HHREL L ThifEh TV 5,




MeVis Medical Solutions AG,

Bz e ERE 2 A9 D YL O = AT g AL B >~

MeVisLab German AHB L RTa v iEEaiRE 7 b BEENIRIEE O MpEiENT 21T 2. 5, R
y REROfE & OB RS ST,
ML FEANT % 3 B & 4 % [ F g e v >
SimVaseul SV Development Team (UCSD, 2m kT e EN RS AS N GO, A, KREWIRZ: & OFEER O Mk fEAT
HYASEHAT 1 UCSF and others), US PN MERE—F Y b A—T =2 TH I
BFCATATRE,
(EPNDIN | iR = s M= A g
. _ . IR WCHEBLL, RO A =X NZH] - T-2 &
- 24 UT-Heart #F5% LR
UT Heart PR UT-Heart SRRT (AA) | SLRERRAT RRAELATY | GRS TIECT 510 s AT Mg
BHFE L TW5,
X DM, EEEIIR, AMENIRIEE 72 & o MR fRbT %
Lot AT iR | O TR BB £ DM
v =2 b— 3 | Cardio Flow Design = EEEMT KENRIEE T SERY X, fHxORE, Ex0
: R WFFE %t L ORI — B 2 % % o h ClR5E
N2 JibdEh I eg

LTW5%,




# C Mttt O TRRIZIR T 2 EIRGE L BEOFTTE ()

ZIRGTHEE D S E AR A EHRRE R D T RS O BB AT

i@ty 7 b

i ELPRALE V7 by TR

V7 Ny TR

TR D SRR EE A RPN % O IMIEAEAT V) 7~ OF BREATFH
AW % O IMIEHEAT V) 7~ OEEE
T A GO R B[ S % D [E Rl
EI@EJ ﬁ%:&

D ZWCETAZET L A LUl

Ly NE
1 IRFER) 72 BllIAE =R — SR
AT 2R SRR - R SR
2 PRI 72 g & 2R — Mg
3 FEE) 72 il X 2R — Mg
4 r—Aar ha—/ViE5E
5 CASEARF:-4)




M—5 »—hr7r—tFFRer? [FEERBEE (BRESEETEHER) | L. FDA
&%l De Novo Classification Request for FFRcr v. 1.4 (FDA OS5, 2016 4
10 A 21 H) ] Lotz BEd 285
HALKRSE AR ARERT BRI
KHF
1. IXC®IC
=7 v —tE FFRerlZBT % FROFEM RIS OV TKRIRT 5 2 & T, A% Ot CFD ~
7 MU= T OFHRILELEZONDIHEOHRFHIIET 5. HEMREOLBITAR SN THDN
RIFHEL TV D 0, FBE FEELEEONAEITOAMOFENIKR TE 5 EEZ2 5.

2. IEHHERBEE] OB THREFHIZONT
PERERTATME (P11~P13) TiE, U TFORFIZOWTEHEL T\ 5.
a. 7ak AN F— g
b. 3 KILET NV DRRFE
c. A v DOWEE

a. 7at AN F—2 g VOMERNE
a-1 MEREE E R4
a-2 A B AR RS R A

a-1 MEREIERHE (PQ)

FFRcr & 7L v v v —U A ¥ (FFRecath) & DOWIIZEHNY T —v a V(A E, BE
FORRELZFEM L, BEEZHE. ZoLx, [CT 7 —% OMEMRN T IERG KTt
TORGEEIHE) ] ZHN TN 5.

a-2 WEMEREE E A 1 (0Q-1)
AIMEIZ & DREFEZHOWT, BINTIT 2 7o 558 DREE.

a-3 AIENMEREE ERFN 2 (0Q-2)
0Q1l TOMY KL T HA TOT T —DIRGLE.

!

b. 3 RILE T /v DIRFE
FTRICH$ 5 DEYME) ZFHih. AE8iRHEE OSSN EA EELZmZ L TRY, 3 K



TEEF AR T A = U R LI TR TR Tl 5 & D HIBT AR S 5. ARAEE A,
FDA %Rk B 125,24 72 B 7800,

c. A v DORRIEE
15 JEFNZRBWT, Kb A v 2 btE3DNELDOLEREMA Y 2 EMEENDEDOTO
CFD &%, R—IRCl AT -7, AMGEHEE L, FDA BRI LITRMET- 57220,

3. BRRBZHIEIZEEY %R

B R B9 A A I W TIE, EBSIERAE (DeFACTO Study, DISCOVER-FLOW #t %,
HeartFlowNXT) Z17\), #ELCno. WHEIE, thoIHREMRE (cCTA, MRI SPECT,
fff==a—) LHELC, FFRorOBVE &R RENFRETHD 2 L AR LIENATH .

4. FDAER ELOAZTRBRINTWEEHY

(1) NI F—<2 AT AL (RUFT A )

L—#— Ry FF—LT g RXar hF 2 b MRI & OB EH TR & OB C & i bk
iTotz, LORBRHS.

(2) ATH—v AT AL (@)
BEF L&, V7 FOWREMEETo TG, L LASE, Bes LTE%
DL LS T2, BRASEE TS L BT, LORERSHD.

5. BEERaAV |

WEEF COMEZ I LB AT 5 2 & 13, TRl T 2B 2 FOMELRT AR H 5.
GRS MEE (EREREEEHN | X3 RICET VORGER A v ¥ o ORRGELFLHE L T
L, TEnWIcBIToFEITON I EZERL, ELFH~OREE D LN TE
L. LU G, Tl 5 THERICHOWTHEHE (M) Snd e, &5IEEMENM
EFaEEILND.
O ERGUEORESE
© ik DA L 3l OB SRR E
@ WSS7Zp L, Wi & ENDRMN SN DAELFA/ T A — 2T 5



M—6 DMELESFOMAEY =1 — 3y (FFR) OFEE
HHICEER 2 —  KIEE R
R IE A
8 T L L E

MR

1. IXC®IT

fiE ) R 72 BRI AE FERTAT N Z Fe DN T < OBEAT AT O TE 7203, BEREr B RIS
P & R R R BIRRAERAL O X A~ v TR0, HEREAEEIIRAE 2 B 5 D16 O A HTEDstE
ST 2 L CHRRR R E BRI AZEEA IS 2 B L IER I E E > TV D, T OFERERYIRA2
R IR FRAEICIR S TS, BT 72 > THZ i v— b 7 B —FFRer 3B SNAH T
HAR S iz, FFRer X EEIR CT OfF#»H A —/3—2 2 B2 —4 —% H\\ T FFR (Fractional
flow reserve) ZH L7t D TH D, IREANTHEENRE Z & OFHMENFRETH Y, fifETH D
ZEDDLBIROTNELEZ DL LD LR SN TND, 2O, avEa—F—vIal—Ta
N R DB OFAMIERRFE S D BTN D,

2. EENRIRAEEERTAM - AR FROBRAE BERTAM & BERERC 70 PR A2 BE T A

SEEB IR DB BE R TA AR5 A RO REA & BERERE BRI (2201 B D, RS I EBIIRIE R
EEIR= > E = — 2 &Y GEER CT) | E#AR MRI 236 0, &REICIIEEZRA, &
TiRE (CFR) | FFR 22 E3 287 b, EEWRERIC &2 FEF RIS L 0 E#iRkzeL (E
SERE) RHMZS LT 0 T5%LL LA EAE Ll S, RIBIRA TH 2 1o ORI ZIN &
POBRCES T HDMAE L WHMEMT THD, ZD7d, FHREAIMAIC XV EBIREE & Rk
DFFHHA T & AU E THAEM & E 2 51 CT, MRIIC X 2@ s sni (K1) .

B1: fE MR B DRZEEQD: BRI R

AHAZ R
25%3k %

Hso%’&"é
H75%&$




7. SRR AN R L % AT B TR TH D . BESRE CIARLHRICRT 5
BALLFHOE S 2 ERIC L, EMAERO LR R TETHS (M2) . $72. THFMICSH
B ThHD LWRENTNS, UL, MR m s 2Rt 5 1k Th 5 -0 S HRAE
I EBIRCRESI T 8 L G N T 0 . THTHE DR EIIHIRA R B 5.,

K2 EmEEEOZKED: £EEME2 M (SPECT)

D FHF5I4— 1 SPECT

3. FFR o4&

WATIZ T2 > THT =T RIROBE (MEERE) THA RV A v —_— 2R BRI O
RERVIRAZE Z2 i3~ 2 HiENER Sl (K3) . FFRIPZOMRETH Y | PREFAE T DKL
S HE T B IR e D B TR SN, ATP, 733 2 7p YoM & € L CHEPLINE %
e RBRICHEIRE L7 RAE (e KT AR K DHERETH Y . ZOROEHUHE R T8/ TH Y
—E LD, PRARTNEOFEIIRE (Pa) | RAEEMEBOFBIIRE (Pd) (26 Lg#kE (Pv)
DR ERET % & FFR X Pd/Pa 2 W TR AIEETH S (K3) Y, FFRAM0.75 55 &
WO ZEE, EOMENER CThHoTeHEITHE LN ERNMITED T5% DMK AZMEL 5 5 & v
5 ZEEEWT S, HRENLANRE (AWMOHY T2 7 A, Al b= a—X, EBHAG L
BX) BT LM R E FFRAEDOBMR A E L2fE R 5. FFR 0.75 23 & M HBLOBE & L
TR THD EWESINTWD, FFRIFK T L. H DWW Z L& o A 2 {5 BRI
FHTHD, LichoT, ZEIREICENT, flilx OIFEOEREE 2 IEMICTHEL . Zh i &R
LTUEFE LTCOEIEEZBET D Z LT, nEEOTHRELTHT 2 ECHEFICHETHL LE
Z B3V TW5 (Functional SYNTAX score) .



Q Myocardial blood flow

Qn Max. Q withoutstenosis
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DE NOVO CLASSIFICATION REQUEST FOR
FFRcr V.14

REGULATORY INFORMATION

FDA identifies this generic type of device as:

Coronary Physiologic Simulation Software Device — A coronary vascular physiologic
simulation software device is a prescription device that provides simulated functional
assessment of blood flow in the coronary vascular system using data extracted from
medical device imaging to solve algorithms and yield simulated metrics of physiologic
information (e.g., blood flow, coronary flow reserve, fractional flow reserve, myocardial
perfusion). A coronary vascular physiologic simulation software device is intended to
generate results for use and review by a qualified clinician.

NEW REGULATION NUMBER: 870.1415

CLASSIFICATION: I

ProODUCT CODE: PJA

BACKGROUND
DEVICE NAME: FFRcrVv. 1.4

SuBMISSION NUMBER: DEN130045

DATE OF DE Novo: November 6, 2013

CONTACT: HeartFlow, Inc.
Mr. Dustin Michaels
Vice President Clinical, Quality & Regulatory
1400 Seaport Boulevard, Building B
Redwood City, CA 94063

REQUESTER’S RECOMMENDED CLASSIFICATION: 11

INDICATIONS FOR USE

HeartFlow FFRcr is a post-processing software for the clinical quantitative and
qualitative analysis of previously acquired Computed Tomography (CT) DICOM' data
for clinically stable symptomatic patients with coronary artery disease. It provides FFRcr,
a mathematically derived quantity, computed from simulated pressure, velocity and blood
flow information obtained from a 3D computer model generated from static coronary CT

! Digital Imaging and Communications in Medicine (standard for the communication and management of medical
imaging information and related data)
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images. FFRcr analysis is intended to support the functional evaluation of coronary
artery disease.

The results of this analysis are provided to support qualified clinicians to aid in the

evaluation and assessment of coronary arteries. The results of HeartFlow FFRcr are
intended to be used by qualified clinicians in conjunction with the patient’s clinical
history, symptoms, and other diagnostic tests, as well as the clinician’s professional
judgment.

The device is only for prescription use.
LIMITATIONS

The safety and effectiveness of the FFRCT analysis has not been evaluated for the
following populations:
1. Suspicion of acute coronary syndrome (where acute myocardial infarction or
unstable angina have not been ruled out)
2. Recent prior myocardial infarction within 30 days
3. Complex congenital heart disease
4. Prior coronary artery bypass graft (CABG) surgery
5. Patients with a Body Mass Index >35
6. Patients who require emergent procedures or have any evidence of ongoing
or active clinical instability, including acute chest pain (sudden onset), cardiogenic
shock, unstable blood pressure with systolic blood pressure <90 mmHg, severe
congestive heart failure (New York Heart Association [NYHA] III or I'V) or acute
pulmonary edema

Due to the potential for artifacts in the CT data or degradation of CT data quality, the
safety and effectiveness of the FFR ¢t analysis has not been evaluated for the following
populations:

1. Patients with intracoronary metallic stents

2. Patients with prior pacemaker or internal defibrillator lead implantation

3. Patients with prosthetic heart valves

4. Patients with significant arrhythmias or tachycardia (uncontrolled by

medication) that would preclude CT acquisition

5. Coronary vessels with excessive calcification

FFRct has been studied in patients with prior PCI but the results have only been validated
in vessels without metallic stents.

The diagnostic performance of FFRct has been validated in patients who are candidates
for invasive coronary angiography based on clinical presentation and/or non-invasive

testing.

The performance of FFRcr has not been fully characterized in small vessels. Vessels
smaller than 1.8mm, determined from the static CT images, are grayed out and marked

De Novo Summary (DEN130045) Page 2



“unavailable” on the FFRCT anatomy model.

FFRcr has been clinically validated using DICOM data acquired from the following CT
scanner manufacturers: Siemens, Toshiba, General Electric, and Phillips. FFRcr
performance using DICOM data acquired from scanners for which it has not been
clinically validated is unknown, and therefore safety and effectiveness of its use has not
been established.

FFRct results may be adversely affected by the following:
1. Marginal quality of the submitted imaging data (motion, blooming,
misregistration, etc.)
2. Grossly incorrect brachial pressure (like cath measured FFR, FFRc is somewhat
insensitive to pressure but wide discrepancies will effect the FFRcr results)
3. Regionalized or global myocardial dysfunction
4. Myocardial mass abnormalities (Hypertrophic right ventricle for example)
5. Abnormal patient physiology (e.g., severe congenital disease or excess
calcification)

FFRcr simulates maximal hyperemia, which results in vasodilation of the epicardial
coronary arteries. This condition is commonly induced using nitrates. Therefore,
HeartFlow recommends following SCCT guidelines for CCTA acquisition, which
recommends the use of sublingual nitrates at the time of image acquisition unless
contraindicated. Absence of nitrates during CCTA may adversely affect the results of the
FFRCT analysis.

FFRcr Results provision timeframes are contractually defined, results are subject to
delay. FFRct should not be used for patients with unstable coronary syndromes, or in
patients where urgent and timely workup and evaluation is critical.

The specificity of FFRcr may decrease in patients with Agatston scores greater than1000.

Due to the possible variability in the FFRcr results, the results should be reviewed as one
of several clinical data points to be used in conjunction with the patient’s original CT
images, clinical history, symptoms and other diagnostic tests, as well as an appropriately
trained clinician’s clinical judgment, to evaluate the patient.

Qualitative anatomical information presented on the 3D/2D computer generated
anatomical models is for orientation purposes only. Quantitative lumen diameter is
representative of the geometric model and the accuracy is dependent on the quality of the
CT data provided. It does not represent artery diameter, and should not be used for
treatment decisions.

The FFRcr analysis process is dependent on the quality of the imaging data provided by
the ordering physician. In some cases, the image data quality will necessitate clarification
or instruction from the providing physician. FFRCT results may be affected by
assumptions needed to resolve anatomy in areas of uncertainty, whether provided by the
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physician or made by HeartFlow case analysts. All assumptions used in the generation of
the HeartFlow FFRCT results will be listed in the PDF results in English. Certified
translation of case assumptions may be requested via email (care@heartflow.com) and
will take 5 — 7 business days.

FFRcr results represent patient conditions at the time of CT acquisition. The duration of
time and changes to patient health after CT acquisition must be assessed when
interpreting the FFRCT results. Clinical validation that supports FFRCT was limited to
subjects whose CT acquisition occurred within 60 days of invasive FFR (mean 18 +/- 13
days).

PLEASE REFER TO THE LABELING FOR A COMPLETE LIST OF WARNINGS AND
PRECAUTIONS.

DEVICE DESCRIPTION

FFRcr v1.4 is post-processing image analysis software developed for the clinical quantitative
and qualitative analysis of previously physician-acquired DICOM-compliant cardiac CT images
and data, to assess the anatomy and function of the coronary arteries. The software displays the
resulting coronary anatomy combined with functional information using graphics and text,
including a computed and derived quantification of blood flow, termed FFRcr to aid the clinician
in the assessment of coronary artery disease.

The HeartFlow FFR¢t software is housed at Heart Flow, Inc. The health care provider
electronically sends the patient’s CT scan data to HeartFlow, Inc. where a 3D computer model of
the coronary arteries is developed and simulates blood flow in the models using computational
fluid dynamics. A resulting report is electronically sent to the physician with the estimated
fractional flow reserve (FFR) values (called FFR¢t values) displayed as color images of the
patient’s heart (Figure 1) and an associated color interpretation table (Table 1)Table 1: Error
from the HFNXT Study Population. Not indicative of all patient populations. Please refer to the
summary of clinical data to determine the population in which the FFRcr technology has been
validated. indicating the error associated with each measurement range in the HFNXT clinical
study.
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Figure 1: Example color mapped diagram of coronary vessels from FFR¢y Results

Average Error
FFRcT is Color to FFReamw™ +/-
15D
Red
=" [ |ieekies

Red to Orange

ARSANY U i

Orange to Yellow

0.76 -0.80 -0.03 +/-0.08
Yellow to Green
0.81-0.84 -0.04 +/-0.07
Green to Cyan
0.85 -0.90 -0.03 +/-0.06
Cyan to Blue
0.91-1.0 _ -0.01 +/- 0.04
ALL -0.03 +/-0.07

Table 1: Error from the HFNXT Study Population. Not indicative of all patient populations. Please refer to
the summary of clinical data to determine the population in which the FFRcr technology has been validated.

See the FFRct v1.4 Instructions for Use for further details.

SUMMARY OF NONCLINICAL/BENCH STUDIES

The following nonclinical testing was presented to demonstrate the appropriate functionality of
the software and the basis of the computational methods. Some testing (e.g., biocompatibility,
shelf life, etc.) was not applicable for this software only device.

SOFTWARE
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The sponsor provided detailed documentation of their proprietary software based on a
moderate Level of Concern (LOC) according to the FDA guidance document “Guidance
for the Content of Premarket Submissions for Software Contained in Medical Devices”.
The documentation included a detailed description of the computational modeling
processes and algorithms used to develop the 3D model of the coronary anatomy.

A comprehensive risk analysis was provided for the software with detailed description of
the hazards, their causes and severity as well as acceptable methods for control of the
identified hazards. They provided a description, with test protocols including pass/fail
criteria and report of results, of acceptable verification and validation activities at the
unit, integration and system level. A justification was provided for the use of CT scans
from various image acquisition systems by the software. The expected impact of various
hardware features on performance was assessed and minimum specifications for
acceptable CT images for analysis were specified. Performance stratified by scanner
models used in the clinical study was also reported to help demonstrate that essential
scanner features and characteristics did not significantly impact performance. Stress
testing and repeatability testing were also performed.

The cybersecurity considerations of data confidentiality, data integrity, data availability,
denial of service attacks, and malware were adequately addressed using platform
controls, application controls and procedure controls and evidence was provided that the
controls perform as intended. Risks related to failure of various software components
and their potential impact on patient reports and operator failures were also adequately
addressed in the risk analysis.

Additional verification and validation testing was provided to demonstrate the
functionality and accuracy of specific modules and components such as automatic and
semi-automatic image analysis and segmentation tools. This testing assessed accuracy
compared to ground truth data sets. Several tests also assessed reproducibility.

PERFORMANCE TESTING — BENCH

Some pre-clinical bench studies of the computational methods underlying HeartFlow’s
FFRcr technology were referenced in the submission. These studies characterized the
solver technology during development that was ultimately licensed to HeartFlow. Tests
included comparing computational flow velocity solutions to Laser Doppler Anemometry
and phase-contrast MRI flow data in an in vitro model under steady-state and pulsatile
flow conditions. This testing provided quantitative evidence of the validity of the
computational modeling measurement methods used by the device.

PERFORMANCE TESTING — ANIMAL

Several prior published in vivo animal model validation studies were referenced to
support the validity of the technological methods used by the device. However, because
animal models do not permit evaluation of the technology in relevant anatomic or
physiologic models reflecting diseased human coronary vessels, animal testing was
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deemed insufficient to further support clinical utility of the HeartFlow FFRct technology.

HUMAN FACTORS TESTING

Two human factors validation tests were performed: one assessing customers and the
other assessing software operators. Customer human factors testing assessed the process
of submitting image data and downloading results. The results of the testing found
acceptable user satisfaction for the usability objectives. No exceptions to safe behavior
(as derived from the risk analysis) were noted during the testing. Operator testing
assessed the ability of analysts to consistently and effectively use the software for each
individual procedure required for developing accurate output reports. This testing found
the software to be adequately safe and effective for use by the intended internal users for
case processing and quality control with acceptable user satisfaction. Acceptable
mitigations were also identified for user errors and other observations during both of the
studies.
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CONSISTENCY (REPRODUCIBILITY/ REPEATABILITY) EVALUATION

Reproducibility (variability between case analysts) and repeatability (variability between
results from the same case analyst) of measurements were both assessed using prior
clinical CT scans under challenge conditions (including worst-case image quality,
minimal case analyst training and experience, and disease burden) as well as normal
controlled conditions. Resulting variability was found to be acceptable.

SUMMARY OF CLINICAL INFORMATION

HeartFlow conducted three clinical studies involving validation of FFRct. Two of these studies,
Discover-FLOW and DeFACTO, were conducted with prior versions of the software v1.0 and
v1.2, not commercially available in the United States. The DeFACTO study provided supportive
data for the de novo submission. The final study, HeartFlowNXT (HFNXT), is the basis for the
clinical validation of the current version 1.4.

DeFACTO Study

DeFACTO (Determination of Fractional Flow Reserve by Anatomic Computed Tomographic
Angiography Study) (NCT01233518) was a prospective, international, multicenter study
designed to assess the diagnostic performance of FFRcr for diagnosis of hemodynamically
significant coronary artery stenosis. The study involved 252 stable patients with suspected or
known CAD from 17 centers in 5 countries who underwent CT, invasive coronary angiography
(ICA), FFR and FFR¢t between October 2010, and October 2011. All CT, FFR and angiographic
data were interpreted in a blinded fashion by independent core laboratories. Accuracy of FFRcr
for diagnosis of ischemia was compared with an invasive FFR reference standard. Ischemia was
defined by an FFR or FFRcr <0.80 while anatomically obstructive CAD was defined by visual
stenosis of >50% on CT and ICA.

The primary study endpoint was improvement in per-patient diagnostic accuracy (sensitivity and
specificity) such that the lower boundary of the one-sided 95% confidence interval exceeded
70%. The results of this study were published by Min, et.al.” Because the DeFACTO trial
assessed performance of a previous version of the device, it provided supportive data but was not
central to the review of FFRct v. 1.4.

HeartFlowNXT

HeartFlow analysis of coronary blood flow using coronary CT angiography: NeXt sTeps (the
HeartFlowNXT or HFNXT study) (NCT01757678) was a prospective, multicenter, non-
randomized study. The overall objective of the HFNXT study was to determine the diagnostic
performance of FFRcr, as compared to cCTA alone (according to Society of Cardiovascular
Computed Tomography (SCCT) guidelines and within 60 days of ICA), for the non-invasive
determination of the presence of hemodynamically significant coronary lesions using direct
measurement of FFR (<0.80) during cardiac catheterization as the reference standard. The study
reflected improvements in FFRcr technology (software version v1.4) and a focus on quantitative
image-quality analysis.

2 Min, J.K., et. al., Diagnostic accuracy of fractional flow reserve from anatomic CT angiography. JAMA, 2012.
308(12): p. 1237-45.
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The study was conducted at 11 sites in 8 countries in Canada, Europe and Asia from September
2012 to August 2013, with 276 subjects enrolled. A total of 254 adult subjects with known or
suspected coronary artery disease who were scheduled for clinically indicated invasive coronary
angiography comprised the intention-to-diagnose (ITD) population. Subjects had an overall
mean age of 63.7 years and 63.8% were men. Similar to many interventional cardiology trials,
few minority patients were enrolled in HFNXT. Only 1.2% of patients were Hispanic and there
were no Black patients. Because higher calcium scores could be expected among these patients
due to higher incidence of high body mass index (BMI), hypertension and diabetes, FFRcr
performance across calcium scores was compared that in US patients in the DeFACTO study
(comprised with 11% Hispanic and 4% Black patients). Performance was maintained at all
levels of calcium scores below 1000. No significant differences in diagnostic accuracy were
observed in subjects with or without high BMI, hypertension, or diabetes.

A total of 22.8% of patients in the trial had diabetes mellitus, 68.5% had hypertension, 78.7%
had hyperlipidemia, 57.1% were current or former smokers. Also, 77.6% presented with angina
in the 30 days prior to enrollment; 77.7% of subjects with angina had stable angina and 22.3%
had unstable angina. Only 2% had documented prior history of myocardial infarction and no
patients had renal dysfunction, defined as creatinine >1.5 mg/dL. The mean body mass index for
enrolled subjects was 25.6 = 3.7 kg/m2. Left ventricular ejection fraction was reported for 76%
of the enrolled subjects with a mean value of 61.8%. The time from the cCTA scan to the I[CA
procedure was between 1 to 30 days in 87% of the ITD patients with a mean of 18.1 days.
Sublingual or intravenous nitrates were administered in 99.6% of subjects undergoing coronary
artery CT scanning. In 78% of the subjects beta blockers were administered to reduce heart rate
prior to scan. The mean calcium score for ITD subjects was 302 (+468) Agatston units. A
calcium score was reported for 84.3% of subjects, and of these, 25.7% had a calcium score > 400
Agatston units.

Direct comparison of invasive FFR and FFR¢r was performed in 484 vessels. At least one
invasive FFR measurement was collected in all ITD subjects with an average of 1.9
measurements per subject. All invasive FFR data was reviewed by an independent FFR/QCA
core laboratory.

The primary endpoint was the per-vessel sensitivity and specificity of FFRcr to detect
hemodynamically significant obstruction when FFR was used as the reference standard. The pre-
specified target goals identified by the sponsor for sensitivity and specificity were 65% and 55%,
respectively. As this study was conducted OUS, these target goals were not agreed upon by the
FDA.

Primary endpoint success required both sensitivity and specificity hypotheses to be met. The per-
vessel sensitivity of FFRcr in the ITD population was 83.5% with a lower one-sided 95% CI of
75.3%. The per-vessel specificity of FFRcr in the ITD population was 85.8% with a lower one-
sided 95% CI of 81.5%. Both of the lower one-sided confidence limits for sensitivity and
specificity were significantly above the pre-specified target goals of 65% and 55%, respectively,
and were considered acceptable. The results are shown in Table 2 below.
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Table 2: Primary Endpoint Results: Per-Vessel Sensitivity and Specificity of FFRCT Intent to Diagnose
Population

ESTIMATE, % LOWER ONE-SIDED 95% TARGET RATE MET"

CONFIDENCE BOUND NOT MET
Sensitivity 83.5% 75.3% 65% MET
Specificity 85.8% 81.5% 55% MET

FFR is used as the reference standard

FFRcr: Diseased if hemodynamically-significant obstruction is < 0.80
FFR: Diseased if hemodynamically-significant obstruction is < 0.80
'MET if 95% LCL > Target Rate

Per-subject FFRcr specificity compared to site-read cCTA demonstrated superior diagnostic
ability (p<0.001) in the intent to diagnose (ITD) subjects in one or more major epicardial
coronary artery segments, using invasive FFR as the reference standard and defining
hemodynamically-significant obstruction of a coronary artery (positive result) as an FFR <0.80
for both FFR and FFR¢t and as > 50% stenosis severity for site-read cCTA. Diagnostic
performance of FFRct compared to site-read cCTA on the subject level is shown in Table 3
below.

Table 3: Per-Subject Diagnostic Performance Analysis with FFR < 0.80 as the Reference Standard. Intent to
Diagnose Population.

FFR¢r < 0.80 SITE-READ cCTA > 50%
ESTIMATE % (95% Wilson Cl) | ESTIMATE % (95% Wilson Cl)

Diagnostic Accuracy

81.1% (95.8%-85.4%)

52.8% (46.6%-58.8%)

Sensitivity 86.3% (77.0%-92.1%) 93.8% (86.2%-97.3%)
Specificity 78.7% (72.1%-84.2%) 33.9% (27.3%-41.2%)
PPV 65.1% (55.6%-73.5%) 39.5% (32.8%-46.6%)
NPV 92.6% (87.2%-95.8%) 92.2% (83.0%-96.6%)

FFRcr values were not found to be precisely correlated with the FFR value across the range of
measurement. The Bland-Altman plot of FFR vs. FFRCT for all measurements is shown in Figure

2.

The HeartFlowNXT study demonstrated good diagnostic performance for FFRct when all vessels were
included, irrespective of size, location, or territory, and across a range of cCTA image quality measures.
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Figure 2: FFRCT Bland-Altman Plot
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LABELING

The device is labeled for clinically stable symptomatic patients with coronary artery disease that
have a previously-collected DICOM CT scan. Several product warnings are included in the
labeling that carefully specify the intended patient population, identify anatomy and image
acquisition factors that may impact FFRcr results, and provide cautionary guidance for
interpretation of the FFRcr. These warnings were found to be appropriate.

The labeling also provided a detailed summary of the clinical trial procedures, patient
population, and results. Per-vessel measurement performance of FFRcr with respect to invasive
FFR was reported, including a localized performance summary by vessel and segment. A PDF
FFR¢1 Results summary is provided to the physician for each patient scan. This summary
includes prominent warnings regarding interpretation of the output as well as a representation of
average error observed in the clinical data for various ranges of FFRcr measurement.

Labeling intended for internal case analysts was also provided, which adequately described
detailed data processing steps and data features that could affect accuracy of results.
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RISKS TO HEALTH

Table 4 below identifies the risks to health that may be associated with use of a Coronary Physiologic
Simulation Software Device and the measures necessary to mitigate these risks.

TABLE 4: RISK/MITIGATION MEASURES

Identified Risk

Mitigation Measures

False negative results improperly indicating
diseased vessel as low probability for
significant disease leads to delay of further
evaluation/treatment

False positive results improperly indicating
diseased vessel as high probability for
significant disease leads to incorrect patient
management

Delayed delivery of results leading to delay
of further evaluation/treatment

Software Verification, Validation, and Hazard

Analysis

Non-clinical Performance Testing

Clinical Testing

Consistency (Repeatability/Reproducibility)
Evaluation

Labeling

Failure to properly interpret device results
leads to incorrect patient management

Human Factors Testing

Labeling

SPECIAL CONTROLS:

In combination with the general controls of the FD&C Act, the Coronary Physiologic Simulation
Software Device is subject to the following special controls:

1. Adequate software verification & validation based on comprehensive hazard analysis
with identification of appropriate mitigations must be performed including:
a. Full characterization of technical parameters of the software, including any
proprietary algorithm(s) used to model the vascular anatomy.
i. Adequate description of the expected impact of all applicable image acquisition
hardware features and characteristics on performance and any associated

minimum specifications.

b. Adequate consideration of privacy and security issues in the system design.
1. Adequate mitigation of impact of failure of any subsystem components (signal
detection and analysis, data storage, system communications and cybersecurity)
with respect to incorrect patient reports and operator failures.

2. Adequate non-clinical performance testing must be provided to demonstrate the validity
of computational modeling methods for flow measurement.

3. Clinical data supporting the proposed intended use must be provided, including the

following:

De Novo Summary (DEN130045)
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a. Output measure(s) must be compared to a clinically acceptable method and must
adequately represent the simulated measure(s) the device provides in an accurate and
reproducible manner.

b. Clinical utility of the device measurement accuracy must be demonstrated by
comparison to that of other available diagnostic tests (from literature analysis).

c. Statistical performance of the device within clinical risk strata (e.g., age, relevant
comorbidities, disease stability) must be reported.

d. The data set must be adequately representative of the intended use population for the
device (e.g., patients, range of vessel sizes, imaging device models). Any selection
criteria or limitations of the samples must be fully described and justified.

e. Statistical methods must consider the pre-defined endpoints.

i. Estimates of probabilities of incorrect results must be provided for each endpoint.
ii. Where multiple samples from the same patient are used, statistical analysis must
not assume statistical independence without adequate justification.
iii. Report must provide appropriate confidence intervals for each performance
metric.

f. Sensitivity and specificity must be characterized across the range of available
measurements.

g. Agreement of the simulated measure(s) with clinically acceptable measure(s) must be
assessed across the full range of measurements.

h. Comparison of the measurement performance must be provided across the range of
intended image acquisition hardware.

i. If the device uses a cut-off threshold or operates across a spectrum of disease, it must
be established prior to validation and it must be justified as to how it was determined
and clinically validated.

4. Adequate validation must be performed and controls implemented to characterize and
ensure consistency (repeatability and reproducibility) of measurement outputs.

a. Acceptable incoming image quality control measures and the resulting image
rejection rate for the clinical data must be specified.

b. Data must be provided within the clinical validation study or using equivalent
datasets demonstrating the consistency (i.e., repeatability/reproducibility) of the
output that is representative of the range of data quality likely to be encountered in
the intended use population and relevant use conditions in the intended use
environment.

i. Testing must be performed using multiple operators meeting planned qualification
criteria and using the procedure that will be implemented in the production use of
the device.

ii. The factors (e.g., medical imaging data set, operator) must be identified regarding
which were held constant and which were varied during the evaluation, and a
description must be provided for the computations and statistical analyses used to
evaluate the data.

5. Human factors evaluation and validation must be provided to demonstrate adequate
performance of the user interface to allow for users to accurately measure intended
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parameters, particularly where parameter settings that have impact on measurements
require significant user intervention.

6. Device labeling must be provided that adequately describes the following:

a. The device’s intended use, including the type of imaging data used, what the device
measures and outputs to the user, whether the measure is qualitative and/or
quantitative, the clinical indications for which it is to be used, and the specific
population for which the device use is intended.

b. Appropriate warnings specifying the intended patient population, identifying anatomy
and image acquisition factors that may impact measurement results, and providing
cautionary guidance for interpretation of the provided measurements.

c. Key assumptions made in the calculation and determination of simulated
measurements.

d. The measurement performance of the device for all presented parameters, with
appropriate confidence intervals, and the supporting evidence for this performance.
Per-vessel clinical performance, including where applicable localized performance
according to vessel and segment, must be included as well as a characterization of the
measurement error across the expected range of measurement for key parameters
based on the clinical data.

e. A detailed description of the patients studied in the clinical validation (e.g., age,
gender, race/ethnicity, clinical stability, current treatment regimen) as well as
procedural details of the clinical study (e.g., scanner representation, calcium scores,
use of beta-blockers/nitrates).

f.  Where significant human interface is necessary for accurate analysis, adequately
detailed description of the analysis procedure using the device and any data features
that could affect accuracy of results.

BENEFIT/RISK DETERMINATION

The probable risks of the device are based on data collected in clinical studies described above.
Because the device uses a previously-obtained CT scan (<60 days old) that would have been
obtained anyway for analysis, no additional intervention to the patient is required in order to
perform the analysis. Therefore, the device only poses risks associated with the diagnostic
decisions made based on the report provided by the device. In cases of a false positive reported
by the device, an unnecessary angiogram and/or revascularization may occur, resulting in
associated procedural risks, the most serious of which include heart attack, heart failure, stroke,
the need for surgical intervention, and death. In cases of a false negative, there is risk of failure
to diagnose and properly treat a significant lesion, which could also be associated with adverse
events such as heart attack, heart failure, or death. The HFNXT study did not specifically
quantify the likelihood of such events because the device results were blinded during the study.

The probable benefits of the device are also based on data collected in the clinical studies as
described above. These include improved per-vessel sensitivity and specificity for detecting
hemodynamically-significant obstruction of the coronary arteries compared to other available
non-invasive methods. The HFNXT study did determine the likelihood of false positives and
false negatives in the intended use population. Per vessel-sensitivity was 85.8% compared to
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FFR (Lower 95% CI 73.5%). Per vessel-specificity was 83.5% compared to FFR (Lower 95% CI
81.5%).

Additional factors to be considered in determining probable risks and benefits for the FFRcr
include the quality of the study design and conduct, the robustness of the study result, patient
tolerance for risk, and availability of alternative diagnostics. The HFNXT study was well
designed and conducted. There are several other diagnostic methods available for identifying
functional significance of coronary lesions. However, the results of the HFNXT study indicated
that the device performed favorably compared to other available technologies. It is not clear that
these results can be generalized to a broader population than that studied, namely those with
symptoms of coronary artery disease who have had a CT scan and are planned for a diagnostic
angiogram. Patients are likely to be willing to accept the risks associated with the device
because of its non-invasive nature.

In conclusion, given the available information above, the data support that for quantitative and
qualitative analysis of previously-acquired CT scans to support functional evaluation of coronary
artery disease by qualified professionals, the probable benefits outweigh the probable risks for the
FFRCT v. 1.4. The device provides substantial benefits and the risks can be mitigated by the use of
general and the identified special controls.

CONCLUSION

The de novo for the FFRcr v. 1.4 is granted and the device is classified under the following:
Product Code: PJA
Device Type: Coronary Physiologic Simulation Software Device

Class: 1T
Regulation: 21 CFR 870.1415
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Re:  DEN130045
HeartFlow FFRcr v.1.4
Evaluation of Automatic Class Ill Designation — De Novo Request
Regulation Number: 21 CFR 870.1415
Regulation Name: Coronary Physiologic Simulation Software Device
Regulatory Classification: Class Il
Product Code: PJA
Dated: November 1, 2013
Received: November 6, 2013

Dear Mr. Michaels:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its review of your de novo request for classification of the HeartFlow FFRct
v.1.4, a prescription device under 21 CFR Part 801.109 that is indicated for the following:

HeartFlow FFRct is a post-processing software for the clinical quantitative and qualitative
analysis of previously acquired Computed Tomography (CT) DICOM data for clinically
stable symptomatic patients with coronary artery disease. It provides FFRcT, a
mathematically derived quantity, computed from simulated pressure, velocity and blood flow
information obtained from a 3D computer model generated from static coronary CT images.
FFRcr analysis is intended to support the functional evaluation of coronary artery disease.
The results of this analysis are provided to support qualified clinicians to aid in the
evaluation and assessment of coronary arteries. The results of HeartFlow FFRct are intended
to be used by qualified clinicians in conjunction with the patient’s clinical history,
symptoms, and other diagnostic tests, as well as the clinician’s professional judgment. It is
for prescription use only.

FDA concludes that this device should be classified into class Il. This order, therefore, classifies the
HeartFlow FFRct v.1.4, and substantially equivalent devices of this generic type, into class Il under
the generic name, Coronary Physiologic Simulation Software Device.
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FDA identifies this generic type of device as:

Coronary Physiologic Simulation Software Device — A coronary vascular physiologic
simulation software device is a prescription device that provides simulated functional
assessment of blood flow in the coronary vascular system using data extracted from medical
device imaging to solve algorithms and yield simulated metrics of physiologic information
(e.g., blood flow, coronary flow reserve, fractional flow reserve, myocardial perfusion). A
coronary vascular physiologic simulation software device is intended to generate results for
use and review by a qualified clinician.

Section 513(f)(2) of the Food, Drug and Cosmetic Act (the FD&C Act) was amended by section 607
of the Food and Drug Administration Safety and Innovation Act (FDASIA) on July 9, 2012. This
new law provides two options for de novo classification. First, any person who receives a "not
substantially equivalent” (NSE) determination in response to a 510(Kk) for a device that has not been
previously classified under the Act may, within 30 days of receiving notice of the NSE
determination, request FDA to make a risk-based classification of the device under section 513(a)(1)
of the Act. Alternatively, any person who determines that there is no legally marketed device upon
which to base a determination of substantial equivalence may request FDA to make a risk-based
classification of the device under section 513(a)(1) of the Act without first submitting a 510(k). FDA
shall, within 120 days of receiving such a request, classify the device. This classification shall be
the initial classification of the device. Within 30 days after the issuance of an order classifying the
device, FDA must publish a notice in the Federal Register classifying the device type.

On November 6, 2013, FDA received your de novo requesting classification of the HeartFlow FFRct
v.1.4 into class Il. The request was submitted under section 513(f)(2) of the FD&C Act. In order to
classify the HeartFlow FFRcr v.1.4 into class | or I, it is necessary that the proposed class have
sufficient regulatory controls to provide reasonable assurance of the safety and effectiveness of the
device for its intended use.

After review of the information submitted in the de novo request and subsequent responses to
deficiencies, FDA has determined that the HeartFlow FFRct v.1.4 indicated for the following:

HeartFlow FFRct is a post-processing software for the clinical quantitative and qualitative
analysis of previously acquired Computed Tomography (CT) DICOM data for clinically
stable symptomatic patients with coronary artery disease. It provides FFRcT, a
mathematically derived quantity, computed from simulated pressure, velocity and blood flow
information obtained from a 3D computer model generated from static coronary CT images.
FFRcr analysis is intended to support the functional evaluation of coronary artery disease.
The results of this analysis are provided to support qualified clinicians to aid in the
evaluation and assessment of coronary arteries. The results of HeartFlow FFRct are intended
to be used by qualified clinicians in conjunction with the patient’s clinical history,
symptoms, and other diagnostic tests, as well as the clinician’s professional judgment. It is
for prescription use only.

can be classified in class Il with the establishment of special controls for class 1l. FDA believes that
class Il (special) controls provide reasonable assurance of the safety and effectiveness of the device
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type. The identified risks and mitigation measures associated with the device type are summarized
in Table 1.

Table 1 — Identified Risks to Health and Mitigation Measures

Identified Risk Mitigation Measures
False negative results improperly indicating | Software Verification, Validation, and Hazard
diseased vessel as low probability for Analysis
significant disease leads to delay of further Non-clinical Performance Testing
evaluation/treatment Clinical Testing
False positive results improperly indicating Consistency (Repeatability/Reproducibility)
diseased vessel as high probability for Evaluation
significant disease leads to incorrect patient | Labeling
management

Delayed delivery of results leading to delay
of further evaluation/treatment

Failure to properly interpret device results Human Factors Testing
leads to incorrect patient management

Labeling

In combination with the general controls of the FD&C Act, the Coronary Physiologic Simulation
Software Device is subject to the following special controls:

1. Adequate software verification and validation based on comprehensive hazard analysis
with identification of appropriate mitigations must be performed including:
a. Full characterization of technical parameters of the software, including any
proprietary algorithm(s) used to model the vascular anatomy.

i. Adequate description of the expected impact of all applicable image acquisition
hardware features and characteristics on performance and any associated
minimum specifications.

b. Adequate consideration of privacy and security issues in the system design.

i. Adequate mitigation of impact of failure of any subsystem components (signal
detection and analysis, data storage, system communications and cybersecurity)
with respect to incorrect patient reports and operator failures.

2. Adequate non-clinical performance testing must be provided to demonstrate the validity
of computational modeling methods for flow measurement.

3. Clinical data supporting the proposed intended use must be provided, including the
following:

a. Output measure(s) must be compared to a clinically acceptable method and must
adequately represent the simulated measure(s) the device provides in an accurate and
reproducible manner.

b. Clinical utility of the device measurement accuracy must be demonstrated by
comparison to that of other available diagnostic tests (from literature analysis).
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Statistical performance of the device within clinical risk strata (e.g., age, relevant
comorbidities, disease stability) must be reported.
The dataset must be adequately representative of the intended use population for the
device (e.g., patients, range of vessel sizes, imaging device models). Any selection
criteria or limitations of the samples must be fully described and justified.
Statistical methods must consider the pre-defined endpoints.
i. Estimates of probabilities of incorrect results must be provided for each endpoint.
ii. Where multiple samples from the same patient are used, statistical analysis must
not assume statistical independence without adequate justification.
iii. Report must provide appropriate confidence intervals for each performance
metric.
Sensitivity and specificity must be characterized across the range of available
measurements.
Agreement of the simulated measure(s) with clinically acceptable measure(s) must be
assessed across the full range of measurements.
Comparison of the measurement performance must be provided across the range of
intended image acquisition hardware.
If the device uses a cut-off threshold or operates across a spectrum of disease, it must
be established prior to validation and it must be justified as to how it was determined
and clinically validated.

4. Adequate validation must be performed and controls implemented to characterize and
ensure consistency (repeatability and reproducibility) of measurement outputs.

a.

b.

Acceptable incoming image quality control measures and the resulting image

rejection rate for the clinical data must be specified.

Data must be provided within the clinical validation study or using equivalent

datasets demonstrating the consistency (i.e., repeatability/reproducibility) of the

output that is representative of the range of data quality likely to be encountered in
the intended use population and relevant use conditions in the intended use
environment.

i. Testing must be performed using multiple operators meeting planned qualification
criteria and using the procedure that will be implemented in the production use of
the device.

ii. The factors (e.g., medical imaging data set, operator) must be identified regarding
which were held constant and which were varied during the evaluation, and a
description must be provided for the computations and statistical analyses used to
evaluate the data.

5. Human factors evaluation and validation must be provided to demonstrate adequate
performance of the user interface to allow for users to accurately measure intended
parameters, particularly where parameter settings that have impact on measurements
require significant user intervention.
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6. Device labeling must be provided that adequately describes the following:

a. The device’s intended use, including the type of imaging data used, what the device
measures and outputs to the user, whether the measure is qualitative and/or
quantitative, the clinical indications for which it is to be used, and the specific
population for which the device use is intended.

b. Appropriate warnings specifying the intended patient population, identifying anatomy
and image acquisition factors that may impact measurement results, and providing
cautionary guidance for interpretation of the provided measurements.

c. Key assumptions made in the calculation and determination of simulated
measurements.

d. The measurement performance of the device for all presented parameters, with
appropriate confidence intervals, and the supporting evidence for this performance.
Per-vessel clinical performance, including where applicable localized performance
according to vessel and segment, must be included as well as a characterization of the
measurement error across the expected range of measurement for key parameters
based on the clinical data.

e. A detailed description of the patients studied in the clinical validation (e.g., age,
gender, race/ethnicity, clinical stability, current treatment regimen) as well as
procedural details of the clinical study (e.g., scanner representation, calcium scores,
use of beta-blockers/nitrates).

f.  Where significant human interface is necessary for accurate analysis, adequately
detailed description of the analysis procedure using the device and any data features
that could affect accuracy of results.

In addition, this is a prescription device and must comply with 21 CFR 801.109. Section 510(m) of
the FD&C Act provides that FDA may exempt a class Il device from the premarket notification
requirements under section 510(k) of the FD&C Act, if FDA determines that premarket notification
is not necessary to provide reasonable assurance of the safety and effectiveness of the device type.
FDA has determined premarket notification is necessary to provide reasonable assurance of the
safety and effectiveness of the device type and, therefore, the device is not exempt from the
premarket notification requirements of the FD&C Act. Thus, persons who intend to market this
device type must submit a premarket notification containing information on the Coronary
Physiologic Simulation Software Device they intend to market prior to marketing the device and
receive clearance to market from FDA.

Please be advised that FDA’s decision to grant this de novo request does not mean that FDA has
made a determination that your device complies with other requirements of the FD&C Act or any
Federal statutes and regulations administered by other Federal agencies. You must comply with all
the FD & C Act’s requirements, including, but not limited to: registration and listing (21 CFR Part
807); labeling (21 CFR Part 801); medical device reporting (reporting of medical device-related
adverse events) (21 CFR 803); good manufacturing practice requirements as set forth in the quality
systems (QS) regulation (21 CFR Part 820); and if applicable, the electronic product radiation
control provisions (Sections 531-542 of the FD & C Act); 21 CFR 1000-1050.

A notice announcing this classification order will be published in the Federal Register. A copy of
this order and supporting documentation are on file in the Dockets Management Branch (HFA-305),
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Food and Drug Administration, 5630 Fishers Lane, Room 1061, Rockville, MD 20852 and are
available for inspection between 9 a.m. and 4 p.m., Monday through Friday.

As a result of this order, you may immediately market your device as described in the de novo
request, subject to the general control provisions of the FD&C Act and the special controls identified
in this order.

If you have any questions concerning this classification order, please contact Shawn Forrest at 301-
796-5554.

Sincerely yours,
Jonette R. Foy -S

Jonette Foy, Ph.D.
Deputy Director
for Engineering and Science Review
Office of Device Evaluation
Center for Devices and
Radiological Health
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™ HeartFlow FFR,, Results

Linco|n0po|i5‘ Abraham Patient ID KEPO-3820KEKO-38
Birth Date  07-24-1961
Ammjtown Cardlology CT Study Date  10-27-2013
Summary:
FFRgr
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Left Main LM 098 M i
Left Anterior Descending System LAD 054 [
Left Circumflex System LCx 093 @y

Right Coronary Artery System RCA 094 @

Computed Fractional Flow Reserve (FFRCT) values < 0.80 may suggest hemodynamic (functional) significance (1-3).
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T2V, BIRER CHA SN TV 2D BE%R 3 A O AEE ClL. FFRer MAIZ L - T
CAG ZZFEi Lo 72 117 FlIZ DWW TIIEERAEFEFRIIRD N7 b HiiE SN T
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F b E 2. FFRer & FFR EDOTEBEN B B IZRAZ W T ICEED 5 AR LR &Il L
72 723, FFRer DRI OMREMED B AT 9 D ERIRI T ~O BT 5 U A 7 K8
Bk & L TLLFOxE 21T - 72,

@ HFNXT #ERAEN S, FFR 2B RIEHEL L7 FFRer O WitERE & L CARRED 3.3%
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BMIXERO N —=2 77077 ATHEREMNT 2 & & bic, IRTSE [EE]
BOWTAREDIEFNZOW CIEERRIIICERRERDELDBENLH L7720, 17K
BT OHIEIL, ARG OMHTAER T TR MOBRAEFR S &b TRAEICHRET

5B EREEMER T 5 2 & NE Y] & LT,

7% 9 HFNXT Bk O F GG IE B (2B 2 IEB D504 (n=484 %)

Hid ) (FFR=0.8) | 72 L(FFR>0.8) ot
RA 5 (FFRcr=0.8) 84 1 51K 135 1%
TR fa 4 (FFRcr>0.8) 16 ¥¢ 333 k% 349 k¥
et 100 ¢ 384 KX 484 15

@ HFNXT ORFRABRICIB T, B R OMEFEMEDSER 2 78D 7223, Bl TF DK
ZOWTIHFBE SN TWRWEBHFEFEFITHP Lz, 5% bl &k, AL O
PEDRIK T 21TV, LEARGESCW BICEY e X 5 BEEHICHE R LT,

@ Abh (FFRer) & EETPHROBEEME (PCIEGOHWrOBEEIM A ZT) 12OV T, it
ETOFRARPACTERILE /2 & 1B R O LN Z EHd 572912, PLATFORM
B K OB TR CIE RIS~ DB OV TRl 2 Z L 2 B & L CHEE T
@ Assessing Diagnostic Value of Non-invasive FFRcr in Coronary Care (ADVANCE) 5%

(CAD B3 5000 A, B 3 4F) OfERICOWTIE, ZRENOREESHKE, #
EHAE~RET D L O HEEE IR Lz,

(3) HENXT RERIC TAFICK T 2ARMDEIMER VZLMEZFTMT 5 Z L DY HEITD
WT

FIEEA 1X. HFNXT sBRIZ TARIRIZITIT 2R D HMER N2 2L T2 2 &L DY
PEIZOWNWT, BLFO X S I3 LT,

] s e [ il PR nﬁﬁﬂbé HFENXT BRI IZEHIAER] D 22.4% (57/254 ) 12 H A A DS

IAENTZ, FFRerfEIZ X 22WERROENAZEICOWT, HEEFIELLFO X S IZ#HPI LT,

Miyoshi 512 X éﬁ@fﬁ 2k B L8 HFNXT iR & bl L7z cCTA B OR M E LTIk, 1

JRALDFIE T 5 Agatston A =27 DO -H)1E, HENXT sBRIZE T 51 302 ioxf L. HAA



B 593 THoT=Z EMZETF B 5, FFRer fE2Y 0.80 LL 72 - 7= EH 1%
Wk L B ARANER T 28% (16/57 ) Th o7,

42% (106/254 1)

. HFNXT 5

HFNXT Bk & HAANEMOBEFOBEDOHEITIFR 10 DEBY THH, FFRer I CT
B AT 52 LI L0 ESI, CT OEEILEEIRN AR ORREL A A SNnND 2 L

DRI F 5T\ 5, HFNXT

AR & A AR NSE M O R AN

W bNTJRINE LT,

HIRALDIEREToH D Agatston A 27 >400 OEIG A, HFNXT il CTld 26%, AARANEFT
1L 45% T D Z ENWEBEL TWAHAREMNE 2 BT,
72 10 HFNXT #REr 2k & B ARNER O GEFIE~—R)
HENXT B2k H A ANZEH]
(254 f51]) (57 B)

Wik (95%LCL) 81.1% (75.8%) 74.0% (60.3%)
J&JE (95%LCL) 86.3% (77.0%) 100.0% (79.4%)
FrEE (95%LCL) 78.7% (72.1%) 63.4% (46.9%)
PPV (95%LCL) 65.1% (55.6%) 51.6% (33.1%)
NPV (95%LCL) 92.6% (87.2%) 100.0% (86.8%)

F7/2. ARANZXGE U TCE2HEEES cCTA Sl L7z & &, %%"E&Uﬁuﬁ&ﬁ@ﬁﬁﬁﬁ
(2. FFRer OEEEIERFRD DL (3 11) B, BARANEMICIIT D FFRer O2WriEREIX, Bk
DANFEPHIAENT-ARKRBROFER L IR L CTHRARD L EITEBZ DN o7 LA L
7=,
#£ 11 HARNEFIZEIT D FFRer D2 lriEfe
BE 1 f5
FFRcr=0.80 cCTA IZHB1T 5 P i FFRcr=0.80 cCTA 23175  PIHE
PRAER > 50% PRAER > 50%
%(95%CI) %(95%CI) %(95%CI) %(95%CI)
MRS | 74.0(60.3-84.5) 47.0(34.0-61.0)  <0.001 | 78.0(68.4-86.5)  52.3(41.4-63.0) <0.001
JRJE 100.0(79.4-100.0)  100.0(79.4-100.0) NS | 100.0(81.5-100.0)  88.9(65.3-98.6) NS
K LE 63.4(46.9-77.9) 26.8(14.2-42.9)  0.001 | 72.9(60.9-82.8)  42.9(31.1-55.3)  0.001
PPV 51.6(33.1-69.8) 34.8(21.4-50.2) 0.07 48.6(31.9-65.6)  28.6(17.3-422)  0.03
NPV 100.0(86.8-100.0)  100.0(71.5-100.0) NS | 100.0(93.0-100.0)  93.8(79.2-99.2) NS
*McNemar fi &
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F12 KFEINT T LARAATITEIT S FFRer & cCTA D2t ie

BN TEAAT FFRct cCTA n
WG 84.0% 64.3% 125

100-400 JEJE 79.3% 79.9% 31
R 84.5% 57.3% 94

W 86.8% 57.1% 75

400-1000 JEE 83.3% 60.3% 14
e 86.0% 56.3% 61
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PEIZ DWW TR D L H I LT,

HFNXT RBROY 7 227 4 2B T, 1 BUTHEBO T ERE L EOWAHRZE (cCTA (2
F o THRAEFR 30~90% & Hllr SNTIRE) 243 2 Bk 18 £ v . I bEMMIZI T
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4. AT X ARG HFEEICIRM TN S ERNIAR 58 B MRS R R O & HA8 o T
I, EREEREORE, AR OZ e EORREICET A IEROBREICE S X,
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IZBW T, IRBRERGHEE T, 2 TORBRFNEELED DANTHEERE 2 b FHim I X 5 FE
FBEAFLARTUT LRI ERNFE SN TR, BEICEDFEEZIIGT HH11 CT
57— 2 DEBRIKAEE ~ R STV IEBIRFE O b vz, F7o. IWBREKEEZ X, 88
e EIRFE RS S (2 kF U TR BR FE M A B~ D BT 2 fEfR 3~ D 72 O D E 25 U TR o
7o ULOWET_NEHFEENERLINZSOD, HENERHIESWTHEELITH =
LIZOWTHRED 2N E O &R AHERE LI L7,

5. #E R
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