Physiology-guided PCI

Present status & future perspectives
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Measurement of FFRmyo
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Advantage of FFR in daily clinical practice

Easy to measure mean coronary pressure by PGW.
Normal value to FFR is 1.0.

Cut-off value for demonstrating ischemia is 0.75.

Cut-off value for revascularization is 0.8.




Clinical Evidence in FFR
Intracoronary imaging & physiology
iIn ESC guideline 2014

DEFER:J Am Coll Cardiol 2007;49:2105-2111
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Survival Free of MACE
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Relationship between FFR & functional tests
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(N.H.J.Pijls, et al. N Engl J Med 1996;334:1703-1708)




Relationship between FFR & other tests
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Conceptual relationship between FFR & outcomes

Conceptual plot for FFR as continuous marker of risk
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Hazard Ratio of MACE in each FFR
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Key integrated information from hundreds of studies

Risk to die or experience myocardial infarction in
the next 5 years related to a coronary stenosis:

« Non-ischemic stenosis
NUCLEAR studies, DEFER, FAME, PROSPECT, CCTA)

* |schemic stenosis, If left untreated
Many historical registries, ACIP, etc. )

* Stented stenosis;
(e.g. DEFER, FAME, SYNTAX, many large studies & registries)

3 Wakayama Medical University



Incidence of MACE in deferred lesions according to each FFR group

25+ Fractional Flow Reserve
Log-Rank P<0.001 — <0.70
20 — 0.71-0.75
& 0.76-0.80
:D. 0.81-0.85
o — 0.86-0.90
& 154
3 0.91-1.0
Q
E —
(0]
=
0
=
=
(@)
™
3
Years
<070 148 03 52 27
0.71-0.75 195 140 89 40
0.76-0.80 540 379 216 97
0.81-0.85 1320 953 601 309
0.86-0.90 1329 961 583 292
0.91-1.0 1076 784 482 222

Ahn JM, et al. Circulation in press (CIRCULATIONAHA.116.024433)
Wealkayarma Medizal University




Representative Examples of FFRct (NXT trial)

Left Anterior Descending
Artery

CT stenosis 70-90% FFR:r Model

B
Right Coronary Left Anterior Descending
Artery Artery
CT stenosis >90% CT stenosis 50-70%

FFRey Model

FFRy 0.56

\ FFRg; 0.75

FFR 0.71
\

FFR 0.65

Norgaard BL, et al. J Am Coll Cardiol 2014:63:1145 - 1155 Wakayama Medical University



Correlation and Bland-Altman Plots of FFR and
FFRCT in Vessels Having FFR Measured (n = 51)
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The DeFACTO Study:
Intermediate Stenoses (30-70%)

100y FFRcr<.80 -
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N=83 || 95% CI 95% ClI 95% Cl 95% ClI 95% Cl
FFR,, || 61-80 63-92 53-77 39-68 75-95
CT 63-92 53-77 53-77 20-53 55-79

RCA intermediéte stenosis

FFR 0.74

/

FFR 0.74 = Lesion-specific ischemia

FFRe

f/ FFR; 0.71

/

FFR¢t 0.71 = Lesion-specific ischemia of an intermediate
stenosis (30-70%) - Concordant and in agreement with
invasive FFR



SROC curves of the diagnostic accuracy of cardiac imaging

compared with FFR

Sensitivity SROC Curve
1 — = —
o e
R R Y B S
) © v ®
@ -
0.8 - - ; |
0.7 - @ i | @
| e ® ‘, 2

06 | | .y ;
05 | | vi -

! /
04 //

/ ,/ /

0.3 {4+ - ~ - -

' [/ Modality Color in figures  Patient AUC

// @ ccan | Bue 0.57
02 | [/ . SE | Purple 0.82

|‘ ;',/. 5 FFRct Green 0.94
01 4/ ICA | Red | 0.75 |

¥ / MRI Yellow 0.94

|/ @ SPECT  Black 0.79
13 02 04 06 08

1-specificity

Sensitivity SROC Curve
1 T T ——
§ © N e [ e
C ) e 0"e * o —
09 | 4 - o L
(v> ® o =
. @ e
08 > @ s .
0.7 - - ® u®
0.6
,,“ <]
iy 8 U - .
0.4 - ; _—
/ J
L[/
0.3 +-— , - 1
f / Modality Color in figures, Vessel AUC
I 4
kil CCTA = Blue | 085
WY SE | NA | NA |
[/ FFRet | Green ‘ 0.92
01 .Jr“/ ICA | Red | | 076 |
f MRI Yellow 0.97
SPECT  Black 0.74
L 02 04 06 08
1-specificity

Ibrahim Danad et al. Eur Heart J 2016;eurheartj.ehw095



FFRCT Decision-Rule Algorithm in patients with new-onset
chest pain without known coronary artery disease

High risk anatomyf

ICA

Intermediate risk anatomyf Low ﬁsk anatomy’
FFR,,
<0.75 0.76 - 0.80 > 0.80
/ I \ =
A

3-months follow-up

/\

+ Symptoms

- Symptoms

Ngrgaard BL, et al. J Am Coll Cardiol Cardiovasc Imag 2016, doi.org/10.1016/j.jcmg.2015.11.025



Comparison between FFRcT & FFR
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Comparison of FFRcTA Results Before and After Simulated
PCIl With Stent Implantation before (A) and after (B) PCI.

Taylor CA, et al., J Am Coll Cardiol 2013;61:2233-2241



Computation of FFR From 3D QCA and TIMI Frame Count (A,B) X-ray angiography

Tu S, et al. JACC: Cardiovasc Interv, 2014: 7: 768=777




Correlation and Agreement Between FFR and the Computed FFRQCAA
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Penetratlon of FFR

T

Rough estimates
expressed in percentage of number of PCI
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(Diastolicpressure—flow relationship & FFR
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Coronary flow velocity recordings

Aortic stenosis* HCM**

* Yoshikawa J, Akasaka T, et al. J Am Soc Echocardiogr 1993; 6:516-524

** Akasaka T, Yoshikawa J, et al. J Am Soc Echocardiogr 1994; 7:9-19




Relationship Between iFR & FFR and Pd /Pa & FFR

Jeremias A, et. Al. J Am Coll Cardiol, 2014:63:1253-1261
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CLARIFY

Sen et al. CLARIFY. J Am Coll Cardiol. 2013;61(13):1409-1420
IFR has similar diagnostic accuracy to FFR

FFR IFR

IFR and FFR have
similar diagnostic
accuracies
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DEFINE FLAIK

Functional Lesion Assessment of Intermediate stenosis to guide Revascularisation

Intermediate lesion requiring physiological assessment
In ACS : intermediate non-culprit lesion

N=2500, 1:1 Randomisation

FFR IFR
guided PCI guided PCI

FFR>0.8 FFR<0.8 iFR=20.9 iFR<0.9
Defer PCI Perform PCI Defer PCI Perform PCI

| | | |
!

30 day, 1, 2 and 5yr follow-up



Patients enroliment in DEFINE-FLAIR study

2535 Patients were assessed for eligibility

43 Were excluded
> 39 Did not meet the inclusion criteria
4 Were unwilling to participate

\

2492 Underwent randomization

| |

1242 Were assigned to the iFR group 1250 Were assigned to the FFR group
1234 Underwent iFR-guided assessment 1245 Underwent FFR-guided assessment
8 Underwent FFR-guided assessment 5 Underwent iFR-guided assessment
95 Were withdrawn from the 71 Were withdrawn from the
study before or at 1 yr - - study before or at 1 yr
7 Had protocol violations 6 Had protocol violations
Y Y

1147 Were included in the intention-to-treat analysis 1179 Were included in the intention-to-treat analysis

1140 Were included in the per-protocol analysis 1173 Were included in the per-protocol analysis

Davies JE, et al. N Engl J Med 2017;376:1824-34 ' '
Wakayarma Medical University




Cumulative Risk of the Primary Endpoint

100+ 104 Hazard ratio, 0.95 (95% Cl, 0.68 to 1.33)
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iIFR 1242 1149 1131 1122 1118 1111 1088 1052 1037 1027 1019 995 764
FFR 1250 1169 1156 1149 1144 1141 1119 1081 1066 1055 1046 1017 793

Davies JE, et al. N Engl J Med 2017;376:1824-34 ' '
Wakayarma Medical University



Procedural Characteristics
Superiority of IFR to FFR

iFR Group FFR Group
Variable (N=1242) (N=1250) P Valuey
Stents placed with postdilation — no. (% of total stents placed) 407 (49.5) 425 (46.9) 0.28
PCl procedures performed with pressure wire — no. (% of total 261 (31.8) 278 (30.7) 0.63
stents placed)
Patient-reported adverse procedural symptoms or signs 39 (3.1) 385 (30.8) <0.001
— no. of patients (%)
Patient-reported dyspnea — no. of patients (%) 13 (1.0) 250 (20.0)
Patient-reported chest pain — no. of patients (%) 19 (1.5) 90 (7.2)
Physician-reported adverse procedural signs — no. of patients (%)
Heart-rhythm disturbance 2 (0.2) 60 (4.8)
Significant hypotension 4 (0.3) 13 (1.0)
Vomiting or nausea 1(0.1) 11 (0.9)
Ventricular arrhythmia or bronchospasm9| 1(0.1) 8 (0.6)
Other 4 (0.3) 38 (3.0)

Davies JE, et al. N Engl J Med 2017;376:1824-34 Walkayarma Medical University



Procedural Characteristics
Supenonty Of |FR tO FFR iFR Group FFR Group

Variable (N=1242) (N=1250) P Valuey
Radial-artery approach — no. of patients (%) 896 (72.1) 888 (71.0) 0.54
Procedure time — min
Median 40.5 45.0 0.001
Interquartile range 27.0-60.0 30.0-66.0

Hyperemic agent administered — no. of patients (% of total no. who
received a hyperemic agent)

Total NA 1608 (100)
Intracoronary adenosine NA 455 (28.3)
Intravenous adenosine NA 950 (59.1)
Other agent NA 203 (12.6)
Multivessel disease — no. of patients (%) 505 (40.7) 519 (41.5) 0.66
Type of vessel evaluated — no. (% of total vessels evaluated)i:
Total 1575 (100) 1608 (100) 0.58
Left anterior descending artery 844 (53.6) 845 (52.5) 0.56
Left circumflex artery 323 (20.5) 333 (20.7) 0.89
Right coronary artery 374 (23.7) 393 (24.4) 0.65
Other 3(2.1) 31 (1.9) 0.74
Unknown 1(0.1) 6 (0.4) 0.06

Davies JE, et al. N Engl J Med 2017;376:1824-34 Walkayarma Medical University



Procedural Characteristics

Total no. of vessels evaluated or treated: 1879 1940 0.42
No. of vessels evaluated or treated per patients: 1.51+0.76 1.55+0.80 0.42
Functionally significant lesions — no. (% of total vessels evaluated) 451 (28.6) 557 (34.6) 0.004
=1 Functionally significant lesions present — no. of patients (%) 426 (34.3) 486 (38.9) 0.02
Mean iFR 0.91+0.09 NA

Mean FFR NA 0.83+0.09

Percent of lesions within the FFR range Any issues in |FR Compared Wlth FFR ?

<0.60 NA 1.96
0.60-0.90 NA 75.08
>0.90 NA 22.96
Revascularization performed — no. of patients (%)
Total 590 (47.5) 667 (53.4) 0.003
CABG 25 (2.0) 42 (3.4) 0.04
PCI 565 (45.5) 625 (50.0) 0.02
Stents placed — no. (% of total stents placed)
Total 822 (100) 906 (100) 0.86
Drug-eluting stent 811 (98.7) 893 (98.6)
Bioresorbable vascular scaffold 11 (1.3) 13 (1.4)
INo. of stents placed per patient 0.66+0.92 0.72+0.96 0.09 I

Davies JE, et al. N Engl J Med 2017;376:1824-34 Walkayarma Medical University



Patients enrollment in iIFR SWEDEHEART Clinical Trials

10,052 Patients were included
in the SCAAR

|

2042 Were enrolled in the trial

5 Did not meet inclusion criteria

——_ :
or had consent withdrawn

Y

2037 Underwent randomization

11 Were excluded
4 Had incorrect group
7 Were excluded assignment
6 W ffected by technical :
issel::sa ected by techinica 1019 Were assigned to 1018 Were assigned to 3 Had side effects from
the iFR group the FFR group adenosine ,
1 Had other reason : 2 Had other medical
(investigator decision) condition
2 Were affected by
technical issues
1012 Underwent iFR-guided 1007 Underwent FFR-guided
revascularization revascularization
Y Y
1019 Had follow-up 1018 Had follow-up

Gotberg M, et al. N Engl J Med 2017;376:1813-23 ' '
Wakayarma Medical University




Kaplan-Meier Curve for the Primary Endpoint
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No. at Risk
iIFR 1012 1002 024 971 963 956 044
FFR 1007 990 084 976 968 961 946

Gotberg M, et al. N Engl J Med 2017;376:1813-23 ' '
Wealkayarma Medizal University




Procedural Characteristics

Characteristic Su perior ty of IFR to FFR l{I;lR:i't.)oluZI; I;:;R;l;agl;l)) P Value
Radial-artery approach — no. of patients (%) 841 (83.1) 811 (80.5) 0.13
Contrast material used per patient — ml 0.10
Median 110 115
Interquartile range 80-155 80-160
Procedure time — miny 0.09
Median 50.8 53.1
Interquartile range 13.8-87.8 18.1-88.1
Fluoroscopy time — min 0.57
Median 10.5 10.2
Interquartile range 6.3-16.8 6.5-16.0
Intravenous adenosine administered — no. of patients (%) NA 695 (69.0)
Total no. of lesions evaluated 1568 1436
Chest discomfort during procedure <0.0017
None 982 (97.0) 319 (31.7)
Mild 26 (2.6) 316 (31.4)
Moderate 2 (0.2) 285 (28.3)
Severe 2 (0.2) 87 (8.6)




Procedural Characteristics

No. of lesions evaluated per patient 1.55+0.86 1.43+0.70 0.002

Hemodynamically important lesions — no. (% of total lesions 457 (29.1) 528 (36.8) <0.001
evaluated):

No. of hemodynamically important lesions per patient:: 0.45+0.71 0.52+0.68 0.05

Mean iFR 0.91+0.10 NA

Mean iFR in hemodynamically important lesionsz: 0.80+0.13 NA

Mean FFR NA 0.82+0.10

Mean FFR in hemodynamically important lesions:: NA 0.72+0.08

Lesion complexity according to the ACC-AHA claA Ny ISSUES 1N IFR compared withBFR ?

— no./total no. of treated lesions (%)(9

A 61/915 (6.7) 73/980 (7.4)

B1 304/915 (33.2)  320/980 (32.7)
B2 284/915 (31.0)  300/980 (30.6)
E 139/915 (15.2)  165/980 (16.8)
Missing data 127/915 (13.9)  122/980 (12.4)

Lesions treated in the vessel — no./total no. of treated lesions (%) 0.68

Left main coronary artery 14/915 (1.5) 16/980 (1.6)

Left anterior descending artery 434/915 (47.4)  469/980 (47.9)
Left circumflex artery 176/915 (19.2)  179/980 (18.3)
Right coronary artery 164/915 (17.9)  196/980 (20.0)
Missing data 127/915 (13.9)  120/980 (12.2)

IlmMmmm £98 L8]
< | No. of stents placed per patient undergoing PClI 1.58+1.08 1,73£1.19 0.05 I

Davies JE, et al. N Engl J Med 2017;376:1824-34 Wakayama Medical University



FFR (prePCI
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PCI to #6

Xience V : 3.5x19mm




FFR (after stenting to #6)
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PCI to #7

Xience V : 2.5x8mm Wokayama Modical University




FFR (after stenting to #7)

[ UPDATE |[EDIT | PRINT | PLAY b [ EXPORT |[RENAME || DELETE |
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Pullback curve by IFR
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IFR Pullback

i ® ©) ©)
0.9 . /
08 +
______ _——— iFR —
0.7 + _—-"-’
06 L
0.04 0.12 0.15 iFR drop
0 é 1(1) 115 2‘0 2‘5
Time (ms)
Nijier S, et al. JACCint 2014; 12: 1386-1396. Wakayarna Medical University



Advantages of IFR pullback

* The most significant lesion could be identified by the finding of
maximum pressure (iFR value) difference.

1.00-0.87 £ 0.13

0.85-0.65 £ 0.20

0:65—-0.57,£0.08




PCIl case with IFR co-registration

Y “ulnANum Choose Vessel ”mm]
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PCIl case with IFR co-registration
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PCIl case with IFR co-registration

iFRDistal: (.66
iFR at Cursor: ().67

A5 X 23 DES

®0.01AiFR
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Prediction of post PCI mosai 0.6
iFR drop 020

IFR by Syncvision "R

predicted 0.86

Length: 23.1mm

Short STENT ?

2.75 X 23 DES

e w AL VOLCAND

PRECISION GUIDED THERAPY

iFRDistal: (.66
iFR drop 027

in selection :
iIFR

predicted 0.93

{
1
L

Length: 44.4mm
Long STENT ?
(with two stents)

44.4mm

©0.01 AiFR
a4) kK
' v LA
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PredICtlon Of pOSt PCI . 7 iFRDistal: (.86
IFR by Syncvision et cusor: 0,92

77
“
o
2 "
-

3 lq

>

ik VOLCAND

PRECISION GUIDED THERAPY

iFRDistal: (.86
iFR at Cursor: ().85

We chose a short stent.




CLARIFY anabvise sub-study

Summary of microvascular resistance (MVR) reduction with & without
hyperemia by adenosine infusion in cases with or without significant stenosis

HSR(—); no stenosis

No Adenosine Adenosine

HSR(+); stenosis

A Whole Cycle Wave-free Whole Cycle Wave-free
. Period (iFR) (FFR) Period (iFRa)

HSR (-) HSR(+)  HSR({-) HSR (+) HSR (-} HSR (+) HSR (-) HSR (+)

25 -

50 -

75 -

Reductionin microvascular resistance
relation to no adenosine whole cycle, %)

= 100 | 272 |

/|
‘ 227 |

?7?77?7

Although reduction of MVR in IFR Is grater than FFR in cases with stenosis,
— much more reduction in MVR is demonstrated during hyperemia in cases

Y&y with & without stenosis in iFR. Wealkayarma Medizal University




Match % more

HYBRID IFR-FFR with FFR | than PdPa
99906 12%

97% 40%

95% 33%

IFR ONLY

81%

I
PCl indicated 1 DEFER s%l
|

0.4 0.5 06 0.7 0.8 0.9 1.0
| IFR values
2 Petraco R et al. Eurolntervention. 2013 Feb 22:8(10):1157-65 Wakayama Medical University




SYNTAX I

Patient ‘Signed Off’ by
Heart Team for PCI

\

iFR in all 3 major epicardial vessels*

iFR <0.86 iFR 0.86-0.93 iFR >0.93

FFR=0.80 FFR>0.80
A 4 A 4

Implantation of No stent implantation
SYNERGY™ stent(s) in lesion

|

Optimization by IVUS
guidance (modified MUSIC
Criteria)

v v

Optimal medical therapy with a strict contral of LDL (<1.8 mmol)

*FFR with adenosine, iFR/FFR in side branches, all at discretion of the operator

Serruys P et al. EUROPCR 2013 . . ;
y Wakayama Medical University



@ i FASTTRACK CLINICAL RESEARCH : :
European Heart Journal (2017) 00, 1-11
EuROPEAN doi:1'(3).1O93/eurhear‘tj/ehx512 ESC Late Breaking Science in PCI 1 L eS I O n treat m ent ater I F R/F F R

A interrogation (n=1177)

Interventional cardiology

PCI
deferred
31%

Clinical outcomes of state-of-the-art
percutaneous coronary revascularization in
patients with de novo three vessel disease:

1-year results of the SYNTAX Il study

Javier Escaned', Carlos Colletz, Nicola Ryan‘, Giovanni Luigi De Maria’,
Simon Walsh“, Manel Sabate?, Justin Davies‘, Maciej Lesiak’, Raul Morenos,
Ighacio Cruz-Gonzalez9, Stephan P. Hoole1 ° Nick Ej West'?, j. J. Pield?,

Azfar Zaman'', Farzin Fath-Ordoubadi'?, Rodney H. Stables'?, Clare Appleby'?,
Nicolas van Mleghem14 Robert jm van Geuns'?, Neal Uren's, jawer Zueco1 6,
Pawel Buszman'’, Andres Inlguez , Javier Goicolea'? , D

Andrzej Ochala21 Darlusz Dudek®?, Colm Hanratty*, Raf Lesions treated per pa&ent (n) Cases of three-vessel PCI (%)
Arie Pieter Kappetein'?, David P. Taggart?, Gerrit-Anne v in SYNTAX Il and SYNTAX | in SYNTAX Il and SYNTAX |

Marie-Angele Moreln, Ton de Vrie523, Yoshinobu Onuma
Patrick W. Serruys®*, and Adrian P. Banning® 5 - 100 -

PCI
performed
69%

1Hospital Cliinico San Carlos IDISSC and Universidad Complutense de Madrid, Madrid, Spain; Calle Profesor Martin Lag P < 0 N 00 1 P < 0 [] 00 1
Academic Medical Center of Amsterdam, Cardiology, Amsterdam, the Netherlands; Meibergdreef 9, 1105 AZ Amsterd: 8 3 3
Cardiology, John Radcliffe Hospital, Cardiology, Oxford, UK; Headley Way, Headington, Oxford OX3 DU, UK; 4Depalr
Belfast, UK; Knockbraclen Healthcare Parl, Saintfield Rd, Belfast BT8 8BH, UK; 5Hospital Clinic | Provincial de Barcelon 4 02
Barcelona. Spain: “Department of Cardiology. Imperial Collese London. London. UK: Kensineton. London SW7 2AZ. Ut 4 — = 80 7]
37 264 60 -
2 - 40 -
1 - 20 -

SYNTAX Il SYNTAX | %‘SW YNRersity



Primary endpoint: MACCE

20 - — SYNTAXIPCI
— SYNTAXII

Hazard ratio, 0.58 (95% CI 0.39-0.85)
P-value=0.006

Patients (%)

Gttt rrrtrTrrr T 1r 1t 1t
0 30 60 90 120 150 180 210 240 270 300 330 360
Number at risk Days

Group: SYNTAX | PCI

315 298 292 288 280 278 274 269 266 262 259 258 256
Group: SYNTAX I
450 441 437 433 429 427 421 aA17 411 405 404 400 398




Exploratory End-Point: MACCE
PClvs. CABG

20 —
— SYNTAX | CABG
| — SYNTAXII
11.2%

15 —
Q) 7] Hazard ratio, 0.91 (95% CI 0.59-1.41)
90-; p-value=0.684
5 107 . J'"_:
©
o

| I I L L DL DL L L L
0 30 60 90 120 150 180 210 240 270 300 330 360
Days
Group: SYNTAX | CABG

334 313 304 295 293 291 289 288 287 279 278 277 277
Group: SYNTAX I

450 441 437 433 429 427 421 417 411 405 404 400 398

*Non-inferiority margin of 5% with a one-sided alpha of 5%




Unresolved issue




Case: 64 y.o., female, NSTEMI (anterior)

IFR®
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12:13:02 PM 0.57
LCX Distal

12:31:10 PM 0.50

LAD Distal

12:31:33 PM 0.64

LAD Distal

12:32:22 PM 0.46
LAD Distal

3:56 o
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Basal QFR

Vessel QFR: 0.73
Index QFR: 0.82
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FFR CT=0.79




Comparison between FFR & IFR at present

Pressure Wire

Hyperemia free

Typical measurement time
Pressure damping unlikely

Cost saving(add to FAME)

Optimized for pullback
Peri-PCl assessment

Evidence against ischemia
Clinical outcome data

FFR IFR
O O
X O

5-10 min 1-2 min
X O
Adenosine / Time

X Equipment
X O
O X
O A
O Coming soon !



Comparison among FFRs & IFR

Imaging On-Line Pressure- Analysis Hyperemia
modality wire use time
FFR p-wire Angio Yes Yes <5mim Yes
FFR CTA-HF CTA No No 24 hrs No
FFR CTA-SM CTA No No >35min No
QFR 3D-Angio  Yes No <4min No
IFR Angio Yes Yes <5min No/yes




Take home message

Although FFR might have a limitation based on diastolic
coronary pressure-flow relationship, there are many evidence
demonstrating clinical usefulness.

Furthermore, several non-invasive FFR measurement systems
are developing according to the evidence of invasive FFR, and
clinical evidence have been demonstrated by these methods.

Although timing of measurement is thought to be ideal in IFR
based on diastolic coronary pressure-flow relationship, there
are a only few data demonstrating clinical usefulness.

Although non-inferiority of IFR for PCI guidance compared with
FRR has been reported in DEFINE-FLAIR study and IFR
SWEDEHEART Trials, there are still unresolved issues which
should be resolved adequately and further investigation would

be required in the future. Wakayama Medical University



