
 

 

 
 

 

Edinburgh Research Explorer 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

First-phase ejection fraction by CMR predicts outcomes in aortic
stenosis

Citation for published version:
Gu, H, Bing, R, Chin, CWL, Fang, L, White, AC, Everett, R, Spath, N, Park, E, Chambers, JB, Newby, DE,
Chiribiri, A, Dweck, MR & Chowienczyk, P 2021, 'First-phase ejection fraction by CMR predicts outcomes in
aortic stenosis', Journal of Cardiovascular Magnetic Resonance. https://doi.org/10.1186/s12968-021-00756-
x

Digital Object Identifier (DOI):
10.1186/s12968-021-00756-x

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Publisher's PDF, also known as Version of record

Published In:
Journal of Cardiovascular Magnetic Resonance

General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 23. Jul. 2021

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Edinburgh Research Explorer

https://core.ac.uk/display/458055316?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1186/s12968-021-00756-x
https://doi.org/10.1186/s12968-021-00756-x
https://doi.org/10.1186/s12968-021-00756-x
https://www.research.ed.ac.uk/en/publications/956e3913-dde3-4bbd-84b7-b9505024744f


����������	�
���
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°z{±²y³́¬µ¶·�̧¹·º»¼»¹·½�¾¿ÀÁÀ�¼¿ÀÁÀ�»½�»ÂÃÄ»ÁÂÀ·¼�¹Å�ÂÆ¹̧ÄÁº»ÄÇ�¹̧·¼ÁÄ̧¼»ÇÀ�ÅÈ·̧¼»¹·�ÀÄÁÇÆ�»·�½Æ½¼¹ÇÀÉ�Ä�ÇÀ·Ê¼¿ËºÀÃÀ·ºÀ·¼�Ä̧¼»ÌÄ¼»¹·�¹Å�¼¿À�ÂÆ¹̧Æ¼À�ÂÄÆ�ÃÁÀ½ÀÁÌÀ�ÀÍÀ̧¼»¹·�ÅÁÄ̧¼»¹·�ÎÏÐÑ�Ä¼�¼¿À�ÀÒÃÀ·½À�¹Å�½Ç¹¾ÀÁ�ÓÈ¼�½È½¼Ä»·Àº�̧¹·¼ÁÄ̧¼»¹·Ô� Õ»½�ÂÄÆ�ÀÒÃÇÄ»·�¾¿Æ�¼ÁÄº»¼»¹·ÄÇ�ÂÀÄ½ÈÁÀ½�¹Å�Ö½Æ½¼¹Ç»̧�ÅÈ·̧¼»¹·×�½Ȩ̀¿�Ä½�ÏÐ�Ä·º�·À¾ÀÁ�ÂÀÄ½ÈÁÀ½�½Ȩ̀¿�Ä½�ÊÇ¹ÓÄÇ�Ç¹·Ê»¼Èº»·ÄÇ�½¼ÁÄ»·�ÎØÙÚÑ�¼¿Ä¼�ÂÀÄ½ÈÁÀ�¼¹¼ÄÇ�̧¹·¼ÁÄ̧¼»¹·�¹ÌÀÁ�½Æ½¼¹ÇÀ�ÂÄÆ�ÓÀ�»·½À·½»¼»ÌÀ�»·�ºÀ¼À̧¼»·Ê�ÀÄÁÇÆ�½Æ½Ë¼¹Ç»̧�ºÆ½ÅÈ·̧¼»¹·Ô�ÛÀ�¿ÄÌÀ�ÃÁÀÌ»¹È½ÇÆ�ºÀÂ¹·½¼ÁÄ¼Àº�¼¿Ä¼�ÜÁ½¼ËÃ¿Ä½À�ÀÍÀ̧¼»¹·�ÅÁÄ̧¼»¹·�ÎÏÐÝÑ�Ä½�ÂÀÄ½ÈÁÀº�ÓÆ�¼ÁÄ·Ë½¼¿¹ÁÄ̧»̧�À̧¿¹̧ÄÁº»¹ÊÁÄÃ¿Æ�ÎÞÞÏÑÉ�¼¿À�ÏÐ�ÂÀÄ½ÈÁÀº�ÈÃ�¼¹�¼¿À�¼»ÂÀ�¹Å�ÂÄÒ»ÂÄÇ�Ä¹Á¼»̧�ß¹¾�ÌÀÇ¹̧»¼Æ�¹·�̧¹·¼»·ÈË¹È½�¾ÄÌÀ�à¹ÃÃÇÀÁ�¾¿»̧¿�̧¹ÁÁÀ½Ã¹·º½�¼¹�Ä̧¼»ÌÀ�½Æ½¼¹ÇÀÉ�»½�Ä�Â¹ÁÀ�½À·½»¼»ÌÀ�ÂÀÄ½ÈÁÀ�¼¿Ä·�ÏÐ�¹Á�ØÙÚ�»·�ºÀ¼À̧¼»·Ê�

©ª«¬�7{{«ww

uUH̀̀adjHK_aKga®��jXJVbgXHqJaKgs[háhgVbGgbMht�pajG̀ImaKI�H��UVJKJgGV�kXG̀mGgHVHQ[O�iI��XHmGd­�FHdjJIGVO�ZHK_HK�ieN�teFO�âã\MVV�VJdI�H��GMIXH̀�JK�H̀mGIJHK�Jd�GWGJVGnVa�GI�IXa�aK_�H��IXa�G̀IJgVa



����������		
���
����������������������������������������� �!"��#$%#�&'()*�+*+,-)./�0*+123/,.-34�567�'+�8&'+2(&0�9*�::5�.+�-1�;(-<3-+,./�=')2&�.3�;',.&3,+�>.,?�'-(,./�+,&3-+.+�@ABC�D7E�FGE�,?&�8-+,�/-88-3�1-(8�-1�;(.8'(*�?&'(,�=')=&�0.+&'+&�DHG4�A),?-2<?�::5�.+�,?&�8-+,�/-88-3)*�2+&0�0.'<3-+I,./�,--)�1-(�&=')2',.-3�-1�JK�123/,.-3�.3�;',.&3,+�>.,?�ABE�/'(0.-='+/2)'(�8'<3&,./�(&+-3'3/&�@LMNC�.8'<.3<�.+�,?&�<-)0�+,'30'(0�.8'<.3<�8-0').,*�1-(�'++&++.3<�,?&�8*-/'(0.28E�.3�;'(,./2)'(�1-(�,?&�O2'3,.P/',.-3�-1�)&1,�=&3,(./2)'(�@JKC�=-)28&+�'30�123/,.-3E�'30�,.++2&�/?'(I'/,&(.Q',.-3�DRE�SG4�62(,?&(8-(&E�,?&�2+&�-1�LMN�1'/.).I,',&+�'�<(&',&(�0&<(&&�-1�123/,.-3')I+,(2/,2(')�/-((&)',.-3E�;-,&3,.'))*�;(-=.0.3<�.3+.<?,�.3,-�8&/?'3.+8+�.8;'.(.3<�&'()*�+*+,-)./�123/,.-34�T&�-9U&/,.=&�-1�,?&�;(&+&3,�+,20*�>'+�,-�'++&++�>?&,?&(�LMN�8.<?,�;(-=.0&�8-(&�;(&/.+&�8&'+2(&8&3,+�-1�567�,?'3�::5�'30�,-�&V'8.3&�,?&�/-(I(&)',.-3�-1�LMN�567�>.,?�8*-/'(0.')�P9(-+.+E�'1,&()-'0�'30�/).3./')�-2,/-8&+4WXYZ[\]_̂̀abc̀�dedfg_̀aecT.+�>'+�'�(&,(-+;&/,.=&�'3')*+.+�-1�'3�-9+&(=',.-3')�/-?-(,�-1�;',.&3,+�>.,?�',�)&'+,�8.)0�AB�@;&'h�'-(,./�=&)-/.,*�i�F�8j+C�>?-�>&(&�;(-+;&/,.=&)*�(&/(2.,&0�1(-8�,?&�50.392(<?�k&'(,�L&3,(&�9&,>&&3�M'(/?�Fl7F�'30�A2<2+,�Fl7R�DmG4�n&�(&/&3,)*�(&;-(,&0�/).3./')�'30�;(-<I3-+,./�'++-/.',.-3+�-1�::5�567�.3�,?.+�/-?-(,�DFG4�5V/)2I+.-3�/(.,&(.'�>&(&�-,?&(�=')=2)'(�?&'(,�0.+&'+&�@<(&',&(�,?'3�8.)0�+&=&(.,*CE�/-8-(9.0.,.&+�>.,?�).8.,&0�).1&�&V;&/I,'3/*E�/-3,('.30./',.-3+�,-�<'0-).3.28E�'30�'/O2.(&0�-(�.3?&(.,&0�3-3I.+/?'&8./�/'(0.-8*-;',?.&+�'+�'++&++&0�9*�?.+,-(*�-(�LMN4�o',.&3,+�230&(>&3,�/).3./')�&=')2'I,.-3E�=&3-2+�9)--0�+'8;).3<�1-(�;)'+8'�/-3/&3,(',.-3+�-1�?.<?I+&3+.,.=.,*�/'(0.'/�,(-;-3.3�p�@?+I/:3pE�ANLkpI:5L:�B:A:�'++'*E�A99-,,�J'9-(',-(.&+E�A99-,,�o'(hE�p)).3-.+E�qBAC�'30�9('.3�3',(.2(&,./�;&;,.0&�@rsoE�:(.I'<&�'++'*E�r.-+.,&�p3/4E�B'3�t.&<-E�L').1-(3.'E�qBACE�&)&/,(-/'(0.-<(';?*E�::5�'30�LMN4�N&1&((')�1-(�'-(,./�=')=&�.3,&(=&3,.-3�>'+�230&(,'h&3�9*�,?&�,(&',.3<�/'(I0.-)-<.+,�.3�'//-(0'3/&�>.,?�(-2,.3&�;('/,./&�'30�/-3I,&8;-('(*�<2.0&).3&+�DFG4�T&�+,20*�>'+�';;(-=&0�9*�,?&�(&<.-3')�&,?./+�/-88.,,&&�@7ljB77lFjFRC�'30�/-302/,&0�.3�'//-(0'3/&�>.,?�,?&�t&/)'(',.-3�-1�k&)+.3h.4�n(.,I,&3�.31-(8&0�/-3+&3,�>'+�-9,'.3&0�1(-8�'))�+29U&/,+4�T&�;(.8'(*�-2,/-8&�>'+�'�/-89.3',.-3�-1�'-(,./�=')=&�(&;)'/&8&3,�@AKNC�'30�0&',?�@.0&3,.P&0�,?(-2<?�8&0.I/')�(&/-(0+�'30�,?&�u&3&(')�N&<.+,&(�-1�B/-,)'30C4v_wxaey_z{fg_w�|_}cb̀a{�wbzec_c{b�_cx�~��t&,'.)&0�LMN�;(-,-/-)+�.3�,?.+�/-?-(,�?'=&�9&&3�0&+/(.9&0�DmG4�A))�9'+&).3&�+/'3+�>&(&�;&(1-(8&0�-3�'�H�:�LMN�+/'33&(�@MAus5:�M�K&(.-E�B.&8&3+�k&'),?.3&&(+E�5()'3<&3E�u&(8'3*C4�J',&I<'0-).3.28�&3?'3/&8&3,�@Ju5C�.8'<.3<�>'+�;&(1-(8&0�7S�8.3�'1,&(�

.3,('=&3-2+�'08.3.+,(',.-3�-1�l47�88-)jh<�<'0-92,(-)�'30�.30&;&30&3,)*�'++&++&0�9*�,>-�.3=&+,.<',-(+�@LL�'30�MtC4�:7�8';;.3<�>'+�;&(1-(8&0�2+.3<�,?&�8-0.P&0�J--hIJ-/h&(�.3=&(+.-3�(&/-=&(*�+&O2&3/&�DFG4�s',.=&�:7E�&V,('/&))2)'(�=-)28&�1('/,.-3�@5LK�C�'30�.30&V&0�&V,('I/&))2)'(�=-)28&�@.5LK���5LK��V�JK�0.'+,-)./�8*-/'(0.')�=-)28&�.30&V&0�,-�9-0*�+2(1'/&�'(&'C�>&(&�8&'+2(&0�DFE�mE��G4�r-,?�5LK��'30�.5LK�.3/)20&0�3-3I.31'(/,�'30�&V/)20&0�.31'(/,�Ju5�DFG4�uJB�>'+�8&'+2(&0�2+.3<�/=.RF�@L.(/)&�L'(0.-='+/2)'(�p8'<.3<E�L')<'(*E�A)9&(,'E�L'3I'0'C4�A�12))*�'2,-8',&0�+,('.3�'3')*+.+�>'+�/'((.&0�-2,�>.,?�,>-I0.8&3+.-3')�uJB�'+�,?&�;(.8'(*�'++&++8&3,4LMN�567�>'+�(&,(-+;&/,.=&)*�'3')*+&0�9*�-3&�-9+&(=&(�@kuC�9).30&0�,-�;',.&3,�/?'('/,&(.+,./+�'30�-2,/-8&+�2+.3<�/=.RF4�:.8&�,-�;&'h�'-(,./�=')=&��->�>'+�0&(.=&0�1(-8�,?&�;?'+&�/-3,('+,�'-(,./�=')=&��->I,.8&�/2(=&�@6.<4�7C4�JK�=-)28&+�>&(&�8&'+2(&0�2+.3<�+?-(,I'V.+�Ht�+,'/h�1-))->.3<�,?&�(&/-88&30',.-3+�-1�,?&�B-/.&,*�1-(�L'(0.-='+/2)'(�M'<3&,./�N&+-3'3/&�D�G4LMN�567�>'+�,?&3�/')/2)',&0�2+.3<�,?&�1-))->.3<�&O2',.-3�D7G�>?&(&�5tK�.+�&30I0.'+,-)./�=-)28&�'30�K7�.+�JK�=-)28&�',�,?&�,.8&�-1�;&'h�'-(,./��->�@6.<4�7C4�K7�>'+�8&'+2(&0�1(-8�,?&�1('8&�/)-+&+,�,-�;&'h�'-(,./�=&)-/I.,*�&+,.8',&0�1(-8�,?&�3289&(�-1�1('8&+�;&(�23.,�,.8&�82),.;).&0�9*�,?&�,.8&�,-�;&'h�'-(,./�=&)-/.,*4�n&�')+-�&V'8.3&0�'�+.8.)'(�8&,(./�,-�567�,?',�/'3�9&�0&(.=&0�&3,.(&)*�1(-8�,?&�.3,&<(')�-1�'-(,./��->�-=&(�,.8&��'-(,./��->I0&(.=&0�=-)28&�2;�,-�,?&�,.8&�-1�;&'h��->�@BK7C�&V;(&++&0�'+�'�(',.-�-1�'-(,./��->I0&(.=&0�=-)28&�-=&(�+*+,-)&�@BKC4�p3�,?&�'9+&3/&�-1�8.,(')�(&<2(<.,',.-3�BK7jBK�.+�,?&-(&,./'))*�&O2')�,-�567j56�'30�'=-.0+�,?&�).8.,'I,.-3�-1�;?'+&�/-3,('+,�'30�/.3&�.8'<.3<�3-,�9&.3<�8&'+I2(&0�/-3/2((&3,)*4p3,('I�'30�.3,&(I-9+&(=&(�='(.'9.).,*�.3�8&'+2(&8&3,+�-1�LMN�567�>'+�'++&++&0�.3�Rl�('30-8)*�+&)&/,&0�+29IU&/,+�9*�,>-�-9+&(=&(+�9*�r)'30�A),8'3�'3')*+.+�/')I/2)',.3<�,?&�Bt�-1�,?&�0.�&(&3/&�9&,>&&3�(&'0.3<+�'30�/-&�/.&3,�-1�='(.',.-3�0&P3&0�'+�,?&�Bt�&V;(&++&0�'+�'�;&(/&3,'<&�-1�,?&�8&'3�8&'+2(&8&3,4�w_cz̀�ew_{a{�b{�e{_wxae}w_d���_cx�~��::5�>'+�;&(1-(8&0�.3�'))�;',.&3,+�'//-(0.3<�,-�A8&(./'3�B-/.&,*�-1�5/?-/'(0.-<(';?*�<2.0&).3&+�D�G4�T&�0&,'.)&0�;(-,-/-)�'30�8&'+2(&8&3,�-1�567�9*�::5�?'=&�9&&3�;(&=.-2+)*�0&+/(.9&0�DFG4�AB�+&=&(.,*�>'+�0&P3&0�9*�'-(I,./�=')=&�'(&'�@AKAC�'30�8&'3�;(&++2(&�<('0.&3,�@MouC�'//-(0.3<�,-�/2((&3,�<2.0&).3&+�D7lE�77G4�K')=2)-'(,&(.')�.8;&0'3/&�@�='���D+*+,-)./�9)--0�;(&++2(&���8&'3�'-(,./�=')=&�<('0.&3,Gj+,(-h&�=-)28&CE�'�=').0',&0�;(-<3-+,./�

�����������������



����������		
���
����������������������������������������� �!"��#$%#��

&'()*+'�,-�./,0(/�12�(-3'+/,(4�56�789�:()�(/),�;(/;*/(3'4�(64�564'<'4�3,�0,4=�)*+-(;'�(+'(�>?@ABCDEDFGDFHEI�EJEIKGFGL,6356*,*)�M(+5(0/')�:'+'�3')3'4�-,+�6,+&(/53=�:53N�3N'�8N(O5+,PQ5/R�3')3�(64�(+'�O+')'63'4�()�&'45(6�>563'+ST*(+35/'�+(6.'�UVWXYA�,+�&'(6�Z�)3(64(+4�4'M5(35,6�U8[YB�\,6S6,+&(//=�45)3+50*3'4�;,6356*,*)�M(+5(0/')�:'+'��/,.@S3+(6)-,+&'4�-,+�+'.+'))5,6�&,4'/)B�L]X�̂18�:()��/,.@S3+(6)-,+&'4�(-3'+�(44535,6�,-�(�;,6)3(63�U.+'(3')3�
1̂8�_�?YB�̀ '�a'(+),6�;,++'/(35,6�;,'b;5'63�(64�c/(64P7/3&(6�(6(/=)5)�:'+'�*)'4�-,+�;,&O(+56.�L]X�(64�dde�ef?B�V63+(S�(64�563'+S,0)'+M'+�M(+5(05/53=�-,+�L]X�ef?�(64�dde�ef?�:()�())'))'4�0=�3N'�)3(64(+4�4'M5(35,6)�,-�45g'+'6;')�(64�0=�c/(64P7/3&(6�O/,3)BL]X�ef?�:()�45;N,3,&5h'4�*)56.�(�O+'M5,*)/=�4'i6'4�;*3S,g�M(/*'�4'+5M'4�-+,&�,*+�O+'M5,*)�:,+R�*)56.�dde9�(4j*)3'4�-,+�3N'�&'(6�45g'+'6;'�0'3:''6�M(/*')�,-�L]X�(64�dde�ef?B�k65M(+5(0/'�(64�&*/35M(+5(0/'�/56S'(+�+'.+'))5,6�&,4'//56.�:()�O'+-,+&'4�3,�54'635-=�3N'�()),;5(35,6)�0'3:''6�L]X�ef?�(64�+'/'M(63�;/565;(/�(64�

lmlnllnml
ollomlpllpml

lolql
rlslnll
nol

l ml nll nml oll oml pll pml tu�vwxy�z{w|}~�u�uxw�{��z{w~

��{��z{}~
uxw�{�vwxy

������x�����}���{���x������tu�vwxyun
��������������������������������� ���¡�¢����������������£¤¥�¦��¡�¢�������¡���������§���������� ���̈�©����� �§���������� ���£ª«¦��� �¡��§��¡���������������¬��������­�ª�§���������� ����� �¡��©���¡��������§��¡�¤¥���¬���®�̄�������°�±²³���������� ���̈�©�©���¡��������§��¡��¬�������������̈�©��¡�¢���������¡��������°���������� ���̈�©�©�����������§��¡��¬����������� ���̈�©®��¡�������­�́����®�¬�����µ�������§��������£¶́·¦�©����¬����� �� ���������¢��̧������¹�¶́·�º�£¶²«®«·¦»¶²«¼³�©¬����¶²«�������®������ ����� �¡������«·������ �¡�������¡���§����°���������� ���̈�©



����������		
���
����������������������������������������� �!"��#$%#�&'(�)*+,*-./0�,12.34,15�*5/�67/+�4/2*4/89�:*./�0/;9�<)*9�,1=*+2>�?@A9�,A&B9�C0D2E1F�*14�-+*,1�1*>+,3+/>,2�7/7>,4/�6GHI8J�K/0/�:L4/.0�M/+/�2L10>+32>/4�M,>C�C*/:L4ND1*:,2�*14�&'(�7*+*:/>/+0�=L..LM/4�-N�>C/�*44,>,L1�L=�-,L2C/:,0>+N�*14�2.,1,2*.�7*+*:/>/+0J�F1=*+2>�?@A�*14�,A&B�*+/�2L12/7>3*..N�4,0>,12>�*00/00:/1>0�*14�*0�032C�M/+/�2CL0/1�L)/+�L>C/+�O-+L0,0�:/*03+/0J�&3:3.*>,)/�/)/1>�+*>/0�M/+/�/;*:,1/4�30,15�P*7.*1Q'/,/+�23+)/0�=L+�>C/�2L:-,1/4�7+,:*+N�L3>2L:/0�L=�RB(�L+�*..D2*30/�:L+>*.,>NJ�R003:7>,L10�=L+�7+L7L+>,L1*.,>N�M/+/�2C/2S/4�*14�>C/�>,:/D4/7/14/1>�*00L2,*>,L1�-/>M//1�&'(�ATU�*14�>C/�7+,:*+N�L3>2L:/�*00/00/4�30,15�&L;�7+L7L+D>,L1*.�C*V*+4�:L4/.09�M,>C�>C/�2L)*+,*-./0�L=�*5/�67/+�4/2*4/89�:*./�0/;9�H/M�WL+S�X/*+>�R00L2,*>,L1�6HWXR8�4N071L/*�2.*009�'I@9�ATU9�,1=*+2>�?@A�*14�,A&BJ�EMLD0,4/4�YD)*.3/0�Z�[J[\�M/+/�2L10,4/+/4�0>*>,0>,2*..N�0,5D1,O2*1>J�R1*.N0,0�M*0�7/+=L+:/4�30,15�(�)/+0,L1�]J\J[�6(�TL314*>,L1�=L+�̂>*>,0>,2*.�&L:73>,159�B,/11*9�R30>+,*8J_̀abcdaefghijg�klfmfkgimhnghkn�fjo�pfqrm�isijgnt=�>C/�Uuu�7*>,/1>0�,1�>C/�L+,5,1*.�2LCL+>9�v\�M/+/�/;2.34/4�43/�>L�03-L7>,:*.�&'(�,:*5/0�6T,5J�v8J�K309�UwU�7*>,/1>09�,12.34,15�vx�M,>C�:,.49�wU�M,>C�:L4/+D*>/9�*14�yv�M,>C�0/)/+/�R̂�M/+/�,12.34/4�,1�>C/�O1*.�

*1*.N0,0J�EM/1>NDO)/�7*>,/1>0�2.*00,O/4�*0�0/)/+/�R̂�43/�>L�*1�*L+>,2�)*.)/�*+/*�Z�U��2:v�C*4�*�:/*1�5+*4,D/1>�Z�w[�::X5J�H,1/>ND=L3+�7*>,/1>0�/;7/+,/12/4�*1�/)/1>�M,>C�*�:/4,*1�>,:/�>L�/)/1>�L=�U]J]�6Fz({�vJ[�>L�]uJU8�:L1>C09�,12.34,15�yx�MCL�C*4�RB(�*14�Uu�MCL�4,/4�M,>CL3>�RB(J�I*>,/1>0�M,>C�+/432/4�6|�v[}8�&'(�ATU�61�~�yw8�M/+/�L=�0,:,.*+�*5/�-3>�C*4�ML+0/�HWXR�2.*009�:L+/�0/)/+/�R̂�>C*1�>CL0/�M,>C�7+/0/+)/4�&'(�ATU�6��v[}8�6E*-./�U8J�K/+/�M*0�1L�4,�/+/12/�,1�AT�L+�@?̂�-/>M//1�>CL0/�M,>C�+/432/4�L+�7+/0/+)/4�&'(�ATU�6E*-./�U8J�rp�fmhnrj�r����������fjo��������t=�>C/�UwU�7*>,/1>0�,1�MCL:�ATU�M*0�:/*03+/4�-N�&'(9�Uvu�C*4�:/*03+/:/1>0�L=�ATU�-N�-L>C�&'(�*14�EEA�M,>C�*�:/4,*1�L=�w�6Fz({�\8�4*N0�-/>M//1�&'(�*14�EEAJ�K/+/�M*0�1L�0,51,O2*1>�4,�/+/12/�,1�C/*+>�+*>/�6u\���U]�)0�uw���UU�-7:9�Y�~�[Jvxu8�L1�>C/�&'(�*14�EEA�),0,>�4*N0J�&'(�ATU�2L++/.*>/4�M,>C�EEA�ATU�6+�~�[J\U9�Y�Z�[J[[U8�-3>�>C/+/�M*0�*�0:*..�-3>�0,51,O2*1>�0N0>/:*>,2�-,*0�M,>C�:/*1���̂��4,�/+/12/�-/>M//1�&'(�ATU�*14�EEA�ATU�L=�D\J[���yJx}�6T,5J�]*9�-8J�F1>+*D*14�,1>/+DL-0/+)/+�)*+,*>,L1�=L+�&'(�ATU�M*0�vJ]}�*14�vJ\}�31,>0�+/07/2>,)/.N�=L+�>C/�̂��L=�>C/�4,�/+/12/�-/>M//1�,1>+*D�*14�,1>/+DL-0/+)/+�+/*4,150�5,),15�2L/�2,/1>0�L=�������������������������������������� ¡���¢£�¡�������¤�¥ ��¦���¡� ��§¤�̈©ª«�� ¬¦�¦����­�¢������®�̄ª����¦����°��±­ ²��¢�������­³
¢£� ¬¦�¦�®�����̈©ª��¡�§��°��́µ

¶·̧¹�º�»¼½¾¿�ÀÁÂ�ÃÄÅÆ¼



����������		
���
����������������������������������������� �!"��#$%#��

&'()'*)+,�+-�./012�',3�.4052�(67869*)&6:;�<=)>0�49?�3@0�=+(�AAB�B=.?�),*('C�',3�),*6(C+D76(&6(�&'()'*)+,�E'7�>(6'*6(�E)*F�GH7�+-�1042�',3�10I2�<6'9F�J�K�L0L.�9+M8'(63�*+�&':N67�D;�OPQ@�',3�9+6R9)6,*7�+-�&'()'*)+,�+-�.I052�',3�.S0S2�-+(�),*('C�',3�),*6(C+D76(&6(�(6'3),>7�(67869C*)&6:;�<=)>0�46?�-@0�T6(6�E'7�'�(6:'*)&6:;�8++(�9+((6:'*)+,�D6*E66,�GU.VGU�',3�OPQ�B=.VB=�<Q�W�L0/4?�J�W�L0LLI@�',3�D6*E66,�GU.VGU�',3�AAB�B=.VB=�<Q�W�L0.S?�J�W�L0L1I@0 XYZ�[\]�̂_̀�abcde�fgh_hf̂g�fĉêfbdehibhfiOPQ�B=.�-6::�8(+>(677)&6:;�E)*F�),9(6'7),>�76&6()*;�+-�jGk�M):3�/10S�l�10m2?�M+36('*6�/.0n�l�S042�',3�76&6(6�.10m�l�I0.2�jG0�o,�N,)&'()'*6�:),6'(�(6>(677)+,?�OPQ�B=.�9+((6:'*63�E)*F�M6',�>('3)6,*�',3�p&'�<A'D:6�/@0�q+,6�+-�*F6�M6'7N(67�+-�rD(+7)7�E6(6�9+((6:'*63�E)*F�OPQ�B=.�',3�7*68E)76�MN:*)&'()'*6�:),6'(�(6>(677)+,�M+36:7�N7),>�*F6�8(6C7869)r63�9+&'()'D:67�<A'D:6�4@�36M+,7*('*63�p&'�<8�K�L0Lm@�*+�D6�),3686,36,*:;�'77+9)C'*63�E)*F�OPQ�B=.0
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