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1.  B A C K G R O U N D  

H e art f ail ur e ( H F) is a m aj or p u bli c h e alt h b ur d e n t h at is c urr e ntl y esti m at e d t o aff e ct gr e at er 

t h a n 6. 2 milli o n p ati e nts i n t h e U nit e d St at es. 1   I n t h e Unit e d St at es al o n e, e a c h y e ar, m or e 

t h a n 6 0 0, 0 0 0 n e w c as es of H F ar e di a g n os e d, a n d o v er o n e milli o n  h os pit ali z ati o ns o c c ur d u e 

t o t his dis e as e.2   A n n u al c ost t o t h e U. S. h e alt h c ar e s yst e m h as b e e n esti m at e d at $ 3 8 billi o n. 2   

N e w Y or k H e art A ss o ci ati o n ( N Y H A )  f u n cti o n al  cl ass III H F is ass o ci at e d wit h p o or lif e 

e x p e ct a n c y, as t h e a n n u al m ort alit y r at e is a p pr o xi m at el y 1 5  t o 2 0 % wit h fi v e -y e ar m ort alit y 

a p pr o a c hi n g 5 0 % d es pit e st a n d ar d - of-c ar e t h er a p y .3 , 4    D e at h i n  t h es e p ati e nts is a n e v er -

pr es e nt t hr e at as t h e y m a y e x p eri e n c e a c ut e d e c o m p e ns at e d H F or s u d d e n c ar di a c d e at h at a n y 

ti m e. 

D es pit e c urr e ntl y a v ail a bl e dr u g a n d d e vi c e t h er a pi es, 2 5 % t o 3 5 % of p ati e nts wit h H F a n d a 

r e d u c e d l eft v e ntri c ul ar ej e cti o n fr a cti o n ( L V E F) r e m ai n c at e g ori z e d i n N Y H A Cl ass III. 3   

W hil e t h es e p ati e nts ar e n ot c o nsi d er e d si c k e n o u g h f or a d v a n c e d i n v asi v e H F t h er a pi es, s u c h 

as a l eft v e ntri c ul ar  ( L V) assist d e vi c e or c ar di a c tr a ns pl a nt ati o n, t h e y e x hi bit m o d er at e -t o-

s e v er e H F s y m pt o ms,  p o or  q u alit y  of  lif e  ( Q o L),  a n d  s u bst a nti al  li mit ati o n  i n  e x er cis e  

c a p a cit y.  T h e y ar e als o at s u bst a nti al ris k f or H F m or bi dit y ( e. g. , H F h o s pit ali z ati o n) a n d 

m ort alit y,  t h er e b y  i n c urri n g  si g nifi c a nt  h e alt h c ar e  c osts. 4   T h us,  t h er e  is  a  n e e d  f or  n e w  

t h er a pi es t h at c a n i m pr o v e cli ni c al st at us a n d o ut c o m es i n t h es e p ati e nts.  S y m pt o ms a n d 

cli ni c al o ut c o m es of H F, irr es p e cti v e of ej e cti o n fr a cti o n, i n cl u d e n e ur o h or m o n al a cti v ati o n 

i n v ol vi n g  t h e  s y m p at h eti c  a n d  r e ni n- a n gi ot e nsi n -al d ost er o n e  ( R A A S)  s y st e ms,  d er a n g e d  

s y m p at h o v a g al b al a n c e a ss o ci at e d wit h l oss of p ar as y m p at h eti c t o n e a n d r e d u c e d h e art r at e 

v ari a bilit y, i n cr e as e d L V filli n g pr ess ur e, fl ui d r et e nti o n, a n d e x er cis e i nt ol er a n c e ( T a bl e 1 ).  

T h er a pi es s u c h as di ur eti cs, β -bl o c k ers, a n gi ot e nsi n c o n v erti n g e n z y m e i n hi bit ors ( A C E -I), 

a n gi ot e nsi n  r e c e pt or  bl o c k ers  ( A R B),  al d ost er o n e  bl o c k ers  (s pir o n ol a ct o n e,  e pl er e n o n e),  

h y dr al a zi n e,  nitr at es  a n d  c ar di a c  r es y n c hr o ni z ati o n  t h er a p y  ( C R T) h a v e  f or m e d  t h e  

c or n erst o n e of H F t h er a p y.  E v e n t h o u g h t h es e t h er a pi es  h a v e pr o v e n b e n efi ci al i n i m pr o vi n g 

o ut c o m es  o v er t h e l ast  s e v er al  d e c a d es,  fi v e-y e ar m ort alit y r at es a n d l o n g -t er m pr o g n osis 

r e m ai n u n a c c e pt a bl y  hi g h.   R e c e nt  cli ni c al  tri als  usi n g  n o v el  t h er a pi es  s u c h  as  p ositi v e  

i n otr o p es, s y nt h eti c n atri ur eti c p e pti d es, v as o pr es si n a nt a g o nists, a n d c yt o ki n e m o d ul at ors 

h a v e yi el d e d dis a p p oi nti n g r es ults. 

O n e p ot e nti al u n d erl yi n g c a us e  of f ail e d t h er a pi es is i atr o g e ni c e x a c er b ati o n of s y m p at h eti c 

a cti v ati o n.  A pr o v o c ati v e st u d y of h y p ert e nsi v e p ati e nts 5  d e m o nstr at e d t h at a c o m bi n ati o n of 

di ur eti c  a n d  A R B  t h er a p y,  d es pit e  n or m ali zi n g  s yst oli c  a n d  di ast oli c  bl o o d  pr ess ur es,  

p ersist e ntl y  i n cr e as e d s y m p at h eti c a cti vit y as ass e ss e d b y m us cl e s y m p at h eti c n er v e a cti vit y.  

T h es e eff e cts h a v e als o b e e n o bs er v e d wit h a c ut e i nf usi o n of d o b ut a mi n e w hi c h r es ult e d i n 

i m pr o v e d c ar di a c o ut p ut a n d r eli ef of p ul m o n ar y c o n g esti o n, b ut p ersist e ntl y el e v ate d m us cl e 

s y m p at h eti c n er v e a cti vit y.  

H F pr e v al e n c e h as i n cr e as e d as t h e p o p ul ati o n h a s a g e d. 6   A gi n g it s elf is k n o w n t o i n cr e as e 

s y m p at h eti c  a cti vit y,  r e d u c e  p ar as y m p at h eti c  c o ntr ol  of  h e art  r at e,  a n d  r e d u c e  b ar or efl e x  
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s e nsiti vit y ( B R S).  T h us, p ati e nts m a y b e n at ur all y pr e dis p os e d t o b e r efr a ct or y t o t h er a pi es 

t h at i n d u c e s y m p at h eti c a cti v ati o n.  T his n oti o n is s u p p ort e d b y a fi n di n g t h at d e pr ess e d B R S 

i s  a n  i n d e p e n d e nt  pr e di ct or  of  o ut c o m e  i n  s yst oli c  H F  p ati e nts  a n d  is  i n d e p e n d e nt  of  t h e  

pr es e n c e of a β -bl o c k er. 7   S u c h a ut o n o mi c d ysf u n cti o n h as b e e n d e m o nstr at e d i n ess e nti al a n d 

r esist a nt  h y p ert e nsi o n  p ati e nts  a n d  i n  p ati e nts  wit h  pr e vi o us  m y o c ar di al  i nf ar ct,  t h e  m ost  

c o m m o n c a us es of H F.  I n c o ntr ast t o s y m p at h o mi m eti c dr u gs, a s u b a n al ysis of t h e DI G tri al 

s h o w e d t h at l o w- d os e di git alis i m pr o v e d r at es of H F h os pit ali z ati o n a n d m ort alit y i n all H F. 8   

T h e p ut ati v e b e n efits of di git alis, a n d its p ersist e nt us e f or c e nt uri es f or t h e tr e at m e nt of H F 

m a y  b e  e x pl ai n e d  b y  st u di es  t h at  h a v e  d e m o nstr at e d  a  c o n n e cti o n  b et w e e n  di git alis  a n d  

i n cr e as e d tr affi c i n t h e c ar oti d si n us n er v e a n d r el at e d aff er e nts, a p p ar e ntl y b y i n cr e asi n g  

s e nsiti vit y of art eri al a n d c ar di o p ul m o n ar y b ar or e c e pt ors, t h e k e y m o d ul at ors of a ut o n o mi c 

t o n e a n d ass o ci at e d p eri p h er al v as c ul ar effe cts i n cl u di n g art eri al a n d v e n o us dil ati o n.  T h us, 

t h er a pi es w hi c h r e d u c e s y m p at h eti c a cti vit y, s u c h as t h os e t h at m o d ul at e t h e b ar or efl e x wit h 

c o n c o mit a nt v as c ul ar eff e cts  ( B ar or efl e x A cti v ati o n T h er a p y or B A T™) , h ol d pr o mis e f or t h e 

tr e at m e nt of H F.9 , 1 0  

T a bl e 1 :  C o m m o n P h y si ol o gi c O b s er v ati o n s a n d M e c h a ni s ms b y w hi c h 
B ar or efl e x A cti v ati o n T h er a p y  ( B A T) m a y C o nf er B e n efit 

P h ysi ol o gi c O bs e r v ati o n i n H F M e c h a ni s ms b y w hi c h B A T h as its eff e ct  

R e d u c e d C ar di a c O ut p ut 
Art eri al v a s o dil ati o n, r e d u c e d c e ntr al art eri al 
stiff n e ss 

C ar di a c Arr h yt h mi a s a n d P o or H e art 
R at e C o ntr ol 

R e st or e d s y m p at h o- v a g al b al a n c e, arr h yt h mi a 
s u p pr e ssi o n, l eft atri al r e m o d eli n g 

El e v at e d S y m p at h eti c N er v o us a n d 
R e ni n- A n gi ot e nsi n- Al d ost er o n e S yst e m s  

I n hi biti o n of r e ni n s e cr eti o n, r e n al art er y 
v a s o dil ati o n, ↓r e n al art er y stiff n e ss, ↓ pl a s m a 
n or e pi n e p hri n e 

V e n o us C o n g e sti o n a n d I n cr e a s e d L V 
F illi n g P r e ss ur e 

R e d u c e d v e n o us n e ur al t o n e l e a di n g t o i n cr e a s e d 
v e n o us c a p a cit a n c e; r e d u c e d pr o xi m al t u b ul e N a 
a n d H 2 O r e a bs or pti o n, s u p pr e ss e d n o n- os m oti c 
r el e a s e of v a s o pr e ssi n 

M y o c ar di al Is c h e mi a 
C or o n ar y art er y v a s o dil ati o n, L V H r e gr e ssi o n, 
↓ H R a n d m y o c ar di al e n er g y d e m a n d  

E x er ci s e I nt ol er a n c e  
↓ m us cl e s y m p at h eti c n er v e a cti vit y, ↓ art eri al 
stiff n e ss, i m pr o v e d p eri p h er al bl o o d fl o w 

P ul m o n ar y H y p ert e nsi o n 
D e cr e a s e d p ul m o n ar y v a s c ul ar r e si st a n c e a n d 
p ul m o n ar y art er y stiff n e ss 

O bstr u cti v e Sl e e p A p n e a 
R e d u c e d s y m p at h eti c t o n e, d e cr e a s e d c ar oti d b o d y 
s e nsiti vit y t o h y p o xi a, r e d u c e d t e nsi o n of u p p er 
air w a y s m o ot h m us cl e  
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1. 1.  Hi st o ri c al C a r oti d Si n us N e r v e Sti m ul ati o n  

I n t h e mi d-1 9 6 0s, a c o ntr oll e d cli ni c al tri al w as i niti at e d b y E u g e n e Br a u n w al d a n d 

c oll e a g u es at t h e N ati o n al I nstit ut e of H e alt h t o ass ess t h e eff e cts of c ar oti d si n us n er v e 

sti m ul ati o n  ( C S N S) i n  p ati e nts  s uff eri n g  fr o m  i ntr a ct a bl e  m y o c ar di al  is c h e mi a  a n d  

a n gi n a w h o w er e r efr a ct or y t o nitr at e t h er a p y a n d o n m a xi m u m t ol er at e d d os es of β -

bl o c k ers.  A cti v ati o n of  t h e sti m ul at or r es ult e d i n i m m e di at e c ess ati o n of p ai n a n d  

i n cr e as e d d ur ati o n of e x er cis e t ol er a n c e.  Ni n e of el e v e n p ati e nts r es u m e d n or m al d ail y 

a cti viti es a n d dis c o nti n u e d us e of nitr at es. 1 1 , 1 2   D uri n g t h e c o urs e of d e v el op m e nt of a 

P h as e III tri al, C A B G s ur g er y b e c a m e wi d el y a v ail a bl e a n d t h er e b y o b vi ati n g t h e n e e d 

f or C S NS d e vi c e t h er a p y ( E. Br a u n w al d, p ers o n al c o m m u ni c ati o n). 

I m p ort a ntl y,  t h es e  st u di es  h a v e  d e m o nstr at e d  t h at  w hil e  C S N S  t h er a p y  r e d u c es  

s y m p at h eti c  n er v o us  s yst e m  a cti vit y  it  d o es  n ot  eli mi n at e  t h e  s y m p at h eti c  n er v o u s  

s yst e m  r es p o ns e  t o  p eri o ds  of  i n cr e as e d  d e m a n d.   W alli n  d e m o nstr at e d  i n  

mi cr o n e ur o gr a p h y st u di es t h at m us cl e s y m p at h eti c n er v e a cti vit y c o ul d b e r e cr uit e d 

d uri n g  C S N S  t h er a p y.   P et ers  et  al . i n t h e  1 9 8 0’s  d e m o nstr at e d  s u c c essf ul  c hr o ni c  

h e m o d y n a mi c r es p o ns es t o C S N S t h er a p y o v er a p eri o d of si x t o t e n y e ars a n d s h o w e d 

t h at t h e r es p o ns e t o C S N S w as m ai nt ai n e d d uri n g d ail y li vi n g c o n diti o ns a n d e x er cis e.  

S p e cifi c all y, s u bj e cts’ bl o o d pr ess ur e a n d  h e art r at e c o ul d b e el e v at e d d uri n g e pis o d es 

of  i n cr e as e d  d e m a n d,  s u c h  as  e x er cis e,  c o m p ar e d  t o  t h eir  r esti n g  v al u es,  wit h  t h e  

a d diti o n al b e n efit of i n cr e asi n g f u n cti o n al c a p a cit y.  T h us , C S N S w as a bl e t o m o d ul at e 

bl o o d pr ess ur e of p ati e nt s at r est a n d d uri n g e x er cis e b ut di d n ot n e g ati v el y i m p a ct t h e 

b o d y’s a bilit y t o r e cr uit s y m p at h eti c a cti vit y d uri n g p eri o ds of i n cr e as e d p h ysi ol o gi c 

d e m a n d. 1 3 , 1 4   

1. 2.  B a r osti m T h e r a p y  

B uil di n g u p o n t h e e arl y e x p eri e n c e wit h C S N S t h er a p y, a n i m pl a nt a bl e m e di c al d e vi c e 

h as b e e n d e v el o p e d t o el e ctri c all y eli cit t h e b ar or efl e x t hr o u g h sti m ul ati o n of c ar oti d 

b ar or e c e pt ors.   T h e  C V R x  B ar osti m  S yst e m,  w hi c h  pr o vi d es  B ar osti m  t h er a p y, 

r es e m bl es a p a c e m a k er s y st e m, c o nsisti n g of a p uls e g e n er at or i m pl a nt e d i n t h e p e ct or al 

r e gi o n of t h e c h est a n d a c ar oti d si n us l e a d w hi c h is c o n n e ct e d t o t h e p uls e g e n er at or 

vi a fl e xi bl e wir es a n d t o t h e c ar oti d si n us b y a n el e ctr o d e wit h a n i ns ul ati v e b a c k er.   

B A T is a n e ur o m o d ul ati o n t h er a p y t h at a cti v at es t h e b ar or e c e pt ors a n d  tri g g ers t h e 

b o d y's m ai n  c ar di o v as c ul ar  r efl e x,  t h er e b y  a d dr e ssi n g  t h e  u n d erl yi n g  c a u s es  of  t h e  

pr o gr essi o n of H F .  B y a cti v ati n g t h e b ar or e c e pt ors i n t h e w all of t h e c ar oti d art er y, 

B A T is a bl e t o sti m ul at e t h e aff er e nt a n d eff er e nt p at h w a ys of t h e a ut o n o mi c n er v o us 

s yst e m.  T h e br ai n r es p o n ds t o B A T b y m o d ul ati n g eff er e nt p at h w a ys, w hi c h r el a x es 

t h e bl o o d v ess els, sl o ws  t h e h e art  r at e  a n d r e d u c es fl ui d i n t h e b o d y vi a i m pr o v e d 

ki d n e y f u n cti o n.  
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B A T al s o  w or ks  t o  r e d u c e  t h e  l o a d  o n  t h e  h e art  b y  d e cr e asi n g  art eri al  r esist a n c e,  

t h er e b y i m pr o vi n g t h e h e art's a bilit y t o p u m p bl o o d t o t h e tiss u es.  T h e i n cr e as e i n 

p ar as y m p at h eti c t o n e a n d d e cr e as e i n s y m p at h eti c dri v e r es ults i n t h e r est or ati o n of 

a ut o n o mi c b al a n c e, w hi c h c a n i m pr o v e c ar di a c str u ct ur e a n d f u n cti o n.  T h e eff e cts ar e 

d os e- d e p e n d e nt a n d c a n b e titr at e d t o m e et t h e n e e ds of e a c h p ati e nt t hr o u g h i nt er a cti v e 

d e vi c e pr o gr a m mi n g. 

1. 3.  B A T R a n d o mi z e d C o nt r ol Cli ni c al T ri als  

Pr e -cli ni c al a n d s m all h u m a n st u di es w er e c o m pl et e d t o d e m o nstr at e t h e m e c h a nis m of 

a cti o n of B A T. 1 5 , 1 6 , 1 7 , 1 8 , 1 9   T h e s u c c ess of t h es e st u di es pr o vi d e d t h e e vi d e n c e n e e d e d  

t o  c o m pl et e  l ar g er  r a n d o mi z e d  st u di es.    Tw o  r a n d o mi z e d  c o ntr ol  cli ni c al  tri als  

e v al u at e d t h e eff e cti v e n e ss a n d s af et y of B ar osti m  N E O .  T h e  P h as e II H O P E 4 H F  a n d 

P h as e III B e A T -H F  cli ni c al tri als ar e d es cri b e d b el o w.  

1. 3. 1.  P h as e II H O P E 4 H F T ri al  

T h e  P h as e  II  H O P E 4 H F  Tri al  e v al u at e d  t h e  s af et y  of  B ar osti m  N E O  a n d  its  

eff e cti v e n ess i n i m pr o vi n g s y m pt o ms i n p ati e nts s uff eri n g fr o m c hr o ni c H F.  T h e 

tri al  i n cl u d e d  1 4 6  p ati e nts  r a n d o mi z e d  t o  t w o  gr o u ps:  7 4  p ati e nts  r e c ei v e d  

B ar osti m th er a p y ( B A T gr o u p) a n d g ui d eli n e -dir e ct e d m e di c al t h er a p y ( G D M T) 

a n d  w er e  c o m p ar e d  t o  7 0  p ati e nts  m ai nt ai n e d  o n  G D M T  ( C o ntr ol  gr o u p).   

P ati e nts  wit h  N Y H A  f u n cti o n al  cl ass  III  H F  a n d  ej e cti o n  f r a cti o ns  < 3 5 %  o n  

c hr o ni c st a bl e G D M T w er e e nr oll e d i n t h e st u d y.  

T h e  e v e nt -fr e e  r at e  of  all  s yst e m- a n d  pr o c e d ur e -r el at e d  m aj or  a d v ers e  

n e ur ol o gi c al  a n d  c ar di o v as c ul ar  e v e nts  ( M A N C E)  w as  9 7. 2 %  (l o w er  9 5 %  

c o nfi d e n c e b o u n d 9 1. 4 %).  T h e effi c a c y a n d h os pit al i z ati o n r es ults ar e s h o w n i n 

T a bl e 2 .2 0   T h e p ositi v e st u d y r es ults w er e us e d t o o bt ai n C E M ar ki n g a p pr o v al.  
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T a bl e 2 :  H O P E 4 H F O ut c o m e s at Si x M o nt h s i n All S u bj e ct s  

 B A T  ( n = 7 4) C o nt r ol  ( n = 7 0) Diff e r e n c e  

M e a s u r e  M e a n ± S E  M e a n ± S E  M e a n ± S E  

Si x -mi n ut e h all w al k 
( m et er s) 

5 9. 6 § ± 1 4. 1  1. 5 ± 1 3. 2  5 8. 1 †  ± 1 9. 8  

M L W H F Q u alit y of lif e 
( p oi nts) 

-1 7. 4 § ± 2. 8  2. 1 ± 3. 1  -1 9. 5 †  ± 4. 2  

N e w Y or k H e art Cl ass  

( % i m pr o v e d) 
5 5 % §  2 4 % §  3 1 % ‡  

L V E F ( %)  2. 4 §  ± 1. 1  -0. 1 ± 1. 3  2. 5 ± 1. 7  

N T -pr o B N P ( p g/ m L) *  -6 9 ( -5 0 4, 1 9 8)  1 2 9. 5 ( -6 7, 6 1 9)  -3 4 1. 5 ‡  ± 1 8 9. 8  

# H F H o s pit ali z ati o n s  -0. 4 9 † + 0. 2  -0. 0 5 + 0. 2  
-0. 4 4 † + 0. 3  

5 2 % R R * *  

# of  H F H o s pit al D a y s   

 
-6. 2 8 † + 2. 7  0. 0 8 + 1. 7  

-6. 3 6 † + 3. 3  

8 2 % R R * *  

* N o n -p ar a m etri c a n al y s es   † p ≤ 0. 0 1; ‡  p ≤ 0. 0 5  § Wit hi n gr o u p p ≤ 0. 0 5  

* * R R =r el ati v e ris k r e d u cti o n a dj u st e d f or 1 2 m o nt h s b ef or e e nr oll m e nt H F h o s pit ali z ati o n s b as e d o n t h e n e g ati v e 
bi n o mi al m o d el.  

 

A n i m p ort a nt pr e -d efi n e d s u b gr o u p a n al ysis w as p erf or m e d o n s u bj e cts w h o di d 

n ot  h a v e  a  C R T d e vi c e  at  b as eli n e.   O v er  t w o-t hir ds ( 6 8 %)  of  t h e  gl o b al  

r a n d o mi z e d s u bj e cts di d n ot h a v e a C R T d e vi c e at b as eli n e.  A s s h o w n i n T a bl e 

3 , c o m p ar e d t o t h e C o ntr ol gr o u p , t h e B A T gr o u p e x p eri e n c e d cli ni c all y r el e v a nt 

a n d st atisti c all y si g nifi c a nt i m pr o v e m e nts i n t h e si x -mi n ut e h all w al k, M L W H F 

Q o L, N Y H A cl ass,  L V E F , a n d N T- pr o B N P. 2 1   I n a d diti o n, t h er e is e vi d e n c e t h at 

t h e  n u m b er  of  d a ys  s p e nt  i n  a  h os pit al  f or  H F si x  m o nt hs  aft er  c o m m e n ci n g  

t h er a p y c o m p ar e d t o si x m o nt hs pr e-t h er a p y, w as l o w er i n t h e B A T gr o u p v ers us 

t h e C o ntr ol gr o u p. 
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T a bl e 3 :  H O P E 4 H F O ut c o m e s at Si x M o nt h s i n S u bj e ct s wit h N o C R T at 
B a s eli n e  

 B A T ( n = 4 7)  C o nt r ol  ( n = 4 8) Diff e r e n c e  

M e a s u r e  M e a n ± S E  M e a n ± S E  M e a n ± S E  

Si x -mi n ut e h all w al k ( m et er s)  8 5. 5 § ± 2 0. 5  3. 6 ± 1 6. 3  8 1. 9 †  ± 2 6. 8  

    

M L W H F Q o L  ( p oi nts) -2 1. 6 § ± 3. 6  3. 5 ± 3. 7  -2 5. 1 †  ± 5. 2  

    

N Y H A cl a s s  

( % i m pr o v e d) 
4 8 % §  2 7 %  2 1 %  

    

L V E F ( %)  4. 3 §  ± 1. 2  -0. 1 ± 1. 7  4. 4 ‡  ± 2. 0  
    

N T -pr o B N P ( p g/ m L) *  -9 7 ( -5 0 4, 9 3)  1 1 6 ( -7 4, 7 0 0)  3 1 8 ‡  ± 2 7 4  

    

H F H o s p D a y s  

6 M Pr e/ P o st R a n d o mi z ati o n  
-8. 8 9 §  ± 4. 0  0. 1 8 ± 2. 2  -9. 0 7 ± 4. 7  

* N o n -p ar a m etri c a n al y s es  
 † p ≤ 0. 0 1; ‡  p ≤ 0. 0 5  

§ Wit hi n gr o u p p ≤ 0. 0 5  
 

I n s u m m ar y, t h e c o h ort of s u bj e cts i n t h e B A T gr o u p w h o di d n ot h a v e C R T at 

b as eli n e  s h o w e d  c o nsist e nt  i m pr o v e m e nt  a cr oss  effi c a c y  e n d p oi nts.   T his  is  

p arti c ul arl y e vi d e nt w h e n c o m p ar e d t o t h e C o ntr ol gr o u p, w h o d e m o nstr at e d n o 

i m pr o v e m e nt a n d e v e n e vi d e n c e of d et eri or ati o n.   

1. 3. 2.  P h as e II I B e A T - H F Cli ni c al T ri al  

T h e p ur p os e of t h e B ar osti m N E O - B ar or efl e x  A ct i v ati o n T h er a p y f or H e art 

F ail ur e ( B e A T -H F) Tri al is t o d e v el o p v ali d s ci e ntifi c e vi d e n c e f or t h e s af et y a n d 

eff e cti v e n ess  of  B A T  wit h  t h e  B ar osti m  N E O  S yst e m  i n  s u bj e cts  wit h  H F,  

d efi n e d as N Y H A f u n cti o n al Cl ass III or II (r e c e nt hist or y of Cl ass III) a n d  L V E F 

≤ 3 5 % d es pit e b ei n g tr e at e d wit h t h e a p pr o pri at e H F g ui d eli n e dir e ct e d t h er a p y, 

e x cl u di n g  s u bj e cts  eli gi bl e  f or  or  a cti v el y  r e c ei vi n g  C R T.   B e A T -H F  is  a  

pr os p e cti v e  tri al  t h at  e nr oll e d  s u bj e cts  i n  t h e  U nit e d  St at es  a n d  t h e  U nit e d  

Ki n g d o m.  Eli gi bl e s u bj e cts w er e r a n d o mi z e d i n a 1: 1 r ati o t o r e c ei v e B A T wit h 

a n i m pl a nt e d B ar osti m N E O S yst e m i n a d diti o n t o g ui d eli n e -dir e ct e d m e di c al 

t h er a p y ( G D M T) ( B A T gr o u p) or t o r e c ei v e G D M T al o n e ( C o ntr ol gr o u p).  T h e 

tri al h as t w o p h as es, t h e i niti al s y m pt o m ati c e nd p oi nt p h as e a n d t h e l o n g -t er m 

m or bi dit y a n d m ort alit y p h as e.  T h e s y m pt o m ati c p h as e e n d p oi nts i n cl u d e d t h e 
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p er c e nt of s u bj e cts fr e e of M A N C E -r el at e d a d v ers e e v e nts a n d b as eli n e t o si x 

m o nt hs c h a n g e i n 6 M H W, M L W H F, Q O L a n d N T- pr o B N P.   

At a n e arl y, pr e - pl an n e d i nt eri m a n al ysis  d uri n g t h e s y m pt o m ati c p h as e , a l ar g e, 

i m p ort a nt a n d cli ni c all y r el e v a nt p o p ul ati o n w as i d e ntifi e d.  T his p o p ul ati o n is 

c h ar a ct eri z e d b y h a vi n g a c or e l a b b as eli n e N T -pr o B N P < 1 6 0 0 p g/ ml , a n d w as 

s u bs e q u e ntl y  c o nfir m e d  wit h  a  pr os p e ct i v e  a u g m e nt e d  d at as et  fr o m  a n  

i n d e p e n d e nt c o h ort.  I n s u m m ar y, a t ot al of 2 6 4 s u bj e cts w er e r a n d o mi z e d t h at 

m et t h is d efi niti o n: 1 3 0 t o B A T gr o u p a n d 1 3 4 t o C o ntr ol gr o u p.  A t ot al of 2 4 5 

p ati e nts c o m pl et e d si x m o nt hs of f oll o w- u p.  

T h e pr e -m ar k et p h as e est a blis h e d s af et y wit h a  M A N C E -fr e e r at e of 9 7 %, w hi c h 

e x c e e d e d t h e p erf or m a n c e crit eri a of 8 5 % wit h p -v al u e < 0. 0 0 1.  S u bj e cts tr e at e d 

wit h B A T , c o m p ar e d t o t h e C o ntr ol gr o u p h a d a si g nifi c a nt 6 0 -m et er i n cr e a s e i n 

6 M H W  dist a n c e  ( p < 0. 0 0 1);  1 4 -p oi nt  i m pr o v e m e nt  i n  M L W H F  Q O L  s c or e  

( p < 0. 0 0 1);  a n d  2 5 %  r e d u cti o n  i n  N T-pr o B N P  ( p = 0. 0 0 4)  aft er  si x  m o nt hs  of  

tr e at m e nt.2 2   I n a d diti o n, t h e p er c e nt of s u bj e cts w h o i m pr o v e d at l e ast o n e N Y H A 

f u n cti o n al cl ass w as si g nifi c a ntl y hi g h er i n t h e d e vi c e ar m ( 6 5 %) c o m p ar e d t o t h e 

c o ntr ol ar m ( 3 1 %) wit h p < 0. 0 0 1.  R es ults ar e s h o w n i n T a bl e 4  b el o w.  T h es e 

r es ults c o nfir m e d  t h at  t h e  B ar osti m  N E O  d e vi c e  c a n  b e  us e d  s af el y  w hil e  

pr o d u ci n g p ositi v e s y m pt o m ati c i m pr o v e m e nts, a n d t h at t h es e i m pr o v e m e nt s ar e 

v ali d at e d b y t h e o bj e cti v e e vi d e n c e fr o m t h e N T- pr o B N P i m pr o v e m e nt.   

T a bl e 4 :  B e A T-H F 6 M H W, Q O L , N Y H A a n d N T -pr o B N P at Si x M o nt h s i n 
S u bj e ct s wit h N T -pr o B N P < 1 6 0 0  

 

B A T  

 ( n = 1 2 0) 

C O N T R O L  

( n = 1 2 5) Diff e r e n c e *  

 

M e a s u r e  

M e a n ± S E  

( o r %) 

M e a n ± S E  

( o r %) 

M e a n  

( 9 5 % CI) 

p- v al u e  

Si x -mi n ut e h all w al k 
( m et er s) 

4 8. 6 + 6 6. 3  -7. 9 + 8 8. 4  
6 0. 1  

( 4 0. 3, 7 9. 9) 

< 0. 0 0 1  

M L W H F Q u alit y of lif e 
( p oi nts) 

-2 0. 7 + 2 5. 4  -6. 2 + 2 0. 1  
-1 4. 1  

(-1 9. 2,  -8. 9)  

< 0. 0 0 1  

N T -pr o B N P  

(% c h a n g e d) * *  
-2 1. 1 % + 0. 4  3. 3 % + 0. 3  

-2 4. 6 %  

(-3 7. 6,  -8. 7 %)  

0. 0 0 4  

N Y H A Cl a ss  

( % i m pr o v e d) 
6 5 %  3 1. 2 %  3 3 .8 %  

< 0. 0 0 1  

* F or c o nti n u o u s e n d p oi nts, t h e diff er e n c e is e v al u at e d b as e d o n a n A N C O V A m o d el a dj u sti n g 
f or t h e b as eli n e v al u e. 

* * R es ult s  m o d el e d  p ar a m etri c all y  o n  t h e l o g 1 0 s c al e.  R es ult s  ar e  c o n v ert e d  t o p er c e nt  c h a n g e  
fr om b as eli n e  u si n g  [ 1 0 * *(l o g 1 0( a) - l o g 1 0( b)) - 1 = ( a-
b)/ b].  St a n d ar d  d e vi ati o n  is o n  l o g 1 0 s c al e.  
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T h e s e p ositi v e B e A T -H F  fi n di n gs r es ult e d i n F D A  P M A P 1 8 0 0 5 0  a p pr o v al o n 

A u g ust 1 6, 2 0 1 9 wit h t h e f oll o wi n g i n di c ati o n f or us e:  “T h e B ar osti m N E O ™ 

S yst e m is i n di c at e d f or t h e i m pr o v e m e nt of s y m pt o ms of h e art f ail ur e — q u alit y 

of  lif e,  si x -mi n ut e  h all  w al k  a n d  f u n c ti o n al  st at us— f or  p ati e nts  w h o  r e m ai n  

s y m pt o m ati c  d es pit e  tr e at m e nt  wit h  g ui d eli n e -dir e ct e d  m e di c al  t h er a p y,  ar e  

N Y H A Cl ass III or Cl as s II ( w h o h a d a r e c e nt hi st or y of Cl ass III), h a v e a l eft 

v e ntri c ul ar ej e cti o n fr a cti o n ≤ 3 5 %, a N T -pr o B N P < 1 6 0 0 p g/ ml a n d e x cl u di n g 

p ati e nts i n di c at e d f or C ar di a c R es y n c hr o ni z ati o n T h er a p y ( C R T) a c c or di n g t o 

A H A/ A C C/ E S C g ui d eli n es. ”  2 2 , 2 3 , 2 4  

T h e f oll o wi n g li n k pr o vi d es f ull a c c ess t o t h e F D A a p pr o v al d o c u m e nt s:  

htt ps:// w w w. a c c ess d at a.f d a. g o v/ s cri pts/ c dr h/ cf d o cs/ cf p m a/ p m a. cf m ?i d = P 1 8 0 0 5 0  

T h e tri al c o nti n u es wit h t h e p ost- m ar k et p h as e of c oll e cti n g  l o n g-t er m m or bi dit y 

a n d m ort alit y d at a.   

1. 4.  C o n cl u si o n s  

R es ults  fr o m  t h e  H O P E 4 H F  a n d  B e A T -H F  r a n d o mi z e d  c o ntr ol cli ni c al  tri als  ar e 

c o nsist e nt wit h r es ults fr o m b asi c s ci e n c e st u di es, s u g g esti n g t h at t h e m e c h a nis ms of 

a cti o n o bs er v e d i n a ni m al m o d els ar e r el e v a nt t o cli ni c al p at h o p h ysi ol o g y as w ell.  

B ot h  r a n d o mi z e d  tri als  d e m o nstr at e d  t h at  t h e  B ar osti m  N E O  S yst e m  is  s af e  a n d  

si g nifi c a ntl y i m pr o v es f u n cti o n al st at us, e x er cis e c a p a cit y a n d q u alit y of lif e.  T h es e 

r es ults  ar e  s u p p ort e d  b y  t h e  o bj e cti v e  e vi d e n c e  of  i m pr o v e m e nt  i n  N T- pr o B N P.  

H O P E 4 H F  als o  s u g g e st e d  t h at  B A T  m a y  si g nifi c a ntl y  r e d u c e  t h e  r at e  of  

h os pit ali z ati o ns a n d m e a n n u m b er of d a ys h os pit ali z e d f or H F.  

2.  P U R P O S E  

T h e p ur p os e of t his cli ni c al i n v esti g ati o n is t o d e v el o p v ali d s ci e ntifi c e vi d e n c e f or t h e s af et y 

a n d eff e cti v e n ess of t h e B ar osti m  S yst e m d eli v er e d b y t h e B A T wir e I m pl a nt Kit ( B A T wir e 

Kit ) i n s u bj e cts wit h h e art f ail ur e.  S u bj e cts m a y b e e nr oll e d if t h e y m e et t h e F D A  a p pr o v e d 

P M A i n di c ati o n f or us e f or t h e B ar osti m N E O  or B ar osti m N E O 2   d e vi c e:  Su bj e cts w h o 

r e m ai n s y m pt o m ati c d es pit e tr e at m e nt wit h g ui d eli n e-dir e ct e d m e di c al t h er a p y, ar e N Y H A 

Cl ass III or Cl ass II ( w h o h a d a r e c e nt hist or y of Cl ass III), h a v e a l eft v e ntri c ul ar ej e cti o n 

fr a cti o n  ≤  3 5 %,  a  N T-pr o B N P  <  1 6 0 0  p g/ ml  a n d  e x cl u d es  p ati e nts  i n di c at e d  f or  C ar di a c  

R es y n c hr o ni z ati o n T h er a p y ( C R T) a c c or di n g t o A H A/ A C C/ E S C g ui d eli n es. 2 2 , 2 3 , 2 4  

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpma/pma.cfm?id=P180050
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3.  P R O T O C O L  

3. 1.  St u d y S u m m a r y  

T h e B A T wir e I m pl a nt Kit St u d y is a pr os p e cti v e st u d y of u p t o 4 0 0 s u bj e cts e nr oll e d 

at u p t o 3 5 U. S. sit es.  U p t o 1 0 0 s u bj e cts will b e i m pl a nt e d wit h t h e B ar osti m S yst e m 

usi n g t h e B A T wir e Kit aft er all s cr e e ni n g is c o m pl et e a n d all e nr oll m e nt crit eri a ar e 

m et.  T h e st u d y will e v al u at e t h e i m pl a nt e x p eri e n c e, s af et y a n d eff e cti v e n ess of t h e 

B A T wir e kit.  T his is a si n gl e a r m st u d y c o m p ari n g o bs er v e d r es ults t o hist ori c al r es ults 

usi n g a n o n -i nf eri or st ati sti c al m et h o d ol o g y.  A si n gl e c e nt er will n ot b e p er mitt e d t o 

i m pl a nt m or e t h a n 2 0 % of t h e t ot al n u m b er of i m pl a nt e d s u bj e cts.   

U p t o 3 0 s u bj e cts will b e i m pl a nt e d d uri n g t h e i niti al s af et y e v al u ati o ns.  D uri n g t h es e  

e v al u ati o n s, i m pl a nts will c o nti n u e u ni nt err u pt e d u nl ess r e c o m m e n d e d ot h er wis e b y 

t h e D M C or F D A.  I m pl a nti n g will r es u m e b e y o n d t h e s af et y e v al u ati o ns o n c e t h e F D A 

a p pr o v es e x p a nsi o n t o i m pl a nt a d diti o n al s u bj e cts.  

A  s u bj e ct  m a y  b e  e nr oll e d  i n  t h e  st u d y  if  t h e y  m e et  t h e  i n di c ati o n  f or  us e  

(htt ps:// c vr x. c o m/ h e art- f ail ur e-tri al-r es ults/)  a n d  h as  pr o vi d e d  writt e n  c o ns e nt.   

S u bj e cts will b e i m pl a nt e d w h e n t h e y h a v e m et all e nr oll m e nt crit eri a a n d aft er all 

S cr e e ni n g / B as eli n e m e as ur e m e nts h a v e b e e n o bt ai n e d.  T h e d e vi c e will b e a cti v at e d 

pri or t o b ei n g dis c h ar g e d.  F oll o w- u p visits will o c c ur at 0. 5, 1, 2, 3,  6- a n d 1 2 - m o nt hs 

p ost i m pl a nt.  O n c e t h e 1 2 m o nt h visit h as b e e n c o m pl et e d, t h e s u bj e ct is wit h dr a w n 

fr o m t h e st u d y a n d f oll o w e d i n a c o m m er ci al s etti n g.  Fi g ur e 1  pr o vi d es a s c h e m ati c of 

t h e st u d y d esi g n a n d T a bl e 5  o utli n es t h e pr o c e d ur es t o b e c o n d u ct e d at e a c h visit.   

 

 

Fi g ur e 1 :  St u d y S c h e m ati c  

S af et y e v al u ati o ns will b e p erf or m e d a n d s u b mitt e d t o t h e D at a M o nit ori n g C o m mitt e e 

( D M C) a n d t h e F D A as d es cri b e d i n S e cti o n 3. 5. 1 .   

https://cvrx.com/heart-failure-trial-results/
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T h e t ot al st u d y d ur ati o n is a nti ci p at e d t o b e a p pr o xi m at el y   2. 5 y e ars; h o w e v er, t h e 

d ur ati o n of  a n i n di vi d u al s u bj e ct e nr oll m e nt will d e p e n d o n w h e n h e or s h e e nt er e d t h e 

st u d y. 

T a bl e 5 :  Ti m e a n d E v e nt s S c h e d ul e 

P r o c e d u r e  

 M o nt hs Si n c e I m pl a nt  

S c r e e ni n g / 
B a s eli n e  

I m pl a nt / 
A cti v ati o n  

0. 5  1 2 3 6 1 2 *  

S u bj e ct I nf or m e d C o n s e nt X         

Ass es s E nr oll m e nt Crit eri a  X         

D e m o gr a p hi cs/ M e di c al Hist or y  X         

P h y si c al Ass e ss m e nt  X  X  X  X  X  X  X  X  

S u bj e ct M e di c ati o n s  X  X  X  X  X  X  X  X  

S er u m Bi o m ar k er s  X ┼         

C ar oti d D u pl e x Ultr as o u n d ( C D U ) & / or 
C o m p ut e d T o m o gr a p h y A n gi o gr a p h y 
(C T A ) 

X ┼  X ┼ ┼     X §  X §  X 

E c h o c ar di o gr a m  X ┼       X  X  

Ultr as o u n d   X        

Fl u or o s c o p y   O     O  O   

X- r a y of B ar osti m S y st e m   O    O O  

Pr e -Dis c h ar g e E v al u ati o n   X        

E v al u ati o n b y E N T Cli ni ci a n  X ┼  X ┼ ┼   X   X * *  X * *  X * *  

Si x -Mi n ut e H all W al k  X ┼       X   

M L W H F Q u esti o n n air e  X ┼       X   

N Y H A F u n cti o n al Cl ass  X ┼       X   

I m pl a nt a bl e / W e ar a bl e D e vi c e 
I nf or m ati o n * * * 

X      X X 

A d v er s e E v e nts  X  X  X  X  X  X  X  X  

D e vi c e Pr o gr a m mi n g E v al u ati o n    X  X  X  X  X  X  O  

X = R e q uir e d; O = O pti o n al  
┼ Wit hi n 4 5 d a y s of i m pl a nt ( 6 0 d a y s if a pr o ct or is r e q uir e d)  
┼ ┼ If r e q uir e d p o st i m pl a nt / pr e-dis c h ar g e (s e e S e cti o n 3. 4. 1 8 ) 
§ C T A m u st b e d o n e  if r e q uir e d (s e e S e cti o n 3. 4. 1 0 ) 

* T h e 1 2 -m o nt h C T A  will d et er mi n e if f oll o w -u p c o nti n u es p ast 1 2 -m o nt h s (s e e S e cti o n 3. 4. 3 3 ). 

* * If r e q uir e d (s e e S e cti o n 3. 4. 1 7 ) 

* * * F or s u bj e cts wit h a n i m pl a nt a bl e or w e ar a bl e d e vi c e  

3. 2.  Eli gi bilit y C rit e ri a  

Pri or t o e nr oll m e nt ( i. e. pri or t o si g ni n g a n i nf or m e d c o ns e nt), i n t h e i n v esti g at or’s 

o pi ni o n, t h e s u bj e ct m e et s t h e F D A I n di c ati o n f or U s e p er t h e S yst e m R ef er e n c e G ui d e , 

9 0 0 1 2 0- 0 0 1  ( htt ps:// w w w. c vr x. c o m/ w p- c o nt e nt/ u pl o a ds/ 2 0 2 0/ 0 7/ 9 0 0 1 2 0-

0 0 1 A _ B A R O S TI M- N E O _ H e art -F ail ur e _ R ef er e n c e -G ui d e _ U S - C o m m er ci al. p df ). 

https://www.cvrx.com/wp-content/uploads/2020/07/900120-001A_BAROSTIM-NEO_Heart-Failure_Reference-Guide_US-Commercial.pdf
https://www.cvrx.com/wp-content/uploads/2020/07/900120-001A_BAROSTIM-NEO_Heart-Failure_Reference-Guide_US-Commercial.pdf
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3. 2. 1.  I n cl u si o n C rit e ri a  

T o b e eli gi bl e f or t his st u d y, i n a d diti o n t o m e eti n g t h e F D A I n di c ati o n f or Us e, 

s u bj e cts m ust m e et all of t h e f oll o wi n g i n cl usi o n crit eri a:  

1.  A g e at l e ast 2 1 y e ars a n d n o m or e t h a n 8 0 y e ars at t h e ti m e of e nr oll m e nt. 

2.  A p pr o pri at e c a n di d at e f or t h e s ur g er y as d et er mi n e d b y a n e v al u ati o n f r o m 
t h e i m pl a nti n g p h ysi ci a n usi n g a c ar oti d d u pl e x ultr as o u n d ( C D U) a n d/ or 
a c o m p ut e d t o m o gr a p h y a n gi o gr a p h y ( C T A)   (p er S e cti o n  3. 4. 1 0 ) a n d a 
r e vie w  of  m e di c al  hist or y  (i n cl u di n g  e xist e n c e  of  i nf e cti o ns  t h at  m a y  
i n cr e as e i m pl a nt ris k).  E v al u ati o n m ust c o nfir m t h e f oll o wi n g wit hi n 4 5 
d a ys of t h e B ar osti m i m pl a nt ( 6 0 d a ys all o w e d if a pr o ct or is r e q uir e d): 

  A p pr o pri at e m e di c al c o n diti o n a n d m e di c al hi st or y f or i m pl a nt ati o n 
of t h e B ar osti m S yst e m A N D  

  A n at o m y  t h at  e n a bl es  t his  i m pl a nt  pr o c e d ur e,  wit h  n o  v as c ul ar  
str u ct ur es or ori e nt ati o ns  or n e c k a n o m ali es  t h at w o ul d b e o bstr u cti v e 
t o t h e i m pl a nt ati o n p at h A N D 

  T h e art er y pl a n n e d f or t h e B ar osti m i m pl a nt m ust h a v e:  

o  A c ar oti d bif ur c ati o n b el o w t h e l e v el of t h e m a n di bl e A N D 

o  N o ul c er ati v e c ar oti d art eri al pl a q u es A N D  

o  N o c ar oti d at h er os cl er osis pr o d u ci n g a 3 0 % or gr e at er st e n osis 

i n li n e ar di a m et er i n t h e i nt er n al c ar oti d A N D  

o  N o c ar oti d at h er os cl er osis pr o d u ci n g a 3 0 % or gr e at er st e n osis 

i n li n e ar di a m et er i n t h e dist al c o m m o n c ar oti d A N D 

  H a v e h a d n o pri or s ur g er y, r a di ati o n, or e n d o v as c ul ar st e nt pl a c e m e nt 
i n t h e c ar oti d art er y or t h e c ar oti d si n us r e gi o n A N D  

  A bl e  t o  dis c o nti n u e t h e  us e  of  a nti pl at el et  dr u gs  (e. g., as piri n)  i n  
a d v a n c e of t h e pr o c e d ur e, if r e q uir e d. 

3.  Si x -mi n ut e h all w al k ( 6 M H W) ≥ 1 5 0 m A N D ≤ 4 0 0 m wit hi n 4 5 d a ys pri or 
t o i m pl a nt (6 0 d a ys all o w e d if a pr o ct or is r e q uir e d ). 

4.  S er u m esti m at e d gl o m er ul ar filtr ati o n r at e ( e G F R) ≥ 2 5 m L/ mi n/ 1. 7 3 m 2  
usi n g t h e C K D -E PI m et h o d wit hi n 4 5 d a ys pri or t o t h e B ar osti m i m pl a nt 
( 6 0 d a ys all o w e d if a pr o ct or is r e q uir e d). 

5.  B o d y m ass i n d e x ≤ 4 0 k g/ m 2  wit hi n 4 5 d a ys pri or t o t h e B ar osti m i m pl a nt 
( 6 0 d a ys all o w e d if a pr o ct or is r e q uir e d). 

6.  If  f e m al e  a n d  of  c hil d b e ari n g  p ot e nti al,  m ust  us e  a  m e di c all y  a c c e pt e d  
m et h o d  of  birt h  c o ntr ol  ( e. g.,  b arri er  m et h o d  wit h  s p er mi ci d e,  or al  
c o ntr a c e pti v e, or a bsti n e n c e) a n d a gr e e t o c o nti n u e us e of t his m et h o d f or 
t h e d ur ati o n of t h e st u d y. W o m e n of c hil d b e ari n g p ot e nti al m ust h a v e a 
n e g ati v e pr e g n a n c y t est wit hi n 1 4 d a ys pri or t o t h e B ar osti m i m pl a nt. 
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7.  S u bj e ct s i m pl a nt e d wit h a c ar di a c r h yt h m m a n a g e m e nt d e vi c e t h at d o es 
n ot  utili z e  a n  i ntr a c ar di a c  l e a d,  or  i m pl a nt e d  wit h  a  n e ur osti m ul ati o n  
d e vi c e, m ust b e a p pr o v e d b y t h e C V R x Cli ni c al d e p art m e nt. 

8.  At t h e e n d of s cr e e ni n g a n d b as eli n e, t h e s u bj e ct still m e ets t h e B ar osti m 
I n di c ati o n f or Us e. 

9.  Si g n e d a C V R x -a p pr o v e d i nf or m e d c o ns e nt f or m f or p arti ci p ati o n i n t his 
st u d y. 

3. 2. 2.  E x cl u si o n C rit e ri a  

If a n y of t h e f oll o wi n g crit eri a ar e m et, s u bj e cts ar e n ot eli gi bl e f or t his st u d y: 

1.  R e c ei v e d c ar di a c r es y n c hr o ni z ati o n t h er a p y ( C R T) wit hi n si x m o nt hs of 
e nr oll m e nt or is a cti v el y r e c ei vi n g C R T. 

2.  A n y of t h e f oll o wi n g c o ntr ai n di c ati o ns: 

  B ar or efl e x f ail ur e or a ut o n o mi c n e ur o p at h y  

  U n c o ntr oll e d, s y m pt o m ati c c ar di a c br a d y arr h yt h mi as 

  K n o w n all er g y t o sili c o n e or tit a ni u m 

3.  U nst a bl e v e ntri c ul ar arr h yt h mi as.  

4.  Pr es e n c e  of  b as eli n e  cr a ni al  n er v e  d ysf u n cti o n  at  ris k  fr o m  c er vi c al  
i nt er v e nti o ns o n t h e c ar oti d bif ur c ati o n d et er mi n e d  b y t h e E ar, N os e a n d 
T hr o at ( E N T) e x a mi n ati o n . 

5.  S u bj e cts wit h a n y s ur g er y t h at h as o c c urr e d, or is pl a n n e d t o o c c ur, wit hi n 
4 5 d a ys of t h e B ar osti m i m pl a nt. 

6.  R e c e nt h ist or y ( wit hi n 6 m o nt hs of i m pl a nt) of s i g nifi c a nt a n d u n c o n tr oll e d 
bl e e di n g. 

7.  K n o w n a n d u ntr e at e d h y p er c o a g ul a bilit y st at e. 

8.  A n i n a p pr o pri at e st u d y c a n di d at e as e vi d e n c e d b y: 

  S oli d or g a n or h e m at ol o gi c tr a ns pl a nt, or c urr e ntl y b ei n g e v al u at e d 
f or a n or g a n tr a ns pl a nt. 

  H as r e c ei v e d or is r e c ei vi n g L V A D t h er a p y or c hr o ni c di al ysis.  

  C urr e nt  or  pl a n n e d  tr e at m e nt  wit h  i ntr a v e n o us  p ositi v e  i n otr o p e  
t h er a p y. 

  Pri m ar y p ul m o n ar y h y p ert e nsi o n. 

  S e v er e C O P D or s e v er e r estri cti v e l u n g dis e as e  ( e. g., r e q uir es c hr o ni c 
or al st er oi d us e or h o m e o x y g e n us e). 

  H e art  f ail ur e  s e c o n d ar y  t o  a  r e v ersi bl e  c a us e,  s u c h  as  c ar di a c  
str u ct ur al  v al v ul ar  dis e as e,  a c ut e  m y o c ar ditis  a n d  p eri c ar di al  
c o nstri cti o n. 

  Cli ni c all y si g nifi c a nt c ar di a c str u ct ur al v al v ul ar dis e as e.  
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  U n a bl e or u n willi n g t o f ulfill t h e pr ot o c ol m e di c ati o n c o m pli a n c e a n d 
f oll o w-u p r e q uir e m e nts, f or r e as o ns i n cl u di n g b ut n ot li mit e d t o a n 
u nr es ol v e d  hist or y  of  al c o h ol  or  s u bst a n c e  a b us e  or  ps y c hi atri c  
dis or d er. 

  A cti v e m ali g n a n c y.  

  A n y ot h er s eri o us m e di c al c o n diti o n t h at m a y a d v ers el y aff e ct t h e 
s af et y of t h e p arti ci p a nt or v ali dit y of t h e st u d y, i n t h e o pi ni o n of t h e 
i n v esti g at or. 

  Lif e e x p e ct a n c y l ess t h a n o n e y e ar.  

9.  A n y of t h e f oll o wi n g wit hi n 3 m o nt hs pri or t o t h e B ar osti m i m pl a nt. 

  M y o c ar di al i nf ar cti o n 

  U nst a bl e a n gi n a 

  P er c ut a n e o us c or o n ar y i nt er v e nti o n ( e. g., C A B G or P T C A)  

  C er e br al v as c ul ar a c ci d e nt or tr a nsi e nt is c h e mi c att a c k  

  S u d d e n c ar di a c d e at h  

  S ur gi c al  c ar di a c  i nt er v e nti o n  ( e. g., c ar di a c  a bl ati o n,  v al v e  
r e pl a c e m e nt) 

1 0.  E nr oll e d a n d a cti v e i n a n ot h er ( e. g., d e vi c e, p h ar m a c e uti c al, or bi ol o gi c al) 
cli ni c al st u d y u nl ess a p pr o v e d b y t h e C V R x Cli ni c al d e p art m e nt. 

3. 3.  Visit Wi n d o ws  

T h e f oll o wi n g ar e all o w a bl e d at e r a n g es f or e a c h st u d y visit. 

 

Ti m e P oi nt  D at e R a n g es 

S cr e e ni n g / B as eli n e D at e of visit (s) 

I m pl a nt / A cti v ati o n ( 0) Wit hi n 1 2 0 d a ys fr o m D at e of I nf or m e d C o ns e nt 

0. 5 M o nt h 1 4 d a ys p ost i m pl a nt ± 7 d a ys 

1 M o nt h 3 0 d a ys p ost i m pl a nt ± 7 d a ys 

2 M o nt hs 6 0 d a ys p ost i m pl a nt ± 1 5 d a ys  

3 M o nt hs 9 0 d a ys p ost i m pl a nt ± 1 5 d a ys  

6 M o nt hs 1 8 0 d a ys p ost i m pl a nt ± 3 0 d a ys 

1 2 M o nt hs 3 6 5 d a ys p ost i m pl a nt ± 3 0 d a ys 
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3. 4.  P r o c e d u r es  

3. 4. 1.  E q ui p m e nt, I nst r u m e nt ati o n a n d S u p p o rt  

C o m m er ci all y a v ail a bl e pr o d u cts: 

1.  C ar oti d Si n us L e a d ( C S L)  

2.  I m pl a nt a bl e P uls e G e n er at or (I P G) 

3.  Pr o gr a m m er S yst e m  
 

C V R x  will pr o vi d e t h e f oll o wi n g: 

1.  B A T wir e  I m pl a nt Kit  ( pr el o a d e d wit h C S L) 

2.  B A T wir e  I m pl a nt Kit I nstr u cti o n f or Us e 

3.  B ar osti m I nstr u cti o ns f or Us e 

4.  All r e q uir e d f or ms a n d a gr e e m e nts 

5.  S hi p pi n g m at eri als t o r et ur n d e vi c es a n d st u d y d at a 

6.  Pr ot o c ol, i m pl a nt ati o n  a n d d e vi c e o p er ati o n tr ai ni n g 

7.  Fi el d s u p p ort f or i m pl a nt s a n d f oll o w- u ps as a v ail a bl e  

8.  T e m pl at e f or s u bj e ct i d e ntifi c ati o n c ar ds  
 

T h e P arti ci p ati n g I nstit uti o n will pr o vi d e:  

1.  E x p ertis e i n t h e c ar e a n d m a n a g e m e nt of s u bj e cts wit h h e art f ail ur e  

2.  E q ui p m e nt a n d e x p ertis e f or B ar osti m C S L a n d I P G i m pl a nt ati o n, w hi c h 
i n cl u d es e q ui p m e nt a n d f a ciliti es c a p a bl e of i m m e di at e air w a y c o ntr ol b y 
a n est h esi a a n d o p e n s ur g er y b y a s ur g e o n.  

3.  I A C  v as c ul ar  t esti n g  a c cr e dit ati o n  or  e q ui v al e nt  wit h  c ar oti d  d u pl e x  
ultr as o u n d  i m a gi n g  a p p ar at us  a n d  e x p ertis e  i n  ass essi n g  c ar oti d  si n us  
p at e n c y a n d a n at o m y. 

4.  E q ui p m e nt a n d e x p ertis e i n usi n g C T As a n d p ort a bl e ultr as o u n d  t o ass ess 
c ar oti d si n us p at e n c y a n d a n at o m y. 

5.  O pti o n al:  E q ui p m e nt a n d e x p ertis e t o p erf or m fl u or os c o p y a n d X- r a y. 

6.  C a p a b iliti es a n d f a ciliti es t o c oll e ct all r e q uir e d d at a.  

3. 4. 2.  I n v esti g at o r C e rtifi c ati o n  

C V R x c ertifi es t h at all i n v esti g at ors p arti ci p ati n g i n t his st u d y will f ull y e x e c ut e 

t h e C V R x I n v esti g at or A gr e e m e nt f or t h e B A T w ir e St u d y a n d t h at t h e B A T w ir e 

Kit  will n ot b e pr o vi d e d t o a n y i n v esti g at or pri or t o t h e r e c ei pt of t h e si g n e d 

a gr e e m e nt  a n d t h e a p pr o pri at e i m pl a nti n g t e a m h as b e e n est a blis h e d, i n cl u di n g 
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t h e i m pl a nti n g p h ysi ci a n a n d v as c ul ar or ot h er s ur g e o n cr e d e nti all e d t o p erf or m 

c ar oti d art er y r e p air s. 

3. 4. 3.  T r ai ni n g  

T h e i m pl a nti n g p h ysi ci a n will b e a tr ai n e d el e ctr o p h ysi ol o gist, v as c ul ar s ur g e o n, 

c ar di a c t h or a ci c s ur g e o n, ot h er B ar osti m i m pl a nti n g s ur g e o n, or i nt er v e nti o n al 

c ar di ol o gist ( d efi n e d as  a p h ysi ci a n tr ai n e d o n mi ni m all y i n v asi v e pr o c e d ur e s t h at 

i n cl u d es i m a gi n g  a n d  ot h er  di a g n osti c  t e c h ni q u e s  i n  t h e c or o n ar y  a n d  c ar oti d 

art eri es ) wit h  e x p ertis e  i n  ultr as o u n d  g ui d e d  pr o c e d ur es.  A  v as c ul ar  or  ot h er  

s ur g e o n cr e d e nti all e d t o p erf or m  c ar oti d a rt er y r e p airs is r e q uir e d t o b e pr e s e nt t o 

assist if c o m pli c ati o ns aris e, a n d a n a n est h esi ol o gist will b e n e c ess ar y t o d eli v er 

pr o p er a n est h esi a a n d air w a y m a n a g e m e nt.  T h e i m pl a nti n g p h ysi ci a n, s ur g e o n 

a n d a n est h esi ol o gist m ust b e tr ai n e d o n t h e i m pl a nt p r o c e d ur e, a n est h esi a, a n d 

B ar osti m  S yst e m  o p er ati o n  i n  or d er  t o  i m pl a nt  t h e  s yst e m  vi a  t h e  ultr as o u n d  

g ui d e d i m pl a nt t e c h ni q u e.   

S p e cifi c all y, t h e i m pl a nti n g p h ysi ci a ns will b e r e q uir e d t o p arti ci p at e i n a t l e ast 

o n e c a d a v eri c  i m pl a nt t o b e tr ai n e d f or profi ci e n c y i n:  

•  Usi n g st a n d ar d ultr as o u n d t o i d e ntif y t h e c ar oti d si n us  a n d s urr o u n di n g 
str u ct ur e.  

•  D eli v eri n g a n d pl a ci n g g ui d e wir e wit h ultr as o u n d g ui d a n c e 

•  Usi n g t h e B A T wir e I m pl a nt Kit t o m a p a n d pl a c e el e ctr o d e at a p pr o pri at e 
l o c ati o n 

I n a d diti o n, a C V R x-c ertifi e d pr o ct or m ust b e pr es e nt f or at l e ast t h e first t w o 

i m pl a nts of t h e B ar osti m S yst e m usi n g t h e B A T wir e kit.   

3. 4. 4.  D e vi c e A c c o u nt a bilit y / H a n dli n g a n d St o r a g e 

T his  st u d y  will  utili z e  C V R x  c o m m er ci all y  a v ail a bl e  I m pl a nt a bl e  P uls e  

G e n er at ors  (I P G) .   T h e C ar oti d  Si n us  L e a ds  ( C S L)  will  b e  t h e  s a m e  as  t h e  

c o m m er ci all y  a v ail a bl e l e a d b ut will b e i n cl u d e d i n t h e B A T wir e I m pl a nt Kit .  

T h e B A T wir e Im pl a nt K it  will  b e  l a b el e d  as  I n v esti g ati o n al  a n d  will  r e q uir e  

s p e ci al h a n dli n g a n d st or a g e c o ntr ols.  T h e B A T wir e Im pl a nt K it will b e r e c or d e d 

b y m o d el n u m b er o n a D e vi c e A c c o u nt a bilit y L o g al o n g wit h t h e s eri al n u m b er 

of  t h e  C ar oti d  Si n us  L e a d  i n cl u d e d  i n  t h e  I m pl a nt  Kit.   I n  a d diti o n,  t h e  d at e  

r e c ei v e d,  d at e  us e d  ( or  att e m pt e d),  s u bj e ct  I D,  d at e  r et ur n e d  t o  C V R x,  d at e  

d estr o y e d, a n d a n y c o m m e nts will b e r e c or d e d i n t h e D e vi c e A c c o u nt a bilit y L o g.   

U p o n  c o n cl usi o n  of  t h e  st u d y  all  u n us e d  B A T wir e st u d y m at eri al s will  b e  

r et ur n e d t o C V R x.   
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3. 4. 5.  S u bj e ct E n r oll m e nt P r o c e d u r e  

S u bj e cts  m a y b e e nr oll e d o n c e, i n t h e i n v esti g at or o pi ni o n, t h e s u bj e cts m e ets  t h e 

F D A I n di c ati o n f or Us e.  S u bj e cts  ar e c o nsi d er e d e nr oll e d i n t his st u d y w h e n t h e y 

h a v e si g n e d t h e a p pr o v e d i nf or m e d c o ns e nt f or m.   

If t h e i n cl usi o n a n d e x cl usi o n crit eri a t h at ar e e v al u at e d d uri n g s cr e e ni n g ar e n ot 

m et, t h e s u bj e ct s h o ul d b e e x cl u d e d fr o m  t h e st u d y a n d n ot i m pl a nt e d,  e v e n if 

t h e y h a v e si g n e d a n i nf o r m e d c o n s e nt f o r m.  T h e i n v esti g at or will i nf or m t h e 

s u bj e ct a n d t h e r e as o ns f or i n eli gi bilit y will b e c a pt ur e d wit hi n t h e d at a b as e.  All 

s cr e e n f ail ur es m ust b e t er mi n at e d fr o m t h e st u d y.   

3. 4. 6.  I nf o r m e d C o n s e nt  

3. 4. 6. 1.  O bt ai ni n g I nf o r m e d C o n s e nt  

Pri or t o e nr olli n g i n t h e st u d y, t h e s u bj e ct will r e vi e w i nf or m e d c o ns e nt 

m at eri als wit h t h e Pri n ci p al I n v esti g at or or a p p oi nt e d d esi g n e e.  B ot h t h e 

s u bj e ct a n d Pri n ci p al I n v esti g at or, or a p p oi nt e d d e si g n e e, will si g n a n d d at e 

t h e a p pr o v e d st u d y-s p e cifi c I nf or m e d C o ns e nt F or m.  I n or d er t o o bt ai n 

i nf or m e d c o ns e nt, e a c h s u bj e ct m ust b e i nf or m e d a b o ut t h e i n v esti g ati o n, 

a n d m ust si g n a n d d at e a n  a gr e e m e nt a c k n o wl e d gi n g t h at p arti ci p ati o n is 

v ol u nt ar y.  D o c u m e nt ati o n is r e q uir e d wit hi n t h e s u bj e ct’s m e di c al r e c or d 

a n d s h o ul d i n cl u d e e nr oll m e nt d at e i n t h e st u d y. 

3. 4. 6. 2.  R e q ui r e m e nts f o r I nf o r m e d C o n s e nt  

C V R x  will  pr o vi d e  t h e  r e c o m m e n d e d  s u bj e ct  I nf or m e d  C o ns e nt  F or m  

t e m pl at e.   T his  i nf or m e d  c o ns e nt  d o c u m e nt  c o m pli es  wit h  a p pli c a bl e  

r e g ul at or y g ui d eli n es ( 2 1 C F R P art 5 0 a n d t h e D e cl ar ati o n of H elsi n ki).  T h e 

I R B f or t h e st u d y sit e m a y alt er or a m e n d t h e t e xt as a p pr o pri at e, b ut t h e 

I R B a n d C V R x m u st a p p r o v e t h e fi n al t e xt of t h e i nf o r m e d c o n s e nt 

b ef o r e s u bj e ct e n r oll m e nt c a n b e gi n.  

Aft er  t h e  i nf or m ati o n  c o nt ai n e d  i n  t h e  st u d y -s p e cifi c  i nf or m e d  c o ns e nt  

d o c u m e nt  h as  b e e n  r e vi e w e d  wit h  e a c h  s u bj e ct,  t h e  s u bj e ct  a n d  t h e  

i n v esti g at or ( or assi g n e d p ers o n gi vi n g t h e c o ns e nt) m ust si g n a n d d at e t h e 

I nf or m e d C o ns e nt F or m.  A si g n e d i nf or m e d c o ns e nt i n di c at es t h e s u bj e ct’s 

willi n g n ess t o p arti ci p at e i n t h e cli ni c al i n v esti g ati o n pri or t o t h e s u bj e ct’s 

p arti ci p ati o n i n t h e st u d y. 

T h e i n v esti g at or will i n di c at e t h at t h e i nf or m e d c o ns e nt h as b e e n o bt ai n e d 

i n t h e a p pr o pri at e s e cti o n of t h e d at a b as e. 
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3. 4. 7.  S c r e e ni n g  / B as eli n e  

D uri n g  S cr e e ni n g  /  B as eli n e,  t h e  f oll o wi n g  pr o c e d ur es  will  b e  c o m pl et e d  t o  

pr o p erl y ass ess t h e e nr oll m e nt crit eri a:  

1.  S u bj e ct d e m o gr a p hi cs a n d m e di c al hist or y 

2.  P h ysi c al a ss ess m e nt  

3.  S u bj e ct  me di c ati o ns  

4.  S er u m bi o m ar k ers p erf or m e d at l o c al l a b or at or y wit hi n 4 5 * d a ys of 
i m pl a nt 

5.  C ar oti d D u pl e x Ultr as o u n d ( C D U) a n d/ or C o m p ut e d T o m o gr a p h y 
A n gi o gr a p h y ( C T A) wit hi n 4 5 * d a ys of i m pl a nt 

6.  E c h o c ar di o gr a m wit hi n 4 5 * d a ys of i m pl a nt 

7.  E v al u ati o n b y a n E N T cli ni ci a n  wit hi n 4 5 * d a ys of i m pl a nt 

8.  Si x -mi n ut e h all w al k  wit hi n 4 5 * d a ys of i m pl a nt  

9.  M L W H F Q u esti o n n air e  wit hi n 4 5 * d a ys of i m pl a nt 

1 0.  N Y H A F u n cti o n al Cl ass  wit hi n 4 5 * d a ys of i m pl a nt 

1 1.  I m pl a nt a bl e / W e ar a bl e D e vi c e I nf or m ati o n 

1 2.  A d v ers e e v e nts  

* 6 0 d a ys is all o w e d if a pr o ct or is r e q uir e d 

3. 4. 8.  S u bj e ct D e m o g r a p hi cs, M e di c al Hist o r y, a n d P h ysi c al Ass ess m e nt  

At S cr e e ni n g  /  B as eli n e,  d e m o gr a p hi c  i nf or m ati o n  will  b e  c oll e ct e d,  a n d  t he 

i n v esti g at or will r e vi e w a n d d o c u m e nt t h e s u bj e ct’s g e n er al m e di c al hist or y a n d 

c ar di o v as c ul ar hist or y.  A p h ysi c al ass ess m e nt will b e p erf or m e d at S cr e e ni n g / 

B as eli n e a n d  at  e a c h  s c h e d ul e d  f oll o w  u p  visit,  a n d  will  i n cl u d e,  h ei g ht  ( at  

s cr e e ni n g) , w ei g h t, bl o o d pr ess ur e, h e art r at e  a n d ot h er m e as ur es ( e. g. c urr e nt or 

pr e vi o us e x p os ur e t o r es pir at or y dis e as es li k e i nfl u e n z a a n d C O VI D - 1 9).  T h e 

p h ysi c al e x a m s h o ul d v erif y t h at t h e bo d y m ass i n d e x  m e ets Eli gi bilit y I n cl usi o n 

Crit eri a 5  i n S e cti o n 3. 2. 1  a b o v e m et . 

3. 4. 9.  S u bj e ct M e di c ati o n s  

I nf or m ati o n r e g ar di n g pr es cri b e d h e art f ail ur e m e di c ati o ns will b e c oll e ct e d at 

e a c h s c h e d ul e d visit.  S u bj e cts will b e r e q uir e d t o b e o n o pti m al, st a bl e, g ui d eli n e -

dir e ct e d m e di c al t h er a p y ( G D M T) f or t h e tr e at m e nt of h e art -f ail ur e.  T h e G D M T 

s h o ul d  f oll o w  t h e  A H A/ A C C  g ui d eli n es. 2 5   S u bj e ct s  s h o ul d  r e m ai n  o n  t h eir  

pr es cri b e d m e di c ati o n a n d s a m e d osi n g s c h e d ul e f or t h e d ur ati o n of t h e st u d y, 

u nl ess  i n v esti g at ors  d et er mi n e m e di c all y  n e c ess ar y  c h a n g es  ar e n e e d e d.   T his 
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i n cl u d es a nti-t hr o m b oti c a n d a nti c o a g ul a nt m e di c ati o n (r ef er t o S e cti o n  3. 4. 2 6. 2  

f or i nstr u cti o ns r e g ar di n g a nti-t hr o m b oti c a n d a nti c o a g ul a nt m e di c ati o n  b ef or e 

a n d d uri n g t h e B ar osti m i m pl a nt ). T h e r e as o n f or a n y m e di c ati o n c h a n g e will b e 

d o c u m e nt e d. 

3. 4. 1 0.  C a r oti d D u pl e x Ult r as o u n d  ( C D U) / C o m p ut e d T o m o g r a p h y A n gi o g r a p h y 
( C T A) 

S c r e e ni n g / B as eli n e  

A  c ar oti d  d u pl e x  ultr as o u n d  ( C D U)  e v al u ati o n  m a y b e  us e d  at  S cr e e ni n g  /  

B as eli n e t o d et er mi n e if t h e art er y pl a n n e d f or t h e B ar osti m i m pl a nt e x c e e d s t h e 

m a xi m u m  l e v el of st e n o sis a n d/ or m e ets  t h e Eli gi bilit y I n cl usi o n Crit eri a 2   i n 

S e cti o n 3. 2. 1   a b o v e.  A  C D U  ass ess m e nt m ust b e  p erf or m e d  at  a  l o c al  

l a b or at or y/ cli ni c.   R e q uir e m e nts  f or  t h e  l o c al  l a b  ar e  i n  S e cti o n  3. 4. 1 ,  “ T h e  

P arti ci p ati n g I nstit uti o n will pr o vi d e ” s u b -s e ct i o n, it e m #3 .   

A  c o m p ut e d  t o m o gr a p h y  a n gi o gr a p h y  ( C T A)  e v al u ati o n  m a y  b e  u s e d  at  

S cr e e ni n g / B as eli n e t o d et er mi n e if t h e art er y pl a n n e d f or t h e B ar osti m i m pl a nt 

m e ets t h e Eli gi bilit y I n cl usi o n Crit eri a 2  i n S e cti o n 3. 2. 1  a b o v e.  A C T A m ust b e 

p erf or m e d  if t h e C D U w as n ot d o n e i n a c ertifi e d v as c ul ar l a b or at or y, t h er e is 

> 0 % st e n osis i n t h e art er y pl a n n e d f or t h e B ar osti m i m pl a nt, or if t h e C D U c a n n ot 

d et er mi n e t h at all t h e Eli gi bilit y I n cl usi o n Crit eri a 2  i n S e cti o n 3. 2. 1  a b o v e ar e 

m et.  

P ost I m pl a nt / P r e - dis c h a r g e 

P ost i m pl a nt  / pr e - dis c h ar g e, b as e d o n t h e st u d y p h ysi ci a n ’s o pi ni o n , if t h er e is 

e vi d e n c e of a  cli ni c all y si g nifi c a nt n e c k h e m at o m a, c ar oti d br uit, c er vi c al t hrill, 

ot h er v as c ul ar i nj uri es or a b n or m aliti es, or p ost- o p er ati v e bl e e di n g , t h e n a C T A 

m ust b e p erf or m e d pri or t o dis c h ar g e.   

T h r e e a n d Si x M o nt h F oll o w -u p  

A C D U will b e r e p e at e d at t hr e e  a n d si x m o nt hs, u nl ess t h e C D U is s u b o pti m al , 

of n o n- di a g n osti c q u alit y , or c a n n ot b e d o n e i n a c ertifi e d v as c ul ar l a b or at or y , 

t h e n a C T A m ust b e d o n e.   

T w el v e M o nt h F oll o w- u p  

A  C T A will  b e  us e d  at  t w el v e  m o nt hs  t o  d et er mi n e  if  a  s u bj e ct’s  f oll o w - u p 

c o nti n u es p ast 1 2- m o nt hs (s e e S e cti o n 3. 4. 3 3 ).  

E v er y eff ort s h o ul d b e m a d e t o h a v e t h e s a m e p er s o n p erf or m t h e C D U  or C T A  

f or a gi v e n s u bj e ct t hr o u g h o ut t h e c o urs e of t h e st u d y.   
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A c o p y of all i m a g es ( e. g., DI C O M) f r o m t h e C D U / C T A m u st b e s e nt t o 

C V R x.  

3. 4. 1 1.  E c h o c a r di o g r a m  

E c h o c ar di o gr a m  m e as ur e m e nts  will  b e  o bt ai n e d  at  S cr e e ni n g  /  B as eli n e  a n d 

d uri n g f oll o w - u p at t h e 6 - a n d 1 2 -m o nt h visits.  T h e e c h o c ar di o gr a m is p erf or m e d 

at t h e sit e, t h er e is n o c or e l a b or at or y.  T h e e c h o c ar di o gr a m m ust i n cl u d e at l e ast 

t h e bi pl a n e a n d a pi c al 4-c h a m b er i m a g es.  

A c o p y of all i m a g es f r o m t h e e c h o c a r di o g r a p h y m u st b e s e nt t o C V R x. 

3. 4. 1 2.  S e r u m Bi o m a r k e rs  

S er u m bi o m ar k ers will b e t a k e n at S cr e e ni n g / B as eli n e t o ass ess h e art  f ail ur e 

st at us ( N T - pr o B N P), c hr o ni c ki d n e y dis e as e st at us ( e G F R), a n d a pr e g n a n c y t est 

(if r e q uir e d) t o e ns ur e t h e eli gi bilit y of e a c h s u bj e ct ( Eli gi bilit y I n cl usi o n Crit eri a 

4  & 6  i n S e cti o n 3. 2. 1  a b o v e). 

3. 4. 1 3.  Ult r as o u n d 

Ultr as o u n d  is  us e d  d uri n g  t h e  i m pl a nt  pr o c e d ur e  t o  e n a bl e  n o n -i n v a si v e 

vis u ali z ati o n of t h e l e a d a n d el e ctr o d e w hil e it is b ei n g d eli v er e d a n d d e pl o y e d.  

If i m a g e c a pt ur e is a v ail a bl e o n t h e ultr as o u n d m a c hi n e, t h e n i m a g es s h o ul d be 

t a k e n t o d o c u m e nt d eli v er y a n d d e pl o y m e nt of t h e l e a d. 

A c o p y of all i m a g es fr o m t h e ultr as o u n d m ust b e s e nt t o C V R x. 

3. 4. 1 4.  Fl u o r os c o p y 

Fl u or os c o p y is o pti o n al d uri n g t h e i m pl a nt  pr o c e d ur e t o v erif y l e a d el e ctr o d e  

pl a c e m e nt.    Fl u or os c o p y  e n a bl es  n o n -i n v asi v e  vis u ali z ati o n  of  t h e  l e a d  a n d  

el e ctr o d e w hil e it is b ei n g d eli v er e d a n d d e pl o y e d.   I m a g es m a y t h e n b e t a k e n t o 

d o c u m e nt  el e ctr o d e  pl a c e m e nt  r el ati v e  t o  fl o w  wit hi n  t h e  art er y  as  w ell  as  

l o c ati o n r el ati v e t o ot h er a n at o mi c al l a n d m ar ks.  A d diti o n al opti o n al f oll o w - u p 

fl u or os c o p y i m a g es  at  3 - a n d  6 - m o nt hs c a n  t h e n  b e t a k e n  t o  ass ess  el e ctr o d e  

m o v e m e nt r el ati v e t o i m a g es t a k e n at i m pl a nt.  

A c o p y of all i m a g es f r o m t h e fl uo r os c o p y m u st b e s e nt t o C V R x. 

3. 4. 1 5.  X- r a y of t h e B a r osti m S yst e m 

X- r a y is o pti o n al d uri n g t h e i m pl a nt pr o c e d ur e or pr e -dis c h ar g e t o v erif y l e a d 

el e ctr o d e pl a c e m e nt.  X -r a y e n a bl es n o n-i n v asi v e vis u ali z ati o n of t h e l e a d a n d 

el e ctr o d e .  I m a g es  m a y  b e  t a ke n  t o  d o c u m e nt  el e ctr o d e  pl a c e m e nt  l o c ati o n  
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r el ati v e  t o  ot h er  a n at o mi c al  l a n d m ar ks.   A d diti o n al  o pti o n al  f oll o w-u p  X -r a y 

i m a g es  at  3- a n d  6 -m o nt hs  c a n  t h e n  b e  t a k e n  t o  ass ess  el e ctr o d e  m o v e m e nt  

r el ati v e t o i m a g es t a k e n at i m pl a nt. 

A c o p y of all X- r a y i m a g e s m u st b e s e nt t o C V R x.  

3. 4. 1 6.  C o n v e nti o n al A n gi o g r a p h y 

C o n v e nti o n al  a n gi o gr a p h y  ( or  C T A  as  d efi n e d  i n  3. 4. 1 0  a b o v e) m u st  b e  

p erf or m e d  post i m pl a nt / pr e -dis c h ar g e, b as e d o n t h e st u d y p h ysi ci a n’s o pi ni o n , 

if  t h er e  is  e vi d e n c e  of  a  cli ni c all y  si g nifi c a nt  n e c k  h e m at o m a,  c ar oti d  br uit,  

c er vi c al t hrill, ot h er v as c ul ar i nj uri es or a b n or m aliti es, or p ost -o p er ati v e bl e e di n g.  

3. 4. 1 7.  E v al u ati o n b y E a r N os e T h r o at ( E N T) Cli ni ci a n  

T h e E N T cli ni ci a n  m ust b e tr ai n e d o n t h e i m pl a nt pr o c e d ur e a n d is r e q uir e d t o b e 

a s u b -i n v esti g at or i n t h e st u d y.  T h e E N T cli ni ci a n  will e v al u at e if t h e s u bj e ct is 

e x cl u d e d d u e t o Eli gi bilit y E x cl usi o n Crit eri a 4  i n S e cti o n 3. 2. 2  a b o v e.  T h e y will 

als o d o c u m e nt si g ns or s y m pt o ms of i nj ur y or sti m ul us of r e gi o n al n e r v es.  S u c h 

si g ns a n d s y m pt o ms mi g ht i n cl u d e f a ci al p als y/ p ar al ysis, alt er e d s p e e c h, alt er e d 

s e ns e of t ast e, r es pir at or y c o nstri cti o n, st ert or o us br e at hi n g, e x c essi v e s ali v ati o n, 

v o miti n g  a n d/ or  r e g ur git ati o n  n ot  ass o ci at e d  wit h  a  g astr o -i nt esti n al  dis or d er, 

alt er e d s e ns or y a n d m ot or f u n cti o n of t o n g u e, alt er e d s e ns or y f u n cti o n of p h ar y n x 

a n d or o p h ar y n x, or alt er e d s e ns ati o n i n e xt er n al a u dit or y c a n al.  T h e e v al u ati o n 

m a y i n cl u d e a l ar y n g os c o p y. 

All s u bj e cts will h a v e a n e v al u ati o n b y a n E N T cli ni ci a n  at S cr e e ni n g / B as eli n e 

t o c h e c k f or a n y pr e vi o usl y e xisti n g n e ur ol o gi c al d efi cit.  T h e e v al u ati o n m a y us e 

eit h er a n i n dir e ct l ar y n g os c o p y ( usi n g a mirr or t hr o u g h t h e m o ut h) or a dir e ct 

l ar y n g os c o p y wit h a s c o p e.   

T h e  s u bj e cts  m a y  r e q uir e a n  e v al u ati o n  b y  a n  E N T cli ni ci a n  p ost  i m pl a nt  if 

i nj uri es ar e pr es e nt as  d efi n e d i n S e cti o n 3. 4. 1 8  b el o w. 

T h e s u bj e ct will als o h a v e a n e v al u ati o n b y t h e E N T cli ni ci a n  at 1 -m o nt h p ost 

i m pl a nt t o e v al u at e f or p ot e nti al n er v e or ot h er E N T i nj uri es.  T h e e v al u ati o n 

i n cl u d es a c o m pl et e e v al u ati o n of cr a ni al n er v e d ysf u n cti o n, i n cl u di n g all cr a ni al 

n er v es  at  ris k  f r o m  c er vi c al  i nt er v e nti o ns  o n  t h e  c ar oti d  bif ur c ati o n,  s u c h  as  

cr a ni al n er v es V, VII, I X, X, XI, a n d XII.  T h e e x a m m a y i n cl u d e a l ar y n g o s c o p e 

a n d dir e ct vis u ali z ati o n of t h e v o c al c or ds.  T h e m ust b e d o n e wit h t h e B ar osti m 

t h er a p y t ur n e d O F F ( e. g., t h er a p y pr o gr a m m e d O F F or i n hi bit e d usi n g a m a g n et). 

If t h e 1-m o nt h E N T e v al u ati o n s h o ws e vi d e n c e of p ot e nti al n er v e d a m a g e, t h e n 

q u art erl y E N T e v al u ati o ns u p t o 1 2 m o nt hs ar e r e q uir e d u ntil r es ol v e d or it is 

d et er mi n e d  t o  b e  p er m a n e nt  at  1 2  m o nt hs.   T h es e  e x a ms  m a y  i n cl u d e  a  
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l ar y n g os c o p e.  F or i nj uri es pr es e nt at t h e 1-m o nt h visit t h at ar e r el at e d t o cr a ni al 

n er v es I X a n d X, q u art erl y E N T e v al u ati o ns ar e m a n d at or y. 

E v er y  eff ort  s h o ul d  b e  m a d e  t o  h a v e  t h e  s a m e  E N T  cli ni ci a n  p erf or m  t h e  

e v al u ati o n f or a gi v e n s u bj e ct t hr o u g h o ut t h e c o ur s e of t h e st u d y. 

3. 4. 1 8.  P r e - Dis c h a r g e E v al u ati o n P ost I m pl a nt  

A  st u d y cli ni ci a n,  i n cl u di n g  i m pl a nt ers,  v as c ul ar s ur g e o ns ( or  ot h er  s ur g e o ns 

cr e d e nti all e d  t o  p erf or m  c ar oti d  art er y  r e p airs) ,  E N T  cli ni ci a n   or  ot h er 

i n v esti g at ors, will  c o n d u ct  a  pr e dis c h ar g e  e v al u ati o n  t o  ass ess  t h e  v as c ul ar,  

s p e e c h, s w all o wi n g a n d cr a ni al n er v es as d es cri b e d b el o w.   T h e e v al u ati o n m ust 

b e d o n e wit h t h e B ar osti m t h er a p y t ur n e d O F F ( e. g., t h er a p y pr o gr a m m e d O F F  

or i n hi bit e d usi n g a m a g n et).  T h e e x a mi n ati o n m ust b e d o c u m e nt e d a n d i n cl u d e 

all e v al u ati o ns as r e q uir e d o n t h e Pr e- Dis c h ar g e W or ks h e et  ( 7 5 0 7 3 4- 0 0 1). 

V as c ul a r ass ess m e nt    

E v al u at e f or t h e pr es e n c e of a cli ni c all y si g nifi c a nt  n e c k h e m at o m a, c ar oti d br uit , 

c er vi c al t hrill, ot h er v as c ul ar i nj uri es or a b n or m aliti es, or p ost -o p er ati v e bl e e di n g.  

B as e d  o n  t h e  st u d y  p h ysi ci a n’s  o pi ni o n,  if  t h er e  is  e vi d e n c e  of  a n y  of t h es e 

a b n or m aliti es or i nj uri es fr o m t h e i m pl a nt pr o c e d ur e, t h e n a C T A  or c o n v e nti o n al 

a n gi o gr a p h y m ust b e p erf or m e d pri or t o dis c h ar g e.  A v as c ul ar s ur g e o n c o ns ult 

is r e c o m m e n d e d. 

S p e cifi c all y, t h e f oll o wi n g  will b e e v al u at e d :  

•  D o es  t h e  s u bj e ct  h a v e  a n y  v as c ul ar  i nj ur y  d es cri b e d  a b o v e  d u e  t o  t h e  
i m pl a nt pr o c e d ur e ? 

•  D o es t h e s u bj e ct h a v e a n y e vi d e n c e of p ost - o p er ati v e bl e e di n g ? 

•  D o es  t h e  s u bj e ct  h a v e  a n y  e vi d e n c e  of  a  cli ni c all y  si g nifi c a nt  p ost-
o p er ati v e h e m at o m a ?  

S p e e c h  ass ess m e nt    

E v al u at e f or diffi c ult y s p e a ki n g i n a n or m al v oi c e, a c h a n g e i n v oi c e, diffi c ult y 

wit h p h o n ati o n or ot h er s p e e c h iss u es r el at e d t o t h e i m pl a nt pr o c e d ur e.  If a n y 

si g nifi c a nt s p e e c h a b n or m aliti es fr o m t h e i m pl a nt pr o c e d ur e ar e pr es e nt, a f ull 

e v al u ati o n  b y  a n  E N T  cli ni ci a n  t h at  i n cl u d es  a  l ar y n g os c o p e  is  r e q uir e d  pr e-

dis c h ar g e or wit hi n 2 w or ki n g d a ys of dis c h ar g e. 

S p e cifi c all y, t h e f oll o wi n g will b e e v al u at e d:  

•  As k t h e s u bj e ct t o ass ess t h eir v oi c e q u alit y o n a s c al e of 1- 5, wit h 5 b ei n g 
t h eir pr e-i m pl a nt v oi c e.  Di d t h e s u bj e ct ass ess t h eir v oi c e q u alit y as a 2 or 
b el o w ? 
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•  As k t h e s u bj e ct t o s a y “ a h ” f or at l e ast 5 s e c o n ds ( or e q u al t o t h e p h o n ati o n 
ti m e pri or t o s ur g er y).  Is s u bj e ct u n a bl e t o m ai nt ai n 5 s e c o n ds, or e q u al t o 
pr e -i m pl a nt p h o n ati o n, w hi c h e v er is l ess ? 

•  As k t h e s u bj e ct t o s a y t h e first si x m o nt hs of t h e y e ar wit h cl arit y ( or wit h 
e q u al cl arit y fr o m pr e -i m pl a nt).  Is  t h e s u bj e ct u n a bl e t o  cl e arl y s p e a k t h es e 
m o nt hs ? 

S w all o wi n g ass ess m e nt  

S u bj e ct m ust b e o bs er v e d s w all o wi n g b ef or e r es u m pti o n of or al i nt a k e is all o w e d.  

Pri or t o dis c h ar g e, t h e s u bj e cts m ust s w all o w li q ui ds a n d s oli ds wit h o ut c h o ki n g 

or as pir ati o n.  If s u bj e ct i s u n a bl e t o s w all o w li q ui ds or s oli ds wit h o ut c h o ki n g or 

as pir ati o n, a f or m al s w all o wi n g st u d y (s u c h as a t e st usi n g b ari u m) is r e q uir e d. 

S p e cifi c all y, t h e f oll o wi n g will b e e v al u at e d:  

B e gi n wit h # 1 a n d o nl y m o v e t o t h e n e xt st e p if t h e s u bj e ct p ass es t h e c urr e nt 

st e p.  T o m o v e t o t h e n e xt st e p, t h e s u bj e ct m ust c o m pl et e t h e c urr e nt st e p wit h o ut 

c h o ki n g.  T h e s u bj e ct m ust als o b e a bl e t o s a y “ a h ” cl e arl y aft er e a c h s w all o w 

t est e d. 

1.  Dr y s w all o w of s ali v a 

2.  S w all o w  1 cr a c k er ( at l e a st 1/ 2 t e as p o o n v ol u m e) 

3.  S w all o w 1/ 2 t e as p o o n w at er 

4.  S w all o w 1/ 2 o u n c e of w at er 

5.  S w all o w a n or m al v ol u m e of li q ui ds a n d s oli ds ( b as e d o n t h e s u bj e ct’s 
r e g ul ar di et) 

W as  t h e  s u bj e ct  u n a bl e  t o  c o m pl et e  st e ps   1- 5 a b o v e  wit h o ut  c h o ki n g  or  

as pir a ti o n ?   

C r a ni al n e r v e ass ess m e nt   

E v al u at e f or a n y d ysf u n cti o n of t h e n er v es  list e d b el o w.  If a n y si g nifi c a nt cr a ni al 

n er v e d ysf u n cti o n or a b n or m aliti es fr o m t h e i m pl a nt pr o c e d ur e ar e pr es e nt, a f ull 

e v al u ati o n  b y  a n  E N T  cli ni ci a n  t h at  i n cl u d es  a  l ar y n g os c o p e  is  r e q uir e d  pr e-

dis c h ar g e .  T h e s u bj e ct s h o ul d n ot b e dis c h ar g e d u ntil t h e e v al u ati o n b y t h e E N T 

cli ni ci a n  c a n b e c o m pl et e d.  

S p e cifi c all y, t h e f oll o wi n g will b e e v al u at e d:  

Cr a ni al N er v e V ( Tri g e mi n al N er v e)  

1.  As k s u bj e ct t o o p e n m o ut h.  A n y d e vi ati o n t o t h e l eft or ri g ht t h at w as 

n ot pr es e nt pr e- i m pl a nt ? 
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2.  As k  s u bj e ct  t o  m o v e  j a w  si d e  t o  si d e.   D o es  s u bj e ct  h a v e  diffi c ult y  

m o vi n g j a w t o eit h er  si d e t h at w as n ot pr es e nt pr e-i m pl a nt ?  

3.  As k s u bj e ct t o cl e n c h t h eir t e et h.  D o es t h e s u bj e ct f e el a n y w e a k n ess o n 

eit h er si d e t h at w as n ot pr es e nt pr e -i m pl a nt ?  

M ar gi n al m a n di b ul ar br a n c h of cr a ni al n er v e VII ( F a ci al N er v e)  

1.  As k t h e s u bj e ct t o sit a n d l o o k str ai g ht a h e a d.  Is t h er e a n y e y e dr o o p, 
tr e m ors, ti cs, li p c or n er dr o o p, dr o oli n g, as y m m etr y,  or e x pr essi o nl ess 
f a c e t h at w as n ot pr es e nt pr e-i m pl a nt ?  

2.  As k t h e s u bj e ct t o s h o w t h eir t e et h w hil e fr o w ni n g.  Ar e t h er e d e vi ati o ns 
t o o n e si d e t h at w as n ot pr es e nt pr e-i m pl a nt ? 

Cr a ni al n er v e I X ( Gl oss o p h ar y n g e al N er v e) a n d Cr a ni al n er v e X ( V a g us N er v e)  

1.  As k s u bj e ct t o s a y “ a h ”.  Di d t h e s oft p al at e f ail t o el e v at e or w as t h er e a 
d e vi ati o n of t h e u v ul a t o t h e ri g ht or l eft t h at w as n ot pr es e nt pr e-
i m pl a nt ?  

2.  As k t h e s u bj e ct t o s a y “ a h h h h ” as l o n g p ossi bl e.  Di d t h e s u bj e ct h a v e 
a n y a b n or m al v oi ci n g, h o ars e n ess, w e a k n ess or c o u g hi n g t h at w as n ot 
pr es e nt pr e- i m pl a nt ? 

Cr a ni al n er v e XI ( A c c ess or y N er v e)  

1.  As k t h e s u bj e ct t o m ai nt ai n a t ur n e d h e a d p ositi o n a g ai nst  y o ur h a n d 
w hil e y o u tr y t o p us h t h e h e a d b a c k t o t h e mi dli n e.  Di d t h e s u bj e ct h a v e 
a n y w e a k n ess t h at w as n ot pr es e nt pr e -i m pl a nt ? 

2.  As k t h e s u bj e ct t o p us h t h eir h e a d f or w ar d a g ai n st  y o ur h a n d w hil e y o u 
p us h t h e h e a d b a c k w ar ds.  W as t h e s u bj e ct u n a bl e t o p us h t h eir h e a d 
b a c k w ar ds t h at w as n ot pr es e nt pr e- i m pl a nt ? 

3.  As k t h e s u bj e ct t o s hr u g t h eir s h o ul d ers.  W as t h e s u bj e ct u n a bl e t o d o s o 
i n a s y m m etri c m a n n er t h at w as n ot pr es e nt pr e-i m pl a nt ? 

Cr a ni al n er v e XII ( H y p o gl oss al N er v e) 

1.  As k t h e s u bj e ct t o sti c k o ut t h eir t o n g u e.  W as t h e s u bj e ct u n a bl e t o 
pr otr u d e t h eir t o n g u e p ast t h eir li ps, or w as t h er e a n y d e vi ati o n t h at w as 
n ot pr es e nt pr e- i m pl a nt ? 

2.  As k t h e s u bj e ct t o m o v e t h eir t o n g u e fr o m si d e t o si d e.  W as t h er e a n y 
i n a bilit y t o m o v e t o t h e l eft or ri g ht t h at w as n ot pr es e nt pr e-i m pl a nt ? 

3.  As k t h e s u bj e ct t o p us h t h eir t o n g u e a g ai nst a t o n g u e d e pr ess or.  W as 
t h er e a n y w e a k n ess t h at w as n ot pr es e nt pr e-i m pl a nt ? 
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3. 4. 1 9.  Si x -Mi n ut e H all W al k ( 6 M H W)  

A 6 M H W will b e p erf or m e d at S cr e e ni n g / B as eli n e a n d at t h e 6 m o nt h visit.  T h e 

S cr e e ni n g / B as eli n e 6 M H W m ust m e et Eli gi bilit y I n cl usi o n Crit eri a 3  i n S e cti o n 

3. 2. 1  a b o v e .  S u bj e cts w h o d o n ot c o m pl et e t h e w al k  at S cr e e ni n g / B as eli n e ar e 

e x cl u d e d.  It is v er y i m p ort a nt t h at e a c h s u bj e ct att e m pts t o c o m pl et e e a c h  6 M H W 

ass ess m e nt.  T h e r e as o n s f or i n a bilit y t o d o t h e w al k , or f or st o p pi n g t h e w al k  

e arl y, will b e c oll e ct e d.   

I nstr u cti o ns f or p erf or mi n g t h e 6 M H W ar e pr o vi d e d i n A p p e n di x 1  Si x - Mi n ut e 

H all W al k .  T h es e i nstr u cti o ns i n cl u d e t h e d efi niti o n of a c o m pl et e h all w al k, a n d 

a cl e ar a n d w ell d efi n e d s cri pt t h at pr o vi d es sit e p ers o n n el  wit h e x a ct v er bi a g e t o 

us e wit h t h e s u bj e cts d uri n g t h e t est.  T h e l e n gt h of t h e c orri d or s h o ul d b e  m ar k e d 

e v er y 3 m et ers t o pr o vi d e a n e as y w a y t o a c c ur at el y m e as ur e t h e dist a n c e w al k e d.   

3. 4. 2 0.  Mi n n es ot a Li vi n g Wit h H e a rt F ail u r e Q u alit y of Lif e Q u esti o n n ai r e  

T h e Mi n n es ot a Li vi n g wit h H e art F ail ur e q u alit y of lif e ( M L W H F) q u esti o n n air e 

will b e a d mi nist er e d at S cr e e ni n g / B as eli n e a n d at t h e 6 m o nt h visit.    

It is r e c o m m e n d e d t h at it is pr o vi d e d t o t h e s u bj e ct at t h e b e gi n ni n g of t h e visit 

pri or t o a n y s u bj e ct i nt er a cti o n, i n a n eff ort t o mi ni mi z e t h e p ot e nti al i nfl u e n c e of 

h e alt h c ar e pr o vi d ers.  T h e q u esti o n n air e is t o b e c o m pl et e d d uri n g t h e visit a n d 

s h o ul d n ot b e s e nt h o m e wit h t h e s u bj e ct.  S u bj e ct s s h o ul d a ns w er t h e q u esti o ns 

wit h o ut b ei n g i nfl u e n c e d b y ot h ers s u c h as t h eir s p o us e or f a mil y m e m b ers. 

T h e  i n v esti g at or  or  r es e ar c h  c o or di n at or  will  pr o vi d e  i nstr u cti o ns  o n  h o w  t o  

c o m pl et e t h e q u esti o n n air e t o t h e s u bj e ct.  If p ossi bl e, t h e s a m e cli ni ci a n s h o ul d 

i nstr u ct t h e s u bj e ct t hr o u g h o ut t h e c o urs e of t h e st u d y .  If t h e s u bj e ct h as q u e sti o ns 

r e g ar di n g t h e q u esti o n n air e, t h e cli ni ci a n s h o ul d o nl y dis c uss t h e m e c h a ni cs of 

filli n g o ut t h e f or ms a n d n ot dis c uss q u esti o ns.  If it is n ot p ossi bl e f or t h e s u bj e ct 

t o s elf-a d mi nist er t h e q u esti o n n air e, t h e i n v esti g at o r or d esi g n e e m a y c h o os e t o 

r e a d t h e m at eri als t o t h e s u bj e ct a n d r e c or d t h eir r es p o ns es. 

I nstr u cti o ns f or p erf or mi n g t h e M L W H F q u esti o n n air e ar e pr o vi d e d i n A p p e n di x 

2  Mi n n es ot a Li vi n g wit h H e art F ail ur e Q u alit y of Lif e Q u esti o n n air e . 

3. 4. 2 1.  N e w Y o r k H e a rt F u n cti o n al Cl ass Ass ess m e nt  

T h e N Y H A cl ass will b e a d mi nist er e d at S cr e e ni n g / B as eli n e a n d at t h e 6 m o nt h 

visit.  T h e N Y H A Cl ass ass ess m e nt at S cr e e ni n g / B as eli n e d et er mi n es eli gi bilit y 

i n a d diti o n t o est a blis hi n g a b as eli n e v al u e.  T h e N Y H A Cl ass ass ess m e nt will b e 

c o m pl et e d b y t h e PI or as d el e g at e d b y t h e PI t o a p ers o n q u alifi e d t o p erf or m t h e 

ass ess m e nt.  E v er y eff ort s h o ul d b e m a d e t o h a v e t h e s a m e p ers o n p erf or m t h e 

ass ess m e nt f or a gi v e n s u bj e ct t hr o u g h o ut t h e c o ur s e of t h e st u d y.  
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3. 4. 2 2.  R e -t esti n g D u ri n g S c r e e ni n g/ B as eli n e 

E a c h t est or pr o c e d ur e r e q uir e d as p art of t h e s cr e e ni n g/ b as eli n e visit s h o ul d o nl y 

b e d o n e o n c e. R e q u ests f or r e p e at t esti n g d uri n g s cr e e ni n g/ b as eli n e m ust r e c ei v e 

pri or a p pr o v al fr o m t h e C V R x Cli ni c al d e p art m e nt. 

3. 4. 2 3.  I m pl a nt a bl e / W e a r a bl e D e vi c e I nf o r m ati o n  

I nf orm ati o n  fr o m  a n  i m pl a nt a bl e  or  w e ar a bl e  d e vi c e  ( e. g. , C R M  arr h yt h mi a  

d e vi c e, i m pl a nt e d pr ess ur e m o nit ors, et c.) is c oll e ct e d fr o m s u bj e cts  t h at h a v e a n 

e xisti n g i m pl a nt e d/ w e ar a bl e d e vi c e at S cr e e ni n g / B as eli n e , a n d at t h e 6 - m o nt h 

a n d  1 2 -m o nt h  visit .  E v er y  att e m pt  s h o ul d  b e  m a d e  t o  c a pt ur e  c o m pl et e  a n d  

a c c ur at e a cti vit y o v er t h e pri or 6 m o nt hs. 

3. 4. 2 4.  A d v e rs e E v e nt  

At all visits, all n e w a d v ers e e v e nts t h at o c c urr e d si n c e t h e l ast visit s h o ul d b e 

r ep ort e d (s e e S e cti o n 3. 5 ).  A n y o n g oi n g a d v ers e e v e nt s h o ul d b e u p d at e d a n d 

e v al u at e d t o s e e if t h e y h a v e b e e n r es ol v e d.  If a h e mis p h eri c n e ur ol o gi c al e v e nt 

is c o nfir m e d (e. g., TI A, str o k e, a m a ur osis f u g a x) a n d is r el at e d t o t h e pr o c e d ur e 

or d e vi c e, t h e n br ai n i m a gi n g wit h c o m p ut eri z e d t o m o gr a p h y  a n gi o gr a p h y ( C TA) 

t h at  i n cl u d es  b ot h  t h e  e xtr a-cr a ni al  a n d  i ntr a cr a ni al  art eri es , al o n g  wit h  a  

n e ur ol o gi c c o ns ult ati o n s h o ul d b e p erf o r m e d. 

3. 4. 2 5.  R e -s c r e e ni n g S u bj e cts  

R e -s cr e e ni n g  of  s u bj e ct s  w h o  pr e vi o us  f ail e d  t h e  eli gi bilit y  crit eri a  m a y  b e  

p er mitt e d wit h C V R x Cli ni c al d e p art m e nt a p pr o v al.   If t h e C D U/ C T A is wit hi n 

si x m o nt hs of i m pl a nt, it d o es n ot n e e d t o b e r e d o n e.  

3. 4. 2 6.  S yst e m I m pl a nt ati o n P r o c e d u r e T esti n g a n d D at a  

O n c e t h e s u bj e ct h as c o m pl et e d all S cr e e ni n g  / B as eli n e m e as ur e m e nts a n d h as 

b e e n d et er mi n e d t o m e et all eli gi bilit y crit eri a, t h e s u bj e ct m a y b e i m pl a nt e d.  If 

a  s u bj e ct  is u n d er g oi n g a t h er a p y utili zi n g a d e vi c e wit h a n el e ctri c al s e nsi n g 

c h a n n el, c o nt a ct C V R x pri or t o t h e i m pl a nt pr o c e d ur e. 

If a n i m pl a nt is att e m pt e d usi n g t h e B A T wir e I m pl a nt Kit, b ut is a b ort e d f or a n y 

r e as o n, t h e n t h e s u bj e ct m a y h a v e a r e -att e m pt at t h e B A T wir e i m pl a nt a p pr o a c h 

wit hi n 3 0 d a ys of i niti al B A T wi r e att e m pt.  T h e d e cisi o n f or a r e-att e m pt will b e 

b as e d o n i m pl a nt er’s m e di c al o pi ni o n a n d C V R x  Cli ni c al D e p art m e nt a p pr o v al.  

If aft er t h e first or s e c o n d B A T wir e att e m pt , it is d et er mi n e d t h at t h e B A T wir e 

a p pr o a c h  is n ot p ossi bl e, t h e n at t h e dis cr eti o n of t h e i m pl a nti n g p h ysi ci a n t h e 



  3 6 0 0 5 8 -0 0 1  
R e v. E v 1. 0  

 B A T wir e I m pl a nt Kit St u d y  

C O N FI D E N TI A L & P R O P RI E T A R Y I N F O R M A TI O N O F C V R x, I N C.  P A G E 3 4  O F 6 2  

s u bj e ct m a y b e i m m e di at el y, or at a n y p oi nt i n t h e f ut ur e, b e i m pl a nt e d usi n g t h e 

c o m m er ci all y a p pr o v e d a p pr o a c h. 

If t h e s cr e e ni n g a n d b as eli n e m e as ur e m e nts ar e n ot wit hi n t h e wi n d o w t o i m pl a nt 

as d es cri b e d i n t h e ti m e a n d e v e nts t a bl e d u e t o t h e s e c o n d i m pl a nt att e m pt, t h es e 

will n ot b e c o nsi d er e d d e vi ati o ns fr o m t h e pr ot o c ol, as t h e s u bj e ct h a d t h e i niti al 

att e m pt wit hi n pr ot o c ol d efi n e d wi n d o w. 

If t h e s u bj e ct is n ot i m pl a nt e d wit h t h e d e vi c e usi n g t h e B A T wir e i m pl a nt Kit, 

t h e s u bj e ct will b e f oll o w e d f or 3 0 d a ys p ost att e m pt e d i m pl a nt t o ass ess a n y 

a d v ers e e v e nts.  O n c e t h e 3 0 -d a y p eri o d is c o m pl et e, t h e s u bj e ct is wit h dr a w n 

fr o m t h e st u d y.   

3. 4. 2 6. 1.  S yst e m I m pl a nt ati o n  

All i m pl a nti n g p h ysi ci a ns m ust b e a p pr o pri at el y tr ai n e d a n d pr o ct or e d o n 

s yst e m  i m pl a nt ati o n,  m a p pi n g  a n d  r e c o m m e n d e d  a n est h eti c  r e gi m e n  i n  

or d er  t o  i m pl a nt  t h e  B ar osti m  S yst e m.   T h e  pr o c e d ur es  f or  i m pl a nti n g  

p h ysi ci a n tr ai ni n g ar e d e s cri b e d i n S e cti o n 3. 4. 3 . 

T h e pr o c e d ur e will b e p erf or m e d u nil at er all y.  It i s r e c o m m e n d e d t h at t h e 

i m pl a nti n g p h ysi ci a n pl a c e t h e c ar oti d si n us l e a d o n t h e ri g ht si d e; h o w e v er, 

t h e l e a d m a y b e pl a c e d o n t h e l eft si d e if f a ct ors s u c h as s u bj e ct a n at o m y 

i n di c at e t h at t h e l eft si d e w o ul d b e pr ef er a bl e. 

I n  s o m e  i nst a n c es,  a n  a c ut e  r es p o ns e  m a y  n ot  b e  o bs er v e d  d uri n g  t h e  

pr o c e d ur e.  I n t h es e sit u ati o ns, t h e l e a d s h o ul d b e pl a c e d b as e d o n t h e b est-

m a p p e d  a n at o mi c al  l o c ati o n.   Oft e n,  t his  r es ults  i n  a  s uffi ci e nt  c hr o ni c  

r es p o ns e. 

S u bj e cts m ust r e m ai n  h os pit ali z e d  f or  at  l e ast  o n e  o v er ni g ht st a y   p ost-

s ur g er y  t o e v al u at e f or c o m pli c ati o ns. 

I n  a  c o nti n u o us  eff ort  t o  r e d u c e  p ot e nti al  ris ks  ass o ci at e d  wit h  t h e  

i m pl a nt ati o n  of  t h e  B ar osti m  S yst e m,  t h e  f oll o wi n g  r estri cti o ns  ar e  

m a n d at e d:  

  All s u bj e cts will h a v e a n e n d otr a c h e al i nt u b ati o n d uri n g i m pl a nt.   

  O nl y a tr ai n e d a n d pr o ct or e d i m pl a nti n g p h ysi ci a n m a y p erf or m a n y 
p art of t h e s ur gi c al pr o c e d ur e. 

  A v as c ul ar or ot h er s ur g e o n cr e d e nti all e d at t h e st u d y sit e t o p erf or m 
c ar oti d art er y r e p airs  m ust b e pr es e nt d uri n g all i m pl a nts i n c as e of 
c o m pli c ati o ns.  

  If  t h e  s u bj e ct  h as  a  pri or  c ar di a c  r h yt h m  m a n a g e m e nt  d e vi c e  
i m pl a nt e d,  t esti n g  s h o ul d  b e  c o m pl et e d  d uri n g  t h e  pr o c e d ur e  t o  
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c o nfir m t h at t h e B ar osti m S yst e m d o es n ot i nt erf er e wit h t h e t h er a p y 
b ei n g d eli v er e d b y t h e c ar di a c r h yt h m m a n a g e m e nt d e vi c e. 

  S u bj e cts o n a nti c o a g ul ati o n t h er a p y s h o ul d b e m a n a g e d a c c or di n g t o 
t h e  A C C/ A H A/ E S C  G ui d eli n es  f or  t h e  M a n a g e m e nt  of  Atri al 
Fi brill ati o n. 2 6 , 2 7  

  T h e sit e s h o ul d f oll o w t h eir st a n d ar d dis c h ar g e pr o c e d ur es, i n cl u di n g 
e v al u ati o n  of  t h e  s u bj e ct  f or  e vi d e n c e  of  p eri pr o c e d ur al  str o k es,  
bl e e di n g  a n d  p ot e nti al  i nj ur y  fr o m  t h e  i m pl a nt.   I n  a d diti o n,  a  
q u alifi e d  st u d y  p h ysi ci a n  m ust  p erf or m  a n d  d o c u m e nt  a  d e t ail e d 
e x a m  t o  r ul e  o ut  a n y  st u d y  r el at e d  i nj uri es  as  p er  S e cti o n  3. 4. 1 8 .  
E vi d e n c e of a cr a ni al n er v e i nj ur y r e q uir es a f or m al c o ns ult b y t h e 
E N T cli ni ci a n   t h at i n cl u d es a l ar y n g os c o p y. Evi d e n c e of diffi c ult y 
s w all o wi n g s oli ds or li q ui ds aft er t h e pr o c e d ur e  r e q uir es a f or m al  
s w all o wi n g st u d y (s u c h a s a t est usi n g b ari u m)  t o r ul e o ut as pir ati o n.  
E vi d e n c e  of  a cli ni c all y  si g nifi c a nt  h e m at o m a  f or m ati o n  aft er  t h e  
pr o c e d ur e r e q uir es a C T a n gi o gr a m t o r ul e o ut a v as c ul ar i nj ur y.  

3. 4. 2 6. 2.  A n est h eti c a n d M e di c ati o n M a n a g e m e nt  

T h e G o als of A n est h eti c M a n a g e m e nt f or t h e i m pl a nt pr o c e d ur e ar e:  

  Pr es er v ati o n of t h e c ar oti d art er y (si n us) b ar or e c e pt or s e nsiti vit y vi a 
t h e us a g e of a n est heti c a g e nts t h at mi ni m all y i n hi bit t h e b ar or e c e pt or 
r efl e x d uri n g el e ctr o d e pl a c e m e nt a n d t esti n g. 

  A v oi d a n c e  of  t h e  a d mi nistr ati o n  of  v ol atil e  a n est h eti cs  a n d  
mi ni mi z ati o n of t h e us a g e of i ntr a -o p er ati v e m e di c ati o ns t h at m a y 
i nt erf er e wit h t h e b ar or efl e x or c a us e h e m o d y n a mi c i nst a bilit y u ntil 
b ar or e c e pt or m a p pi n g a n d el e ctr o d e pl a c e m e nt ar e c o m pl et e d . 

  All o w a n c e  of  t h e  pr o m pt  e m er g e n c e  of  s u bj e ct s  i n  t h e  o p er ati v e  
t h e at er at t h e c o n cl usi o n of t h e s ur gi c al pr o c e d ur e. 

It  is  g e n er all y  r e c o m m e n d e d  t h at  s u bj e cts  c o nti n u e  t h eir  pr e o p er ati v e  

t h er a p y wit h b et a-bl o c k ers a n d as piri n t o mi ni mi z e t h e p ot e nti al ris ks of 

p eri -o p er ati v e str o k e, or m y o c ar di al i nf ar cti o n.  S u bj e cts s h o ul d b e a bl e t o 

dis c o nti n u e t h e us e of a nti pl at el et dr u gs ( e. g., as piri n) i n a d v a n c e  of t h e 

pr o c e d ur e (s e e  S e cti o n 3. 2. 1 , Eli gi bilit y I n cl usi o n Crit eri a 2 ). 

Ot h er m e di c ati o ns t h at r e d u c e bl o o d pr ess ur e ar e t o b e wit h h el d d uri n g t h e 

pr e o p er ati v e p eri o d.  If t h e i n v esti g at or d et er mi n es t h at wit h h ol di n g t h es e 

m e di c ati o ns m a y c o m pr o mis e s u bj e ct s af et y, i ntr a v e n o us nitr o gl y c eri n or 

nit r o pr ussi d e m a y b e a d mi nist er e d t o r e d u c e pr ess ur e t o l e v els n o l o w er t h a n 

t h os e o bs er v e d pri or t o m e di c ati o n wit h dr a w al. 

P h ysi ci a n j u d g e m e nt s u p ers e d es t h e f oll o wi n g, b ut t h es e ar e c o nsi d er ati o ns 

f or a nti c o a g ul ati o n a n d a nti pl at el et t h er a p y m a n a g e m e nt a n d t h e B ar osti m 

i m pl a nt:  
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  T o  r e d u c e  t h e  ris k  of  bl e e di n g  or  h e m at o m a  at  t h e  s ur gi c al  sit e,  
W arf ari n  (s u c h as C o u m a di n) s h o ul d b e dis c o nti n u e d 5 d a ys pri or t o 
i m pl a nt.  

  D a bi g atr a n ( s u c h as Pr a d a x a) s h o ul d b e dis c o nti n u e d 4 d a ys pri or t o 
s ur g er y. 

  A pi x a b a n ( s u c h  as Eli q uis) a n d Ri v ar o x a b a n ( s u c h as X ar elt o) s h o ul d 
b e st o p p e d 4 8 h o urs pri or t o t h e i m pl a nt pr o c e d ur e.  

  I n s u bj e cts  wit h hi g h t hr o m b oti c ris k t h e i m pl a nti n g p h y si ci a n  will 
d et er mi n e  if  t h e  s u bj e ct  will  n e e d  bri d gi n g  of  t h e  a nti c o a g ul ati o n  
t h er a p y  wit h  l o w  m ol e c ul ar  w ei g ht  h e p ari n  (L M W H , s u c h  as  
L o v e n o x or Ari xtr a).  

  If t h e s u bj e ct is o n d u al a nti pl at el et t h er a p y, c o nsi d er dis c o nti n ui n g 
Cl o pi d o gr el  ( s u c h  as  Pl a vi x)  7  t o  1 0  d a ys  pri or  t o  t h e  i m pl a nt  
pr o c e d ur e.  

  Pri oriti z e a nti c o a g ul ati o n t h er a p y ris k -of -str o k e o v er h e m at o m a. 

T h e m a n a g e m e nt of  a nti -t hr o m b oti c a n d a nti- c o a g ul a nt m e di c ati o ns d o n e 

t hr o u g h t h e a p pr o pri at e l a b or at or y e v al u ati o ns, as  d et er mi n e d b y  t h e sit e, 

m a y  i n cl u d e, b ut is n ot li mit e d t o,  pr ot hr o mbi n ti m e  ( P T), a cti v at e d p arti al 

pr ot hr o m bi n  ti m e  ( a P T T), i nt er n ati o n al  n or m ali z e d  r ati o  (I N R)  or  ot h er 

c o a g ul ati o n f a ct or ass a ys. 

3. 4. 2 7.  S yst e m R e pl a c e m e nt  

T h e I m pl a nt a bl e P uls e G e n er at or (I P G) m a y n e e d t o b e r e pl a c e d d uri n g t h e st u d y 

d u e t o b att er y d e pl eti o n.  I P G r e pl a c e m e nts d u e t o n or m al b att er y d e pl eti o n will 

n ot b e r e p ort e d as a d v ers e e v e nts.  T h e b att er y lif eti m e of t h e I P G is d e p e n d e nt 

o n a c o m bi n ati o n of d e vi c e t h er a p y s etti n gs a n d t h e l e a d i m p e d a n c e v al u e as 

s p e cifi e d  i n  t h e  B ar osti m S yst e m I nstr u cti o ns  f or  Us e.   T h e  r e pl a c e m e nt  

pr o c e d ur e m a y b e p erf or m e d u n d er l o c al a n est h esi a.  

3. 4. 2 8.  D e vi c e P r o g r a m mi n g  

T h e d e vi c e pr o gr a m mi n g e v al u ati o n m a y i n cl u d e a s eri es of t ests t o e v al u at e t h e 

s u bj e ct’s  r es p o ns e  t o  v ari o us  p ar a m et er  s etti n gs.   T h es e  t ests  e v al u at e  t h e  

h e m o d y n a mi c r es p o ns e t o c h a n g es i n p uls e a m plit u d e, p uls e wi dt h, a n d p uls e 

fr e q u e n c y.  R ef er t o t h e S yst e m R ef er e n c e G ui d e f or s p e cifi c r a n g es or li mit ati o ns 

r e g ar di n g pr o gr a m m e d s etti n gs. 

T o  e ns ur e  t h at  t h e  pr o gr a m m e d  s etti n gs  ar e  b ei n g  e v al u at e d  r el ati v e  t o  t h e  

s u bj e ct’s h e ali n g a n d p o st -s ur gi c al r e c o v er y, a d e vi c e pr o gr a m mi n g e v al u ati o n 

will b e r e q uir e d as d et ail e d i n T a bl e 5 .  A pr o gr a m mi n g e v al u ati o n m a y or m a y 

n ot r es ult i n c h a n g es t o t h e pr o gr a m m e d s etti n gs.  
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If a n y c h a n g es ar e m a d e t o t h e pr o gr a m m e d s etti n gs, t h e p h ysi ci a n or d el e g at e d 

cli ni ci a n s h o ul d  ass ess  s y m pt o ms  at  r est  a n d  w al ki n g  t o  e ns ur e  t h at  i n  t h e  

p h ysi ci a n’s or d el e g at e d cli ni ci a n’s o pi ni o n t h e s u bj e ct is n ot e x p eri e n ci n g a n y 

a d v ers e r e a cti o ns t o t h e d e vi c e pr o gr a m mi n g.  If t h e s u bj e ct is e x p eri e n ci n g a n y 

a d v ers e  r e a cti o ns,  t h e  d e vi c e  pr o gr a m mi n g  m ust  b e  a dj ust e d  t o  al l e vi at e  a n y  

a d v ers e r e a cti o ns.  

Pr o gr a m mi n g d e cisi o ns will pri m aril y b e e v al u at e d t hr o u g h bl o o d pr ess ur e a n d 

h e art r at e.   

M e as ur e m e nts m a y b e i nfl u e n c e d b y t h e s urr o u n di n g e n vir o n m e nt a n d s u bj e ct 

e m oti o n al st at us.  As s u c h, eff orts s h o ul d b e m a d e t o pr o vi d e a n e n vir o n m e nt t h at 

is as q ui et a n d str ess fr e e as pr a cti c al.  T h e n u m b er of r e pr es e nt ati v es fr o m t h e 

cli ni c al sit e a n d s p o ns or s h o ul d b e li mit e d t o as f e w as p ossi bl e w h e n p erf or mi n g 

t h es e ass ess m e nts.  H o w e v er, at l e ast o n e p ers o n at e a c h pr o gr a m mi n g se ssi o n 

s h o ul d  b e  a  cli ni ci a n  ( p h ysi ci a n,  n urs e,  n urs e  pr a ctiti o n er  or  p h ysi ci a n’s  

assist a nt).  

It  is  r e c o m m e n d e d  t h at  t h e  s u bj e ct  d e m o nstr at e  t h e  f oll o wi n g  h e m o d y n a mi c  

v al u es usi n g c uff m e as ur e m e nts t o b e gi n m a ki n g a n y pr o gr a m mi n g c h a n g e s:  

•  S u bj e ct is as y m pt o m ati c at r est  

•  H e art r at e > 5 5 b e ats p er mi n ut e  

•  S yst oli c bl o o d pr ess ur e > 1 0 0 m m H g 

•  Di ast oli c bl o o d pr ess ur e > 6 0 m m H g 

F or s u bj e ct s af et y d uri n g t h e r e pr o gr a m mi n g pr o c e d ur e, ass ess s y m pt o ms a n d us e 

c uff  m e as ur e m e nts  t o  a ss ess  t h e  h e m o d y n a mi c  v al u es  list e d  b el o w.   It  is  

r e c o m m e n d e d  t h at  t esti n g  b e  st o p p e d  a n d  r et ur n  t o  t h e  pr e vi o us pr o gr a m m e d  

s etti n gs or l o w er s etti n gs as n e c ess ar y, at a n y ti m e if:  

•  S u bj e ct is s y m pt o m ati c at r est  

•  H e art r at e < 5 0 b e ats p er mi n ut e  

•  S yst oli c bl o o d pr ess ur e < 9 0 m m H g 

•  Di ast oli c bl o o d pr ess ur e < 5 0 m m H g 

•  Pr o bl e m ati c tiss u e sti m ul ati o n is n ot e d  

As  t h e  d e vi c e  pr o gr a m mi n g  a dj ust m e nts  ar e  b ei n g  c o n d u ct e d,  n o n -i n v asi v e 

art eri al bl o o d pr ess ur e w a v ef or ms ( o pti o n al), bl o o d pr ess ur e, h e art r at e, a n d a n y 

o bs er v ati o ns  (s e ns ati o ns,  dist ur b a n c es,  et c.)  m a y  b e  o bt ai n e d  a n d  r e c or d e d  at  

e a c h s etti n g t h at is t est e d.  

Tr a nsi e nt  br a d y c ar di a  a n d/ or  h y p ot e nsi o n  is  a nti ci p at e d  w h e n  m a ki n g  

pr o gr a m mi n g a dj ust m e nt s a n d  s h o ul d o nl y b e c o n si d er e d a n a d v ers e e v e nt if a n 

i nt er v e nti o n ( b e y o n d r e pr o gr a m mi n g) is r e q uir e d, or t h e e v e nt is ass o ci at e d wit h 
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a n a d diti o n al u nt o w ar d eff e ct.  Li k e wis e, tr a nsi e nt el e ctri c al sti m ul ati o n of n o n -

v as c ul ar tiss u es is n ot c o nsi d er e d a n a d v er s e e v e nt.  T h os e e v e nts n ot c o nsi d er e d 

t o b e a d v ers e e v e nts s h o ul d b e n ot e d o n t h e c as e r e p ort f or ms. 

T h e r es ults of all pr o gr a m mi n g e v al u ati o ns will b e r e vi e w e d wit h t h e cli ni ci a n t o 

d et er mi n e  fi n al  pr o gr a m mi n g  s etti n gs.   Fi n al  pr o gr a m m e d  p ar a m et ers  will  b e 

s el e ct e d  t h at  pr o vi d e  a n  a c c e pt a bl e  h e m o d y n a mi c  r es p o ns e  wit h o ut  p osi n g  a  

s af et y c o n c er n f or t h e s u bj e ct a n d wit h o ut c a usi n g s u bj e ct s y m pt o ms.  Aft er a 

s u bj e ct  h as  b e e n  pr o gr a m m e d  t o  r e c ei v e  t h er a p y,  r e pr o gr a m mi n g  t o  l o w er  

t h er a p e uti c s etti n gs (i n cl u di ng O F F) s h o ul d b e p erf or m e d wit h c ar e. 

T h e  s u bj e ct  will  b e  dis c h ar g e d  fr o m  t h e  h os pit al  wit h  t h e  d e vi c e  t ur n e d  O N.   

C V R x str o n gl y s u g g ests s u bj e cts r e m ai n at t h e h os pit al f or at l e ast 2 h o urs p ost -

pr o gr a m mi n g f or o bs er v ati o n pri or t o b ei n g dis c h ar g e d.  T h e cli ni ci a n s h o ul d als o  

ass ess  s y m pt o ms  t o  e ns ur e  t h at  i n  t h e  p h ysi ci a n’s  o pi ni o n  t h e  s u bj e ct  is  n ot  

e x p eri e n ci n g a n y a d v ers e r e a cti o ns t o t h e d e vi c e pr o gr a m mi n g.  If t h e s u bj e ct is 

e x p eri e n ci n g a n y a d v ers e r e a cti o ns, t h e d e vi c e pr o gr a m mi n g s h o ul d b e a dj ust e d 

t o all e vi at e a n y a d v ers e r e a cti o ns.  

C V R x p ers o n n el will assist cli ni ci a ns wit h pr o gr a m mi n g of t h e d e vi c e.  C V R x 

p ers o n n el  m a y  h a v e  e xt e nsi v e  i nt er a cti o n  wit h  s u bj e cts;  h o w e v er,  t his  

i n v ol v e m e nt m ust o c c ur i n stri ct c o m pli a n c e wit h t h e f oll o wi n g g ui d eli nes:  

•  A d esi g n at e d a n d a ut h ori z e d cli ni ci a n m ust b e pr e s e nt f or a n d a p pr o v e all 
d e vi c e pr o gr a m mi n g.  If t h e I n v esti g at or d o es n ot d esi g n at e a cli ni ci a n f or 
d e vi c e  pr o gr a m mi n g  e v al u ati o ns,  t h e  i n v esti g at or  will  d ef a ult  as  t h e  
cli ni ci a n f or d e vi c e pr o gr a m mi n g e v al u ati o ns f or t h e st u d y. 

•  All  r o uti n e  (i. e.,  n o n -e m er g e nt)  d e vi c e  pr o gr a m mi n g  m ust  o c c ur  at  t h e  
r es e ar c h sit e u n d er t h e dir e cti o n a n d s u p er visi o n of t h e i n v esti g at or or ot h er 
d esi g n at e d a n d a ut h ori z e d cli ni ci a n. 

•  It is p er missi bl e f or t h e cli ni ci a n t o st e p o ut of t h e r o o m w hil e t h e d e vi c e 
is pr o gr a m m e d b ut t h e cli ni ci a n s h o ul d r e m ai n i n t h e i m m e di at e vi ci nit y. 

•  E x c e pt  i n  a n  e m er g e n c y  sit u ati o n,  it  is  n ot  p er missi bl e  f or  d e vi c e  r e -
pr o gr a m mi n g t o o c c ur at a n y off -sit e l o c ati o n (s u c h as a n ot h er cli ni ci a n’s 
offi c e n e ar t h e s u bj e ct’s h o m e).  

3. 4. 2 9.  S u bj e ct F oll o w -U p  

T h e t ot al st u d y d ur ati o n is a nti ci p at e d t o b e a p pr o xi m at el y 5 y e ars; h o w e v er, t h e 

d ur ati o n  of  a n  i n di vi d u al  s u bj e ct  e nr oll m e nt  will  d e p e n d  o n  w h e n  h e  or  s h e  

e nt er e d t h e st u d y. 

St u d y visits will o c c ur at 0. 5, 1 , 2, 3, 6 a n d 1 2  m o nt hs p ost i m pl a nt.  W h e n t h e 

1 2- m o nt h  visit  is  c o m pl et e,  t h e  s u bj e ct  m a y tr a nsiti o n  t o  c o m m er ci al  c ar e as 

d es cri b e d i n S e cti o n 3. 4. 3 3 . 
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3. 4. 3 0.  El e ct r o ni c P ati e nt R e p o rt e d O ut c o m es ( e P R O)  

T hr o u g h o ut t h e st u d y, s u bj e cts m a y  r e c ei v e e m ails wit h a li n k fr o m t h e d at a b as e 

r e q u esti n g  t h e m  t o  c o m pl et e  s ur v e ys  o n  t h eir  c urr e nt  h e alt h.   T h e  c o nt a ct  

i nf or m ati o n will o nl y b e visi bl e t o t h e sit e.  Q u esti o ns m a y i n cl u d e : listi n g a n y 

r e c e nt h os pit ali z ati o ns or e m er g e n c y r o o m visits, a n y c h a n g es t o m e di c ati o ns, 

a n y r e c e nt ill n ess es,  or c urr e nt h e alt h st at us.  T h e c o m pl et e d q u esti o n n air e will 

b e visi bl e t o b ot h t h e s p o ns or a n d sit e. 

3. 4. 3 1.  Dis c o nti n u ati o n of T h e r a p y  

Cir c u mst a n c es  m a y  aris e  d uri n g  t h e  st u d y  r e q uiri n g  t e m p or ar y  or  p er m a n e nt  

dis c o nt i n u ati o n  of  t h er a p y  f or  a  s u bj e ct.   T his  m a y  i n cl u d e  a  s eri o us  a d v ers e  

e v e nt, a c o n c urr e nt ill n e ss or ot h er m e di c al c o n diti o n w h er e c o nti n u e d t h er a p y 

w o ul d n ot b e i n t h e b est i nt er est of t h e s u bj e ct, or s u bj e ct’s wis h.   

If t h e dis c o nti n u ati o n is t e m p or ar y, t h e r e as o n f or t h e dis c o nti n u ati o n s h o ul d b e 

cl e arl y n ot e d i n t h e s u bj e ct’s m e di c al r e c or d s.  

3. 4. 3 2.  T e r mi n ati o n of T h e r a p y  

I n g e n er al,  car ef ul c o nsi d er ati o n s h o ul d b e gi v e n t o w h et h er t h e d e vi c e is t ur n e d 

off i m m e di at el y or if t h er a p y is gr a d u all y r e d u c e d o v er  a p eri o d of ti m e.  It is 

i m p ort a nt t h at e a c h s u bj e ct b e a d e q u at el y m o nit or e d d uri n g t his tr a nsiti o n p eri o d.  

If e x pl a nt ati o n of t h e d e vic e is r e q uir e d, it is r e c o m m e n d e d t o w ait at l e a st 3 0 

d a ys f oll o wi n g t er mi n ati o n of t h er a p y pri or t o e x pl a nti n g t h e d e v i c e t o all o w f or 

a n ass ess m e nt of s u bj e ct’ s st at us .  T h e i n v esti g at or s h o ul d dis c uss t h e o pti o ns f or 

eit h er l e a vi n g t h e I P G i n pl a c e or f or e x pl a nti n g t h e I P G i n cl u di n g t h e p ot e nti al 

ris ks  of  e a c h.   It  is  r e c o m m e n d e d  t h at  t h e  C ar oti d  Si n us  L e a d  s h o ul d  n ot  b e 

e x pl a nt e d, a n d t h e l e a d s h o ul d b e l eft i m pl a nt e d wit h t h e l e a d c a p p e d.  

If t h e I P G is r e m o v e d, t h e s u bj e ct s h o ul d b e f oll o w e d f or at l e ast 3 0 d a ys p ost -

e x pl a nt f or a n y p ossi bl e a d v ers e e v e nts.  If t h e s u bj e ct h as a n y o n g oi n g s eri o us 

a d v ers e e v e nts at t h is ti m e, t h e y s h o ul d c o nti n u e t o b e f oll o w e d u ntil r es ol uti o n 

of t h es e e v e nts or t h e s u bj e ct’s c o n diti o n is st a bl e.  T h e fi n al st at us of t h e I P G 

s h o ul d b e d o c u m e nt e d i n t h e s u bj e ct’s m e di c al r e c or ds as w ell as i n t h e st u d y 

d at a b as e.  A st u d y t er mi n ati o n f or m s h o ul d b e c o m pl et e d. 

3. 4. 3 3.  Fi n al St u d y Visit at 1 2 M o nt h s 

At  t h e  1 2- m o nt h  visit,  if  t h e  s u bj e ct  h as  a n y  o n g oi n g  s eri o us  s yst e m -r el at e d 

a d v ers e e v e nts t h e y s h o ul d c o nti n u e t o b e f oll o w e d f or 3 0 d a ys fr o m t h e 1 2 - m o nt h 

visit.  Aft er 3 0 d a ys t h e y s h o ul d b e wit h dr a w n fr o m t h e st u d y a n d f oll o w e d  usi n g 

st a n d ar d m e di c al c ar e .  F oll o w- u p will c o nti n u e b e y o n d t h e 1 2 -m o nt h visit if n e w 
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st e n osi s > 4 0 % is o bs er v e d o n t h e 1 2- m o nt h C T A  u ntil it is d et er mi n e d t h at t h e 

l esi o ns  pr o gr ess,  r e gr ess  or  st a bili z e.   T his  f oll o w -u p  m a y  c o nti n u e  u p  t o  6 0  

m o nt hs. 

If t h e s u bj e ct d e ci d es n ot t o c o nti n u e t o r e c ei v e t h er a p y, pl e as e r ef er t o S e cti o n 

3. 4. 3 2 , T er mi n ati o n of T h er a p y . 

A st u d y t er mi n ati o n f or m s h o ul d b e c o m pl et e d i n di c ati n g t h e “s u bj e ct c o m pl et e d 

st u d y p er pr ot o c ol ” a n d t h e d at e of t h e fi n al st u d y visit.  

3. 4. 3 4.  Wit h d r a w al of a S u bj e ct 

A s u bj e ct m a y b e wit h dr a w n fr o m t h e st u d y at a n y ti m e b y t h e i n v esti g at or f or a 

v ari et y of r e as o ns i n cl u di n g , b ut n ot li mit e d t o , t h e s u bj e ct n ot f oll o wi n g st u d y-

r el at e d dir e cti o ns, or a s eri o us r e a cti o n d e v el o ps.  A s u bj e ct m a y als o c h o os e t o 

v ol u nt aril y  wit h dr a w  c o ns e nt  f or  t h e  st u d y  or  fr o m  r e c ei vi n g  f urt h er  st u d y  

tr e at m e nt at a n y ti m e.  O n c e a  s u bj e ct wit h dr a ws fr o m t h e st u d y t h e y will b e 

p er m a n e ntl y  e x cl u d e d  fr o m  p arti ci p ati o n  a n d  will  n ot  b e  all o w e d  r e e nt er  t h e  

st u d y. 

T h e  i n v esti g at or  s h o ul d  dis c uss  t h e  d e cisi o n  wit h  t h e  s u bj e ct  a n d  cl e arl y  

d o c u m e nt t h e r e as o n, d at e of dis c ussi o n a n d w h o p arti ci p at e d i n t h e dis c ussi o n 

al o n g wit h t h e it e ms dis c uss e d i n t h e s u bj e ct’s m e di c al r e c or d.   

If a n i m pl a nt is att e m pt e d usi n g t h e B A T wir e I m pl a nt Kit, b ut is a b ort e d f or a n y 

r e as o n, t h e n t h e s u bj e ct will b e f oll o w e d f or 3 0 d a ys p ost att e m pt e d i m pl a nt  t o 

as s ess a n y a d v ers e e v e nt s.  O n c e t h e 3 0- d a y p eri o d is c o m pl et e, t h e s u bj e ct is 

wit h dr a w n fr o m t h e st u d y .  At t h e dis cr eti o n of t h e i m pl a nti n g p h ysi ci a n, t h e 

s u bj e ct  m a y  i m m e di at el y,  or  at  a n y  p oi nt  i n  t h e f ut ur e,  b e  i m pl a nt e d  usi n g  a  

c o m m er ci all y a p pr o v e d a p pr o a c h. 

3. 5.  S af et y E v al u ati o n 

3. 5. 1.  S af et y R e p o rti n g  

S af et y e v al u ati o ns will b e s u b mitt e d t o t h e D at a M o nit ori n g C o m mitt e e ( D M C) 

a n d t h e F D A aft er t h e 5 t h, 1 0t h, 2 0t h a n d 3 0t h s u bj e ct i m pl a nt e d is f oll o w e d f or 3 0 

d a ys.   T h e s af et y e v al u ati o ns will i n cl u d e all r el e v a nt s af et y d at a a v ail a bl e u p t o 

t h e 1 2-m o nt h f oll o w -u p visit, i n cl u di n g C D U / C T A ass ess m e nts.   D uri n g t h es e 

e v al u ati o ns, i m pl a nts will c o nti n u e u ni nt err u pt e d u nl ess r e c o m m e n d e d ot h er wis e 

b y t h e D M C or F D A.   
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3. 5. 2.  A d v e rs e E v e nt D efi niti o n  

A n a d v ers e e v e nt is d efi n e d as a n y u n d esir a bl e cli ni c al o c c urr e n c e t h at aff e ct s t h e 

h e alt h or s af et y of t h e s u bj e ct.  A n u n d erl yi n g dis e as e or s y m pt o ms ass o ci at e d 

wit h t h e u n d erl yi n g dis e as e t h at w er e pr es e nt at t h e ti m e of e nr oll m e nt is n ot 

r e p ort a bl e.  H o w e v er, a n y i n cr e as e i n t h e s e v erit y of t h e u n d erl yi n g dis e as e or 

s y m pt o ms a b o v e t h e l e v els e xisti n g at e nr oll m e nt is t o b e r e p ort e d as a n a d v ers e 

e v e nt.  If a n a d v ers e e v e nt l e a ds t o m ulti pl e o ut c o m es t h at s e q u e nti all y w ors e n, 

t h e w orst  a d v ers e  e v e nt  is  r e p ort e d.   F or  e x a m pl e,  a  h e m at o m a  l e a di n g  t o  

i nf e cti o n w o ul d b e r e p ort e d as a n i nf e cti o n. 

3. 5. 3.  A d v e rs e E v e nt R e p o rti n g  

O n c e a s u bj e ct is e nr oll e d, all a d v ers e e v e nts m ust b e r e p ort e d u ntil t h e s u bj e ct is 

wit h dr a w n, or t h e st u d y i s c o m pl et e d .   

3. 5. 4.  A d v e rs e E v e nt R el at e d n ess  

I n v esti g at ors will b e as k e d t o ass ess t h e p ot e nti al r el ati o ns hi p of t h e a d v ers e e v e nt 

t o t h e B ar osti m S yst e m a n d/ or t o t h e i m pl a nt.  T h e f oll o wi n g d efi niti o ns will b e 

us e d: 

S yst e m -R el at e d  

R el at e d :  A n a d v ers e e v e nt t h at r es ults fr o m t h e pr es e n c e or p erf or m a n c e 
of t h e d e vi c e or a n y ot h er c o m p o n e nt of t h e s yst e m. 

U n k n o w n :   A n a d v ers e e v e nt t h at c a n n ot b e d et er mi n e d t o h a v e a c a us al 
r el ati o ns hi p wit h t h e d e vi c e or a n y ot h er c o m p o n e nt of t h e 
s yst e m.  

N ot  R el at e d :   A n a d v ers e e v e nt t h at h a s b e e n d et er mi n e d t o n ot h a v e a c a us al 
r el ati o ns hi p wit h t h e d e vi c e or a n y ot h er c o m p o n e nt of t h e 
s yst e m.  

P r o c e d u r e -R el at e d  

R el at e d :   A n a d v ers e e v e nt t h at o c c urs d u e t o t h e s yst e m i m pl a nt ati o n 
pr o c e d ur e.  E v e nts m ust st art wit hi n 3 0 d a ys of i niti al i m pl a nt or 
d e vi c e c h a n g e o ut.  

U n k n o w n :   A n a d v ers e e v e nt t h at c a n n ot b e d et er mi n e d t o h a v e a c a us al 
r el ati o ns hi p wit h t h e i m pl a nt ati o n pr o c e d ur e. 

N ot R el at e d :   A n a d v ers e e v e nt t h at h a s b e e n d et er mi n e d t o n ot h a v e a c a us al 
r el ati o ns hi p wit h t h e i m pl a nt ati o n pr o c e d ur e. 

S o m e e v e nts m a y b e cl a ssifi e d as b ot h s yst e m - a n d pr o c e d ur e -r el at e d, s u c h as:  

art eri al  t hr o m b osis,  i nf e cti o n  i n cl u di n g  e x pl a nt,  d e vi c e  mi gr ati o n,  a n d  

h y p ot e nsi o n. 
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3. 5. 5.  S e ri o u s A d v e rs e E v e nt  

A S eri o us A d v ers e E v e nt  is d efi n e d as a n a d v ers e e v e nt t h at l e d t o d e at h, or l e d 

t o s eri o us d et eri or ati o n i n t h e h e alt h of t h e s u bj e ct, t h at eit h er r es ult e d i n: 1) a 

lif e-t hr e at e ni n g ill n ess or i nj ur y, or 2) a p er m a n e nt i m p air m e nt of a b o d y str u ct ur e 

or a b o d y f u n cti o n, or 3) i n -p ati e nt or pr ol o n g e d h os pit ali z ati o n, or 4) m e di c al or 

s ur gi c al i nt er v e nti o n t o pr e v e nt lif e -t hr e at e ni n g ill n ess or i nj ur y or p er m a n e nt 

i m p air m e nt t o a b o d y str u ct ur e or a b o d y f u n cti o n.  

Cl arifi c ati o n o n S A Es:  

•  T h e t er m "lif e -t hr e at e ni n g " i n t h e d efi niti on a b o v e r ef ers t o a n e v e nt i n 
w hi c h t h e p ati e nt w as at ris k of d e at h at t h e ti m e of t h e e v e nt; it d o es n ot 
r ef er t o a n e v e nt w hi c h h y p ot h eti c all y mi g ht h a v e c a us e d d e at h if it w er e 
m or e s e v er e.  

•  P er m a n e nt is d efi n e d as 1 2 m o nt hs fr o m i m pl a nt 

•  I m p air m e nt m ust i m p a ct d ail y e v e nts a n d lif est yl e f or at l e ast 3 m o nt hs 

•  Pr ol o n g e d h os pit ali z ati o n m ust i n cl u d e eit h er a n I nt e nsi v e C ar e U nit st a y 
or > 4 8 h o urs pr ol o n g e d st a y 

•  Pl a n n e d h os pit ali z ati o n f or a pr e -e xisti n g c o n diti o n or a pr o c e d ur e r e q uir e d 
b y t h e pr ot o c ol, wit h o ut s eri o us d et eri or ati o n i n h e alt h, is n ot c o nsi d er e d a 
s eri o us a d v ers e e v e nt.  

•  A n  i n -p ati e nt  or  pr ol o n g e d  h os pit ali z ati o n  t h at  di d  n ot  r e q uir e  m e di c al  
i nt er v e nti o n is n ot c o nsi d er e d a s eri o us a d v ers e e v e nt. 

N ot e: All S eri o us A d v er s e E v e nts ( S A Es) m ust b e  r e p ort e d t o C V R x wit hi n 1 0 

w or ki n g d a ys aft er t h e sit e first l e ar ns of t h e e v e nt.  

3. 5. 6.  U n a nti ci p at e d A d v e rs e D e vi c e Eff e ct ( U A D E)  

A n  u n a nti ci p at e d  a d v ers e  d e vi c e  eff e ct  m e a ns  “ a n y  s eri o us  a d v ers e  eff e ct  o n  

h e alt h or s af et y or a n y lif e -t hr e at e ni n g pr o bl e m or de at h c a us e d b y or ass o ci at e d 

wit h, a d e vi c e, if t h at eff e ct, pr o bl e m, or d e at h w as n ot pr e vi o usl y i d e ntifi e d i n 

n at ur e, s e v erit y, or d e gr e e of i n ci d e n c e i n t h e i n v e sti g ati o n al pl a n or a p pli c ati o n, 

or a n y ot h er u n a nti ci p at e d s eri o us pr o bl e m ass o ci at e d wit h a d e vi c e t h at r el at es 

t o t h e ri g hts, s af et y, or w elf ar e of s u bj e cts. ”  

If a n a d v ers e e v e nt is d et er mi n e d t o m e et t h e d efi niti o n of a U A D E, C V R x will 

i m m e di at el y c o n d u ct a n e v al u ati o n.  If a U A D E t h at r e pr es e nts a n u nr e as o n a bl e 

ris k  f or  s u bj e ct  h e alt h, or  a  pr o d u ct  p erf or m a n c e  f ail ur e  b e c o m es  a p p ar e nt,  

i m m e di at e a cti o n will b e t a k e n a n d t h e a p pr o pri at e a ut h oriti es will b e n otifi e d.  

T h e i n v esti g at or will b e n otifi e d of t h e r es ults of t hi s e v al u ati o n.  All U A D E m ust 

b e r e p ort e d t o C V R x wit hi n 1 0 w or ki n g d a ys aft er t h e sit e first l e ar ns of t h e e v e nt, 

a n d m ust b e r e p ort e d t o all i n v esti g at ors, F D A a n d I R B s.  
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3. 5. 7.  A d v e rs e E v e nt Cl os u r e  

F or t h e p ur p os es of t his st u d y, st a bili z ati o n of t h e c o n diti o n will c o nstit ut e cl os ur e 

of t h e a d v ers e e v e nt.   F or e x a m pl e, if a s u bj e ct e x p eri e n c es a str o k e r es ulti n g i n 

p ar al ysis, t h e e v e nt will b e c o nsi d er e d cl os e d ( b y eit h er “ n ot r es ol v e d, n o f oll o w -

u p d e e m e d n e c ess ar y ” or “r es ol v e d wit h r esi d u al eff e cts ”) w h e n t h e s u bj e ct’s  

c o n diti o n  is  st a bl e.   T h e  e v e nt  will  n ot  b e  c o nsi d er e d  “ o n g oi n g ”  d u e  t o  t h e  

p ar al ysis.  

3. 5. 8.  U n a v oi d a bl e E v e nts 

E v e nts t h at ar e u n a v oi d a bl e a n d e x p e ct e d t o o c c ur wit h a n y s ur gi c al pr o c e d ur e of 

t his t y p e s h all n ot b e r e p ort e d as a d v ers e e v e nts.  T h es e i n cl u d e: 

•  A n est h esi a r el at e d n a us e a/ v o miti n g wit hi n 2 4 h o urs 

•  I nt u b ati o n r el at e d tr a nsi e nt t hr o at irrit ati o n, v oi c e c h a n g e, or s w all o wi n g 
dis c o mf ort 

•  L o w - gr a d e f e v er wit hi n 4 8 h o urs 

•  I n cisi o n al p ai n wit hi n 7 2 h o urs 

•  Mil d t o m o d er at e br uisi n g/ e c c h y m osis of s ur gi c al sit es wit hi n 7 2 h o urs 

•  Sl e e p pr o bl e ms wit hi n 7 2 h o urs 

•  B a c k p ai n r el at e d t o l yi n g o n t a bl e wit hi n 7 2 h o urs 

•  Mil d s w elli n g a n d/ or dr ai n a g e fr o m i n cisi o n wit hi n 4 8 h o urs 

•  N u m b n ess at  or  a dj a c e nt  t o  i n cisi o ns  t h at  o c c ur  i m m e di at el y  p ost -
pr o c e d ur e 

•  P ai n/irrit ati o n/ mi n or bl e e di n g d uri n g r e m o v al of s ut ur es 

•  Uri n ar y r et e nti o n i m m e di at el y p ost -pr o c e d ur e wit h r e m o v al of t h e F ol e y 
c at h et er  

•  P ossi bl e c o nsti p ati o n a n d/ or d e h y dr ati o n t h at m a y o c c ur wit hi n 7 2 h o urs 
p ost pr o c e d ur e 

3. 6.  E n d p oi nts  

3. 6. 1.  P ri m a r y S af et y E n d p oi nt:  F r e e d o m f r o m S e ri o u s A d v e rs e E v e nts ( S A E s) 
r el at e d t o t h e i m pl a nt ati o n of t h e l e a d u si n g t h e B A T wi r e I m pl a nt Kit 
t h r o u g h 3 0 d a ys p ost-i m pl a nt 

T o d e m o nstr at e t h e s af et y of i m pl a nti n g t h e B ar osti m l e a d usi n g t h e B A T wir e 

I m pl a nt Kit usi n g all s eri o us a d v ers e e v e nts t h at ar e r el at e d t o t h e B A T wir e l e a d 

i m pl a nt ati o n t h at o c c ur b et w e e n i m pl a nt, or att e m pt e d i m pl a nt, a n d 3 0 d a y s p ost 

i m pl a nt.   
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H y p ot h esi s: 

  Ho : pp  ≤ p s - δ  

 H a : pp  > p s - δ  

w h er e p p  i s t h e e v e nt fr e e r at e i n s u bj e cts w h er e t h e pl a n n e d i m pl a nt pr o c e d ur e 

us es t h e B A T wir e I m pl a nt Kit t o pl a c e  t h e l e a d a n d p s i s t h e e v e nt fr e e r at e i n t h e 

B e A T -H F  tr e at m e nt  ar m  s u bj e cts  i n  t h e  i nt e n d e d  us e  p o p ul ati o n  w h er e  t h e  

i m pl a nt pr o c e d ur e us e d a s ur gi c al pl a c e m e nt of t h e l e a d. A n o n -i nf eri orit y m ar gi n 

(δ)  of 1 0 % is s p e cifi e d t o e ns ur e t h at t h e e v e nt fr e e r at e is s uffi ci e ntl y c o m p ar a bl e 

b et w e e n a n ultr as o u n d g ui d e d a n d s ur gi c all y pl a c e d l e a d a n d t h at o nl y cli ni c all y 

a c c e pt a bl e o ut c o m es l e a d t o a c o n cl usi o n of n o n-i nf eri orit y.   

Pri m ar y s af et y e n d p oi nt e v e nts ar e a dj u di c at e d b y t h e A d v ers e E v e nt C o m mitt e e 

( A EC) as d es cri b e d i n t h e A E C  c h art er.  

S af et y f oll o w -u p b e gi ns at t h e ti m e of a ct u al or att e m pt e d d e vi c e i m pl a nt.  All 

s u bj e cts i m pl a nt e d usi n g t h e B A T wir e I m pl a nt Kit or att e m pt e d t o b e i m pl a nt e d 

usi n g t h e B A T wir e I m pl a nt Kit ar e i n cl u d e d i n t his e n d p oi nt. 

A n al ysis a n d S a m pl e Si z e : 

A n al ysis: 

•  F arri n gt o n- M a n ni n g n o n-i nf eri orit y h y p ot h esis t e st  

•  N o n -i nf eri orit y m ar gi n = 1 0 % 

•  Al p h a = 0. 0 5  
 

S a m pl e Si z e:  

•  P o w er > 8 0 % 

•  E v e nt- fr e e r at e = 96 % 

•  S a m pl e si z e = 6 2 s u bj e ct s wit h a n i m pl a nt att e m pt e d  

S u m m a r y: 

If t h e o n e-si d e d p -v al u e is l ess t h a n 0. 0 5, t h e n ull h y p ot h esis will b e r ej e ct e d.  

T his  r ej e cti o n  crit eri a  is  e q ui v al e nt  t o  t h e  l o w er  b o u n d  of  a  o n e -si d e d  9 5 %  

F arri n gt o n- M a n ni n g c o nfi d e n c e i nt er v al f or t h e diff er e n c e i n pr o p orti o ns b ei n g 

gr e at er t h a n - 1 0 %. 

3. 6. 2.  P ri m a r y Eff e cti v e n ess E n d p oi nt:  P h ysi c al F u n cti o n as M e as u r e d b y 6 
M o nt h C h a n g e i n Si x -Mi n ut e H all W al k  

T o d e m o nstr at e  t h at tr e at m e nt wit h t h e B ar osti m S yst e m i m pl a nt e d usi n g t h e 

B A T wir e I m pl a nt Kit r es ults i n a n i m pr o v e m e nt i n 6 M H W at 6 m o nt hs t h at is 
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n o n- i nf eri or t o t h e i m pr o v e m e nt  w h e n i m pl a nti n g a B ar osti m  S yst e m  usi n g a 

s ur gi c all y i m pl a nt e d l e a d.   

H y p ot h esis: 

H o: μ p ≤ μ s − 𝛿𝛿  

H a: μ p > μ s − 𝛿𝛿  

w h er e μ p  i s t h e  m e a n  i m pr o v e m e nt  i n  6 M H W  fr o m  b as eli n e  t o  6  m o nt hs  i n 

s u bj e cts w h er e t h e i m pl a nt pr o c e d ur e us e d t h e BA T wir e I m pl a nt Kit t o pl a c e t h e 

l e a d a n d μ s  i s t h e m e a n i m pr o v e m e nt i n t h e B e A T-H F tr e at m e nt ar m s u bj e ct s i n 

t h e i nt e n d e d us e p o p ul ati o n w h er e t h e i m pl a nt pr o c e d ur e w as s ur gi c al pl a c e m e nt 

of t h e l e a d .  A n o n -i nf eri orit y m ar gi n ( δ) of 3 0 m et ers is s p e cifi e d t o e ns ur e t h at 

t h e c h a n g e i n 6 M H W is s uffi ci e ntl y c o m p ar a bl e b et w e e n an ultr as o u n d g ui d e d 

a n d  s ur gi c all y  pl a c e d  l e a d  a n d  o nl y  cli ni c all y  m e a ni n gf ul  i m pr o v e m e nts  i n  

6 M H W dist a n c e l e a d t o a c o n cl usi o n of n o n- i nf eri orit y. 

A n al ysis a n d S a m pl e Si z e:  

A n al ysis: 

•  A N C O V A li n e ar r e gr essi o n m o d el  

•  N o n -i nf eri or m ar gi n = 3 0 m et ers 

•  Al p h a = 0. 0 2 5 ( o n e- si d e d) 

S a m pl e Si z e:  

•  P o w er = 8 0 % 

•  St a n d ar d d e vi ati o n = 6 7 m  

•  S a m pl e si z e = 6 0 s u bj e ct s i m pl a nt e d  

S u m m a r y: 

T h e n ull h y p ot h esis will b e r ej e ct e d if t h e l o w er b o u n d of t h e t w o -si d e d 9 5 % 

c o nfi d e n c e i nt er v al f or t h e diff er e n c e b et w e e n gr o u ps i n m e a n c h a n g e i n 6 M H W 

dist a n c e is gr e at er t h a n -δ.  

3. 6. 3.  A n cill a r y O bj e cti v es  

T h e  f oll o wi n g  o bj e cti v e s  will  b e  e v al u at e d  f or  e x pl or at or y  a n d  s u p p orti v e  

p ur p os es.  N o f or m al h y p ot h e s es ar e pr o vi d e d.  

3. 6. 3. 1.  A n cill a r y O bj e cti v e 1:  6- a n d 1 2- M o nt h C h a n g e i n E c h o c a r di o g r a m 
P a r a m et e rs  

T o  d es cri b e  t h e  c h a n g e  at  6  a n d  1 2  m o nt hs  i n  v ari o us  e c h o c ar di o gr a m  

p ar a m et ers.  
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T hi s o bj e cti v e i n cl u d es a n e v al u ati o n of l eft v e ntri c ul ar ej e cti o n fr a cti o n.  

A cr o ss  s e v er al  hist ori c al  c ar di a c  r es y n c hr o ni z ati o n  st u di es  t h at  i n cl u d e d  

N Y H A III s u bj e cts, t h e a v er a g e diff er e n c e b et w e e n C R T a n d n o C R T i n 

L V E F i m pr o v e m e nt w as a p pr o xi m at el y 2. 6 %. 2 8 , 2 9 , 3 0 , 3 1    T h e C R T a v er a g e 

i m pr o v e m e nt  w as  a p pr o xi m at el y  4.3 %.   T h e  o bj e cti v e  w o ul d  b e  t o  

d e m o nstr at e t h at t h e L V E F i m pr o v e m e nt wit h B ar osti m th er a p y  i m pl a nt e d 

usi n g t h e B A T wir e I m pl a nt Kit is c o nsist e nt wit h t h e b e n efit o bs er v e d i n 

C R T.  

3. 6. 3. 2.  A n cill a r y O bj e cti v e  2:  D es c ri b e M o r bi dit y a n d M o rt alit y  O ut c o m es  

T o  d es cri b e  t h e  f oll o wi n g  m or bi dit y  a n d  m ort alit y  o ut c o m es  a n d 

c o m bi n ati o n of o ut c o m es usi n g r at es a n d d a ys ali v e a n d fr e e of m or bi dit y: 

  H os pit ali z ati o n f or w ors e ni n g h e art f ail ur e, L V A D, h e art tr a ns pl a nt , 
a n gi n a 

  All -c a us e, c ar di o v as c ul ar  a n d h e art f ail ur e  m ort alit y  

  H os pit ali z ati o ns, o c c urr e n c e a n d tr e at m e nts f or arr h yt h mi as, s u c h as 
atri al  fi brill ati o n,  atri al  fl utt er,  v e ntri c ul ar  fi brill ati o n,  v e ntri c ul ar  
t a c h y c ar di a 

3. 6. 3. 3.  A n cill a r y O bj e cti v e  3:  I m pl a nt ati o n T e c h ni q u e  

T o  d es cri b e  t h e  o ut c o m es  of  d eli v er y  a n d  fi x ati o n  of  t h e  l e a d  vi a  t h e 

B A T wir e  I m pl a nt  Kit.   T h es e  will  i n cl u d e:   G ui d e wir e  d eli v er y  a n d  

pl a c e m e nt u n d er ultr as o u n d g ui d a n c e, dil ati o n of tiss u e vi a t h e B A T wir e 

D eli v er y  T o ol,  m a p pi n g  of  el e ctr o d e  p ositi o n,  l e a d  el e ctr o d e  pl a c e m e nt  

v erifi c ati o n, i ntr a o p er ati v e t h er a p y r es p o ns e, a n d l e a d i m p e d a n c e.  

3. 6. 3. 4.  A n cill a r y O bj e cti v e  4:  6- M o nt h C h a n g e i n Mi n n es ot a Li vi n g wit h 
H e a rt F ail u r e Q u alit y of Lif e Q u esti o n n ai r e  

T o d es cri b e t h e m e a n c h a n g e i n p oi nts i n t h e M L W H F q u esti o n n air e.   

3. 6. 3. 5.  A n cill a r y O bj e cti v e  5:  6- M o nt h C h a n g e i n N Y H A Cl ass  

T o d es cri b e t h e p er c e nt of s u bj e cts w h o i m pr o v e i n N Y H A Cl ass.   

3. 6. 3. 6.  A n cill a r y O bj e cti v e  6:  S e ri o u s A d v e rs e E v e nts r el at e d t o t h e 
P r o c e d u r e B et w e e n  I m pl a nt a n d 3 0 D a ys P ost -i m pl a nt 

T h e   in ci d e n c e  of  pr o c e d ur e  r el at e d  s eri o us  a d v ers e  e v e nts   o c c urri n g 

b et w e e n i m pl a nt a n d 3 0 d a ys p ost -i m pl a nt will b e a n al y z e d d es cri pti v el y 

wit h fr e q u e n c y c o u nts a n d p er c e nt a g es .  All i m pl a nt e d a n d att e m pt e d t o b e 

i m pl a nt e d s u bj e cts ar e in cl u d e d i n t his e n d p oi nt. 
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3. 6. 3. 7.  A n cill a r y O bj e cti v e 7:  S e ri o u s A d v e rs e E v e nts r el at e d t o t h e 
P r o c e d u r e o r B a r osti m S yst e m B et w e e n I m pl a nt a n d 6 M o nt h s P ost -
i m pl a nt 

T h e  i n ci d e n c e  of  s yst e m  or  pr o c e d ur e  r el at e d  s eri o us  a d v ers e  e v e nts  

o c c urri n g  b et w e e n  i m pl a nt  a n d  6  m o nt hs  p ost -i m pl a nt  will  b e  a n al y z e d  

d es cri pti v el y wit h fr e q u e n c y c o u nts a n d p er c e nt a g es.   All i m pl a nt e d a n d 

att e m pt e d t o b e i m pl a nt e d s u bj e cts ar e i n cl u d e d i n t his e n d p oi nt. 

3. 6. 4.  T esti n g f o r S u p e ri o rit y  

I n t h e e v e nt t h at n o n-i nf eri orit y is d e m o nstr at e d f or b ot h pri m ar y e n d p oi nts, t h e 

e n d p oi nts will s u bs e q u e ntl y b e t est e d f or s u p eri orit y.  T o a c c o u nt f or m ulti pli cit y, 

a  hi er ar c hi c al  t esti n g  pr o c e d ur e  will  b e  us e d  wit h  s u p eri orit y  t esti n g  f or   t h e  

pri m ar y  eff e cti v e n ess  e n d p oi nt  b ei n g  c o n d u ct e d  first.  If  s u p eri orit y  is  

d e m o nstr at e d f or t h e pri m ar y eff e cti v e n ess e n d p oi nt, s u p eri orit y t esti n g will b e 

p erf or m e d f or t h e pri m ar y s af et y e n d p oi nt. 

3. 7.  St u d y S a m pl e Si z e  

D u e  t o  attriti o n,  t h e st u d y -wi d e s a m pl e  si z e  is  dri v e n  b y  t h e  pri m ar y  eff e cti v e n ess 

e n d p oi nt, w hi c h r e q uir es 7 1 s u bj e cts i m pl a nt e d i n or d er t o h a v e  6 0 s u bj e cts i m pl a nt e d 

wit h v ali d si x-mi n ut e h all w al ks at b as eli n e a n d si x m o nt h s.  Ass u mi n g 15 % attriti o n 

f or a v ali d si x -mi n ut e  h all w al k, a n d t h e p ot e nti al f or a l oss of st atisti c al p o w er d u e t o 

a n i m b al a n c e of b as eli n e c h ar a ct eristi cs,  u p t o  1 0 0 s u bj e cts will b e  i m pl a nt e d.  U p t o 

4 0 0 s u bj e cts m a y n e e d t o b e e nr oll e d, ass u mi n g u p t o a 7 5 % s cr e e n f ail r at e.   

W h e n a p pr o xi m at el y 5 7 s u bj e cts ar e i m pl a nt e d, w hi c h is 8 0 % of t h e mi ni m u m s a m pl e 

si z e of 7 1, a s a m pl e si z e e v al u ati o n  will o c c ur.  A dj ust m e nts i n t h e n u m b er n e e d e d t o 

i m pl a nt will r a n g e fr o m t h e mi ni m u m of 7 1 s u bj e cts u p t o a m a xi m u m of 1 0 0 s u bj e cts , 

a n d  is  d et er mi n e d  b y  t h e   o bs er v ed  diff er e n c es,  if  a n y,  i n  b as eli n e  c h ar a ct eristi cs  

b et w e e n  t h e  B A T wir e  a n d  B e A T -H F  s u bj e cts.   T h e  b as eli n e  c h ar a ct eri sti cs  t o  b e  

e v al u at e d  ar e list e d i n t h e St atisti c al A n al ysis Pl a n a n d  i n cl u d e: 

•  A g e  

•  G e n d er  

•  R a c e  

•  H e art r at e  

•  S yst oli c a n d di ast oli c bl o o d pr ess ur e 

•  6- mi n ut e h all w al k dist a n c e  

•  Hist or y of c or o n ar y art er y dis e as e ( C A D) 

•  L eft v e ntri c ul ar ej e cti o n fr a cti o n ( L V E F)  

•  Hist or y of m y o c ar di al i nf ar cti o n ( MI) 
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•  Hi st or y of C A B G 

•  Hist or y of P CI 

•  Hist or y of atri al fi brill ati o n  

•  Hist or y of C K D 
   

T h e St ati sti c al A n al ysis Pl a n c o nt ai ns c o m pl et e d et ails o n t h e e n d p oi nts, a n al ys es, a n d 

s a m pl e si z e ass u m pti o ns.   

4.  RI S K A N A L Y S I S  

4. 1.  B e n efits  

All s u bj e cts i m pl a nt e d i n t h e st u d y will r e c ei v e n o mi n al c o m p e ns ati o n f or t h eir ti m e as 

w ell as r ei m b urs e m e nt f or t h eir tr a v el e x p e ns es.  T h e y will als o r e c ei v e m e di c al c ar e 

fr o m p h ysi ci a ns w h o ar e e x p erts i n t h e tr e at m e nt of h e art f ail ur e.  T h e y will b e s e e n at 

fr e q u e nt visits t hr o u g h o ut t h e first 6 m o nt hs a n d  will c o nti n u e t o r e c ei v e o n g oi n g c ar e 

t hr o u g h o ut t h e d ur ati o n of t h e st u d y.  T h e B A T wir e a p pr o a c h m a y si m plif y t h e C S L 

i m pl a nt t e c h ni q u e a n d is e x p e ct e d t o i m pr o v e i nf e cti o n c o ntr ol miti g ati o ns.  

4. 2.  Ris k s a n d Mi ni mi z ati o n of Ris k s  

It is a nti ci p at e d t h at s u bj e cts i m pl a nt e d wit h a d e vi c e will b e e x p os e d t o o p er ati v e a n d 

p ost- o p er ati v e ris ks si mil ar t o r el at e d s ur gi c al pr o c e d ur es i n v ol vi n g t h e n e c k a n d/ or a 

p a c e m a k er i m pl a nt.   T h e s e ris ks a n d p ot e nti al ris k s of c hr o ni c d e vi c e b as e d b ar or efl e x 

a cti v ati o n m a y i n cl u d e, b ut ar e n ot li mit e d t o:  

•  Str o k e – a n e ur ol o gi c al d efi cit l asti n g m or e t h a n 2 4 h o urs or l ess t h a n 2 4 h o urs 
wit h a br ai n i m a gi n g st u d y s h o wi n g i nf ar cti o n 

•  Tr a nsi e nt is c h e mi c att a c k ( TI A) – a n e ur ol o gi c al d efi cit l asti n g l ess t h a n 2 4 
h o urs wit h o ut e vi d e n c e of p er m a n e nt c er e br al i nf ar cti o n 

•  S yst e mi c  e m b oli z ati o n  – d o w nstr e a m  o bstr u cti o n  of  a  bl o o d  v ess el  b y  
mi gr ati o n of l o os e n e d i ntr a v as c ul ar pl a q u e or cl ot 

•  S ur gi c al , i nt u b ati o n or a n est h eti c c o m pli c ati o ns  

•  I nf e cti o n – t h e n e e d f or a nti bi oti cs or p ossi bl e r e m o v al of t h e s yst e m 

•  W o u n d C o m pli c ati o n – i n cl u di n g h e m at o m a (i. e., br uisi n g a n d/ or s w elli n g) 

•  Bl o o d v ess els d a m a g e – i n cl u di n g c ar oti d art er y r u pt ur e or h e m orr h a g e (s u d d e n 
a n d si g nifi c a nt bl o o d l oss at a sit e of bl o o d v es s el r u pt ur e t h at m a y r e q uir e 
ur g e nt  r e p air  d uri n g  t h e  i niti al  i m pl a nt,  r e o p er ati o n  or  tr a nsf usi o n  a n d 
h e m a t o m a c o m pr essi n g t h e air w a y) 

•  P ai n – a n u n pl e as a nt s e ns or y e x p eri e n c e  

•  N er v e  D a m a g e/ Sti m ul ati o n  – i n cl u di n g  i nj ur y  t o  or  sti m ul ati o n  of  Cr a ni al,  
M ar gi n al  M a n di b ul ar,  Gl oss o p h ar y n g e al,  R e c urr e nt  L ar y n g e al,  V a g us  a n d  
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H y p o gl oss al N er v es ( diffi c ult y s w all o wi n g, n u m b n ess i n h e a d a n d n e c k, f a ci al 
p als y/ p ar al ysis, alt er e d s p e e c h, alt er e d s e ns e of t ast e, r es pir at or y c o nstri cti o n, 
st ert or o us  br e at hi n g,  e x c essi v e  s ali v ati o n,  dr y  c o u g h,  v o miti n g  a n d/ or  
r e g ur git ati o n,  alt er e d  s e ns or y  a n d  m ot or  f u n cti o n  of  t o n g u e,  alt er e d  s e ns or y  
f u n cti o n  of  p h ar y n x  a n d  or o p h ar y n x,  alt er e d  s e ns ati o n  i n  e xt er n al  a u dit or y  
c a n al),  sti m ul ati o n  of  e xtr a v as c ul ar  tiss u e  [ m us cl e  t wit c hi n g  (f as ci c ul ati o n),  
p ai n, ti n gli n g, or al s e ns ati o ns] 

•  H y p ot e nsi o n – a d e cr e as e i n s yst oli c a n d di ast oli c bl o o d pr ess ur e b el o w n or m al 
l e v els t h at m a y r es ult i n di z zi n ess, f ai nti n g, a n d/ or f alls 

•  H y p o p erf usi o n 

•  C ar di a c arr h yt h mi as  

•  H y p ert e nsi v e crisis – u n c o ntr oll e d ris e i n bl o o d pr ess ur e 

•  R es pir at or y – i n cl u di n g l o w o x y g e n s at ur ati o n, r e s pir at or y distr ess, s h ort n ess 
of  br e at h ,  air w a y  c o m pr o mis e or  n er v e  d a m a g e/sti m ul ati o n  d uri n g  t h e  
pr o c e d ur e 

•  Tiss u e  er osi o n/I P G  mi gr ati o n  – m o v e m e nt  of  d e vi c e  r es ulti n g  i n  n e e d  f or  
r e o p er ati o n 

•  I nj ur y t o b ar or e c e pt ors – a n i nj ur y t h at r es ults i n b ar or efl e x f ail ur e 

•  Fi br osis – r e pl a c e m e nt of n or m al tiss u e b y t h e i n gr o wt h of fi br o bl asts a n d t h e 
d e p ositi o n of c o n n e cti v e tiss u e 

•  All er gi c R e a cti o n  

•  G e n er al i nj ur y t o us er or p ati e nt – m a y b e d u e t o s ur gi c al pr o c e d ur e, d e vi c e us e, 
or i nt er a cti o n wit h ot h er d e vi c es 

•  N e e d f or r e o p er ati o n – o p er ati o n t o e x pl a nt/r e pl a c e I P G or C S L(s) d u e t o tiss u e 
d a m a g e, i nf e cti o n, a n d/ or d e vi c e f ail ur e 

•  S e c o n d ar y o p er ati v e pr o c e d u r e – A n i n cr e as e i n  t h e c o m pl e xit y a n d ris k of  
s e c o n d ar y o p er ati v e pr o c e d ur es of t h e n e c k d u e t o s c ar tiss u e a n d t h e pr es e n c e 
of pr ost h eti c m at eri al i m pl a nt e d f or t his d e vi c e.  

•  U nr etri e v e d d e vi c e/l e a d fr a g m e nts  

•  R a di ati o n ris ks d u e t o C T A a n d or fl u or os c o p y – s ki n r e d d e ni n g, s ki n tiss u e 
i nj ur y a n d a s m all i n cr e a s e d i n c a n c er ris k  

•  E x a c er b ati o n of h e art f ail ur e  

•  D e at h  

T h es e ris ks c a n b e mi ni mi z e d t hr o u g h us e of stri ct as e pti c t e c h ni q u e, c o m pli a n c e wit h 

t h e st u d y pr ot o c ol a n d t e c h ni c al i m pl a nt pr o c e d ur es, a d h er e n c e t o t h e g ui d eli n es f or 

s el e cti o n of s u bj e cts, cl o s e m o nit ori n g of t h e s u bj e ct’s p h ysi ol o gi c st at us d uri n g t h e 

i m pl a nt a n d f oll o w-u p pr o c e d ur es, a n d b y pr o m ptl y s u p pl yi n g C V R x wit h all p erti n e nt 

i nf or m ati o n r e q uir e d b y t his pr ot o c ol. 
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4. 3.  D at a M o nit o ri n g C o m mitt e e ( D M C)  

A D at a M o nit ori n g C o m mitt e e ( D M C) will pr o vi d e i n d e p e n d e nt o v ersi g ht of t h e st u d y.  

As p art of t his o v ersi g ht, t h e D M C will e ns ur e pr ot o c ol a d h er e n c e a n d s u bj e ct s af et y.   

T h e  D M C  will  c o nsist  of  e x p erts  fr o m  r el e v a nt  cli ni c al  dis ci pli n es  a n d  will  b e  

i n d e p e n d e nt i n t h at t h e y ar e n ot i n v ol v e d i n t h e c o n d u ct of t h e st u d y e x c e pt t h o u g h 

t h eir r ol e o n t h e D M C a n d  h a v e n o fi n a n ci al or ot h er i m p ort a nt c o n n e cti o ns t o t h e 

C V R x  or  C V R x  affili at es.   C V R x  will  c o m p e ns at e  m e m b ers  at  r e as o n a bl e  a n d  

c ust o m ar y  r at es f or all e x p e ns es ass o ci at e d wit h t h eir D M C i n v ol v e m e nt.  

4. 4.  A d v e rs e E v e nts C o m mitt e e ( A E C)  

A n A d v ers e E v e nts C o m mitt e e ( A E C) will r e vi e w a n d a dj u di c at e a d v ers e e v e nts p er 

t h e A E C C h art er.  T h e d efi niti o ns i n t h e A E C c h art er will s u p ers e d e a n y d efi niti o ns i n 

t his pr ot o c ol.  A n i niti al cl assifi c ati o n of t h e a d v ers e e v e nt s h all b e o bt ai n e d fr o m d at a 

pr o vi d e d b y t h e sit e o n t h e A d v ers e E v e nt F or m.  T h e A E C m a y r e cl assif y a n a d v ers e 

e v e nt r e p ort e d b y t h e sit e. 

T h e n u m b er a n d s p e ci alt y of t h e m e m b ers of t h e A E C ar e d efi n e d i n t h e A E C C h art er.  

4. 5.  Cli ni c al E v e nt C o m mitt e e ( C E C)  

A Cli ni c al E v e nts  C o m mitt e e ( C E C) m a y a dj u di c at e e v e nts s u c h as h os pit ali z ati o ns 

a n d d e at hs.  T h e pri m ar y r ol e of t h e C E C is t o a dj u di c at e h os pit ali z ati o ns a n d d e at hs. 

T h e n u m b er a n d s p e ci alt y of t h e m e m b ers of t h e C E C ar e d efi n e d i n t h e C E C C h art er.    

5.  D E S C RI P T I O N O F D E VI C E  

5. 1.  D es c ri pti o n of B a r osti m S yst e m  

A c o m pl et e d es cri pti o n of t h e c o m m er ci all y a v ail a bl e B ar osti m S yst e m is pr o vi d e d i n 

t h e  B ar osti m  S yst e m  I n str u cti o ns  f or  Us e  (I F Us),  9 0 0 1 3 3-0 0 1  t o  - 0 0 5. C V R x  h as  

r e ce ntl y a d d e d t h e M o d el 2 1 0 4 I m pl a nt a bl e P uls e G e n e r at or (I P G) a n d M o d el 9 0 2 0 

Pr o gr a m m er  S yst e m  t o t h e c o m m er ci all y a v ail a bl e d e vi c es f or t h e  B ar osti m S yst e m .  

O n c e t h e M o d el 2 1 0 4 I P G  ( N E O 2) a n d t h e M o d el 9 0 2 0 Pr o gr a m m er  ar e  i ntr o d u c e d 

i nt o t h e B A T wir e St u d y, t h e y m a y b e  l a b el e d eit h er as c o m m er ci al or  i n v esti g ati o n al 

si n c e t h es e d e vi c es ar e i d e nti c al.   

N ot e:   In  a d diti o n,  t h e  B ar osti m  S yst e m  h as  n o w  b e e n  c o m m er ci all y  a p pr o v e d  f or  

M a g n eti c  R es o n a n c e   I m a gi n g  (M RI ) c o n diti o n al  us e  f or  a d d e d  s u bj e ct  s af et y  wit h  

s p e cifi c i nstr u cti o n s pr o vi d e d i n M RI  I F U 9 0 0 1 3 3- 0 0 4.  

T h e B A T wir e ™ I m pl a nt Kit is d es cri b e d i n t h e B A T wir e I m pl a nt Kit I n str u cti o n f or 

Us e , 9 0 0 1 2 6- 0 0 1. 
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T h e  Bar osti m ™ S yst e m i n cl u d es t h e f oll o wi n g c o m p o n e nts: 

•  B ar osti m N E O ™ I m pl a nt a bl e P uls e G e n er at or, M o d el 2 1 0 2 

•  B ar osti m N E O 2 ™ I m pl a nt a bl e P uls e G e n er at or, M o d el 2 1 0 4 

•  B A T wir e  I m pl a nt Kit, M o d el 1 1 0 0 (s e e S e cti o n 5. 2 ) 

o  I n cl u d es B ar osti m C ar oti d Si n us L e a d M o d els 1 0 3 6 or 1 0 3 7; a n d 
i m pl a nt a d a pt er 

•  C V R x  Pr o gr a m m er S yst e m M o d el 9 0 1 0 or 9 0 2 0 

 

T h e c o m p o n e nts of t h e B ar osti m  Syst e m  ar e s h o w n i n Fi g ur e 2 . 

 

Fi g ur e 2 :  B ar o sti m S y st e m 

T h e B ar osti m N E O a n d B ar osti m N E O 2  I m pl a nt a bl e P uls e G e n er at ors (I P Gs) ar e  i n a 

h er m eti c e n cl os ur e t h at c o nt ai ns t h e b att er y a n d cir c uitr y.  It pr o vi d es c o ntr ol of, a n d  

d eli v ers, t h e a cti v ati o n e n er g y t hr o u g h t h e B ar osti m C ar oti d Si n us L e a d ( C S L) t o t h e 

b ar or e c e pt ors.   

T h e C V R x Pr o gr a m m er  S yst e m ( M o d el 9 0 1 0 or 9 0 2 0) gi v es t h e p h ysi ci a n a n i nt erf a c e 

t o  t h e  B ar osti m  S yst e m I P Gs all o wi n g  t h e  p h y si ci a n  t o  n o n -i n v asi v el y  c o ntr ol  t h e  

m et h o d i n w hi c h t h e B ar osti m N E O I P G d eli v ers t h e a cti v ati o n e n er g y. 

5. 2.  D es c ri pti o n of B A T wi r e  I m pl a nt Kit 

T h e B A T wi r e I m pl a nt Kit, M o d el 1 1 0 0, t o ol s et c o nsists of t w o c ust o m g ui d e wir es, a 

g ui d e wir e a d v a n c e m e nt t o ol, a n d a C S L d eli v er y t o ol w hi c h d eli v ers t h e B ar osti m C S L  

(s e e Fi g ur e 3  b el o w) .  
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Fi g ur e 3 :  B A T wir e I m pl a nt Kit  

5. 2. 1.  G ui d e wi r e  

T h e g ui d e wir e c o nsists of m e di c al gr a d e niti n ol w hi c h c a n b e l o a d e d i nt o t h e 

g ui d e wir e d eli v er y t o ol.  A st a n d ar d i ntr o d u c er n e e dl e is us e d t o a c c ess a n d dir e ct 

t h e g ui d e wir e t hr o u g h t h e s ki n a n d o nt o t h e s urf a c e of t h e c ar oti d si n us at t h e 

c ar oti d bif ur c a ti o n.  T h e niti n ol g ui d e wir e is s h a p e -s et s u c h t h at it m o v es t o w ar ds 

t h e s ki n a n d a w a y fr o m t h e c ar oti d bif ur c ati o n as it is a d v a n c e d fr o m t h e n e e dl e.  

T h e g ui d e wir e is pr o vi d e d i n t w o si z es t o all o w f or a n at o mi c v ari ati o n i n p ati e nt 

p o p ul ati o n.  T h es e ar e  disti n g uis h e d b y t h e diff er e nt r a di us of c ur v at ur e at t h e 

n e e dl e p orti o n of t h e g ui d e wir e ( 0. 5 ” or 0. 7 5 ” r a di u s).  T h es e ar e si z e d t o a d dr ess 

s ki n t o c ar oti d s urf a c e di st a n c e v ari ati o n wit hi n a s u bj e ct.   

5. 2. 2.  G ui d e wi r e A d v a n c e m e nt T o ol  

T h e g ui d e wir e a d v a n c e r t o ol is us e d t o ori e nt a n d a d v a n c e t h e g ui d e wir e t hr o u g h 

t h e  i ntr o d u c er  n e e dl e.   T his  t o ol  e ns ur es  t h at  t h e  g ui d e wir e  a d v a n c es  

p er p e n di c ul ar t o t h e c ar oti d si n us a n d tr a v els u p t hr o u g h t h e s ki n. 

5. 2. 3.  C S L D eli v e r y T o ol 

A c ust o m C S L d eli v er y t o ol sli d es o v er t h e niti n ol g ui d e wir e, dil at es t h e s p a c e 

ar o u n d t h e g ui d e wir e, a n d c arri es t h e B ar osti m C S L al o n g t h e g ui d e wir e p at h t o 

t h e t ar g et e d i m pl a nt l o c ati o n.  T h e B ar osti m el e ctr o d e is e x p os e d o n t h e p ost eri or 

si d e of t h e d eli v er y t o ol w hi c h all o ws m a p pi n g al o n g t h e c ar oti d si n us.  O n c e t h e 

o pti m al  l o c ati o n  is  i d e ntifi e d,  t h e  d eli v er y  t o ol  s e p ar at es  a n d  d e pl o ys  t h e  

B ar osti m C S L.  Pri or t o s e p ar ati o n of t h e d eli v er y t o ol, t h e e ntir e s yst e m c a n b e 

r e m o v e d. 
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6.  M O NI T O RI N G P R O C E D U R E S  

E a c h cli ni c al sit e will b e m o nit or e d t o e n s ur e t h at t h e st u d y is c o n d u ct e d i n f ull c o m pli a n c e 

wit h t h e st u d y pr ot o c ol, a n d i n a c c or d a n c e wit h t h e F D A G ui d eli n e f or t h e M o nit ori n g of 

Cli ni c al I n v esti g ati o ns, G o o d Cli ni c al Pr a cti c es, a n d C V R x p oli c y a n d pr o c e d ur es, a n d t h e 

C V R x M o nit ori n g Pl a n.  

Pr of essi o n als  q u alifi e d  t hr o u g h  tr ai ni n g,  e d u c ati o n  a n d  e x p eri e n c e  will  c o n d u ct  t h e  

m o nit ori n g of t h e st u d y.  C o nt a ct C V R x f or a d diti o n al i nf or m ati o n o n t h e p ers o n r es p o nsi bl e 

f or m o nit ori n g at t h e f oll o wi n g a d dr ess:  

Cli ni c al R es e ar c h D e p art m e nt  
C V R x, I n c.  
9 2 0 1  W est Br o a d w a y A v e n u e N ort h, S uit e 6 5 0  
Mi n n e a p oli s, M N 5 5 4 4 5 

7.  L A B E L I N G  

T h e i nstr u cti o n s f or us e (I F U) p ert ai ni n g t o t his pr ot o c ol ar e pr o vi d e d i n t h e B ar osti m S yst e m 

I F Us, 9 0 0 1 3 3-0 0 1 t o - 0 0 5, a n d t h e B A T wir e M o d el 1 1 0 0  I nstr u cti o n f or Us e, 9 0 0 1 2 6- 0 0 1.  

T h e pr o d u ct l a b els h a v e b e e n pr o vi d e d t o F D A i n t h e I D E a p pli c ati o n a n d ar e a v ail a bl e u p o n 

r e q u est. 

8.  C O N S E N T M A T E RI A L S  

A c o p y of t h e i nf or m e d c o ns e nt f or m will b e pr o vi d e d t o s u bj e cts t o o bt ai n i nf or m e d c o ns e nt . 

9.  I R B I N F O R M A T I O N  

All i n v esti g ati o n al sit es will b e r e q uir e d t o h a v e I R B a p pr o v al a n d i n v esti g at or a gr e e m e nts 

a p pr o v e d b ef or e t h e y will b e all o w e d t o e nr oll s u bj e cts i nt o t his st u d y. 

1 0.  O T H E R I N S T I T U T I O N S  

C V R x will o nl y c o n d u ct t h e i n v esti g ati o n at i nstit uti o ns t h at m e et t h e r e q uir e m e nts n ot e d i n 

S e cti o n 9  a b o v e.   

1 1.  R E C O R D S A N D R E P O R T S  

1 1. 1.  I n v esti g ati o n al R e c o r d s 

T h e i n v esti g at or is r es p o nsi bl e f or t h e pr e p ar ati o n (r e vi e w a n d si g n at ur e) a n d r et e nti o n 

of t h e r e c or ds cit e d b el o w.  R e c or ds ar e s u bj e ct t o i ns p e cti o n a n d m ust b e r et ai n e d f or 

a p eri o d of at l e ast t w o ( 2) y e ars ( or a c c or di n g t o l o c al r e g ul at or y r e q uir e m e nts) aft er 

t h e i n v esti g ati o n is t er mi n at e d or t h e d at e t h at t h e re c or ds ar e n o l o n g er r e q uir e d f or 

p ur p os es of s u p p orti n g p u bli c ati o ns. 
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•  All c orr es p o n d e n c e w hi c h p ert ai ns t o t h e i n v esti g ati o n 

•  S u bj e cts’  c as e  hist or y  r e c or ds,  i n cl u di n g:  si g n e d  s u bj e ct  i nf or m e d  c o n s e nt  
f or m; all r el e v a nt o bs er v ati o ns; o bs er v ati o ns of a d v erse d e vi c e e v e nts; m e di c al 
hist or y;  C S L  a p pli c ati o n  d at a  ( i. e., c o m pl et e d  C V R x  C as e  R e p ort  F or ms);  
d o c u m e nt ati o n of t h e d at es a n d r e as o ns f or a n y d e vi ati o n fr o m t h e pr ot o c ol  

•  C o pi es of C as e R e p ort f or ms a n d Cli ni c al d at a 

•  Si g n e d I n v esti g at or A gr e e m e nt a n d r e c e nt c urri c ul u m vit a e, b ot h of w hi c h als o 
m ust b e s u b mitt e d t o C V R x  

•  I R B A p pr o v al a n d dis c o urs e d o c u m e nt ati o n.  A c o p y of t h e I R B  A p pr o v al m ust 
b e s u b mitt e d t o C V R x. 

•  I n a d diti o n t o s e n di n g t o C V R x, a c o p y of all st u d y i m a g es ( e. g., C D U / C T A , 
e c h o c ar di o gr a m  a n d fl u or os c o p y  (if  a p pli c a bl e)) m ust  b e  m ai nt ai n e d  i n  t h e  
s u bj e ct’s r e c or d. 

1 1. 2.  I n v esti g at o r R e p o rts 

T a bl e 6 :  I n v e sti g at or R e p ort s 

R e p o rt  S u b mit T o  D es c ri pti o n  

U n a nti ci p at e d 
A d v ers e D e vi c e 
Eff e cts ( U A D E)  

I R B ( as 
a p pli c a bl e) & 
C V R x  

U A D Es m u st b e r e p ort e d t o C V R x wit hi n 1 0 w or ki n g d a y s aft er t h e sit e first 
l e ar n s of t h e e v e nt.   

S eri o u s A d v ers e 
E v e nts ( S A E)  

C V R x  S A Es m u st b e r e p ort e d t o C V R x wit hi n 1 0 w or ki n g d a y s aft er t h e sit e first 
l e ar n s of t h e e v e nt. 

Wit h dr a w al of I R B 
A p pr o v al  

C V R x  N otifi c ati o n wit hi n fi v e w or ki n g d a y s  

Pr o gr es s R e p ort  C V R x, I R B  P eri o di c r e p ort d et aili n g t h e pr o gr es s of t h e st u d y , o c c urri n g at l e ast a n n u all y. 

D e vi ati o n s fr o m 
I n v esti g ati o n al 
Pl a n  

I R B & 
C V R x  

R e p ort of a n y d e vi ati o n fr o m t h e i n v esti g ati o n al pl a n t o pr ot e ct t h e lif e or 
p h y si c al w ell -b ei n g of a s u bj e ct i n a n e m er g e n c y.  N otifi c ati o n wit hi n fi v e 
w or ki n g d a y s.  

 

1 1. 3.  C V R x R e c o r d s  

C V R x will m ai nt ai n t h e f oll o wi n g r e c or ds: 

•  All si g nifi c a nt c orr es p o n d e n c e w hi c h p ert ai ns t o t h e i n v esti g ati o n 

•  Si g n e d i n v esti g at or a gr e e m e nts a n d c urri c ul u m vit a e 

•  S yst e m/ pr o c e d ur e r el at e d A d v ers e D e vi c e E v e nts a n d c o m pl ai nts  

•  All  c as e  r e p ort  f or ms,  i n cl u di n g  s a m pl es  of  s u bj e ct  i nf or m e d  c o ns e nts, 
s u b mitt e d  b y  t h e  i n v esti g at or;  i n v esti g ati o n al  pl a n  a n d  r e p ort  of  pri or  
i n v esti g ati o ns 

•  H os pit al st aff tr ai ni n g a n d st u d y visit r e p orts 

•  C V R x will o w n a n d st or e t h e cli ni c al d at a g e n er at e d u n d er t his pr ot o c ol. 
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•  C V R x will o w n a n d st or e a c o p y of t h e i m a g es pr o vi d e d b y t h e sit es ( e. g., C D U 
/ C T A, e c h o c ar di o gr a m a n d fl u or os c o p y) 

1 1. 4.  C V R x R e p o rts  

T a bl e 7 :  C V R x R e p ort s  

R e p o rt  S u b mit T o  D es c ri pti o n  

U n a nti ci p at e d 
A d v ers e D e vi c e 
Eff e cts ( U A D E)  

I n v esti g at ors, I R B 
( as a p pli c a bl e), & 
F D A  

N otifi c ati o n wit hi n t e n w or ki n g d a y s aft er t h e s p o ns or first l e ar n s of 
t h e e v e nt. 

Wit h dr a w al of I R B 
A p pr o v al  

I n v esti g at ors, F D A, 
& I R B  

N otifi c ati o n wit hi n fi v e w or ki n g d a y s aft er t h e s p o n s or first l e ar n s of 
t h e e v e nt. 

Wit h dr a w al of 
F D A A p pr o v al  

I n v esti g at ors & 
I R B s 

N otifi c ati o n wit hi n fi v e w or ki n g d a y s aft er t h e s p o n s or first l e ar n s of 
t h e e v e nt. 

Pr o gr es s R e p ort  F D A  P eri o di c r e p ort d et aili n g t h e pr o gr es s of t h e st u d y  ( as r e q uir e d). 

A n n u al R e p ort  F D A & 
I n v esti g at ors 

R e p ort d et aili n g t h e a n n u al pr o gr es s of t h e st u d y . 

Fi n al R e p ort  F D A, I n v esti g at ors, 
& I R B  

C V R x will n otif y t h e i n v esti g at or(s) wit hi n 3 0 w or ki n g d a y s of t h e 
c o m pl eti o n or t er mi n ati o n of t h e i n v esti g ati o n.  T h e i n v esti g at ors will 
i n t ur n i nf or m t h eir I R B/ E C.  A fi n al r e p ort will b e s u b mitt e d t o t h e 
i n v esti g at or(s) aft er c o m pl eti o n or t er mi n ati o n of t his st u d y  as s p e cifi e d 
b y t h e c o u ntr y r e g ul at or y a ut h orit y or r e g ul ati o n s.  T h e i n v esti g at or 
s h o ul d c o nfir m t h e r e c ei pt of t h e fi n al r e p ort c o m p o s e d b y C V R x.   

 

1 2.  C O N T A C T I N F O R M A T I O N  

C V R x , I n c. 
9 2 0 1 W est Br o a d w a y N ort h, S uit e 6 5 0 
Mi n n e a p olis, M N 5 5 4 4 5 
 

T el e p h o n e:  1- 7 6 3- 4 1 6- 2 8 4 0 
F a csi mil e:   1- 7 6 3- 4 1 6- 8 4 0 2 
E m ail:  c vr x cli ni c al @ c vr x. c o m  
  

mailto:cvrxclinical@cvrx.com
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1  B e nj a mi n EJ, M u nt n er P, Al o ns o A, et al; A m eri c a n H e art Ass o ci ati o n C o u n cil o n E pi d e mi ol o g y a n d 
Pr e v e nti o n St ati sti cs C o m mitt e e a n d Str o k e St atisti cs S u b c o m mitt e e. H e art Dis e as e a n d Str o k e 
St ati sti cs - 2 0 1 9 U p d at e: A R e p ort Fr o m t h e A m eri c a n H e art Ass o ci ati o n. Cir c ul ati o n. 
2 0 1 9; 1 3 9( 1 0): e 5 6- e 5 2 8. 

2  A H A St atisti c al U p d at e 2 0 0 8. U R L: htt p:// w w w. a m eri c a n h e art. or g/ pr es e nt er.j ht ml ?i d e ntifi er = 3 0 0 0 0 9 0 . 
A c c ess e d M ar c h 1 2, 2 0 1 0 
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J, J o h ns o n G, M c N ult y S E, Cl a p p- C h a n ni n g N, D a vi ds o n- R a y L D, Fr a ul o E S, Fis h b ei n D P, L u c eri 
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i m pl a nt a bl e c ar di o v ert er-d efi brill at or f or c o n g esti v e h e art f ail ur e. N E n gl J M e d . 2 0 0 5; 3 5 2: 2 2 5- 3 7. 

4  M u nt w yl er J, A b et el G, Gr u n er C, F oll at h F. O n e- y e ar m ort alit y a m o n g u ns el e ct e d o ut p ati e nt s wit h 
h e art f a il ur e. E ur H e art J . 2 0 0 2; 2 3: 1 8 6 1- 6. 

5  F u Q, Z h a n g R, Wit k o ws ki S, Ar b a b-Z a d e h A, Pr as a d A, O k a z a ki K, et al. P ersi st e nt s y m p at h eti c 
a cti v ati o n d uri n g c hr o ni c a nti h y p ert e nsi v e t h er a p y: a p ot e nti al m e c h a ni s m f or l o n g t er m m or bi dit y ? 
H y p ert e nsi o n .  2 0 0 5; 4 5: 51 3 - 5 2 1. 

6  O w a n T E, H o d g e D O, H er g es R M, J a c o bs e n SJ, R o g er V L, R e dfi el d M M. Tr e n ds i n pr e v al e n c e a n d 
o ut c o m e of h e art f ail ur e wit h pr es er v e d ej e cti o n fr a cti o n. N e w E n gl a n d J o ur n al of M e di ci n e . 2 0 0 6; 
3 5 5: 2 5 1- 9. 

7  L a R o v er e M T, Pi n n a G D, M a estri R, R o b bi E, C a p or ot o n di A, G u a z z otti G, et al. Pr o g n osti c 
I m pli c ati o ns of B ar or efl e x S e nsiti vit y i n H e art F ail ur e P ati e nts i n t h e B et a- Bl o c ki n g Er a. J o ur n al of t h e 
A m eri c a n C oll e g e of C ar di ol o g y . 2 0 0 9; 5 3: 1 9 3- 1 9 9. 

8  A h m e d A, Ri c h M W, L o v e T E , Ll o y d-J o n es D M, A b a n, I B, C ol u c ci MD, et al.  Di g o xi n a n d r e d u cti o n 
i n m ort alit y a n d h os pit ali z ati o n a n d h e art f ail ur e:  a c o m pr e h e nsi v e p ost- h o c a n al ysi s of t h e DI G tri al.  
E ur o p e a n H e art J o ur n al . 2 0 0 6; 2 7: 1 7 8- 1 8 6. 

9  Esl er M, K a y e D. I n cr e as e d s y m p at h eti c n er v o us s yst e m a cti vit y a n d it s t h er a p e uti c   r e d u cti o n i n 
art eri al h y p ert e nsi o n, p ort al  h y p ert e nsi o n a n d h e art f ail ur e. J o ur n al of t h e A ut o n o mi c N er v o us S yst e m . 
1 9 9 8; 7 2: 2 1 0- 9. 

1 0  Sl ei g ht P. T h e i m p ort a n c e of t h e a ut o n o mi c n er v o us s yst e m i n h e alt h a n d dis e as e. A ustr ali a n a n d N e w 
Z e al a n d J o ur n al of M e di ci n e . 1 9 9 7; 2 7: 4 6 7- 7 3. 

1 1  Br a u n w al d E, V at n er S F, Br a u n w al d N S, S o b el B E. C ar oti d Si n us N er v e Sti m ul ati o n i n t h e Tr e at m e nt 
of A n gi n a P e ct oris a n d S u pr a v e ntri c ul ar T a c h y c ar di a. C alif or ni a M e di ci n e . 1 9 7 0; 1 1 2: 4 1- 5 0. 

1 2  D u n ni n g AJ. El e ctr osti m ul ati o n of t h e c ar oti d si n us n er v e i n a n gi n a p e ct ori s. 1 9 7 1 E x c er pt a M e di c a, 
A m st er d a m, T h e N et h erl a n ds.  

1 3  W alli n  B G, S u n dl of G, D eli us W. T h e eff e ct of c ar oti d si n us n er v e sti m ul ati o n o n m us cl e a n d s ki n 
n er v e s y m p at h eti c  a cti vit y i n m a n. Pfl u g ers Ar c h  1 9 7 5; 3 5 8( 2): 1 0 1- 1 1 0. 

1 4  P et er s T K, K or al e ws ki H E, Z er bst E. Bl o o d pr ess ur e a n d h e art r at e c h a n g es d uri n g p h ysi c al a cti vit y 
u p o n h e art r at e-f e e d b a c k c o ntr oll e d el e ctri c al c ar oti d si n us n er v e sti m ul ati o n. I nt J C ar di ol 1 9 8 9; 
2 2( 3): 3 8 9- 3 9 2. 

1 5  G e or g a k o p o ul os D, W a g n er D, C at es A W, Ir wi n E, L o v ett E G. Eff e ct s of el e ctri c al sti m ul ati o n of t h e 
c ar oti d si n us b ar or efl e x usi n g t h e R h e os d e vi c e o n v e ntri c ul ar - v as c ul ar c o u pli n g a n d m y o c ar di al 
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effi ci e n c y a ss e ss e d b y pr ess ur e - v ol u m e r el ati o ns i n n o n- v a g ot o mi z e d a n est h eti z e d d o gs. C o nf Pr o c 
I E E E E n gi n e eri n g i n M e di ci n e a n d Bi ol o g y. 2 0 0 9; 2 0 0 9: 2 0 2 5- 2 0 2 9. 

1 6  Z u c k er I H, H a c kl e y J F, C or ni s h K G, Hi s er B A, A n d ers o n N R, Ki e v al R, et al. C hr o ni c b ar or e c e pt or 
a cti v ati o n e n h a n c es s ur vi v al i n d o gs wit h p a ci n g- i n d u c e d h e art f ail ur e. H y p ert e nsi o n  2 0 0 7; 5 0: 9 0 4-
9 1 0. 
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1 9  Gr o n d a E, S er a v all e G, Br a m billa G, et al. C hr o ni c b ar or efl e x a cti v ati o n eff e ct s o n s y m p at h eti c n er v e 
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2 0 1 3; 6 2( 1 6): e 1 4 7- 2 3 9. 
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t h e di a g n osis a n d tr e at m e nt of a c ut e a n d c hr o ni c h e art f ail ur e: T h e T as k F or c e f or t h e di a g n osis a n d 
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F o c us e d U p d at e of t h e 2 0 1 3 A C C F/ A H A G ui d eli n e f or t h e M a n a g e m e nt of H e art F ail ur e: A R e p ort of 
t h e A m eri c a n C oll e g e of C ar di ol o g y/ A m eri c a n H e art Ass o ci ati o n T as k F or c e o n Cli ni c al Pr a cti c e 
G ui d eli n es a n d t h e H e art F ail ur e S o ci et y of A m eri c a. Ci r c ul ati o n . 2 0 1 7; 1 3 6( 6): e 1 3 7- e 6 1. 

2 6  Kir c h h of P, B e n ussi S, K ot e c h a D, A hl ss o n A, At ar D, C as a d ei B, et al. 2 0 1 6 E S C G ui d eli n es f or t h e 
m a n a g e m e nt of atri al fi brill ati o n d e v el o p e d i n c oll a b or ati o n wit h E A C T S. E ur H e art J.  
2 0 1 6; 3 7( 3 8): 2 8 9 3- 9 6 2. 
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2 7  J a n u ar y C T, W a n n L S, C al ki ns H, C h e n L Y, Ci g arr o a J E, Cl e v el a n d J C, Jr., et al. 2 0 1 9 
A H A/ A C C/ H R S F o c us e d U p d at e of t h e 2 0 1 4 A H A/ A C C/ H R S G ui d eli n e f or t h e M a n a g e m e nt of 
P ati e nts Wit h Atri al  Fi brill ati o n: A R e p ort of t h e A m eri c a n C oll e g e of C ar di ol o g y/ A m eri c a n H e art 
Ass o ci ati o n T as k F or c e o n Cli ni c al Pr a cti c e G ui d eli n es a n d t h e H e art R h yt h m S o ci et y i n C oll a b or ati o n 
Wit h t h e S o ci et y of T h or a ci c S ur g e o ns. Ci r c ul ati o n . 2 0 1 9; 1 4 0( 2): e 1 2 5- e 5 1. 

2 8  Hi g gi ns S L, H u m m el J D, Ni a zi I A, et al. C ar di a c r es y n c hr o ni z ati o n t h er a p y f or t h e tr e at m e nt of h e art 
f ail ur e i n p ati e nts wit h i ntr a v e ntri c ul ar c o n d u cti o n d el a y a n d m ali g n a nt v e ntri c ul ar t a c h y arr h yt h mi as. J 
A m C oll C ar di ol 2 0 0 3; 4 2: 1 4 5 4- 9. 

2 9  A br a h a m W T, Fis h er  W G, S mit h A L, et al.   C A R DI A C R E S Y N C H R O NI Z A TI O N I N C H R O NI C 
H E A R T F AI L U R E. N E n gl J M e d 2 0 0 2; 3 4 6( 2 4); 1 8 4 5- 1 8 5 3.  

3 0  Y o u n g J B, A br a h a m W T, S mit h A L, et al. C o m bi n e d c ar di a c r es y n c hr o ni z ati o n a n d i m pl a nt a bl e 
c ar di o v er si o n d efi brill ati o n i n a d v a n c e d c hr o ni c h e art f ail ur e: t h e MI R A C L E I C D tri al. J A M A 
2 0 0 3; 2 8 9: 2 6 8 5 – 9 4. 

3 1  htt ps:// w w w. a c c e ss d at a.f d a. g o v/ c dr h _ d o cs/ p df 3/ P 0 3 0 0 5 4 b. p df 
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 Si x -Mi n ut e H all W al k  

 

T h e Si x -Mi n ut e W al k T est s h o ul d b e p erf or m e d i n d o ors, al o n g a l o n g, fl at, str ai g ht, e n cl os e d 
c orri d or wit h a h ar d s urf a c e.  T h e w al ki n g c o ur s e m ust b e 3 0 m i n l e n gt h.  T h e l e n gt h of t h e 
c orri d or s h o ul d b e m ar k e d e v er y 3 m.  T h e t ur n ar o u n d p oi nts s h o ul d als o b e m ar k e d. 

T h es e  i nstr u cti o ns  ar e  c o nsist e nt  wit h  t h e  A m eri c a n  T h or a ci c  S o ci et y  G ui d eli n es  f or  t h e  Si x -
Mi n ut e W al k T est. 3 2  

S u bj e ct P r e p a r ati o n  

•  C o mf ort a bl e cl ot hi n g s h o ul d b e w or n.   

•  A p pr o pri at e s h o es f or  w al ki n g s h o ul d b e w or n.   

•  S u bj e ct s s h o ul d us e t h eir us u al w al ki n g  ai ds d uri n g t h e t est  ( c a n e, w al k er, et c.).  

•  T h e s u bj e ct's us u al  m e di c al r e gi m e n s h o ul d b e c o nti n u e d.   

•  A li g ht m e al is a c c e pt a bl e  b ef or e e arl y m or ni n g or e arl y aft er n o o n  t est s.  

•  S u bj e ct s s h o ul d  n ot h a v e e x er cis e d vi g or o usl y wit hi n 2 h o urs  of b e gi n ni n g t h e  t est.  

•  A " w ar m - u p " p eri o d b ef or e t h e t est s h o ul d n ot b e p erf or m e d.  

•  T h e s u bj e ct s h o ul d sit at  r est i n a c h air, l o c at e d n e ar t h e st arti n g p ositi o n, f or at  l e ast 1 0 
mi n ut es b ef or e t h e t est st art s.  D uri n g t hi s ti m e, c h e c k  f or c o ntr ai n di c ati o ns, m e as ur e 
p uls e  a n d bl o o d pr ess ur e, a n d  m a k e s ur e t h at cl ot hi n g a n d s h o es ar e  a p pr o pri at e.  

C o n d u cti n g  t h e T est 

I nstr u ct t h e s u bj e ct as f oll o ws: 

" T h e o bj e ct of t his t est is t o w al k as f ar as p ossi bl e f or 6 m i n ut es.  Y o u will w al k b a c k a n d f ort h 
i n t his h all w a y.  Si x mi n ut es is a l o n g ti m e t o w al k, s o y o u will b e e x erti n g y o urs elf.  Y o u will 
pr o b a bl y g et o ut of br e at h or b e c o m e e x h a ust e d.   Y o u ar e p er mitt e d t o sl o w d o w n, t o st o p, a n d t o 
r est as n e c ess ar y.  Y o u m a y l e a n a g ai nst t h e w all w hil e r esti n g, b ut r es u m e w al ki n g as s o o n as y o u 
ar e a bl e.  

Y o u will b e w al ki n g b a c k a n d f ort h ar o u n d t h e c o n es.  Y o u s h o ul d pi v ot bris kl y ar o u n d t h e c o n e s 
a n d c o nti n u e b a c k t h e ot h er w a y wit h o ut h esit ati o n.   N o w I' m g oi n g t o s h o w y o u.   Pl e as e w at c h 
t h e w a y I t ur n wit h o ut h e sit ati o n. "  

D e m o nstr at e b y w al ki n g o n e l a p y o urs elf.  W al k a n d pi v ot ar o u n d a c o n e bris kl y.  

" Ar e y o u r e a d y t o d o t h at ?  I a m g oi n g t o us e t his c o u nt er t o k e e p tr a c k of t h e n u m b er of l a ps y o u 
c o m pl et e.   I will cli c k it e a c h ti m e y o u t ur n ar o u n d at t his st arti n g li n e.  R e m e m b er t h at t h e o bj e ct 
i s t o w al k A S F A R A S P O S SI B L E f or 6 mi n ut es, b ut d o n't r u n or j o g.  

St art n o w, or w h e n e v er y o u ar e r e a d y. "  

1.  P ositi o n t h e s u bj e ct at  t h e st arti n g li n e.  Y o u s h o ul d als o st a n d n e ar t h e st arti n g li n e  d uri n g 
t h e t est.  D o n ot w al k wit h t h e s u bj e ct.  As s o o n as t h e  s u bj e ct st arts t o w al k, st art t h e 
ti m er.  
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2.  D o n ot t al k t o a n y o n e  d uri n g t h e w al k.  Us e a n e v e n t o n e of v oi c e  w h e n usi n g t h e 
st a n d ar d  p hr as es of e n c o ur a g e m e nt.   W at c h t h e  s u bj e ct.   D o n ot g et distr a ct e d a n d l os e 
c o u nt of t h e l a ps.  E a c h  ti m e t h e p arti ci p a nt r et ur n s t o t h e st arti n g li n e, cli c k t h e l a p 
c o u nt er o n c e ( or m ar k t h e  l a p o n t h e w or ks h e et).  L et t h e  p arti ci p a nt s e e y o u d o it.  
E x a g g er at e  t h e cli c k usi n g b o d y l a n g u a g e, li k e usi n g a st o p w at c h at a r a c e. 

Aft er t h e first mi n ut e, t ell t h e s u bj e ct t h e f oll o wi n g (i n e v e n t o n es): " Y o u ar e d oi n g w ell.   Y o u 
h a v e 5 mi n ut es t o g o. "  

W h e n t h e ti m er s h o ws 4 mi n ut es r e m ai ni n g, t ell t h e s u bj e ct t h e f oll o wi n g: " K e e p u p t h e g o o d 
w or k.  Y o u h a v e 4 mi n ut es t o g o. "  

W h e n t h e ti m er s h o ws 3 mi n ut es r e m ai ni n g, t ell t h e s u bj e ct t h e f oll o wi n g: " Y o u ar e d oi n g w ell.   
Y o u ar e h alf w a y d o n e. "  

W h e n t h e ti m er s h o ws 2 mi n ut es r e m ai ni n g, t ell t h e s u bj e ct t h e f oll o wi n g: " K e e p u p t h e g o o d 
w or k.  Y o u h a v e o nl y 2 mi n ut es l eft. "  

W h e n t h e ti m er s h o ws o nl y 1 -mi n ut e r e m ai ni n g, t ell t h e s u bj e ct t h e f oll o wi n g: " Y o u ar e d oi n g 
w ell.  Y o u h a v e o nl y 1 mi n ut e t o g o. "  

D o n ot us e ot h er w or ds of e n c o ur a g e m e nt ( or b o d y l a n g u a g e t o s p e e d u p).  

If t h e s u bj e ct st o ps w al ki n g d uri n g t h e t est a n d n e e ds a r est, s a y t his: " Y o u c a n l e a n a g ai nst t h e 
w all if y o u w o ul d li k e; t h e n c o nti n u e w al ki n g w h e n e v er y o u f e el a bl e. " D o n ot st o p t h e ti m er.  T h e 
s u bj e ct m a y b e all o w e d t o r est sitti n g or st a n di n g, as t h e y pr ef er, b ut t h e y m ust c o m pl et e t h e t est 
b y w al ki n g aft er r esti n g.  If t h e s u bj e ct st o ps b ef or e t h e 6 mi n ut es ar e u p a n d r ef us es t o c o nti n u e 
( or y o u  d e ci d e t h at  t h e y  s h o ul d n ot  c o nti n u e) t h e t est  is c o nsi d er e d i n c o m pl et e.  N ot e  o n t h e 
w or ks h e et t h e dist a n c e, t h e ti m e st o p p e d, a n d t h e r e as o n f or st o p pi n g pr e m at ur el y.  

W h e n t h e ti m er is 1 5 s e c o n ds fr o m c o m pl eti o n, s a y t his: "I n a m o m e nt I' m g oi n g t o t ell y o u t o 
st o p.  W h e n I d o, j ust st o p ri g ht w h er e y o u ar e a n d I will c o m e t o y o u. "  

W h e n t h e ti m er ri n gs ( or b u z z es), s a y t his: " St o p! "  W al k o v er t o t h e s u bj e ct.  C o nsi d er t a ki n g t h e 
c h air if t h e y l o o k e x h a ust e d.   M ar k t h e s p ot w h er e t h e y st o p p e d b y pl a ci n g a b e a n b a g or a pi e c e 
of t a p e o n t h e fl o or. 
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 Mi n n es ot a Li vi n g wit h H e a rt F ail u r e Q u alit y of Lif e  Q u esti o n n ai r e  

 
I nstr u cti o ns f or Us e 

1.  P ati e nts s h o ul d r es p o n d t o t h e q u esti o n n air e pri or t o ot h er ass ess m e nts a n d i nt er a cti o ns t h at m a y 
bi as r es p o ns es. Y o u m a y t ell t h e p ati e nt t h at y o u w o ul d li k e t o g et his or h er o pi ni o n b ef or e d oi n g 
ot h er m e di c al ass ess m e nts.  

2.  A m pl e, u ni nt err u pt e d ti m e s h o ul d b e pr o vi d e d f or t h e p ati e nt t o c o m pl et e t h e q u esti o n n air e.  

3.  T h e  f oll o wi n g  i nstr u cti o ns  s h o ul d  b e  gi v e n  t o  t h e  p ati e nt  e a c h  ti m e  t h e  q u esti o n n air e  is  
c o m pl et e d.  

a.  R e a d t h e i ntr o d u ct or y p ar a gr a p h at t h e t o p of t h e q u esti o n n air e t o t h e p ati e nt.  

b.  R e a d t h e first q u esti o n t o t h e p ati e nt - " Di d y o ur h e art f ail ur e pr e v e nt y o u fr o m li vi n g as 
y o u w a nt e d d uri n g t h e p ast m o nt h b y c a usi n g s w elli n g i n y o ur a n kl es or l e gs " ? T ell t h e 
p ati e nt, "If y o u di d n ot h a v e a n y a n kl e or l e g s w elli n g d uri n g t h e p ast m o nt h y o u s h o ul d 
cir cl e t h e z er o aft er t his q u esti o n t o i n di c at e t h at s w elli n g w as n ot a pr o bl e m d uri n g t h e p as t 
m o nt h ". E x pl ai n t o t h e p ati e nt t h at if h e or s h e di d h a v e s w elli n g t h at w as c a us e d b y a 
s pr ai n e d a n kl e or s o m e ot h er c a us e t h at w as d efi nit el y n ot r el at e d t o h e art f ail ur e h e or s h e 
s h o ul d als o cir cl e t h e z er o. T ell t h e p ati e nt, "If y o u ar e n ot s ur e w h y y o u h a d t h e s w elli n g 
or t hi n k it w as r el at e d t o y o ur h e art c o n diti o n, t h e n r at e h o w m u c h t h e s w elli n g pr e v e nt e d 
y o u fr o m d oi n g t hi n gs y o u w a nt e d t o d o a n d fr o m f e eli n g t h e w a y y o u w o ul d li k e t o f e el ". 
I n ot h er w or ds, h o w b ot h ers o m e w as t h e s w elli n g ? S h o w t h e p ati e nt h o w t o us e t h e 1 t o 5 
s c al e t o i n di c at e h o w m u c h t h e s w elli n g aff e ct e d his or h er lif e d uri n g t h e p ast m o nt h - fr o m 
v er y littl e t o v er y m u c h  

4.  L et t h e p ati e nt r e a d a n d r es p o n d t o t h e ot h er q u esti o ns. T h e e ntir e q u esti o n n air e m a y b e r e a d 
dir e ctl y t o t h e p ati e nt if o n e is c ar ef ul n ot t o i nfl u e n c e r es p o ns es b y v er b al or p h ysi c al c u es.  

5.  C h e c k t o m a k e s ur e t h e p ati e nt h as r es p o n d e d t o e a c h q u esti o n a n d t h at t h er e is o nl y o n e a ns w er 
cl e arl y m ar k e d f or e a c h q u esti o n. If a p ati e nt el e cts n ot t o a ns w er  a s p e cifi c q u esti o n(s) i n di c at e 
s o o n t h e q u esti o n n air e. 

6.  S c or e t h e q u esti o n n air e b y s u m m ati n g t h e r es p o ns es t o all 2 1 q u esti o ns. I n a d diti o n, p h ysi c al 
(it e ms 2, 3, 4, 5, 6, 7, 1 2 a n d 1 3) a n d e m oti o n al (it e ms 1 7, 1 8, 1 9, 2 0, a n d 2 1) di m e nsi o ns of t h e 
q u esti o n n air e  h a v e  b e e n  i d e ntifi e d  b y  f a ct or  a n al ysis,  a n d  m a y  b e  e x a mi n e d  t o  f urt h er  
c h ar a ct eri z e t h e eff e ct of h e art f ail ur e o n a p ati e nt's lif e.  

 

© 1 9 8 6  R e g e nts  of  t h e  U ni v ersit y  of  Mi n n es ot a . All  ri g hts  r es er v e d.   D o  n ot  c o p y  or  r e pr o d u c e  wit h o ut  
p er missi o n. LI VI N G WI T H H E A R T F AI L U R E ®  is a r e gist er e d tr a d e m ar k of t h e R e g e nts of t h e U ni v ersit y of 
Mi n n es ot a.  
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3 2  + A T S C o m mitt e e o n Pr ofi ci e n c y St a n d ar ds f or Cli ni c al P ul m o n ar y F u n cti o n L a b or at ori es. A T S 
st at e m e nt: g ui d eli n es f or t h e si x -mi n ut e w al k t est . A m J R es pi r Crit C ar e M e d.  2 0 0 2; 1 6 6( 1): 1 1 1- 1 1 7. 

 



  

 

 

 

St atisti c al A n al ysis Pl a n  

B a r osti m N E O ™ 

A p ril 2 2, 2 0 2 2  

C o nfi d e nti al 
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1.  I N T R O D U C T I O N  

T h e p ur p os e of t his cli ni c al i n v esti g ati o n is t o d e v el o p v ali d s ci e ntifi c e vi d e n c e f or t h e s af et y a n d 
eff e cti v e n ess of t h e B ar o sti m ™ S yst e m d eli v er e d b y t h e B A T wir e ™ I m pl a nt Kit ( B A T wir e Kit) 
i n s u bj e cts wit h h e art f ail ur e.  S u bj e cts m a y b e e nr oll e d if t h e y m e et t h e F D A a p pr o v e d P M A 
i n di c ati o n f or us e f or t h e B ar osti m N E O ™  d e vi c e:  S u bj e cts w h o r e m ai n s y m pt o m ati c d es pit e 
tr e at m e nt wit h g ui d eli n e-dir e ct e d m e di c al t h er a p y, ar e N Y H A Cl ass III or Cl ass II ( w h o h a d a 
r e c e nt hist or y of Cl ass III), h a v e a l eft v e ntri c ul ar ej e cti o n fr a cti o n ≤ 3 5 %, a N T-pr o B N P < 1 6 0 0 
p g/ ml a n d e x cl u d es p ati e nts i n di c at e d f or C ar di a c R es y n c hr o ni z ati o n T h er a p y ( C R T) a c c or di n g t o 
A H A/ A C C/ E S C g ui d e li n es. 

T h e  st u d y  is  d esi g n e d  as  a  pr os p e cti v e,  si n gl e -ar m,  m ulti c e nt er,  n o n -i nf eri orit y  cli ni c al  
i n v esti g ati o n of B ar or efl e x A cti v ati o n T h er a p y ( B A T™ ) d eli v er e d usi n g a n ultr as o u n d g ui d e d 
i m pl a nt e d  l e a d  v ers us  a  hist ori c al  a cti v e  c o ntr ol  gr o u p  t h at  r e c ei v e d  B A T  d eli v er e d  usi n g  a  
s ur gi c all y pl a c e d l e a d. T h e hist ori c al a cti v e c o ntr ol gr o u p c o nsists of t h e 1 2 5 s u bj e cts t h at w er e 
i m pl a nt e d t o r e c ei v e B A T i n t h e B ar osti m N E O  - Bar or efl e x A cti v ati o n T h er a p y f or H e art F ail ur e 
( B e A T-H F)  pi v ot al tri al t h at w er e i n t h e I nt e n d e d Us e P o p ul ati o n, a p o p ul ati o n t h at m et t h e crit eri a 
of t h e a p pr o v e d d e vi c e l a b el.  

D u e t o t h e l a c k of r a n d o mi z ati o n, t h er e is p ot e nti al f or diff er e n c es i n t h e p ati e nt p o p ul ati o ns t o 
c a us e bi as i n t h e esti m at e d diff er e n c e i n o ut c o m e s b et w e e n t h e B A T wir e a n d B e A T -H F gr o u ps. 
T h er ef or e, t h e st u d y will us e a t w o -st a g e “ o ut c o m e -fr e e ” a p pr o a c h 1  t o ass ess b as eli n e diff er e n c es 
a n d  d e v el o p  pr o p e nsit y  s c or es,  if  n e e d e d,  t o  c o ntr ol  bi as.  Diff er e n c es  b et w e e n  t h e  gr o u ps  i n  
b as eli n e v ari a bl es will b e ass ess e d wit h o ut k n o wl e d g e of o ut c o m e d at a. T hi s S A P a d dr ess es st a g e 
1 a n d s p e cifi es t h e hist ori c al c o ntr ol d at as et, t h e e n d p oi nts, pr o p e nsit y s c or e m et h o ds, bli n di n g 
r e q uir e m e nts f or t h e st a g e 2 st atisti ci a n, a n d s a m pl e si z e c o nsi d er ati o ns. 

St a g e  2  of  t h e  d esi g n  will  t a k e  pl a c e  o n c e  all  b as eli n e  d at a  h as  b e e n  c oll e ct e d.  I n  st a g e  2,  if  
i m p ort a nt diff er e n c es ar e o bs er v e d (i. e., a bs ol ut e st a n d ar di z e d diff er e n c e > 0. 2 5) f or m or e t h a n 2 
of 1 2 b as eli n e v ari a bl es t o b e b al a n c e d, pr o p e nsit y s c or es will b e d e v el o p e d t o a c hi e v e s uffi ci e nt 
b al a n c e b et w e e n t h e gr o u ps i n b as eli n e v ari a bl es, c o n diti o n al o n t h e pr o p e nsit y s c or e. I n t h at c as e, 
t h e pri m ar y a n al ysis f or t h e pri m ar y e n d p oi nts is pl a n n e d as a pr o p e nsit y s c or e str atifi e d a n al ysis.  
I n t h e e ve nt t h at t h er e is n ot s uffi ci e nt o v erl a p i n t h e pr o p e nsit y s c or e distri b uti o ns t o i n cl u d e all 
s u bj e cts fr o m B e A T - H F, c o nti n g e n c y pl a ns f or alt er n ati v e a n al ys es ar e pr e-s p e cifi e d f or s el e cti o n 
d uri n g t h e st a g e 2 d esi g n pr o c ess. T h e d eri v e d pr o p e nsit y s c or es  a n d b al a n c e a c hi e v e d will b e 
d o c u m e nt e d a n d o ut c o m e a n al ysis pl a ns fi n ali z e d a n d s u b mitt e d t o F D A b ef or e o ut c o m e a n al ys es 
c o m m e n c e. T h e o ut c o m e s ar e o nl y m a d e a v ail a bl e t o t h e a n al yst aft er c o m pl eti o n of t h e st a g e 2 
d esi g n. T h e b al a n c e t hr e s h ol d of 0. 2 5 a n d t h e n u m b er of v ari a bl es p er mitt e d t o h a v e r esi d u al  
i m b al a n c e  ( 2  of  1 2)  ar e  i nf or m e d  b y  t h e  9 5 %  li mits  f or  t h e  d e gr e e  of  b al a n c e  e x p e ct e d  i n  a 
r a n d o mi z e d st u d y wit h a c o m p ar a bl e s a m pl e si z e. 

T his St atisti c al A n al ysis Pl a n ( S A P) pr es e nts a d et ail e d d es cri pti o n of t h e st atisti c al m et h o ds a n d 
pr o c e d ur es  t o  b e i m pl e m e nt e d  f or  d at a a n al ysis  i n  t h e  B ar osti m  N E O ™,  G 1 2 0 0 1 0, B A T wir e 
I m pl a nt Kit St u d y. T his S A P s h o ul d b e r e a d i n c o nj u n cti o n wit h t h e st u d y cli ni c al i n v esti g ati o n 
pl a n ( CI P) a n d c as e r e p ort f or ms ( C R Fs). T his v ersi o n of t h e S A P h as b e e n d e v el o p e d wit h r es p e ct 
t o t h e B A T wir e I m pl a nt Kit St u d y, Cli ni c al I n v esti g ati o n Pr ot o c ol  ( CI P) 3 6 0 0 5 8- 0 0 1, r e visi o n D . 

 
1  Y u e L Q, L u N, X u Y. D esi g ni n g pr e m ar k et o b s er v ati o n al c o m p ar ati v e st u di es usi n g e xisti n g d at a a s c o ntr ols: c h all e n g es 
a n d o p p ort u niti es.  J Bi o p h ar m St at. 2 0 1 4; 2 4( 5): 9 9 4-1 0 1 0.  
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A n y r e vi si o ns t o t h e pr ot o c ol or C R Fs t h at i m p a ct t h e pl a n n e d a n al ys es m a y r e q uir e u p d at es t o t h e 
S A P.   I n c as es of dis cr e p a n c y, t h e S A P s u p ers e d es t h e e n d p oi nt a n d st atisti c al s e cti o ns of t h e CI P.   

D e vi ati o ns fr o m t his S A P will b e c o nsi d er e d o nl y if t h er e is str o n g st atisti c al j ustifi c ati o n.  A n y  
d e vi ati o ns fr o m t h es e d o c u m e nts will b e s u bst a nti at e d b y  s o u n d r ati o n al e a n d  d o c u m e nt e d i n t h e 
fi n al cli ni c al r e p ort. 

2.  A N A L Y S I S P O P U L A T I O N S  

2. 1.  S af et y P o p ul ati o n  

T his p o p ul ati o n c o nsists of all s u bj e cts wit h a B ar osti m S yst e m i m pl a nt att e m pt.  A n i m pl a nt 
i s c o nsi d er e d att e m pt e d if t h e s u bj e ct is i n t h e o p er ati n g r o o m wit h a n est h esi a a d mi nist er e d. 
S af et y  e n d p oi nt  f oll o w -u p  e v al u ati o n  b e gi ns  at  t h e  ti m e  of  d e vi c e  i m pl a nt  or  att e m pt e d  
i m pl a nt. 

2. 2.  Eff e cti v e n ess  P o p ul ati o n  

T his p o p ul ati o n c o nsists of all s u bj e cts  i m pl a nt e d wit h a B ar osti m S yst e m usi n g t h e B A T wir e 
I m pl a nt Kit ( B A T wir e Kit). Effi c a c y e n d p oi nt f oll o w-u p e v al u ati o n b e gi ns at t h e ti m e of 
d e vi c e i m pl a nt.  

2. 3.  P e r P r ot o c ol P o p ul ati o n 

T his p o p ul ati o n c o nsists of all s u bj e cts  i m pl a nt e d wit h a B ar osti m S yst e m t h at m e et eli gi bilit y 
crit eri a, ar e i m pl a nt e d usi n g t h e B A T wir e Kit, a n d d o n ot h a v e a n y m aj or d e vi ati o ns. A n al ys es 
li mit e d t o s u bj e cts i n t his p ati e nt p o p ul ati o n m a y b e p erf or m e d as s e nsiti vit y a n al ys es t o ass ess 
t h e p ot e nti al i m p a ct of pr ot o c ol d e vi ati o ns o n t h e st u d y e n d p oi nts. 

3.  P R O P E N S I T Y S C O R E S  

Si n c e t h e a n al ys es pl a n n e d f or t h e B A T wir e st u d y m a k e c o m p aris o ns t o a hist ori c al c o m p aris o n 
gr o u p, t h er e is t h e p ot e nti al f or i m b al a n c e b et w e e n b as eli n e f a ct ors t h at m a y i ntr o d u c e bi as. T o 
li mit t h e i m p a ct of bi as o n st u d y r es ults, a pr o p e nsit y s c or e a n al ysis will b e p erf or m e d if n e e d e d 
t o a dj ust f or o bs er v e d i m b al a n c es i n t h e B A T wir e a n d hist ori c al d e vi c e s u bj e cts wit h r es p e ct t o 
o bs er v e d b as eli n e c h ar a ct eristi cs if t h er e is o bs er v e d i m b al a n c e b et w e e n t h e t w o gr o u ps  

A  t w o -st a g e  “ o ut c o m e -fr e e ”  a p pr o a c h  is  d es cri b ed  i n  t h e  s e cti o ns  b el o w.   T h e  ass ess m e nt  of  
b as eli n e b al a n c e is d es cri b e d i n S e cti o n 3. 1 , t h e d e v el o p m e nt of t h e pr o p e nsit y s c or es is d es cri b e d 
i n S ecti o n  3. 2 , a n d t h e us e of t h es e pr o p e nsit y s c or es is d es cri b e d i n S e cti o n 3. 3 . 

3. 1.  Ass ess m e nt of B as eli n e B al a n c e  

B as eli n e  c h ar a ct eristi cs  will  b e  c o m p ar e d  b et w e e n  B A T wir e  a n d  B e A T -H F  s u bj e cts  t o  
d et er mi n e if t h e gr o u ps ar e s uffi ci e ntl y b al a n c e d. I m b al a n c e is d efi n e d as m or e t h a n 2 of t h e 
pr e -s p e cifi e d  b as eli n e  v ari a bl es  h a vi n g  a  b et w e e n  gr o u p  a bs ol ut e st a n d ar di z e d  diff er e n c e  
gr e at er t h a n 0. 2 5.  

A b o otstr a p a n al ysis of t h e B e A T -H F wit h s u bj e cts s er vi n g as a c o ntr ol gr o u p i n t h e pr es e nt 
st u d y w as p erf or m e d t o ass ess es t h e si z e of diff er e n c e e x p e ct e d d u e t o s a m pli n g v ari a bilit y 
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( c h a n c e) al o n e. B o otstr a p  s a mpl es  m at c hi n g  t h e s a m pl e si z e of  t h e B A T wir e gr o u p  w er e 
dr a w n fr o m t h e B e A T -H F gr o u p s u bj e cts. I n  1 0, 0 0 0 b o ot str a p  s a m pl e s, 9 5 %  of t h e  s a m pl e d 
st a n d ar di z e d  diff er e n c e s  w er e  wit hi n  a p pr o xi m at el y  ± 0. 2 5  f or  e a c h  v ari a bl e.  W e  a d o pt  t his  
t hr es h ol d as pr o vi di n g b al a n c e f or a b as eli n e v ari a bl e c o m p ar a bl e t o t h at e x p e ct e d wit h 9 5 % 
c o nfi d e n c e fr o m a r a n d o mi z e d tri al wit h s a m pl e si z e m at c hi n g t h e pr es e nt st u d y. A t ot al of 1 0 
o ut of 1 2 b a s eli n e v ari a bl es ar e e x p e ct e d t o b e b al a n c e d wit h a bs ol ut e st a n d ar di z e d diff er e n c e s ≤ 
0. 2 5 wit h at l e a st 9 5 % pr o b a bilit y i n a r a n d o mi z e d st u d y. T hi s c o n cl usi o n i s b as e d o n a bi n o mi al 
di stri b uti o n wit h 1 2 o bs er v ati o ns ( b a s eli n e v ari a bl e s) wit h e a c h h a vi n g a 5 % c h a n c e of i m b al a n c e. 
T h e  bi n o mi al  pr o b a bilit y  i s  < 5 %  t h at  m or e  t h a n 2  or  m or e  of  t h e  1 2  b a s eli n e  v ari a bl e s  ar e  
u n b al a n c e d.   

T h e st a n d ar di z e d diff er e n c e ( Δ 𝛿𝛿 𝛿𝛿 ) f or c o nti n u o us v ari a bl es is 

Δ 𝑆𝑆 𝑆𝑆 =  
𝑋𝑋� 𝑝𝑝 −  𝑋𝑋� 𝑠𝑠

� � 𝑠𝑠 𝑝𝑝
2 + 𝑠𝑠 𝑠𝑠

2 � 2⁄
2

 

w h er e 𝑋𝑋� 𝑝𝑝  a n d 𝑋𝑋� 𝑠𝑠  ar e t h e s a m pl e m e a ns a n d 𝑠𝑠 𝑝𝑝
2  a n d 𝑠𝑠 𝑠𝑠

2 ar e t h e s a m pl e v ari a n c es i n t h e B A T wir e 

a n d s u r gi c al ( B e A T-H F) gr o u ps, r es p e cti v el y.  

T h e st a n d ar di z e d diff er e n c e ( Δ 𝑆𝑆 𝑆𝑆 ) f or di c h ot o m o us v ari a bl es is 

Δ 𝑆𝑆 𝑆𝑆 =  
𝑝̂𝑝 𝑝𝑝 − 𝑝̂𝑝 𝑠𝑠

� � 𝑝̂𝑝𝑝𝑝 ( 1 − 𝑝̂𝑝 𝑝𝑝 )  + 𝑝̂𝑝 𝑠𝑠 ( 1 − 𝑝̂𝑝 𝑠𝑠 ) � 2⁄
2

 

w h er e 𝑝̂𝑝 𝑝𝑝  a n d 𝑝̂𝑝 𝑠𝑠  ar e t h e pr o p orti o n of s u bj e cts wit h t h e di c h ot o m o us b as eli n e c h ar a ct eristi c 

i n  t h e  B A T wir e  a n d  s ur gi c al  ( B e A T-H F)  gr o u ps,  r es p e cti v el y.  T h e  a bs ol ut e  st a n d ar di z e d  
diff er e n c e is t h e a bs ol ut e v al u e of t h e st a n d ar di z e d diff er e n c e pr es e nt e d a b o v e. A w ei g ht e d 
v ersi o n  of  t h e  st a n d ar di z e d  diff er e n c e  ( Δ 𝑆𝑆 𝑆𝑆 𝑆𝑆 )  m a y  b e  c al c ul at e d  b y  s u bstit uti n g  st a n d ar d  
w ei g ht e d e sti m at e s of s a m pl e m e a ns, st a n d ar d d e vi ati o ns, a n d pr o p orti o ns i n t h e f or m ul a s a b o v e  
(i. e.,  usi n g  t h e  W EI G H T  st at e m e nt  i n  S A S  P R O C  F R E Q  a n d  P R O C  M E A N S  t o  ha n dl e 
o bs er v ati o n w ei g ht s i n d u c e d b y f ull m at c hi n g).  F or a ss e ssi n g b al a n c e a cr oss pr o p e nsit y s c or e 
str at a ( q u artil e s), t h e a v er a g e a bs ol ut e st a n d ar di z e d diff er e n c e will b e us e d:  

∆ 𝑆𝑆 𝑆𝑆 =  �
|Δ 𝑆𝑆 𝑆𝑆𝑆𝑆 |

4
 

4

𝑆𝑆= 1

 

w h er e  i  i n d e x es  t h e  4  pr o p e nsit y  s c or e  q u artil es  a n d  Δ 𝑆𝑆 𝑆𝑆𝑆𝑆  i s  t h e  st a n d ar di z e d  diff er e n c e  
c al c ul at e d usi n g d at a fr o m s u bj e cts i n t h e it h pr o p e nsit y s c or e q u artil e.  

F or  st a g e  1,  t h e  1 2 b as eli n e  f a ct ors  t o  b e  b al a n c e d  ar e  list e d  b el o w.  T h es e  f a ct ors  w er e  
id e ntifi e d as b ei n g pr e di cti v e of v ari ati o n i n t h e o ut c o m e v ari a bl es i n t h e B e A T -H F s u bj e cts 
r a n d o mi z e d t o  r e c ei v e B ar osti m tr e at m e nt, s u c h t h at i m b al a n c e i n t h es e v ari a bl es h as  t h e 
p ot e nti al t o bi as esti m at e d diff er e n c e b et w e e n B e A T -H F a n d B A T wir e gr o u ps i n t his st u d y. 
All f a ct ors will b e i n cl u d e d i n t h e pr o p e nsit y s c or e m o d el  a n d will b e ass ess e d f or b al a n c e 
r e g ar dl ess of w h et h er t h e y c o ntri b ut e t o t h e fi n al pr o p e nsit y s c or e m o d el. 

•  A g e  

•  G e n d er  
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•  R a c e  ( C a u c asi a n vs n o n-C a u c asi a n)  

•  H e art r at e  

•  S yst oli c a n d di ast oli c bl o o d pr ess ur e 

•  6- mi n ut e h all w al k dist a n c e  

•  Hist or y of c or o n ar y art er y dis e as e ( C A D) a n d/ or m y o c ar di al i nf ar cti o n ( MI) 

•  L eft v e ntri c ul ar ej e cti o n fr a cti o n ( L V E F)  

•  Hist or y of C A B G 

•  Hist or y of P CI 

•  Hist or y of atri al fi brill ati o n  

•  Hist or y of C K D 

3. 2.  P r o p e nsit y S c o r e E sti m ati o n  

Pr o p e nsit y s c or es will b e d e v el o p e d b y a st atisti ci a n w h o is bli n d e d t o t h e pri m ar y e n d p oi nt 
o ut c o m es. A pr o p e nsit y s c or e m o d el will b e d e v el o p e d b y m o d eli n g t h e pr o b a bilit y of b ei n g 
i n t h e B A T wir e i m pl a nt gr o u p as a f u n cti o n of t h e b as eli n e v ari a bl es ( e. g., usi n g l o gisti c 
r e gr essi o n). T h e m o d el m a y b e o pti mi z e d t o mi ni mi z e t h e a bs ol ut e st a n d ar di z e d diff er e n c e i n 
b as eli n e  v ari a bl es  b et w e e n  t h e  B A T wir e  a n d  s ur gi c al  ( B e A T -H F)  i m pl a nt  gr o u ps  wit hi n  
pr o p e nsit y s c or e q u artil es. T h e esti m at e d pr o p e ns it y s c or es will b e fi x e d a n d d o c u m e nt e d 
pri or t o u n bli n di n g t h e o ut c o m e d at a.  

3. 3.  P ri m a r y E n d p oi nt A n al ysis S el e cti o n  

T h e m et h o d us e d f or t h e pri m ar y e n d p oi nt a n al ysis will d e p e n d o n w h et h er t h er e is o bs er v e d 
i m b al a n c e  i n  t h e  b as eli n e  c h ara ct eristi cs  a n d,  if  i m b al a n c e  is  pr es e nt,  t h e  st e ps  t h at  ar e  
n e c ess ar y t o a c hi e v e b al a n c e  usi n g pr o p e nsit y s c or es . 

T h e di a gr a m pr es e nt e d i n Fi g ur e 1  s h o ws an o v er vi e w of t h e al g orit h m t h at will b e us e d t o 
s el e ct t h e fi n al a n al ysis m et h o d. S el e cti o n of t h e a n al ysis m et h o d is p art of t h e St a g e 2 d esi g n 
pr o c ess t h at will b e fi n ali z e d b ef or e o ut c o m e d at a is u n bli n d e d.  

T h er e ar e fi v e st e ps i n t h e al g ori t h m t h at c a n l e a d t o diff er e nt a n al ys es t o c h o os e fr o m as 
d et ail e d b el o w:  

1.  If 2 or f e w er b as eli n e v ari a bl es h a v e a bs ol ut e st a n d ar di z e d diff er e n c es gr e at er t h a n 
0. 2 5 b et w e e n t h e B A T wir e a n d B e A T -H F s u bj e cts, a n o n -i nf eri orit y a n al ysis t h at 
d o es n ot us e pr o p e nsit y s c or es will b e p erf or m e d f or b ot h pri m ar y e n d p oi nt s. 

a.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y s af et y e n d p oi nt i n t his s c e n ari o 
ar e f o u n d i n S e cti o n 4. 1. 3 . 

b.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y eff e cti v e n ess e n d p oi nt i n t his 
s c e n ari o ar e f o u n d i n S e cti o n 4. 2. 3 . 

2.  If m or e t h a n 2 b as eli n e c h ar a ct eristi cs h a v e a n a bs ol ut e st a n d ar di z e d diff er e n c e of 
m or e t h a n 0. 2 5  b et w e e n t h e i m pl a nt gr o u ps, pr o p e nsit y s c or es will b e d e v el o p e d t o 
b al a n c e t h e b as eli n e c h ar a ct eristi cs  wit hi n  pr o p e nsit y  s c or e q u artil es.  If s uffi ci e nt  
b al a n c e  c a n  b e  a c hi e v e d  ( a v er a g e  a bs ol ut e st a n d ar di z e d  diff er e n c e  ≤  0. 2 5 a cr oss 
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q u artil es  f or at l e ast 1 0 of 1 2 v ari a bl es), a pr o p e n sit y s c or e str atifi e d n o n -i nf eri orit y 
a n al ysis will b e p erf or m e d f or b ot h pri m ar y e n d p oi nts. 

a.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y s af et y e n d p oi nt i n t his s c e n ari o 
ar e f o u n d i n S e cti o n 4. 1. 4 . 

b.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y eff e cti v e n ess e n d p oi nt i n t his 
s c e n ari o ar e f o u n d i n S e cti o n 4. 2. 4 . 

3.  If n o pr o p e nsit y s c or es c a n b e i d e ntifi e d t h at  a c hi e v e b al a n c e w hil e i n cl u di n g all 
hist ori c al c o ntr ol B e A T -H F s u bj e cts, a n y B e A T -H F s u bj e cts wit h a pr o p e nsit y s c or e 
o utsi d e a r a n g e of pr o p e n sit y s c or e v al u es t h at i n cl u d es all B A T wir e s u bj e ct s will b e 
e x cl u d e d. T h e r a n g e of pr o p e nsit y s c or e v al u es t o i n cl u d e m a y b e v ari e d t o i d e ntif y 
a  r a n g e  t h at  i n cl u d es  all  B A T wir e  s u bj e cts  a n d  a c hi e v es  b al a n c e  wit h  B e A T -H F 
s u bj e cts wit hi n t h e r a n g e. T his a p pr o a c h is c o nsist e nt wit h t h e i nt e nt of t h e a n al ysis 
t o  c o m p ar e  all  B A T wir e  s u bj e cts  wit h  a p pr o pri at e  hist ori c al  c o ntr ols.  Pr o p e nsit y  
s c or es  will  b e  esti m at e d  o n  t his  s u bs et  of  s u bj e cts  a n d  o nl y  t h es e  s u bj e cts  will  
c o ntri b ut e  t o  t h e  fi n al  a n al ysis.  I n  t his  c as e,  a  pr o p e nsit y -s c or e  str atifi e d  n o n -
i nf eri orit y  a n al ysis  will b e  p erf or m e d  f or  b ot h  pri m ar y  e n d p oi nts  i n cl u di n g  all  
B A T wir e s u bj e cts a n d t h e s u bs et of B e A T -H F s u bj e cts w h er e b al a n c e w as a c hi e v e d.  

a.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y s af et y e n d p oi nt i n t his s c e n ari o 
ar e f o u n d i n S e cti o n 4. 1. 4 . 

b.  D et ails o n t h e a n al ysis m et h o d f or t h e pri m ar y eff e cti v e n ess e n d p oi nt i n t his 
s c e n ari o ar e f o u n d i n S e cti o n 4. 2. 4 . 

4.  If n o pr o p e nsit y s c or es t h at  a c hi e v e b al a n c e t hr o u g h str atifi c ati o n i nt o pr o p e nsit y 
s c or e q u artil es c a n b e i d e ntifi e d, a pr o p e nsit y s c or e m at c hi n g a n al ysis t h at s el e cts o n e 
or m or e B e A T -H F s u bj e c t as a m at c h f or e a c h B A T wir e s u bj e ct will b e e m pl o y e d. 
T his is a f all b a c k pr o c e d ur e i n c as e b al a n c e c a n n ot b e a c hi e v e d usi n g str atifi c ati o n.  

Pr o p e nsit y s c or e str at a m a y h a v e r esi d u al i m b al a n c e d u e t o a n u n e q u al pr o p e nsit y 
s c or e distri b uti o n wit hi n o n e or m or e q u artil es. I n t his c as e, a m at c hi n g a n al ysis will 
b e e m pl o y e d as it h as t h e p ot e nti al t o i m pr o v e t h e d e gr e e of b al a n c e a c hi e v e d w hil e 
still i n cl u di n g all B A T wir e s u bj e cts.  As i n # 3 a b o v e, t h e r a n g e of pr o p e nsit y s c or e 
v al u es t o i n cl u d e m a y b e v ari e d t o i d e ntif y a r a n g e t h at i n cl u d es all B A T wir e 
s u bj e cts a n d a c hi e v es b al a n c e wit h B e A T - H F s u bj e cts wit hi n t h e r a n g e. 

Pr o p e nsit y s c or e f ull m at c hi n g 2 ,3 ,4 ,5  will b e us e d f or t h e pr o p e nsit y s c or e m at c hi n g 
a n al ysis. F ull m at c hi n g is a s u b -cl assifi c ati o n m et h o d t h at cr e at es m at c h e d s ets t h at 
c o nt ai n at l e ast o n e tr e at m e nt gr o u p a n d o n e c o ntr ol gr o u p s u bj e ct. T his m et h o d h as 
t h e a d v a nt a g e of h a vi n g t h e c a p a bilit y of i n cl u di n g all tr e at m e nt a n d c o ntr ol 

 
2  St u art E A. M at c hi n g m et h o d s f or c a u s al i nf er e n c e: A r e vi e w a n d a l o o k f or w ar d.  St at S ci. 2 0 1 0; 2 5( 1): 1 -2 1. 
d oi: 1 0. 1 2 1 4/ 0 9 -S T S 3 1 3  
3  R o s e n b a u m P R. A c h ar a ct eri z ati o n of o pti m al d esi g n s f or o b s er v ati o n al st u di es.  J o ur n al of t h e R o y al St atisti c al 
S o ci et y, S eri es B ( M et h o d ol o gi c al)  1 9 9 1; 5 3( 3): 5 9 7 – 6 1 0.  
4  H a n s e n,  B. B. a n d Kl o pf er, S. O. ( 2 0 0 6), ‘ O pti m al f ull m at c hi n g a n d r el at e d d esi g n s vi a n et w or k f l o ws’, J o ur n al of 
C o m p ut ati o n al a n d Gr a p hi c al St atisti cs, 1 5, 6 0 9 – 6 2 7.  
5  H a n s e n B B. F ull m at c hi n g i n a n o b s er v ati o n al st u d y of c o a c hi n g f or t h e S A T.  J o ur n al of t h e A m eri c a n St atisti c al 
As s o ci ati o n.  2 0 0 4; 9 9( 4 6 7): 6 0 9 – 6 1 8.  
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s u bj e ct s, a n i m p ort a nt c o nsi d er ati o n f or o bs er v ati o n al st u di es wit h o ut a l ar g e p o ol 
of c o ntr ol s u bj e cts t o dr a w fr o m f or m at c hi n g. F ull m at c hi n g is a m o d er n m at c hi n g 
m et h o d t h at a v oi ds gr e e d y m at c hi n g of t h e m ost si m il ar p airs a n d i nst e a d o pti mi z es 
gl o b al crit eri a f or t h e m at c h e d s a m pl es as a w h ol e.  

F ull m at c hi n g will b e c o nsi d er e d t o h a v e a c hi e v e d s uffi ci e nt b al a n c e if n o m or e 
t h a n 2 of 1 2 b as eli n e c o v ari at es h a v e a n a bs ol ut e st a n d ar di z e d diff er e n c e 
(|∆ 𝛿𝛿 𝛿𝛿 𝑆𝑆 |) gr e at e r t h a n 0. 2 5.  

F ull m at c hi n g a n al ysis m a y b e p erf or m e d usi n g t h e M at c hIt p a c k a g e, w hi c h dr a ws 
o n r o uti n es fr o m t h e o pt m at c h p a c k a g e, i n R st atisti c al s oft w ar e 6 . 

F ull m at c hi n g i n d u c es a w ei g ht f or e a c h o bs er v ati o n i n t h e a n al ysis. W ei g ht e d 
a n al ysis m et h o ds will b e e m pl o y e d  t o a c c o u nt f or t h e m at c hi n g. C o m p ar e d t o 
i n v ers e pr o b a bilit y of tr e at m e nt w ei g hti n g (I P T W), f ull m at c hi n g h as b e e n f o u n d t o 
h a v e m or e st a bl e w ei g hts 7 . As wit h pr o p e nsit y s c or e str atifi c ati o n, ea c h s u b cl ass 
h as a w ei g ht pr o p orti o n al t o t h e n u m b er of s u bj e ct s i n t h e s u b cl ass i n or d er t o 
esti m at e t h e a v er a g e tr e at m e nt eff e ct ( A T E).  

o  D et ail s o n t h e a n al ysis m et h o d f or t h e pri m ar y s af et y e n d p oi nt i n t hi s 
s c e n ari o ar e f o u n d i n S e cti o n 4. 1. 5 . 

o  D et ail s o n t h e a n al ysis m et h o d f or t h e pri m ar y eff e cti v e n ess e n d p oi nt i n t hi s 
s c e n ari o ar e f o u n d i n S e cti o n 4. 2. 5 . 

5.  I n t h e e v e nt t h at b al a n c e c a n n ot b e a c hi e v e d t hr o u g h str atifi c ati o n or m at c hi n g ( e. g., 
if t h e pr o p e nsit y s c or e distri b uti o ns d o n ot o v erl a p), t h e m et h o d t h at a c hi e v e d t h e b est 
b al a n c e  b et w e e n  b as eli n e  c o v ari at es  a cr oss  all  b as eli n e  f a ct ors  will  b e  us e d  f or  
a n al ysis a n d t h e d e gr e e of b al a n c e will b e r e p ort e d f or e a c h b as eli n e f a ct or.  B ett er 
b al a n c e is d efi n e d as h a vi n g a hi g h er n u m b er of v ari a bl es t h at  m e et  t h e m et h o d -
s p e cifi c b al a n c e crit eri a. T h e m et h o d -s p e cifi c st a n d ar di z e d diff er e n c e b al a n c e crit eri a 
ar e: ∑ |Δ 𝑆𝑆 𝑋𝑋𝑝𝑝 | / 4  4

𝑋𝑋= 1 ≤ 0. 2 5  f or str atifi c ati o n a n d |Δ 𝑠𝑠 𝑠𝑠 𝑝𝑝 | ≤  0. 2 5 f or m at c hi n g.  In t h e e v e nt 
of a ti e  o n t h e n u m b er of b al a n c e d v ari a bl es, t h e a v er a g e a bs ol ut e m et h o d -s p e cifi c 
st a n d ar di z e d diff er e n c e a cr oss t h e 1 2 v ari a bl es is us e d as a ti e br e a k er.  

 
6  H a n s e n, B. B. a n d Kl o pf er, S. O. ( 2 0 0 6), ‘ O pti m al f ull m at c hi n g a n d r el at e d d esi g n s vi a n et w or k f l o ws’, J o ur n al of 
C o m p ut ati o n al a n d Gr a p hi c al St atisti cs, 1 5, 6 0 9 – 6 2 7.  
7  A u sti n P C, St u art E A. T h e p erf or m a n c e of i n v ers e pr o b a bilit y of tr e at m e nt w ei g hti n g a n d f ull m at c hi n g o n t h e 
pr o p e n sit y s c or e i n t h e pr es e n c e of m o d el mis s p e cifi c ati o n w h e n esti m ati n g t h e eff e ct of tr e at m e nt o n s ur vi v al 
o ut c o m es. St at M et h o d s M e d R es. 2 0 1 7 A u g; 2 6( 4): 1 6 5 4 -1 6 7 0. d oi: 1 0. 1 1 7 7/ 0 9 6 2 2 8 0 2 1 5 5 8 4 4 0 1. E p u b 2 0 1 5 A pr 3 0. 
P MI D: 2 5 9 3 4 6 4 3; P M CI D: P M C 5 5 6 4 9 5 2.  
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Fi g u r e 1: Pri m ar y E n d p oi nt A n al ysis C h oi c e Al g orit h m 
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4.  S T U D Y E N D P O I N T S A N D H Y P O T H E S I S T E S T S  

T h e pl a n n e d a n al ys es will s u p p ort a P M A s u p pl e m e nt a p pr o vi n g t h e B A T wir e I m pl a nt Kit f or us e 
wit h t h e B ar osti m S yst e m.  

T o s u p p ort t h e e v al u ati o n of s af et y a n d effi c a c y of t h e B A T wir e Kit, t h e f oll o wi n g s af et y a n d 
eff e cti v e n ess e n d p oi nts will b e e v al u at e d f or n o n- i nf eri orit y. 

I n t h e e v e nt t h at n o n-i nf eri orit y is d e m o nstr at e d f or b ot h pri m ar y e n d p oi nts, t h e e n d p oi nts will 
s u bs e q u e ntl y b e t est e d f or s u p eri orit y at t h e s a m e o n e -si d e d al p h a l e v el as t h e n o n -i nf eri orit y t ests.  
T o a c c o u nt f or m ulti pli cit y, a hi er ar c hi c al t esti n g pr o c e d ur e will b e us e d wit h s u p eri orit y t esti n g 
f or  t h e pri m ar y eff e cti v e n ess  e n d p oi nt b ei n g c o n d u ct e d first. If s u p eri orit y is d e m o nstr at e d f or t h e 
pri m ar y  eff e cti v e n ess  e n d p oi nt,  s u p eri orit y  t esti n g  will  b e  p erf or m e d  f or  t h e  pri m ar y  s af et y 
e n d p oi nt. 

4. 1.  P ri m a r y S af et y E n d p oi nt: F r e e d o m f r o m S e ri o u s A d v e rs e E v e nts ( S A E s) r el at e d t o 

t h e i m pl a nt ati o n of t h e l e a d usi n g t h e B A T wi r e I m pl a nt Kit t h r o u g h 3 0 d a ys p ost 

i m pl a nt 

T o d e m o nstr at e  t h e s af et y of i m pl a nti n g t h e B ar osti m N E O  l e a d usi n g t h e B A Twir e I m pl a nt 
Kit vi a n o n -i nf eri orit y of t h e e v e nt fr e e r at e of S eri o us A d v ers e E v e nts ( S A Es) r el at e d t o t h e 
i m pl a nt ati o n of t h e l e a d usi n g t h e B A T wir e I m pl a nt Kit t hr o u g h 3 0 d a ys p ost i m pl a nt. 

4. 1. 1.  St atisti c al H y p ot h esis  

T h e o bj e cti v e is t o d e m o nstr at e t h at tr e at m e nt wit h t h e B ar osti m S yst e m usi n g t h e 
B A T wir e i m pl a nt e d l e a d r es ults i n a r at e of S A Es r el at e d t o t h e i m pl a nt ati o n of t h e 
l e a d t h at is n o n-i nf eri or t o t h e r at e w h e n usi n g a s ur gi c all y i m pl a nt e d l e a d. A n e q u al 
e v e nt r at e i n t h e t w o gr o u ps is h y p ot h esi z e d.  

4. 1. 2.  H y p ot h esis T est  

T h e st atisti c al  h y p ot h esis t est f or t h e pri m ar y s af et y e n d p oi nt, st at e d i n t er ms of a n ull 
a n d alt er n ati v e h y p o t h esis is: 

 H o : pp  ≤ p s - δ  

 H a : pp  > p s - δ  

w h er e p p  i s t h e e v e nt fr e e r at e i n B A T wir e st u d y s u bj e cts w h er e t h e pl a n n e d i m pl a nt 
pr o c e d ur e is ultr as o u n d g ui d e d pl a c e m e nt of t h e l e a d a n d p s i s t h e e v e nt fr e e r at e i n 
B e A T - H F tr e at m e nt ar m s u bj e cts i n t h e i nt e n d e d u s e p o p ul ati o n w h er e t h e pl a n n e d 
i m pl a nt pr o c e d ur e w as s ur gi c al pl a c e m e nt of t h e l e a d. A n o n-i nf eri orit y m ar gi n ( δ) of 
1 0 % is s p e cifi e d t o e ns ur e t h at t h e e v e nt fr e e r at e i s s uffi ci e ntl y c o m p ar a bl e b et w e e n 
a n ultr as o u n d g ui d e d a n d s ur gi c all y pl a c e d l e a d a n d t h at o nl y cli ni c all y a c c e pt a bl e 
o ut c o m es l e a d t o a c o n cl usi o n of n o n-i nf eri orit y.  T his m ar gi n w as c h os e n t o a c c o u nt 
f or t h e u n c ert ai nt y a n d i n h er e nt v ari a bilit y of t h e e v e nt r at e d u e t o s u bj e ct a n d 
pr o c e d ur e f a ct ors. A 1 0 % m ar gi n m ai nt ai ns t h e c o nsist e n c y a n d d e gr e e of v ari ati o n 
fr o m t h e t ar g et t h at w as us e d i n t h e P h as e III B e A T-H F e v e nt -fr e e s af et y e n d p oi nt, as 
t h at st u d y’s si n gl e ar m pri m ar y s af et y h y p ot h esis t est w as b as e d o n a 1 0 % m ar gi n 
fr o m a t ar g et fr e e d o m fr o m e v e nt r at e. 
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T h e n ull h y p ot h esis is r ej e ct e d if t h e n o n- i nf eri orit y p- v al u e is l ess t h a n 0. 0 5 or, 
e q ui v al e ntl y, if t h e l o w er b o u n d of t h e o n e- si d e d 9 5 % c o nfi d e n c e i nt er v al f or p p  - ps i s 
gr e at er t h a n – δ.  

Pri m ar y s af et y  e n d p oi nt e v e nts ar e a dj u di c at e d b y t h e A d v ers e E v e nt C o m mitt e e 
( A E C) as d es cri b e d i n t h e c o m mitt e e’s c h art er. 
 
D et er mi n ati o n of w h et h er t h e s eri o us a d v ers e e v e nt is r el at e d s p e cifi c all y t o t h e 
B A T wir e l e a d i m pl a nt ati o n is d et er mi n e d b y t h e i n d e p e n d e nt A d v ers e E v e nt 
C o m mitt e e ( A E C).  T h e c o m mitt e e d et er mi n es t h e T y p e of e a c h r el at e d a d v ers e 
e v e nt:  

 

•  T y p e I: R el at e d t o t h e pl a c e m e nt or pr es e n c e of t h e c ar oti d si n us l e a d, or 
t h e d eli v er y of t h e t h er a p y (i n cl u di n g l e a d t u n n eli n g) 

•  T y p e II: R el at e d t o t h e i m pl a nt ati o n or pr es e n c e of t h e I P G 

•  T y p e III: R el at e d t o t h e g e n er al s ur gi c al pr o c e d ur e  

•  T y p e I V: D u e t o t h e pr o d u ct l a b eli n g or tr ai ni n g n o n- c o m pli a n c e  
 

A li st of e v e nts t h at s h o ul d b e c o nsi d er e d r el at e d t o t h e B A T wir e l e a d i m pl a nt ati o n 
ar e pr o vi d e d i n t h e A E C C h art er.  T his list i n cl u d es all e v e nts o bs er v e d i n B e A T- H F 
wit hi n 3 0 d a ys of i m pl a nt t h at w er e c o nsi d er e d i n t h e ass u m pti o ns f or t his e n d p oi nt: 

 

•  I nf e cti o n at i m pl a nt sit e ( wit h or wit h o ut e x pl a nt) 

•  Str o k e/ TI A/ C V A  

•  Pr ol o n g e d i nt u b ati o n 
 

Ot h er e v e nt s pr o vi d e d i n t h e A E C C h art er f or c o nsi d er ati o n as r el at e d t o t h e B A T wir e 
l e a d i m pl a nt ati o n ar e: 

 

•  I nj ur y of c ar oti d art er y or s urr o u n di n g str u ct ur es 

•  Cr a ni al n er v e i nj uri es  

•  Ot h er v as c ul ar i nj ur y 

•  N e e d f or o p er ati v e or e n d o v as c ul ar r e p air  

•  D e at h  

•  Pr ol o n g e d h os pit ali z ati o n d u e t o c o m pli c ati o n of l e a d i m pl a nt ati o n  
 

4. 1. 3.  A n al ysi s M et h o d – Wit h o ut P r o p e n sit y S c o r es  

I n t h e n o n-str atifi e d t est, t h e n u m b er of s u bj e cts ( 𝛿𝛿 𝛿𝛿 ) i n t h e B A T wir e s af et y a n al ysis 
p o p ul ati o n t h at h a v e o n e or m or e a d v ers e e v e nts t h at ar e a dj u di c at e d t o h a v e m et t h e 
crit eri a f or a l e a d -r el at e d S A E e v e nt wit hi n t h e first 3 0 d a ys of st u d y f oll o w-u p ti m e 
(s e e S e cti o n 6. 2 ) will b e c al c ul at e d. 
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T h e e v e nt -fr e e pr o p orti o n (𝛿̂𝛿 𝛿𝛿 ) will b e c al c ul at e d as 

 𝑆𝑆�
𝑆𝑆

= 1 − 𝑋𝑋 𝑝𝑝 𝑋𝑋 𝑠𝑠⁄  

w h er e 𝑠𝑠 𝑝𝑝  i s t h e n u m b er of s u bj e cts i n t h e B A T wir e s af et y a n al ysis p o p ul ati o n.  T h e 
h y p ot h esis t est will b e e v al u at e d wit h a o n e- si d e d F arri n gt o n - M a n ni n g n o n-i nf eri orit y 
h y p ot h esis t est wit h al p h a = 0. 0 5. 

T his t est m a y b e p erf or m e d wit h S A S c o d e si mil ar t o t h e c o d e  pr es e nt e d b el o w t o 
c o m p ar e t h e e v e nt fr e e r at e of pri m ar y e n d p oi nt e v e nts b et w e e n s u bj e cts i n t h e 
B A T wir e a n d s ur gi c al ( B e A T - H F) i m pl a nt gr o u ps. 

pr o c fr e q d at a = B A T wir e S af et y;  

  t a bl es Gr o u p * S A E L e a d 3 0 /  

  ris k diff ( n o ni nf C L = F M m et h o d = F M m ar gi n = 0. 1 0 c ol u m n = 2) 

  al p h a = 0. 0 5; 

r u n; 

If t h e o n e-si d e d p - v al u e i s l ess t h a n 0. 0 5, t h e n ull h y p ot h esis will b e r ej e ct e d.  T his 
r ej e cti o n crit eri a is e q ui v al e nt t o t h e l o w er b o u n d of a o n e-si d e d 9 5 % F arri n gt o n -
M a n ni n g c o nfi d e n c e i nt er v al f or t h e diff er e n c e i n pr o p orti o ns b ei n g gr e at er t h a n -
1 0 %.  

I n t h e n o n-str atifi e d t est, if t h e a n al ysis p o p ul ati o n c o nsists of 6 2 s u bj e cts wit h a n 
att e m pt e d i m pl a nt, t h e n at l e ast 5 8 s u bj e cts ( 9 4 %) m ust b e e v e nt -fr e e t hr o u g h 3 0 d a ys 
of st u d y f oll o w- u p f or t hi s e n d p oi nt t o b e m et b as e d o n t h e o bs er v e d e v e nt fr e e r at e i n 
B e A T -H F of 9 6 % ( 1 2 0/ 1 2 5). S af et y f oll o w - u p b e gi ns at t h e ti m e of a ct u al or 
att e m pt e d d e vi c e i m pl a nt.  A o n e- si d e d 9 5 % c o nfi d e n c e i nt er v al f or t h e diff er e n c e i n 
e v e nt -fr e e r at e t hr o u g h 3 0 d a ys will b e c al c ul at e d usi n g t h e F arri n gt o n- M a n ni n g 
m et h o d. 

If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d if t h e l o w er b o u n d 
of t h e o n e- si d e d 9 5 % F arri n gt o n -M a n ni n g c o nfi d e n c e i nt er v al is gr e at er t h a n 0 %.  

4. 1. 4.  A n al ysis M et h o d – P r o p e n sit y S c o r e St r atifi e d  

If a pr o p e nsit y s c or e str atifi e d a n al ysis is r e q uir e d, a str atifi e d a n al ysis will b e 
p erf or m e d wit h c al c ul ati o ns pr es e nt e d b el o w. T h e esti m at e d diff er e n c e i n e v e nt- fr e e 
r at e will b e esti m at e d usi n g c o d e si mil ar t o t h at b el o w: 

pr o c fr e q d at a = B A T wir e S af et y;  

  b y ps _str at a; 

  t a bl es Gr o u p * S A E L e a d 3 0 /  

  ris k diff ( n o ni nf C L = F M m et h o d = F M m ar gi n = 0. 1 0 c ol u m n = 2) 

  al p h a = 0. 0 5; 

r u n; 
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T h e ri s k diff o pti o n r es ult s i n a n esti m at e d diff er e n c e ( ∆� 𝛿𝛿 = 𝛿̂𝛿 𝑆𝑆 𝑆𝑆 −  𝑋̂𝑋 𝑝𝑝 𝑋𝑋 ) a n d it s 

ass o ci at e d st a n d ar d err or ( 𝑠𝑠� ∆� 𝑠𝑠
) c al c ul at e d b y t h e F arri n gt o n - M a n ni n g m et h o d f or e a c h 

str at u m. If a str at u m h as z er o s u bj e cts i n eit h er gr o u p wit h a s af et y e n d p oi nt e v e nt, a 
s m all e v e nt r at e of 0. 1 % is us e d f or a n al ysis i nst e a d of t h e o bs er v e d v al u e of 0 % t o 
pr e v e nt di visi o n b y z er o. 

T h e o v er all esti m at e d diff er e n c e b et w e e n gr o u ps a cr oss str at a is gi v e n b y  

∆� =
1

4
�  ∆ �

𝑝𝑝

4

𝑠𝑠 = 1

 

w hi c h h as a st a n d ar d err or of 

𝑠𝑠� ∆� =  �
1

1 6
�  𝑋𝑋�

∆� 𝑝𝑝

2

4

𝑋𝑋 = 1

 

T h e h y p ot h esi s t est is p ass e d if t h e l o w er b o u n d of t h e o n e- si d e d 9 5 % c o nfi d e n c e 
i nt er v al gi v e n b y ∆� − 1. 6 4 5  𝑠𝑠� ∆�  i s gr e at er t h a n -1 0 %. T h e o n e -si d e d n o n-i nf eri orit y p-

v al u e is gi v e n b y 1 −  Φ − 1 � � ∆� + 1 0 % �  𝑠𝑠� ∆�� � .  

If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d if t h e l o w er b o u n d 
of t h e o n e- si d e d 9 5 % c o nfi d e n c e i nt er v al is gr e at er t h a n 0 %.  

 

4. 1. 5.  A n al ysis M et h o d – P r o p e n sit y S c o r e M at c hi n g  

T h e diff er e n c e i n pr o p orti o ns a n d o n e- si d e d 9 5 % c o nfi d e n c e i nt er v al will b e 
esti m at e d usi n g a F arri n gt o n - M a n ni n g a n al ysis wit h o bs er v ati o ns w ei g ht e d usi n g 
w ei g hts i n d u c e d b y pr o p e nsit y s c or e f ull m at c hi n g ( w ei g ht pr o p orti o n t o t h e n u m b er 
of o bs er v ati o ns i n t h e m at c h e d s u b cl ass).  

T his t est m a y b e p erf or m e d wit h S A S c o d e si mil ar t o t h e c o d e pr es e nt e d b el o w t o 
c o m p ar e t h e e v e nt fr e e r at e of pri m ar y e n d p oi nt e v e nts b et w e e n s u bj e cts i n t h e 
B A T wir e a n d s ur gi c al ( B e A T - H F) i m pl a nt gr o u ps usi n g t h e w ei g ht st at e m e nt t o 
a c c o u nt f or t h e w ei g hts i n d u c e d b y t h e f ull m at c h. 

pr o c fr e q d at a = B A T wir e S af et y;  

  w ei g ht f ull m at c h w ei g ht;  

  t a bl es Gr o u p * S A E L e a d 3 0 /  

  ris k diff ( n o ni nf C L = F M m et h o d = F M m ar gi n = 0. 1 0 c ol u m n = 2) 

  al p h a = 0. 0 5; 

r u n; 

If t h e o n e-si d e d p - v al u e i s l ess t h a n 0. 0 5, t h e n ull h y p ot h esis will b e r ej e ct e d.  T his 
r ej e cti o n crit eri a is e q ui v al e nt t o t h e l o w er b o u n d of a o n e-si d e d 9 5 % F arri n gt o n-
M a n ni n g c o nfi d e n c e i nt er v al f or t h e diff er e n c e i n pr o p orti o ns b ei n g gr e at er t h a n -
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1 0 %. If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d if t h e l o w er 
b o u n d o n e- si d e d 9 5 % c o nfi d e n c e i nt er v al is gr e at er t h a n 0 %.  

4. 1. 6.  A n al ysis P o p ul at i o n 

T h e a n al ysis p o p ul ati o n ( d e n o mi n at or) is all s u bj e cts i n t h e S af et y P o p ul ati o n d efi n e d 
i n S e cti o n 2 . 

4. 1. 7.  S a m pl e Si z e  

E v al u ati n g t h e h y p ot h esis t est b y c o m p ari n g t h e o n e- si d e d 9 5 % l o w er b o u n d of t h e 
F arri n gt o n- M a n ni n g c o nfi d e n c e i nt er v al t o t h e n o n- i nf eri orit y m ar gi n of 1 0 %, a 
s a m pl e si z e of 5 9 s u bj e cts wit h a n att e m pt e d i m pl a nt pr o vi d es at l e ast 8 0 % p o w er t o 
r ej e ct t h e n ull h y p ot h esis if t h e e x p e ct e d e v e nt -fr e e r at e is at l e ast 9 6 %. A n e x p e ct e d 
r at e of 9 6 % m at c h es t h e o bs er v e d e v e nt fr e e pri m ar y e n d p oi nt e v e nt r at e i n t h e 
B e A T - H F i nt e n d e d us e p o p ul ati o n. T h e l o w est o bs er v e d e v e nt-fr e e r at e t h at w o ul d 
r es ult i n p assi n g t his st u d y o bj e cti v e is a p pr o xi m at el y 9 4 % ( 6 7/ 7 1), wit h t h e o v er all 
st u d y s a m pl e si z e dri v e n b y t h e pri m ar y eff e cti v e n ess e n d p oi nt.  

T h e s a m pl e si z e c al c ul ati o n ass u m es a n u nstr atifi e d a n al ysis a p pr o a c h a n d w as 
c al c ul at e d i n P A S S 2 0 2 2 usi n g a n u n c o n diti o n al s a m pl e si z e c al c ul ati o n f or a t w o -
s a m pl e n o n-i nf eri orit y t e st of t h e diff er e n c e i n pr o p orti o ns. S e e A p p e n di x I  f or 
d o c u m e nt ati o n of t h e s a m pl e si z e c al c ul ati o n p erf or m e d i n P A S S 2 0 2 2. 

T o c o nfir m t h at t his s a m pl e si z e is s uffi ci e nt t o pr o vi d e 8 0 % p o w er if a str atifi e d 
pr o p e nsit y s c or e a n al ysis is r e q uir e d, pr o p e nsit y s c or e q u artil es w er e si m ul at e d b y 
r a n d o ml y all o c ati n g s u bj e cts t o q u artil es b y ar m. T h e s a m pl e si z e c al c ul ati o n usi n g 
si m ul ati o n w as r e p e at e d usi n g t h e str atifi e d d at a a n al ysis m et h o ds d es cri b e d i n 
S e cti o n 4. 1. 4. T h e pr o p orti o n of tr e at m e nt a n d hist ori c al c o ntr ol s u bj e cts i n e a c h 
q u artil e w as v ari e d t o ass ess s e nsiti vit y of t h e p o w er of a str atifi e d a n al ysis t o u n e q u al 
c o u nt s of B e A T -H F a n d B A T wir e s u bj e cts i n e a c h str at u m. S e e S e cti o n 5  f or a 
s u m m ar y of t h e i m p a ct of diff eri n g pr o p e nsit y s c or e distri b uti o ns i n t h e B e A T- H F 
a n d B A T wir e gr o u ps. If t h e pr o p e nsit y s c or e distri b uti o n is c o m p ar a bl e i n t h e t w o 
gr o u ps, t h e str atifi e d a n al ysis h as t h e s a m e s a m pl e si z e r e q uir e m e nt as t h e u nstr atifi e d 
a n al ysis.  

4. 2.  P ri m a r y  Eff e cti v e n ess E n d p oi nt:  P h ysi c al F u n cti o n as M e as u r e d b y 6 M o n t h C h a n g e 

i n Si x-Mi n ut e H all W al k  

T h e si x-mi n ut e h all w al k ( 6 M H W) t est is us e d t o ass ess f u n cti o n al c a p a cit y i n a v ari et y of 
c o n diti o ns i n cl u di n g h e art f ail ur e.  B as eli n e v al u es of 6 M H W h a v e b e e n s h o w n t o pr e di ct 
o ut c o m e i n h e art f ail ur e s u bj e cts wit h a r ed u c e d ej e cti o n fr a cti o n. 8  

4. 2. 1.  St atisti c al H y p ot h esis  

T h e o bj e cti v e is t o d e m o nstr at e t h at tr e at m e nt wit h t h e B ar osti m S yst e m usi n g t h e 
B A T wir e i m pl a nt e d l e a d r es ults i n a n i m pr o v e m e nt i n 6 M H W at 6 m o nt hs t h at is 
n o n- i nf eri or t o t he i m pr o v e m e nt w h e n usi n g a s ur gi c all y i m pl a nt e d l e a d. A n e q u al 

 
8  I n gl e L, Cl el a n d J G, Cl ar k A L. T h e l o n g-t er m pr o g n o sti c si g nifi c a n c e of 6-mi n ut e w al k t est dist a n c e i n p ati e nt s wit h 
c hr o ni c h e art f ail ur e. Bi o m e d R e s I nt . 2 0 1 4; 2 0 1 4: 5 0 5 9 6 9. 
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i m pr o v e m e nt i n t h e m et ers w al k e d fr o m b as eli n e t o si x m o nt hs i n t h e t w o gr o u ps is 
h y p ot h esi z e d.  

4. 2. 2.  H y p ot h esis T est  

T h e n o n-i nf eri orit y st atisti c al h y p ot h esis t est f or t h e 6 M H W e n d p oi nt, st at e d i n t er ms 
of a n ull a n d alt er n at i v e h y p ot h esis is: 

H o: μ p ≤ μ s − 𝛿𝛿  

H a: μ p > μ s − 𝛿𝛿  

w h er e μ p  a n d μ s  ar e t h e m e a n i m pr o v e m e nt i n 6 M H W fr o m b as eli n e t o 6 m o nt hs i n 

t h e B A T wir e a n d s ur gi c al ( B e A T- H F) gr o u ps r es p e cti v el y. A n o n-i nf eri orit y m ar gi n 
( δ) of 3 0 m et ers is s p e cifi e d t o e ns ur e t h at t h e c h a n g e i n 6 M H W is s uffi ci e ntl y 
c o m p ar a bl e b et w e e n a B A T wir e a n d  s ur gi c all y pl a c e d l e a d a n d o nl y cli ni c all y 
m e a ni n gf ul i m pr o v e m e nt s i n 6 M H W dist a n c e l e d t o a c o n cl usi o n of n o n-i nf eri orit y. 
I n a d diti o n, a m ar gi n of 3 0 m et ers c orr es p o n ds t o 5 0 % of t h e esti m at e d eff e ct si z e of 
6 0 m et ers (tr e at m e nt – c o ntr ol) i n t h e B e A T- H F tri al c o m p ari n g B A T wit h m e di c al 
m a n a g e m e nt t o m e di c al m a n a g e m e nt al o n e. T h e n ull h y p ot h esis is r ej e ct e d if t h e n o n-
i nf eri orit y p- v al u e is l ess t h a n 0. 0 2 5 or, e q ui v al e ntl y, if t h e l o w er b o u n d of a t w o-
si d e d 9 5 % c o nfi d e n c e i nt er v al f or μ p − μ s  i s gr e at er t ha n – δ.  

4. 2. 3.  A n al ysis M et h o d  – Wit h o ut P r o p e n sit y S c o r es  

S e cti o n 3. 3  d es cri b es t h e al g orit h m us e d t o s el e ct t h e a n al ysis m et h o d f or t h e pri m ar y 
eff e cti v e n ess e n d p oi nt.  

If pr o p e nsit y s c or e m et h o ds ar e n ot r e q uir e d, t h e m e a ns will b e c o m p ar e d wit h a n 
A N C O V A li n e ar r e gr essi o n m o d el t h at i n cl u d es l e a d/i m pl a nt gr o u p ( B A T wir e vs 
B e A T - H F) a n d b as eli n e 6 M H W as a c o nti n u o us c o v ari at e.  T h e m e a n i m pr o v e m e nt i n 
6 M H W will b e c o m p ar e d b et w e e n gr o u ps wit h a W al d t est f or t h e tr e at m e nt gr o u p 
a n d t h e esti m at e d diff er e n c e a n d i ts c o nfi d e n c e i nt er v al will b e us e d t o ass e ss t h e n o n-
i nf eri orit y h y p ot h esis t est.  S u c c ess f or t his e n d p oi nt is d et er mi n e d b y r ej e cti o n of t h e 
n ull h y p ot h esis. 

 

E a c h s u bj e ct’s r e d u cti o n i n 6 M H W is c al c ul at e d a s:  

6 M H W 6 m o nt hs – 6 M H W B as eli n e  
 

I n S A S ( v ersi o n 9. 3 c o d e) t his m o d el m a y b e fit as f oll o ws: 

pr o c g e n m o d; 

    m o d el H W 6 D = gr o u p H W B L / dist = n or m al li n k =i d e ntit y; 

r u n;  

w h er e H W 6 D is t h e c h a n g e i n t h e 6 M H W at 6 m o nt hs, gr o u p is a n i n di c at or v ari a bl e 
of B A T wir e v ers us B e A T -H F/s ur gi c al, H W B L is t h e b as eli n e 6 M H W.  

T h e n ull h y p ot h esis will b e r ej e ct e d if t h e l o w er b o u n d of t h e t w o- si d e d 9 5 % 
c o nfi d e n c e i nt er v al f or t h e diff er e n c e b et w e e n gr o u ps i n m e a n c h a n g e i n 6 M H W 
dist a n c e is gr e at er t h a n -δ. E q ui v al e ntl y, a o n e -si d e d p -v al u e will b e c al c ul at e d usi n g 
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t h e Z t est st atisti c: Z = ( gr o u p – δ)/ s e( gr o u p) w h er e s e( gr o u p) is t h e st a n d ar d err or of 
t h e esti m at e of t h e “ gr o u p ” p ar a m et er i n t h e m o d el. T h e Z t est st atisti c will us e d t o 
c al c ul at e t h e n o n -i nf eri orit y p-v al u e as t h e ar e a u n d er t h e st a n d ar d n or m al d e nsit y i n 
t h e u p p er t ail, gr e at er t h a n t h e o bs er v e d t est st atisti c. R ej e cti o n of t h e n ull h y p ot h esis 
will i n di c at e t h at t h e s yst e m usi n g a B A T wir e l e a d i m pl a nt r es ults i n a c h a n g e i n 
6 M H W dist a n c e t h at is n o n -i nf eri or t o th e c h a n g e i n 6 M H W dist a n c e o bs er v e d wit h 
t h e s yst e m usi n g a s ur gi c al l e a d i m pl a nt. 

If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d if t h e l o w er b o u n d 
of t h e o n e- si d e d 9 7. 5 % c o nfi d e n c e i nt er v al is gr e at er t h a n 0 m et ers.  

4. 2. 4.  A n al ysis M et h o d – P r o p e n sit y S c o r e St r atifi e d  

If a pr o p e nsit y s c or e str atifi e d a n al ysis is r e q uir e d, a str atifi e d a n al ysis will b e 
p erf or m e d wit h c al c ul ati o ns pr es e nt e d b el o w. T h e esti m at e d diff er e n c e i n m e a n 
c h a n g e i n 6- mi n ut e w al k dist a n c e will b e esti m at e d usi n g c o d e si mil ar t o t h at b el o w:  

pr o c tt est d at a = B A T wir e Effi c a c y;  

  b y ps _str at a; 

  cl ass Gr o u p; 

  v ar H W 6 D;  

r u n; 

T h e esti m at e d diff er e n c e i n m e a n c h a n g e fr o m b as eli n e ( ∆� 𝛿𝛿 = 𝛿̂𝛿 𝑆𝑆 𝑆𝑆 −  𝑋̂𝑋 𝑝𝑝 𝑋𝑋 ) a n d it s 

ass o ci at e d p o ol e d st a n d ar d err or esti m at e ( 𝑠𝑠� ∆� 𝑠𝑠
) c al c ul at e d f or e a c h str at u m.  

T h e o v er all esti m at e d diff er e n c e b et w e e n gr o u ps a cr oss str at a is gi v e n b y  

∆� =
1

4
�  ∆ �

𝑝𝑝

4

𝑠𝑠 = 1

 

w hi c h h as a st a n d ar d err or of 

𝑠𝑠� ∆� =  �
1

1 6
�  𝑋𝑋�

∆� 𝑝𝑝

2

4

𝑋𝑋 = 1

 

T h e h y p ot h esi s t est is p ass e d if t h e l o w er b o u n d of t h e o n e- si d e d 9 7. 5 % c o nfi d e n c e 
i nt er v al gi v e n b y ∆� − 1. 9 6  𝑠𝑠� ∆�  i s gr e at er t h a n - 3 0 m et ers. T h e o n e-si d e d n o n-

i nf eri orit y p- v al u e is gi v e n b y 1 −  Φ − 1 � � ∆� + 3 0 �  𝑠𝑠� ∆�� � .  

If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d if t h e l o w er b o u n d 
of t h e o n e-si d e d 9 7 . 5 % c o nfi d e n c e i nt er v al is gr e at er t h a n 0 m et ers. 

4. 2. 5.  A n al ysis M et h o d – P r o p e n sit y S c o r e M at c hi n g  

T h e diff er e n c e i n m e a ns a n d o n e- si d e d 9 7. 5 % c o nfi d e n c e i nt er v al will b e c al c ul at e d 
usi n g a w ei g ht e d a n al ysi s v ersi o n of t h e m et h o ds d es cri b e d i n S e cti o n 4. 2. 3 . T his 
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a n al ysi s a c c o u nts f or t h e pr o p e nsit y s c or e f ull m at c h b y i n c or p or ati n g t h e w ei g hts 
i n d u c e d b y t h e f ull m at c h ( wit h e a c h s u b cl ass gi v e n w ei g ht pr o p orti o n al t o t h e 
n u m b er of o bs er v ati o ns i n its s u b cl ass).  

I n S A S ( v ersi o n 9. 3 c o d e) t his m o d el m a y b e fit as f oll o ws: 

pr o c g e n m o d; 

w ei g ht f ull m at c h w ei g ht;  

    m o d el H W 6 D = gr o u p H W B L / dist = n or m al li n k =i d e ntit y; 

r u n;  

 

N o n -i nf eri orit y will b e e v al u at e d b y c o m p ari n g t h e c o nfi d e n c e i nt er v al t o t h e n o n-
i nf eri orit y m ar gi n. If a s u p eri orit y t est is p erf or m e d, s u p eri orit y will b e d e m o nstr at e d 
if t h e l o w er b o u n d o n e-si d e d 9 7. 5 % c o nfi d e n c e i nt er v al is gr e at er t h a n 0 m et ers.  

4. 2. 6.  A n al ysis P o p ul ati o n  

T h e a n al ysis p o p ul ati o n is t h e Effi c a c y P o p ul ati o n d efi n e d i n S e c ti o n 2  f or s u bj e cts 
wit h a v ali d b as eli n e si x -mi n ut e h all w al k v al u e.  A 6 M H W ass ess m e nt t h at is 
dis c o nti n u e d f or a n o n- c ar di o v as c ul ar r e as o n is n ot v ali d f or t h e e n d p oi nt a n al ysis.  A 
6 M H W ass ess m e nt t h at i s eit h er n ot att e m pt e d, or dis c o nti n u e d, f or sit e d et er mi n e d 
c ar di o v as c ul ar r e as o n is v ali d f or t h e e n d p oi nt a n al ysis a n d is ass ess e d i n t h e 
f oll o wi n g w a y, m at c hi n g t h e m et h o ds of B e A T-H F:   

•  A 6 M H W  ass ess m e nt n ot att e m pt e d f or c ar di o v as c ul ar r e as o ns is 
c o nsi d er e d as 0 m et ers w al k e d.  

•  A 6 M H W ass ess m e nt t h at is dis c o nti n u e d d u e t o c ar di o v as c ul ar r e as o ns is 
ass ess e d as t h e t ot al m et ers w al k e d.  

4. 2. 7.  S a m pl e si z e  

T h e s a m pl e si z e is c al c ul at e d ass u mi n g e q u al c h a n g e fr o m b as eli n e i n e a c h gr o u p a n d 
a n o n-i nf eri orit y m ar gi n of 3 0 m et ers. T h e st a n d ar d d e vi ati o n of t h e diff er e n c e i n 
6 M H W fr o m t h e B e A T -H F tri al w as 6 6 . 3 m et ers i n t h e tr e at m e nt ar m. T h e o bs er v e d 
st a n d ar d d e vi ati o n of 6 6. 3 m et ers is r o u n d e d u p t o a n ass u m pti o n of 6 7 m et ers i n t h e 
B A T wir e gr o u p f or t h e s a m pl e si z e c al c ul ati o n. F or t his n o n-i nf eri orit y e n d p oi nt, t h e 
s a m pl e si z e n e e d e d f or 8 0 % p o w er wit h o n e -si d e d al p h a of 0. 0 2 5 is 6 0 f or t h e 
B A T wir e gr o u p. T his s a m pl e si z e ass u m es a n u nstr atifi e d a n al ysis a p pr o a c h a n d w as 
c al c ul at e d i n P A S S 2 0 2 2 usi n g a n u n c o n diti o n al s a m pl e si z e c al c ul ati o n f or a t w o-
s a m pl e n o n- i nf eri orit y t-t est of t h e diff er e n c e i n m e a n s. S e e A p p e n di x I  f or 
d o c u m e nt ati o n of t h e s a m pl e si z e c al c ul ati o n p erf or m e d i n P A S S 2 0 2 2. 

T o c o nfir m t h at t his s a m pl e si z e is s uffi ci e nt t o pr o vi d e 8 0 % p o w er if a str atifi e d 
pr o p e nsit y s c or e a n al ysis is r e q uir e d, pr o p e nsit y s c or e q u artil es w er e si m ul at e d b y 
r a n d o ml y all o c ati n g s u bj e cts t o q u artil es b y ar m. T h e s a m pl e si z e c al c ul ati o n usi n g 
si m ul ati o n w as r e p e at e d usi n g t h e str atifi e d d at a a n al ysis m et h o ds d es cri b e d i n 
S e cti o n 4. 2. 4. T h e pr o p orti o n of tr e at m e nt a n d hist ori c al c o ntr ol s u bj e cts i n e a c h 
q u artil e w as v ari e d t o ass ess s e nsiti vit y of t h e p o w er of a str atifi e d a n al ysis t o u n e q u al 
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c o u nt s of B e A T- H F a n d B A T wir e s u bj e cts i n e a c h str at u m. S e e S e cti o n 5. 1  f or a 
s u m m ar y of t h e i m p a ct of diff eri n g pr o p e nsit y s c or e distri b uti o ns i n t h e B e A T- H F 
a n d B A T wir e gr o u ps. If t h e pr o p e nsit y s c or e distri b uti o n is c o m p ar a bl e i n t h e t w o 
gr o u ps, t h e str atifi e d a n al ysis h as t h e s a m e s a m pl e si z e r e q uir e m e nt as t h e u nstr atifi e d 
a n al ysis.  

It is esti m at e d t h at a p pr o xi m at el y 1 5 % of t h e s u bj e cts will h a v e a miss e d visit or 
i n v ali d 6 M H W d u e t o r e as o ns i n cl u di n g i n a bilit y t o c o m pl et e t h e w al k d u e t o n o n-
c ar di a c c a us es ( e. g., ast h m a) or i n a bilit y t o p erf or m t h e w al k d u e t o p h ysi c al 
r estri cti o ns (e. g., p h ysi c al i nj ur y) or st u d y wit h dr a w al . T h us, wit h a 1 5 % attriti o n, 7 1 
s u bj e cts w o ul d b e n e e d e d t o e ns ur e 6 0 v ali d b as eli n e a n d si x- m o nt h r es ults.  

T h e o bs er v e d c h a n g e fr o m b as eli n e i n B e A T -H F f or B A T ar m s u bj e ct s i n t h e 
i nt e n d e d us e p o p ul ati o n w as 4 8. 6 m et ers. I n or d er t o r ej e ct t h e n ull h y p ot h esis, a 
mi ni m u m m e a n i m pr o v e m e nt i n 6 - mi n ut e h all w al k of a p pr o xi m at el y 4 0 m et ers i n 
B A T wir e s u bj e ct s is r e q uir e d wit h a s a m pl e si z e of 6 0.  

4. 2. 8.  O p e r ati o n al C o n si d e r ati o n s  

T h e e v al u ati o n of a 6 M H W is e asil y i m pl e m e nt e d a n d m e as ur e d.  Mi ni m al sit e 
r e q uir e me nts t o c o n d u ct t his t est i n cl u d e a n i n d o or ar e a t h at h as a l o n g, fl at, str ai g ht, 
e n cl os e d c orri d or wit h a h ar d s urf a c e of at l e ast 3 0 m i n l e n gt h.  As 6 M H W is 
r e q uir e d at s cr e e ni n g, o nl y s u bj e cts w h o ar e p h ysi c all y a bl e t o c o m pl et e t h e t est ar e 
i n cl u d e d i n t h e st u d y.  T his e ns ur es t h at t h e c oll e cti o n of 6 M H Ws d uri n g f oll o w- u p 
s h o ul d b e f e asi bl e a n d t h at missi n g d at a s h o ul d b e mi ni mi z e d.  T o s u p p ort a 
s e nsiti vit y a n al ysis, t h e r e as o ns f or i n a bilit y t o d o t h e t est, or f or st o p pi n g t h e t est 
e arl y, will b e c oll e ct e d.  Sit u ati o ns t h at c o ul d l o gi c all y b e i m p ut e d t o h a v e a n 
o ut c o m e of z er o m et ers will b e i d e ntifi e d a n d i n cl u d e d i n t h e a n al ysis ( e. g., s u bj e ct 
w h o f or c ar di a c r e as o ns c a n n ot, or will n ot, att e m pt a 6 M H W). 

C o n d u cti n g t h e t est is c o m pl et e d b y f oll o wi n g a cl e ar a n d w ell -d efi n e d  s cri pt t h at 
pr o vi d es t h e sit e p ers o n n el wit h e x a ct v er bi a g e t o us e wit h t h e s u bj e ct  d uri n g t h e t est.  
T h e l e n gt h of t h e c orri d or s h o ul d b e m ar k e d e v er y 3 m et ers t o pr o vi d e a n e as y w a y t o 
a c c ur at el y m e as ur e t h e di st a n c e w al k e d.   

F or c o m p ar a bilit y, t h e 6 M H W is t o b e p erf or m e d wit h t h e i d e nti c al i nstr u cti o ns as it 
w as i n t h e B e A T -H F tri a l pr ot o c ol.  T his i n cl u d es i d e nti c al i nstr u cti o n i n t h e 
B A T wir e pr ot o c ol u n d er t h e Pr o c e d ur es / 6 M H W s e cti o n, as w ell as a d diti o n al 
d et ail e d i nstr u cti o ns i n t h e A p p e n di x titl e d Si x - Mi n ut e H all W al k.  I n B e A T-H F, 
s u bj e cts h a d a s cr e e ni n g 6 M H W t h at d et er mi n e d eli gi bilit y a n d a s e c o n d 6 M H W f or 
b as eli n e.  T h e a v er a g e ( a n d m e di a n) diff er e n c e b et w e e n t h es e t w o w al ks w as 2 
m et ers, s u g g esti n g t h at a si n gl e b as eli n e 6 M H W s h o ul d b e a n a c c ur at e b as eli n e v al u e.  
A si n gl e 6 M H W r e d u c es t h e b ur d e n o n st u d y s u bj e cts.   

4. 3.  A n c ill a r y O bj e cti v es 

T h e f oll o wi n g o bj e cti v es  will  b e  e v al u at e d  f or  e x pl or at or y  a n d  s u p p orti v e  p ur p os es.   N o  
f or m al h y p ot h es es ar e pr o vi d e d. 

4. 3. 1.  6- a n d 1 2 -M o nt h C h a n g e i n E c h o c a r di o g r a m P a r a m et e rs  

T o d es cri b e t h e c h a n g e at 6 a n d 1 2 m o nt hs i n v ari o us e c h o c ar di o gr a m p ar a m et ers.  
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T hi s o bj e cti v e i n cl u d es a n e v al u ati o n of l eft v e ntri c ul ar ej e cti o n fr a cti o n.  A cr oss 
s e v er al hist ori c al c ar di a c r es y n c hr o ni z ati o n st u di es t h at i n cl u d e d N Y H A III s u bj e cts, 
t h e a v er a g e diff er e n c e b et w e e n C R T a n d n o C R T i n L V E F i m pr o v e m e nt w as 
a p pr o xi m at el y 2. 6 % .9 , 1 0 , 1 1 , 1 2   T h e C R T a v er a g e i m pr o v e m e nt w as a p pr o xi m at el y 
4. 3 %.  T h e o bj e cti v e w o ul d b e t o d e m o nstr at e t h at t h e L V E F i m pr o v e m e nt wit h 
B ar osti m th er a p y  i m pl a nt e d usi n g t h e B A T wir e I m pl a nt Kit is c o nsist e nt wit h t h e 
b e n efit o bs er v e d i n C R T.  

T a bl e 1 :  L V E F I m p r o v e m e nt i n C R T St u di es 

 C R T  N o C R T  Diff er e n c e  

C O N T A K C D 9  6. 0 %  2. 3 %  3. 7 %  

MI R A C L E 1 0  4. 6 %  -0. 2 %  4. 8 %  

MI R A C L E I C D 1 1  2. 1 %  1. 7 %  0. 4 %  

R H Y T H M I C D 1 2  4. 3 %  2. 9 %  1. 4 %  

Esti m at e  4. 3 %  1. 7 %  2. 6 %  

 

4. 3. 2.  M o r bi dit y a n d M o rt alit y O ut c o m es 

T o d es cri b e t h e f oll o wi n g m or bi dit y a n d m ort alit y o ut c o m es a n d c o m bi n ati o n of 
o ut c o m es usi n g r at es a n d d a ys ali v e a n d fr e e of m or bi dit y: 

•  H os pit ali z ati o n f or w ors e ni n g h e art f ail ur e, L V A D, h e art tr a ns pl a nt, 
a n gi n a 

•  All -c a us e, c ar di o v as c ul ar a n d h e art f ail ur e m ort alit y  

•  H os pit ali z ati o ns, o c c urr e n c e a n d tr e at m e nts f or arr h yt h mi as, s u c h as atri al 
fi brill ati o n, atri al fl utt er, v e ntri c ul ar fi brill ati o n, v e ntri c ul ar t a c h y c ar di a 

4. 3. 3.  I m pl a nt ati o n T e c h ni q u e  

T o d es cri b e t h e o ut c o m e s of d eli v er y a n d fi x ati o n of t h e C S L vi a B A T wir e I m pl a nt 
Kit.  T h es e will i n cl u d e:  G ui d e wir e d eli v er y a n d pl a c e m e nt u n d er ultr as o u n d 
g ui d a n c e, dil ati o n of tiss u e vi a t h e C S L B A T wir e D eli v er y T o ol, m a p pi n g of 
el e ctr o d e p ositi o n, l e a d el e ctr o d e pl a c e m e nt v erifi c ati o n, i ntr a o p er ati v e t h er a p y 

 
9  Hi g gi n s S L, H u m m el J D, Ni a zi I A, et al. C ar di a c r es y n c hr o ni z ati o n t h er a p y f or t h e tr e at m e nt of h e art f ail ur e i n p ati e nt s 
wit h i ntr a v e ntri c ul ar c o n d u cti o n d el a y a n d m ali g n a nt v e ntri c ul ar t a c h y arr h yt h mi a s. J A m C oll C ar di ol 2 0 0 3; 4 2: 1 4 5 4 -9.  
1 0  A br a h a m W T, Fis h er W G, S mit h A L, et al.   C A R DI A C R E S Y N C H R O NI Z A TI O N I N C H R O NI C H E A R T F AI L U R E. N E n gl J M e d 
2 0 0 2; 3 4 6( 2 4); 1 8 4 5 -1 8 5 3.   
1 1  Y o u n g J B, A br a h a m W T, S mit h A L, et al. C o m bi n e d c ar di a c r es y n c hr o ni z ati o n a n d i m pl a nt a bl e c ar di o v ersi o n 
d efi brill ati o n i n a d v a n c e d c hr o ni c h e art f ail ur e: t h e MI R A C L E I C D tri al. J A M A 2 0 0 3; 2 8 9: 2 6 8 5– 9 4.  
1 2  ht t p s:// w w w. a c c es s d at a.f d a. g o v / c dr h _ d o cs / p df 3/ P 0 3 0 0 5 4 b. p df 

https://urldefense.com/v3/__https:/www.accessdata.fda.gov/cdrh_docs/pdf3/P030054b.pdf__;!!Imp-zVk!FesrtfP0jtS28ZvLGORSxtC4u9pv8QviHfNfNmSFllRAlcD9WWHVMhwjZY3h$
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r es p o ns e, a n d l e a d i m p e d a n c e. T his a n al ysis will b e p erf or m e d o n t h e S af et y 
P o p ul ati o n. 

4. 3. 4.  6 M o nt h C h a n g e i n Mi n n es ot a Li vi n g wit h H e a rt F ail u r e Q u alit y of Lif e 

Q u esti o n n ai r e  

T o d es cri b e  t h e m e a n c h a n g e i n p oi nts i n t h e M L W H F q u esti o n n air e.  D es cri pti v e 
st atisti cs s u c h as m e a n a n d st a n d ar d d e vi ati o n will b e p erf or m e d. T his a n al y sis will b e 
p erf or m e d o n t h e Eff e cti v e n ess P o p ul ati o n. 

4. 3. 5.  6 M o nt h C h a n g e i n N Y H A  Cl ass  

T o d es cri b e  t h e p er c e nt of s u bj e cts w h o i m pr o v e i n N Y H A Cl ass.  D es cri pti v e 
st atisti cs s u c h as fr e q u e n c y c o u nts a n d p er c e nt a g e s will b e p erf or m e d. T his a n al ysis 
will b e p erf or m e d o n t h e Eff e cti v e n ess P o p ul ati o n. 

4. 3. 6.  6- a n d 1 2 -M o nt h C h a n g e i n E c h o c a r di o g r a m P a r a m et e rs  

T o d es cri b e t h e c h a n g e at b ot h 6 a n d 1 2 m o nt hs i n v ari o us e c h o c ar di o gr a m 
p ar a m et ers, s u c h as l eft v e ntri c ul ar v ol u m es a n d di m e nsi o ns.  D es cri pti v e st atisti cs 
s u c h as fr e q u e n c y c o u nts a n d p er c e nt a g es will b e p erf or m e d. T his a n al ysis will b e 
p erf or m e d o n t h e Eff e cti v e n ess P o p ul ati o n. 

4. 3. 7.  S e ri o u s A d v e rs e E v e nts r el at e d t o t h e P r o c e d u r e B et w e e n I m pl a nt a n d 3 0 D a ys 

P ost -i m pl a nt 

T h e i n ci d e n c e of pr o c e d ur e r el at e d s eri o us a d v ers e e v e nts o c c urri n g b et w e e n i m pl a nt 
a n d 3 0 d a ys p ost- i m pl a nt will b e a n al y z e d d es cri pti v el y wit h fr e q u e n c y c o u nts a n d 
p er c e nt a g es.   T h er e is n o f or m al st atisti c al h y p ot h esis t est f or t his o bj e cti v e.  T his 
a n al ysis will b e p erf or m e d o n t h e S af et y P o p ul ati o n. 

4. 3. 8.  S e ri o u s A d v e rs e E v e nts r el at e d t o t h e P r o c e d u r e o r B a r osti m S yst e m B et w e e n 

I m pl a nt a n d 6 M o nt hs P ost -i m pl a nt 

T h e i n ci d e n c e of s yst e m or pr o c e d ur e r el at e d s eri o us a d v ers e e v e nts o c c urri n g 
b et w e e n i m pl a nt a n d 6 m o nt hs p ost- i m pl a nt will b e a n al y z e d d es cri pti v el y wit h 
fr e q u e n c y c o u nts a n d p er c e nt a g es. T h er e is n o f or m al st atisti c al h y p ot h esis t est f or 
t his o bj e cti v e.  T his a n al ysis will b e p erf or m e d o n t h e S af et y P o p ul ati o n. 

5.  S T U D Y S A M P L E S I Z E  

T h e m a xi m u m n u m b er of s u bj e cts t o b e e nr oll e d i n t his st u d y is 3 0 0, of w hi c h u p t o  1 0 0 s u bj e cts 
will b e i m pl a nt e d.  A s u bj e ct is c o nsi d er e d e nr oll e d w h e n t h e y h a v e si g n e d t h e i nf or m e d c o ns e nt. 
T his s a m pl e si z e is d eri v e d b as e d o n t h e l ar g est s a m pl e si z e r e q uir e d f or 8 0 % p o w er a m o n g t h e 
t w o p o w er e d e n d p oi nts of t h e st u d y, a dj usti n g f or a p ot e nti al i m b al a n c e of b as eli n e c h ar a ct eristi c s 
(s e e  S e cti o n 5. 1   b el o w), 1 5 %  missi n g  6 M H W  d at a  d u e  t o  attriti o n/ n o n -c o m pli a n c e , a n d  a n  
ass u m e d s cr e e n f ail ur e r at e of a p pr o xi m at el y 6 6 %.   T h e ass u m pti o n r e g ar di n g s cr e e n f ail ur e r at e 
i s b as e d o n t h e B e A T-H F tr i al, w h er e a r at e of 5 7 % w as o bs er v e d, a n d i niti al s cr e e n f ail ur e r at e 
o bs er v e d i n B A T wir e.  D u e t o t h e stri ct er ultr as o u n d a n d s ur gi c al s el e cti o n crit eri a f or t his st u d y, 
t h e B A T wir e s cr e e n f ail r at e w as esti m at e d t o b e 6 6 %.   
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I n s u m m ar y, t o a c c o u nt f or p ot e nti al i m b al a n c e of b as eli n e c h ar a ct eristi cs  a s d es cri b e d i n S e cti o n 
5. 1  b el o w, t h e m a xi m u m  n u m b er of s u bj e cts i m pl a nt e d is 1 0 0.  T h us, t h e t ot al n u m b er of s u bj e cts 
n e e d e d f or t h e st u d y will r a n g e fr o m 7 1 ( n o b as eli n e i m b al a n c e) t o 1 0 0 i m pl a nt e d. 

5. 1.  S a m pl e Si z e A dj u st m e nt  

T h e mi ni m u m s a m pl e si z es f or e a c h p o w er e d e n d p oi nt, as pr es e nt e d i n d et ail i n t h e e n d p oi nt 
d es cri pti o ns a b o v e, ar e: 

•  Pri m ar y S af et y E n d p oi nt – Fr e e d o m fr o m s eri o us B A T wir e l e a d -r el at e d a d v ers e 
e v e nts: 6 2 s u bj e cts wit h a n att e m pt e d i m pl a nt  

•  Pri m ar y Eff e cti v e n ess E n d p oi nt – 6- Mi n ut e W al k T est: 7 1 s u bj e cts i m pl a nt e d ( 6 0 
s u bj e cts wit h b as eli n e a n d f oll o w- u p d at a, s a m pl e si z e of 7 1 a c c o u nts f or u p t o 1 5 % 
attriti o n/ n o n -c o m pli a n c e)  

T h e s a m pl e si z e f or t h e st u d y is dri v e n b y t h e pri m ar y eff e cti v e n ess e n d p oi nt. Si n c e t h e s a m pl e 
si z e r e q uir e d f or 8 0 % p o w er d e p e n ds o n t h e d e gr e e of i m b al a n c e i n b as eli n e c h ar a ct eristi cs 
b et w e e n t h e hist ori c al  B e A T -H F s u bj e cts a n d t h e pr os p e cti v el y e nr oll e d B A T wir e s u bj e cts, 
t h e s a m pl e si z e m a y b e a dj ust e d t o m at c h t h e o bs er v e d d e gr e e of i m b al a n c e. T h e s a m pl e si z e 
c a n r a n g e fr o m a mi ni m u m of 7 1 t o a m a xi m u m of 1 0 0 s u bj e cts i m pl a nt e d.  

T h e s a m pl e si z e n e e d e d t o a c hi e v e 8 0 % p o w er w h e n t h er e ar e e q u al v ers us u n e q u al s u bj e ct 
c o u nts a cr oss pr o p e nsit y s c or e q u artil es is s u m m ari z e d i n  T a bl e 2  b el o w. T h e s c e n ari os r a n g e 
fr o m e q u al distri b uti o n (s c e n ari o # 1) t o i n cr e asi n g i n e q u alit y (s c e n ari os 2-4) wit h s c e n ari os 
2- 4 h a vi n g a s hift i n t h e distri b uti o n s u c h t h at 2 0 %, 1 5 %, a n d 1 0 % of B A T wir e s u bj e ct s i n 
t h e 4t h q u artil e t o e x pl or e a r a n g e of s c e n ari os. T h e p er c e nt a g es s h o w n i n t h e t a bl e b el o w ar e 
o n  a  p er  st u d y  b asis,  s u c h  t h at  e a c h  r o w  a d ds  t o  1 0 0 %.  T h e  B e A T -H F  distri b uti o n  is  
d et er mi n e d b y t h e B A T wir e distri b uti o n, s u c h t h at 2 5 % of all s u bj e ct s a cr oss b ot h gr o u ps ar e 
i n e a c h q u artil e. I n g e n er al, if t h e pr o p e nsit y s c or e distri b uti o n diff ers b et w e e n B A T wir e a n d 
B e A T -H F s u bj e cts, a l ar g er s a m pl e si z e is r e q uir e d f or 8 0 % p o w er.  
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T a bl e 2 : B A T wi r e S a m pl e Si z e R e q ui r ed f o r 8 0 % P o w e r b y P r o p e nsit y S c o r e Di st ri b uti o n  

  Pr o p e nsit y S c or e Q u artil e  S a m pl e Si z e  

S c e n ari o  Gr o u p 1 2 3 4 Pri m ar y 
S af et y  

Pri m ar y 
Effi c a c y  

I m pl a nt e d 

1 B A T wir e  2 5 %  2 5 %  2 5 %  2 5 %  5 5 5 6 7 1 

B e A T -
H F  

2 5 %  2 5 %  2 5 %  2 5 %  

2 B A T wir e  3 0. 4 %  2 6. 5 %  2 3. 1 %  2 0. 0 %  5 7 5 7 7 1 

B e A T -
H F  

2 2. 2 %  2 4. 2 %  2 4. 2 %  2 6. 0 %  

3 B A T wir e  3 6. 7 %  2 7. 7 %  2 0. 6 %  1 5. 0 %  6 3 6 3 7 4 

B e A T -
H F  

1 8. 1 %  2 3. 4 %  2 7. 6 %  3 0. 8 %  

4 B A T wir e  4 4. 7 %  2 8. 1 %  1 7. 1 %  1 0. 0 %  7 6 8 3 9 8 

B e A T -
H F  

1 1. 1 %  2 2. 8 %  3 0. 5 %  3 5. 6 %  

 

S a m pl e  si z e  a dj ust m e nt  m a y  b e  p erf or m e d  w h e n  a p pr o xi m at el y  ~ 5 7  s u bj e cts  h a v e  b e e n  
i m pl a nt e d, w hi c h is 8 0 % of t h e mi ni m u m s a m pl e si z e of 7 1 i m pl a nt e d s u bj e cts. T h e ti mi n g 
of t h e s a m pl e si z e a dj ust m e nt is pl a n n e d t o o c c ur pri or t o i m pl a nt ati o n of 7 1 s u bj e cts s o t h at 
e nr oll m e nt m a y b e st o p p e d at 7 1  i m pl a nt e d i n c as e t h e o bs er v e d d at a is o n tr a c k t o b e w ell 
b al a n c e d.  T h e  s a m pl e  si z e  a dj ust m e nt  is  b as e d  o n  b as eli n e  c h ar a ct eristi cs  al o n e.  T h e  
st atisti ci a n p erf or mi n g t h e s a m pl e si z e a dj ust m e nt will n ot h a v e a c c ess t o st u d y o ut c o m es. 
D at a pr o vi d e d t o t h e st atisti ci a n r es p o nsi bl e f or s a m pl e si z e a dj ust m e nt will b e li mit e d t o 
tr e at m e nt gr o u p a n d pr e-s p e cifi e d b as eli n e c h ar a ct eristi cs.  

T h e fi n al s a m pl e si z e will b e d et er mi n e d b y a pr eli mi n ar y ass ess m e nt of a bs ol ut e st a n d ar di z e d 
diff er e n c es a n d pr eli mi n ar y d e v el o p m e nt of pr o p e nsit y s c or es (if n e e d e d) usi n g t h e a n al ysis 
pr o c e d ur e d et er mi n e d b y t h e al g orit h m i n Fi g ur e 1 . A d diti o n al d et ails o n t h e s a m pl e si z e r e-
esti m ati o n pr o c e d ur e ar e pr o vi d e d i n A p p e n di x I .  

T h e n u m b er of s u bj e cts e nr oll e d will  r a n g e b et w e e n 2 1 5 a n d 3 0 0 i n or d er t o pr o vi d e b et w e e n 
7 1 a n d 1 0 0 s u bj e cts wit h a n i m pl a nt att e m pt ( N i m pl a nt).  A dj usti n g t h e s a m pl e si z e o n t h e b asis 
of pr eli mi n ar y pr o p e nsit y s c or es al o n e d o es n ot ris k al p h a i nfl at i o n si n c e n o o ut c o m e d at a is 
us e d t o i nf or m t h e a dj ust e d s a m pl e si z e. T h e st a g e 2 d esi g n st atisti ci a n , w h o h as n o a c c ess t o 
o ut c o m e d at a, p erf or ms t h e s a m pl e si z e a dj ust m e nt. T h e a dj ust e d s a m pl e si z e is bi n di n g.    

T h e s p o ns or a c k n o wl e d g es t h at t h er e is a r is k of h a vi n g l o w er p o w er t h a n a nti ci p at e d ( < 8 0 %) 
i n t h e fi n al a n al ysis si n c e t h e d e gr e e of i m b al a n c e i n b as eli n e c h ar a ct eristi cs aft er e nr oll m e nt 
of all s u bj e cts m a y diff er fr o m t h e d e gr e e of i m b al a n c e at t h e ti m e of s a m pl e si z e a dj ust m e nt . 
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6.  G E N E R A L S T A T I S T I C A L P RI N CI P L E S  

6. 1.  D es c ri pti v e St atisti cs  

C o nti n u o us v ari a bl es will b e s u m m ari z e d b y t h e n u m b er of o bs er v ati o ns, m e a n, st a n d ar d 
d e vi ati o n, m e di a n, mi ni m u m, m a xi m u m  a n d  9 5 %  c o nfi d e n c e  li mits  f or  t h e  m e a n, w h er e 
a p pr o pri at e.   C at e g ori c al  v ari a bl es  will  b e  s u m m ari z e d  b y  fr e q u e n c y, p er c e nt a g e  i n  t h e  
c orr es p o n di n g c at e g ori es,  a n d 9 5 % e x a ct bi n o mi al c o nfi d e n c e li mits,  w h er e  a p pr o pri at e. 

6. 2.  St u d y F oll o w -u p Ti m e  

F or s u bj e cts wit h a B ar osti m  d e vi c e, t h e a ct u al d at e of d e vi c e i m pl a nt will  b e us e d as t h e b asis 
f or c al c ul ati n g st u d y f oll o w-u p ti m e.  

T h e d a ys of f oll o w- u p will t h e n b e c al c ul at e d as f oll o ws:  

F oll o w- u p D a ys = ( F oll o w -u p D at e) - ( D e vi c e I m pl a nt D at e) 

6. 3.  P a rti al D at es  

I n t h e c as e of a d v ers e e v e nts wit h p arti all y k n o w n d at es t h e d at e of t h e e v e nt will b e i m p ut e d.   
F or p arti al d at es i n w hi c h t h e m o nt h a n d y e ar is k n o w n, t h e d a y will b e s et t o t h e first d a y of 
t h e m o nt h.  F or p arti al d at es i n w hi c h o nl y t h e y e ar is k n o w n, t h e e v e nt d at e will b e s et t o 
J a n u ar y 1 of t h e k n o w n y e ar.  T his is s u bj e ct t o t h e c o n diti o n t h at t h e i m p ut e d d at e o c c urs o n 
or aft er t h e pr o c e d ur e a n d o n or b ef or e t h e e v e nt r es ol uti o n d at e. 

6. 4.  Missi n g D at a  

W hil e missi n g  d at a is a t hr e at t o t h e v ali dit y  of cli ni c al tri als, n o si n gl e m et h o d of  h a n dli n g  
missi n g  d at a is i d e al.  S e v er al m et h o ds m a y  b e us e d t o ass ess t h e r o b ust n ess  of r es ults t o 
diff er e nt ass u m pti o ns u n d erl yi n g  t h e missi n g  d at a  f or B A T wir e s u bj e cts.  A fi n al ass ess m e nt 
of t h e st u d y d at a  will d e p e n d o n t h e a m o u nt a n d c a us es f or t h e missi n g  d at a a n d will n e e d  t o 
b e  e v al u at e d  f or  t h e  t ot al  ris k/ b e n efit  pr ofil e  i n t h e  c o nt e xt  of  b ot h  s af et y a n d  effi c a c y.  
S u bj e cts will b e f oll o w e d irr es p e cti v e of t h eir c o m pli a n c e wit h t h er a p y  a n d a d v ers e  e v e nt 
st at us . 

T h e e v al u ati o n of t h e e n d p oi nts will b e b as e d o n all a v ail a bl e d at a c oll e ct e d o n s u bj e cts i n t h e 
p o p ul ati o ns d efi n e d i n S e cti o n 2  d es cri bi n g a n al ysis p o p ul ati o ns. 

6. 4. 1.  M ulti pl e I m p ut ati o n wit h U nf a v o r a bl e O ut c o m es  

I n t h e e v e nt of missi n g d at a d u e t o e arl y wit h dr a w al , th e pri m ar y a n al ysis will us e 
m ulti pl e i m p ut ati o n t o h a n dl e missi n g d at a. F or i m p ut ati o n of o ut c o m e d at a i n 
s u bj e cts t h at wit h dr a w fr o m t h e st u d y pri or t o c o m pl eti n g t h e 6- m o nt h visit, o nl y 
s u bj e cts fr o m t h e q u artil e wit h t h e l o w est c h a n g e i n 6- mi n ut e  h all w al k dist a n c e will 
b e us e d f or m ulti pl e i m p ut ati o n. T his a p pr o a c h i m p ut es u nf a v or a bl e o ut c o m es f or 
s u bj e cts t h at wit h dr a w fr o m f oll o w - u p t o a c c o u nt f or p ot e nti al bi as. M ulti pl e 
i m p ut ati o n f or s u bj e ct s t h at mi ss e d t h e 6 m o nt h vi sit b ut r e m ai n e nr oll e d i n t h e st u d y will 
b e b a s e d o n d at a fr o m all s u bj e ct s wit h a c o m pl et e d 6- m o nt h vi sit.  

A n M C M C m ulti pl e i m p ut ati o n m o d el usi n g t h e m ulti v ari at e n or m al m et h o d t h at h as 
o bs er v e d v al u es of t h e e n d p oi nt v ari a bl e at b as eli n e a n d 6 m o nt hs as c o v ari at es will 
b e us e d t o ass ess t h e p os si bl e d e p e n d e n c e of missi n g d at a o n ot h er o bs er v e d v al u es of 
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t h e e n d p oi nt. F or t h e pri m ar y s af et y e n d p oi nt, m ulti pl e i m p ut ati o n wit h t h e 
dis cri mi n a nt m et h o d will b e us e d.  

F or m ulti pl e i m p ut ati o n a n al ys es, a t ot al of 1 0 0 i m p ut e d d at as ets is pl a n n e d. T his 
n u m b er of i m p ut ati o ns is s el e ct e d t o e ns ur e a c c ur at e i nf er e n c e f or c o nfi d e n c e 
i nt er v als a n d p- v al u es. A c o m m o n g ui d eli n e is t h at t h e n u m b er of i m p ut ati o ns s h o ul d 
b e gr e at er t h a n or e q u al t o t h e p er c e nt a g e of d at a t h at is missi n g. 1 3  Usi n g 1 0 0 
i m p ut ati o ns t h er ef or e c o v ers all p ossi bl e missi n g d at a s c e n ari os.  

A d diti o n all y, s e nsiti vit y a n al ys es will b e p erf or m e d t o ass ess t h e i m p a ct  of missi n g 
d at a f or s u bj e cts t h at h a v e wit h dr a w n or b e e n l ost t o f oll o w- u p pri or t o r e a c hi n g st u d y 
c o m pl eti o n or h a v e missi n g e n d p oi nt ass ess m e nts. 

6. 4. 2.  M ulti pl e I m p ut ati o n  

M ulti pl e i m p ut ati o n will b e us e d t o e x pl or e p ot e nti al e n d p oi nt r es ults u n d er t h e 
s c e n ari o t h at t h e missi n g d at a distri b uti o n d e p e n ds o n o bs er v e d c o v ari at es (i. e., 
Missi n g at R a n d o m – M A R).  

F or s u bj e cts t h at ar e missi n g e n d p oi nt d at a at 6 m o nt hs f or t h e pri m ar y eff e cti v e n ess 
e n d p oi nt, a M C M C m ulti pl e i m p ut ati o n m o d el usi n g t h e m ulti v ari at e n or m al m et h o d 
t h at h as o bs er v e d v al u es of t h e e n d p oi nt v ari a bl e at b as eli n e a n d 6 m o nt hs a s 
c o v ari at es will b e us e d t o ass ess t h e p ossi bl e d e p e n d e n c e of missi n g d at a o n ot h er 
o bs er v e d v al u es of t h e e n d p oi nt.  A d diti o n al M C M C m ulti pl e i m p ut ati o n m o d els will 
b e e x pl or e d i n cl u di n g f a ct ors t h at ar e c orr el at e d wit h t h e missi n g st at us (i. e., t h e 
bi n ar y i n di c at or v ari a bl e of w h et h er t h e e n d p oi nt is missi n g) or t h e n o n- missi n g 
v al u es of t h e e n d p oi nt v ari a bl e at 6 m o nt hs. 

F or t h e pri m ar y s af et y e n d p oi nt, m ulti pl e i m p ut ati o n wit h t h e dis cri mi n a nt m et h o d 
will b e us e d.  M ulti pl e i m p ut ati o n m o d els will b e e x pl or e d i n cl u di n g f a ct ors t h at ar e 
c orr el at e d wit h t h e missi n g st at us ( i. e., t h e bi n ar y i n di c at or v ari a bl e of w h et h er t h e 
e n d p oi nt is missi n g) or wit h s af et y e n d p oi nt st at us t hr o u g h 3 0 d a ys i n t h e o bs er v e d 
d at a.  

F or m ulti pl e i m p ut ati o n a n al ys es, a t ot al of 1 0 0 i m p ut e d d at as ets is pl a n n e d. T his 
n u m b er of i m p ut ati o ns is s el e ct e d t o e ns ur e a c c ur at e i nf er e n c e f or c o nfi d e n c e 
i nt er v als a n d p- v al u es. A c o m m o n g ui d eli n e is t h at t h e n u m b er of i m p ut ati o ns s h o ul d 
b e gr e at er t h a n or e q u al t o t h e p er c e nt a g e of d at a t h at is missi n g .1 4  Usi n g 1 0 0 
i m p ut ati o ns t h er ef or e c o v ers all p ossi bl e missi n g d at a s ce n ari os.  

6. 4. 3.  Ti p pi n g P oi nt A n al ysis  

F or e a c h e n d p oi nt, a ti p pi n g p oi nt a n al ysis is d efi n e d b as e d o n v ar yi n g t h e ass u m e d 
distri b uti o n of t h e e n d p oi nt m e as ur e m e nt f or s u bj e cts wit h missi n g d at a.  T h e 
o bs er v e d d at a e n d p oi nt p ar a m et er esti m at e b y gr o u p will b e us e d as t h e st arti n g p oi nt 
f or t h e ti p pi n g p oi nt a n al ysis.  T h e ass u m e d distri b uti o n will b e s hift e d a w a y fr o m t h e 
o bs er v e d d at a esti m at e i n a n i n cr e m e nt al, it er ati v e f as hi o n a cr oss a r a n g e of p ossi bl e 

 
1 3  Gr a h a m, J o h n W., Allis o n E. Ol c h o ws ki a n d T a mi k a D. Gilr e at h. “ H o w m a n y i m p ut ati o n s ar e r e all y n e e d e d ? S o m e 
pr a cti c al cl arifi c ati o n s of m ulti pl e i m p ut ati o n t h e or y. ”  Pr e v e nti o n S ci e n c e  8, 2 0 6 -2 1 3, 2 0 0 7.  
1 4  Gr a h a m, J o h n W., Al lis o n E. Ol c h o ws ki a n d T a mi k a D. Gilr e at h. “ H o w m a n y i m p ut ati o n s ar e r e all y n e e d e d ? S o m e 
pr a cti c al cl arifi c ati o n s of m ulti pl e i m p ut ati o n t h e or y. ”  Pr e v e nti o n S ci e n c e  8, 2 0 6 -2 1 3, 2 0 0 7.  
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e n d p oi nt v al u es ( e. g., fr o m w orst t o b est).  T h e p ar a m et e rs of t h e missi n g d at a 
distri b uti o n t h at ar e l e ast diff er e nt fr o m t h e o bs er v e d d at a p ar a m et er esti m at es, a n d 
r es ult i n alt eri n g w h et h er t h e n ull h y p ot h esis is r ej e ct e d, is d e cl ar e d t h e ti p pi n g p oi nt.  
T h e ti p pi n g p oi nt will b e c h ar a ct eri z e d b y t h e dist a n c e fr o m t h e o bs er v e d d at a 
p ar a m et er esti m at e, b ot h o n a n a bs ol ut e s c al e a n d, f or c o nti n u o us o ut c o m es, o n a 
st a n d ar di z e d s c al e b y di vi di n g b y t h e st a n d ar d d e vi ati o n of t h e o bs er v e d d at a. 

6. 4. 4.  W o rst C as e A n al ysis  

F or e a c h e n d p oi nt, a w or st -c as e  a n al ysis will b e p er f or m e d wit h t h e w orst o bs er v e d 
e n d p oi nt m e as ur e m e nt a m o n g B A T wir e i m pl a nt gr o u p s u bj e cts i m p ut e d f or e a c h 
B A T wir e i m pl a nt s u bj e ct wit h missi n g d at a.  I n t h e e v e nt t h at t h e e n d p oi nt is m et 
u n d er t h e w orst -c as e  a n al ysis, n o f urt h er missi n g d at a a n al ys es will b e p erf or m e d f or 
t h at e n d p oi nt.  I n t h at c as e, t h e c o n cl usi o n t h at t h e e n d p oi nt w as m et will b e 
c o nsi d er e d r o b ust t o missi n g d at a. 

F or t h e pri m ar y s af et y e n d p oi nt, t h e w orst -c as e  as s u m pti o n is t h at s u bj e cts wit h 
missi n g d at a e x p eri e n c e d a pri m ar y s af et y e n d p oi nt e v e nt, t h er e b y r e d u ci n g t h e 
pr o p orti o n of B A T wir e s u bj e cts t h at ar e e v e nt-fr e e. F or t h e pri m ar y eff e cti v e n ess 
e n d p oi nt, t h e w orst -c as e  ass u m pti o n f or a s u bj e ct w h o d o es n ot h a v e a n o b s er v e d 
c h a n g e fr o m b as eli n e t o 6 m o nt hs i n t h e 6- Mi n ut e H all W al k is t h at t h e c h a n g e is 
e q u al t o t h e w orst o bs er v e d c h a n g e i n B A T wir e s u bj e cts. 

6. 5.  S e n siti vit y A n al ys es  

S e nsiti vit y a n al ys es m a y b e c o n d u ct e d t o g ai n i nsi g ht i nt o t h e p ot e nti al i nfl u e n c e of f a ct ors 
t h at  m a y  i ntr o d u c e bi as i nt o  t h e r es ults  of pl a n n e d  a n al ys es. S e nsiti vit y a n al ys es m a y b e 
c o n d u ct e d  t o  ass ess  t h e  d e gr e e  of  i m b al a n c e  a n d  str e n gt h  of  ass o ci ati o n  of  a d diti o n al  
u n m e as ur e d c o nf o u n d ers n e e d e d t o r e v ers e t h e c o n cl usi o ns of t h e p ri m ar y a n al ysis1 5 . 

6. 6.  Ass ess m e nt of  P o ol a bilit y  

T his is a m ulti -c e nt er cli ni c al st u d y wit h st a n d ar di z ati o n of s u bj e ct e nr oll m e nt, d at a e ntr y a n d 
a d v ers e e v e nt r e p orti n g.  All i n v esti g ati o n al sit es will f oll o w t h e r e q uir e m e nts of a c o m m o n 
pr ot o c ol, d at a c oll e c ti o n pr o c e d ur es a n d f or ms.  T o pr es e nt t h e d at a fr o m t his cli ni c al st u d y i n 
a s u m m ar y f or m, a c o m p aris o n of t h e e n d p oi nts a cr oss sit es f or B A T wir e s u bj e ct s will b e 
c o m pl et e d t o d et er mi n e if t h e g e n er at e d d at a c a n b e p o ol e d.  

P o ol a bilit y b y sit e will b e e v al u at e d b y i n cl u di n g a sit e t er m i n t h e r e gr essi o n m o d el f or t h e 
e n d p oi nt f or B A T wir e sit es;  a p -v al u e l ess t h a n 0. 1 5 f or t h e sit e t er m will b e c o nsi d er e d 
e vi d e n c e  of  n o n -p o ol a bilit y.  R e as o ns  f or  n o n -p o ol a bilit y  will  b e  e x a mi n e d  b y  a d di n g  
c o v ari at es t h at v ar y a cr oss sit es t o t h e r e gr essi o n m o d el. F or e x a m pl e, v ari ati o n i n c o v ari at es 
a cr oss sit es m a y e x pl ai n sit e -t o-sit e v ari ati o n.  

 
1 5  Li u W, K ur a m ot o SJ, St u art E A. A n i ntr o d u cti o n t o s e nsiti vit y a n al y sis f or u n o bs er v e d c o nf o u n di n g i n 
n o n e x p eri m e nt al pr e v e nti o n r es e ar c h.  Pr e v S ci. 2 0 1 3; 1 4( 6): 5 7 0 -5 8 0. d oi: 1 0. 1 0 0 7 /s 1 1 1 2 1 -0 1 2 -0 3 3 9 - 5 
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6. 7.  G e n d e r A n al ys es  

Tr e at m e nt diff er e n c es b y g e n d er will b e e v al u at e d f or m all y f or t h e e n d p oi nts b y i n cl u di n g a 
g e n d er t er m i n  t h e re gr essi o n m o d el; a p -v al u e l ess t h a n 0. 1 5 will b e c o nsi d er e d e vi d e n c e of 
a si g nifi c a nt diff er e n c e b et w e e n g e n d er.  

6. 8.  Ot h e r S u b g r o u p A n al ys es  

E n d p oi nt r es ults,  i n cl u di n g  st atisti c al  t ests  f or  diff er e n c es ,  w h er e  a p pr o pri at e,  will  b e  
pr es e nt e d s e p ar at el y f or e a c h str at a of a gi v e n s u b gr o u p as d es cri pti v e a n al ys es. 

Pr e -s p e cifi e d s u b gr o u ps i n cl u d e:  

•  A g e ( < 6 5 y e ars vs ≥ 6 5 y e ars)  

•  B as eli n e N T - pr o B N P v al u e 

•  E ntr es o us e at b as eli n e  

•  Pr es e n c e of A F at b as eli n e  

•  Pr es e n c e of I C D at b as eli n e  

•  B as eli n e N Y H A Cl ass  

•  Pr e -e xis ti n g m e di c al c o n diti o ns, s u c h as hist or y of C A D  

6. 9.  S u bj e ct A c c o u nt a bilit y  

T h e n u m b er of st u d y  s u bj e cts a n d t h eir dis p ositi o n o v er ti m e will b e pr o vi d e d b y t h e f oll o wi n g 
c at e g ori es:  

•  E nr oll e d 

•  I m pl a nt e d 

•  C o m pl et e d t h e pr ot o c ol r e q uir e d f oll o w- u p visits 

•  Dis c o nti n u e d pri or t o pr ot o c ol r e q uir e d visits 

6. 1 0.  P r ot o c ol D e vi ati o ns 

Pr ot o c ol  d e vi ati o ns  i n  B A T wir e  s u bj e cts  will  b e  s u m m ari z e d  b y  fr e q u e n c y  c o u nts  a n d  
p er c e nt a g es . T h eir p ot e nti al i m p a ct o n t h e pri m ar y eff e cti v e n ess a n d s af et y e n d p oi nts will b e 
ass ess e d.  

6. 1 1.  Pl a n n e d A n al ys es  

T h e a n al ys es d es cri b e d i n t his St atisti c al A n al ysis Pl a n ar e c o nsist e nt wit h  t h os e d es cri b e d i n 
t h e B A T wir e Cli ni c al  I n v esti g ati o n  Pl a n . A d diti o ns t o t h e pl a n n e d a n al ys es m a y  b e c o m e 
n e c ess ar y  o n c e t h e st u d y  is c o m pl et e d. S u c h a d diti o ns or m o difi c ati o ns t o t h e S A P will b e  
j ustifi e d wit h s u p p orti v e r e as o ni n g. 

6. 1 2.  St atisti c al S oft w a r e  

Fr e q u e ntist  a n al ys es  will  b e  p erf or m e d  usi n g  S A S  v 9. 1. 3  or  hi g h er  or si mil ar  st a n d ar d 
s oft w ar e  p a c k a g e.  
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7.  S T U D Y S U C C E S S C RI T E RI A  

T h e st u d y will  b e c o nsi d er e d s u c c essf ul u p o n s u c c essf ul r ej e cti o n of t h e  n ull h y p ot h esis f or t h e 
pri m ar y s af et y e n d p oi nt a n d pri m ar y effi c a c y e n d p oi nt.  

8.  R E F E R E N C E D O C U M E N T S    

•  B ar osti m N E O ™ - B A T wir e ™ I m pl a nt Kit Cli ni c al I n v esti g ati o n Pl a n ( # 3 6 0 0 5 8) 

•  A d v ers e E v e nt  C o m mitt e e C h art er ( 7 2 0 0 7 7) 

•  D at a M o nit ori n g C o m mitt e e C h art er ( 7 2 0 0 3 6) 

9.  S A M P L E S I Z E P R O G R A M  

T h e s a m pl e si z e pr o gr a m is a v ail a bl e o n fil e.  
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1 0.  A P P E N DI X I  

1 0. 1.  S a m pl e si z e c al c ul ati o n  

 
Pri m ar y S af et y:  
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Pri m ar y Eff e cti v e n ess:  
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1 0. 2.  S a m pl e si z e r e -esti m ati o n p r o c e d u r e  

A ps e u d o- c o d e i m pl e m e nt ati o n of t h e s a m pl e si z e r e - e sti m ati o n pr o c e d ur e i s pr o vi d e d b el o w: 
1.  C al c ul at e t h e st a n d ar d diff er e n c e ( Δ 𝛿𝛿 𝛿𝛿 ) b et w e e n B A T wir e a n d B e A T- H F s u bj e ct s f or all 

b a s eli n e c o v ari at e s.  

a.  If 2 or f e w er b a s eli n e c o v ari at e s h a v e |Δ 𝑆𝑆 𝑆𝑆 | > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e 

s uffi ci e ntl y b al a n c e d. T h e c al c ul at e d 6 -m o nt h s a m pl e si z e ( N 6 m o nt h ) f or 8 0 % p o w er 
i s 6 0. 

b.  If m or e t h a n 2 b a s eli n e c o v ari at e s h a v e |Δ 𝑋𝑋 𝑝𝑝 | > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e n ot 
s uffi ci e ntl y b al a n c e d. Pr o c e e d t o st e p # 2. 

2.  If r e q uir e d p er # 1, c al c ul at e pr o p e nsit y s c or e s p er t h e S A P. C al c ul at e t h e st a n d ar di z e d 

diff er e n c e ( Δ 𝑋𝑋 𝑠𝑠𝑠𝑠 ) b et w e e n B A T wir e a n d B e A T-H F s u bj e ct s f or all b a s eli n e c o v ari at e s f or 
e a c h pr o p e nsit y s c or e q u artil e (i = 1 t o 4). 

a.  If 2 or f e w er b a s eli n e c o v ari at e s h a v e a n a v er a g e a bs ol ut e st a n d ar di z e d diff er e n c e ( 

∑ |Δ 𝑝𝑝 𝑠𝑠𝑠𝑠 | / 4 ) 4
𝑋𝑋= 1 > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e s uffi ci e ntl y b al a n c e d b y 

pr o p e nsit y s c or e q u artil e. Pr o c e e d t o st e p # 5. 
b.  If m or e t h a n 2 b a s eli n e c o v ari at e s h a v e a n a v er a g e a bs ol ut e st a n d ar di z e d diff er e n c e ( 

∑ |Δ 𝑝𝑝 𝑋𝑋𝑠𝑠 | / 4 ) 4
𝑠𝑠= 1 > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e n ot s uffi ci e ntl y b al a n c e d b y 

pr o p e nsit y s c or e q u artil e a n d pr o p e nsit y s c or e m at c hi n g will b e us e d. Pr o c e e d t o st e p 
# 3. 

3.  If r e q uir e d p er # 2, p erf or m a n o pti m al f ull m at c h usi n g t h e pr o p e nsit y s c or e s i n # 2. C al c ul at e 

Δ 𝑝𝑝 𝑠𝑠 𝑠𝑠 , t h e w ei g ht e d st a n d ar di z e d diff er e n c e, usi n g t h e w ei g ht s i n d u c e d b y t h e f ull m at c h. 
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a.  If 2 or f e w er b a s eli n e c o v ari at e s h a v e a n a bs ol ut e w ei g ht e d st a n d ar di z e d diff er e n c e 

(|Δ 𝛿𝛿 𝛿𝛿 𝑆𝑆 | ) > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e s uffi ci e ntl y b al a n c e d b y pr o p e nsit y s c or e 
m at c hi n g. Pr o c e e d t o st e p # 6. 

b.  If m or e t h a n 2 b a s eli n e c o v ari at e s h a v e a n a bs ol ut e w ei g ht e d st a n d ar di z e d diff er e n c e 

(|Δ 𝑆𝑆 𝑋𝑋 𝑝𝑝 | ) > 0. 2 5, t h e b a s eli n e c o v ari at e s ar e n ot s uffi ci e ntl y b al a n c e d b y pr o p e nsit y 
s c or e m at c hi n g, pr o c e e d t o st e p # 4 

4.  If r e q uir e d p er # 3, d et er mi n e w h et h er pr o p e nsit y s c or e str atifi c ati o n or pr o p e nsit y s c or e 
m at c hi n g pr o vi d e s b ett er b al a n c e.  

a.  C o u nt  t h e n u m b er of v ari a bl e s w h er e b al a n c e crit eri a ar e m et f or e a c h m et h o d 

(str atifi c ati o n b al a n c e crit eri a: ∑ |Δ 𝑋𝑋 𝑠𝑠𝑠𝑠 | / 4  4
𝑝𝑝= 1 ≤ 0. 2 5; m at c hi n g b al a n c e crit eri a: 

|Δ 𝑠𝑠 𝑠𝑠 𝑋𝑋 | ≤  0. 2 5). If b ot h m et h o ds a c hi e v e b al a n c e f or t h e s a m e n u m b er of c o v ari at e s, 
t h e m et h o d wit h t h e l o w e st a v er a g e b al a n c e crit eri a a cr oss all 1 2 c o v ari at e s will b e 
us e d. If str atifi c ati o n pr o vi d e s b ett er b al a n c e, pr o c e e d t o st e p # 5. If m at c hi n g 
pr o vi d e s b ett er b al a n c e, pr o c e e d t o st e p # 6. 

5.  If r e q uir e d p er # 2 or # 4, us e si m ul ati o n t o e sti m at e t h e p o w er of t h e pr o p e nsit y s c or e 
str atifi e d a n al ysi s f or e a c h p ot e nti al B A T wir e s a m pl e si z e fr o m n = 6 0 t o 1 0 0 a n d s el e ct t h e 
s a m pl e si z e pr o vi di n g at l e a st 8 0 % p o w er. Usi n g t h e e sti m ati o n pr o c e d ur e fr o m S e cti o n 
4. 2. 4 of t h e S A P t o c al c ul at e t h e p- v al u e i n t h e si m ul ati o n pr o c e d ur e. 

6.  If r e q uir e d p er # 3 or # 4, us e si m ul ati o n t o e sti m at e t h e p o w er of t h e pr o p e nsit y s c or e 
m at c h e d a n al ysi s f or e a c h p ot e nti al B A T wir e s a m pl e si z e fr o m n = 6 0 t o 1 0 0 a n d s el e ct t h e 
s a m pl e si z e pr o vi di n g at l e a st 8 0 % p o w er. Usi n g t h e e sti m ati o n pr o c e d ur e fr o m S e cti o n 
4. 2. 5 of t h e S A P t o c al c u l at e t h e p- v al u e i n t h e si m ul ati o n pr o c e d ur e. 

T h e pr o c e d ur e t o e sti m at e p o w er wit h s a m pl e si z e n ( P O W n ) usi n g si m ul ati o n i n st e ps 5 a n d 6 i s 
pr o vi d e d h er e:  

 
•  F or s = 1 t o 1 0, 0 0 0, si m ul at e tri al o ut c o m e d at a a n d c al c ul at e p v al u e s (t h e p- v al u e f or 

si m ul ati o n #s) 
o  Si m ul ati o n i s p erf or m e d b y b o ot str a p s a m pli n g of b as eli n e c o v ari at e s a n d r a n d o m 

s a m pli n g of o ut c o m e d at a u n d er t h e alt er n ati v e h y p ot h e si s. U n d er t h e alt er n ati v e 
h y p ot h e si s, o ut c o m e s ar e si m ul at e d usi n g a n or m al di stri b uti o n wit h m e a n of 8 5. 5 
m et ers a n d st a n d ar d d e vi ati o n of 6 7 m et ers f or e a c h s u bj e ct fr o m 1 t o 1 1 8 f or t h e 
B e A T - H F gr o u p a n d fr o m 1 t o n f or t h e B A T wir e gr o u p. 

o  p v al u e s i s c al c ul at e d usi n g eit h er t h e f or m ul a i n 4. 2. 4 (f or t h e pr o p e nsit y s c or e 
str atifi e d a n al ysi s) or 4. 2. 5 (f or t h e pr o p e nsit y s c or e m at c hi n g a n al ysi s) of t h e S A P 

•  E sti m at e d p o w er f or s a m pl e si z e n ( P O W n ) i s t h e pr o p orti o n of si m ul at e d tri al o ut c o m e s 

w h er e t h e n ull h y p ot h e si s i s r ej e ct e d ( P O W n  = ∑ 𝑝𝑝 ( 𝑋𝑋 𝑠𝑠 𝑠𝑠𝑝𝑝 𝑠𝑠 𝑠𝑠 𝑆𝑆 < 0
1 0 ,0 0 0
𝑆𝑆 = 1 < 0. 0 2 5 ) / 1 0 ,0 0 0 )  

T h e c al c ul at e d s a m pl e si z e i s  t h e s m all e st v al u e of n f or w hi c h e sti m at e d p o w er i s at l e a st 8 0 % 
f or n a n d all s a m pl e si z e s l ar g er t h a n n. 

N 6 m o nt h =  𝑆𝑆 𝑆𝑆 𝑝𝑝 𝑝𝑝𝑝𝑝 𝑠𝑠 𝑝𝑝 ( � 𝑝𝑝 ( 𝑝𝑝 𝑝𝑝 𝑝𝑝 𝑠𝑠 ≥ 8 0 % )
1 0 0

𝑝𝑝 = 𝑠𝑠
= 1 )  

 
T h e fi n al st u d y s a m pl e si z e ( N i m pl a nt) i s c al c ul at e d usi n g N 6 m o nt h a n d t h e e sti m at e d attriti o n r at e 

at 6 m o nt hs ( 𝑝𝑝𝑝𝑝 𝑝𝑝 𝑠𝑠 𝑆𝑆 𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆 𝑆𝑆 = 1 − # c o m pl et e d  6 m o nt h  vi sit s  / # e x p e ct e d  6 m o nt h  vi sit s )  
N i m pl a nt=  N 6 m o nt h / ( 1 − 𝑆𝑆𝑆𝑆 𝑆𝑆 𝑆𝑆 𝑆𝑆 𝑆𝑆𝑎𝑎 𝑆𝑆𝑎𝑎 𝑛𝑛 )   
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T h e fi n al st u d y s a m pl e si z e c a n r a n g e fr o m 6 0 t o 1 0 0 t o a c c o u nt f or b ot h attriti o n a n d b a s eli n e 
c o v ari at e b al a n c e.  
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