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l . 'I ' l'lli ]HH ~~ 1' )' l' :1 C ill g 
,\. Tnd i ~- ~:t i o; ~; :· o r CJ :Jcr ~:c;: cy pacing 
ln ~~~C' c\-L'l~t \>L~ ~...- .1 r dj~1c :: rrc :..;~: , t>c :~.irs t mode o :~ 1:: ~·r : .:):: i s 

t.h::l Oi . L' #\~ Cl' i !: ll l_-~1r~J ia c i.::: s s :: 1~ c :1:11..l ~trt :i _!_-.l c .i:: l ;·{ ~:,p i ra t :_, J;, ~-:!Lilc:r 

r i1: ill :1n :Jlt' t'J:~p t to !n;uc d;:,t ..: j y i Jtser l ; : c ;~~ · cli<"!c J1 ~1l'CLJ:J),v~ - Th e 
t' ! rst :;; , , n e U\'L'l' fo l l0h' i ng rcst,~: · : ;t~ o n o !' c i ;·o:i:lt. ion 1ot!1 c . ,, scd
(:i: c sL c:,-r dJ.:l c J:l;I~s:Igc anli ~j~·ti.!"icia2 fcsp·i;·a~.ion i~;. to ~!L'~ ..: -!": :.inc 

\·:1:::t n·ne of cal·d:c~tc a r re s t ·:s pres en t . j_F t il<:> pa·~icnt is:!: ven-
t~·i cu l ~,i- fibrill ~ltion , th e O~)V~Oi..:~:. ::1 c~ns of --~ h e: r ::p y i:~ ·i:~:::: · ... '~:j atc 
cleJ'ibr i. .!l;t t J on . If ·c] l C p:l\: ;(' !"!t j;-, jn a:: ;;systolic phase ;!] J (_i is 
not r~~~p oll~i\-#L' to cxtcrn:tJ ;n~l~>~i6'-:) .:.:n a~t..'-·n~pt to rc-s t o r l· :. s :inus 
rhyt hr; is Jll:llhi;ltory . Th e fL r ::;t n. odc t>j' thcL<py in :tr: :lS)' :.;t c.J jc 
h c~1r t .is to h. it th e antc -:· i.o1· \.·i1c~t 1:::-tl.J in <111 ~1\:tcmpt to .: ~..-s:: art 
the i1c;n· t . If the nor m:t1 c: l ect"ric::1i jl :lcem :J ke 1· focus :i n t! h ' i1 car t 
d oc s not res p o 11 cl , t h c n ex t c r" :1 1 1~1 . : s s age s il o 11 I d be :i n s t i t u :: c c! "' h i l e 
dru g thc•·:tp~· i s sl.:n·ted . ·;·J:c second !il Od e of therapy is ti:c use of 
d ru g s s 11 c h n s 'i. s u ~He 1 o T j .C n e c e s s a r y a r ami n e or nor c p i ne p b ;· in e 
(L c vo ph'ed) or e pi nephrin e (,\drenalin) in ::tn attempt to s timulate 
the n orm;1l p a c em:d->.er ccnt c:·s ; ;-.-;: he ·hea r t . Jf a de quate co n t rol of 
th e h e:trt rat e j ::; no t fo~·t 1 JC:<'J:L~ llg wi th t he J ru g the r apy , the n an 
attempt silo tt Jd he t1t:1de to ~;1scrt an eJect ri ca l p<,cemaker t o s up p ly 
the heart lvi.t h a p ace mo.J-.:jn z svstem . J n an em er ge ncv t h e r e i s 
probab ly l i t tl e ind ica tion~fo~ i n sti tutio11 of e l e c t~ica l p ac e 
making \•l i thou t prev i ously at t emp t ing to contTol the heart rat e 

_) Hi th dru g t he r a p y . 

\ 

DRUG THERAPY IH ACUTE HEART BL OCK 

1. I s u p r c l infusion 
7 

3 . 
A n·o p in e - fo r s in u s bradyca r d ia 
S t e r o i cl s , e ph e d r in e , c~1 l o r o t hi a z i cl e s o f 1 i t t 1 c v a l u e 

Th e indications for t h e u sc of t empor a r y pacing a re listed 
below . 

1. 
2 . 

3 . 

4 . 

5. 

6 . 

7 . 

INDICAT I ONS FOR TEMPO RARY PA CI NG 

.-'\s a n em e rgency measu re in S toke s-J\clams attack 
In ac ute myocardial in fa rc t i on wit h block, or cert a i n 
a rrhy tl1m i as 
To improve clinical s tat e hc f o r e implanting a p e rman e nt 
unit, i . e ., t o in c r ea s e card i ac output 
To c over ri s k of cardi a c arr es t during operation for 
impl a ntin g un it 
In p at i e nt p a rti cularly s u s c e ptible to cardi a c a rre s t 
\vh i:l e under go ing anest hes ia or ope r ation 
1\ s a trial to ·se e if i mp r ov e me nt occurs in cerebral .function 
or othe r symp t oms , po ss ibly clue to low cardi ac output 
To sup press ventricular ectopic a c t iv i ty , i . e ., multiple 
PVC ' s or runs of ven tricul ar t a chy ca rdia 
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Jl . :•!ct]HJ<!:--; of" t ~lll)lCH; : r y p;rL· ing 
l. J:xtcnJ: J I n:1c! ii ( ' 

Th e i-:r~~ t r cc()rdl<l su c~~ \ -· ~s \\r i tl 1 .. .- :.: t .. ' r nnl p;tci~~g 11 1 t: ~ ~ · i. ~ c~ ;t
;J;cnt 01 c;trdi~Ic .:1:--·.v~~ to lc h :: ,_:J ~...)L·t r i c: t l lm p ul :) l: :~ v::t~~ in .i ~ J . ;.~ :>y 
:.: .. .~.tl ( l ) . Th.i~ l'C';)O l"l "'' ~i S ; ol.l.O h' ~...:d 1) \' :l ;1umhcr or others ( .~ -:~) . 
T h t~ ~ C' (_~ ~ ~ r 1 y r c c 0 1·~. 1 ~ d j s c J o ~ c d L h ~; t ?. s ) · s :-o l :i c c p i sod v s i_ n ~~ : ~) 1, c s -
.·hi:t:::s ::tt;1cks couhi he succc ss~t.<1ly t.re;_,_ te d ]Jv cxt c rn :: L C: J: ·,: :::c 
p~1 c.in g .1 ~:.~...:. could b e .li fe s ~1vj -:!~~ · lioh· c vcr, Jj i:ti_t ;.iti o!1~; sc.o :i. be:ca::~c 
e\·i ,i e:J~t h·!:cn it 1,\'as cl:i sco\· c~~\..~(~ th;:t thj s ~ or rn of p:~c i ng \·: a_..; of no 
v a 1 u e i ~1 }1 G. tic n t s h' i_ t h v c n t r i c u l a r t c1 c h y c ct r d i a , v c n t ric u l Ct ~ - f j h r i J. -
l~ition, ~i J~d in p~t tie:nts \\· ! :.~.J 1\"cfe ~...--.onsc _Lous . The voltages rcctuireci 
for cxtcn1 .1l stinn:l a tion arc in t} ·.e : · ~l~ tc o.i.:· S00- 2 00 volts ·.-: it}l a 
2 l:iscc duration o f puls :.:; . Tl!i~ v oJ. ·cai_;e \·:as quite p ai n f u l ::o pa
tie n ts 1-:h o ::. re consci'Gus ."1·.1ci of ·~c; ~ , in fa ct, jJroduced elc c ::·I"odc 
bu rn s <~t the site oL: pacjn g cJ c·ctr oci c s ( 6) . 

Th ·i s iil L'th ocl o f p.1cin.:; :i ,; no t\ Llsed on Jy i n emergency situat i ons 
,,•hen ot)1cr f orms oi pa cc;:;a k cr ~n e~· ]1oti:> arc unavailable . 

2 . P crcut~ n cous (:iTcc t ii1yoc:__t rd :La :! p.:1cing 
Th is mode of temporary pnc c;?l ai.:. .LJ~g .i.s a c complished by me;ms of 

insel·t:i.o n o f (-l. nee d l e dir ectl y t h J· ottt:h the chest \vall into the 
h eart through Hhich a n ins ul a ted '.-: i r e \v:i.th a . j!Iat:inum t i p is i n-
s e r t e d in t o t h e he a 1· t c h a nJ\ e r and d i t c c t p a c i n g i s c a r r i e d o u t 
through this wire . Thev enet i·irst clcscrillcd this techn i que us i ng 
a n eedle ,,•hich was passed tJn·oug h ti1e fourth or fift h lei.·t in t er 
costal space uircctly into the right vc ntricuL•r cavity (7) . Lil
l c h ci (8, 9 ) , Roe (10) and iZoss and lloffman (11) have all used 
fonn s of t his dir ect percut<ln e ous myo c;nciial pacing using di f f er
ent t echni ques, fo llowing s uch procedures as anesthetic orres t and 
post surgical a r rest . 

Current ly at this ho spita l we are using an El e··C at h b ipo lar 
pacing h'i re which i s inse rted through :1 11 18 g auge long needle 
th rough the third or fo ur th intercosta l space directly into the 
le f t v e n tricular ch amb er . An i l lu stration of t h e anatomic loca
tion of insertion o f this needle is seen in the a pp endix on page 
1 ( F i g . 1 ) . T h i s i llu s tr a ·.: i on i s t a k c n fr om Be 11 e t (1 2 ) . T h e 
ne e dle is ins erted through th e sk in wi tlt a stylet in place at th e 
third or f ourth i n t e rcostal space at the l ef t st ern al border. 
Wh e n it i s f elt that t h e needJe point has passed throu gh the r ib 
c ag e, th e stylet i s removed a nd a syringe is pl ace d on th e end of 
the needl e and continuous aspi ra t ·io n is accomplished whil e the 
needl e i s inserted into th e right ve n tricular chamber. Lvidcnce 
of arriving in t h e cttamher is indjcatcd when clark blood is r:1piclly 
l·Ji thclr £"< 11'11 into t h e sy ring e . At this point the s yr in gc is remov e d 
a nd th e p ac in g vJire is inserted to the second whi tc mark on the 
"' i r e II' h i c h in cl i c a t e s t h a t t h e c l c c t r o d e t i p i s 1 c m i n t h e c a r d i a c 
chamber. The needle is removed over the \vire being carefu.l not to 
extract th e wire \vhile r emov ing the n eed l e . A pacemaker generator 
is then attached to the wire by means of alligator clips to the 
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mn~: t di~t:al e nd of th e pacing "' ir e a nd the Hire m«n :ipuL1:·cci in t h e 
chc~t "';t ll unt il ca ptu re is oht~tin ed . Thi. s method i. s tlt e I:tn st 
l';Jnid J:tr-;tn~ oL in se rt in1~ a p;tc ~ ma k er i.nto th e h e ;1rt in ;1n c':!lc r
gc;H:y :-;ituat i on \\hen t h \s arj ~;cs . ,\o rcaJ coJ:t pli. c al"ion:; h;tvc 
;His c n 1-rom the usc of this p;1~:em ;:ke1· . lloh'evcr, very f<'\\ pnt je:nt 
~un·i,·; , :~ h; tvc i~ccn credited t o jts us c prj1:1ar :iiy due to rlk 1'act 
thn~ th~s p:I cemak l.'r is :1 1<!~t resort int: thod or :1ttc:mpt ;it c ctrd ·i ac 
r csusci.:::at..ion . This emergency pacema ker equipEtC' ilt is av;JiLtble at 
ParkLt nd i n the emergency ro om, tl:e 1:1edicnl intensive c<1 re u:1it 
nnd corOJ1;ny care unit , and tile c a thetcri:::ation laboratory i'o r im 
mediate u sc . 

3. Tn;nsvcn ous catheter p ~:c i ng 
This method of inser t:i.on o i· a lHICcn:c;ker into the hea1·t is tlce 

t e c h n :i q u c o f c h o i c c <1 t t h i s h o ~ p i t:l 1 ;-: !1 cl "'a s or i g i n a 1 l y ci.::.• s c r i h e c1 · 
at nonte fiore l:ospit a l jn l\ e h· Yor k (Li). A paccmakin~ elect r ode 
c a t h e t e r i s ~) <l s s e d t h r o u g h a v e i n u n d c r d .i. r e c t f l. u or o s c o p i. c v .i. s i on 
into t lw right at r i u m :1Jlli th en JJ\; lni.puL·tt. cd throu gh t h e tricuspid 
v;t lve into the r"i.~ht vcntric]c. Th e ele c trode 1v:i.re is in. !1;1cted 
into the r.i.ght VClltr icu! <lr apex ;1 m0:1g th e trn.becu l ac SO ti1;: t it. 
h'il.l rcm:.d.n stably locatcci .i. n that posit :ion. The right ven tricle 
is then captu1:cd by means of a p:tcemoki n g battery gener ator box. 
This may be e ither a demand or stun~ard fixed-rate pacemaker , de
scribed in more detail under permanent p <.~cing . 

a. Selection of entry si te 
i'!any different sites have bee n utili zed for the insert i on of 

th e transvenous pacemaker: the c u bital and antccubi tal vei n in 
either arr.1, the external jugular and occasionally the internal 
jugula r, the femo r a l v ein , the subclavian vein , and even r etro
grade from a brachial artery in the l eft ventr ic le . 

There a r e advantages anl: disadvantages of t he v arious e ntry 
sites. The external jugular vein is one of the most commonly u sed 
veins. However, it fr equently is obstructed as it pas ses in to the 
thoracic cavi ty or its course is to rtuous '"h e n it connect s with 
the subclavian vein, and for these r easons i t is frequ e n tly dif f i
cult to pass the ca theter thr oug h this vein by direct cutdown tec h
niqu e . Th e internal jugu lar te nds to bleed prolifically a nd is a 
r at h er dee p-lyin g vein and d ifficult to u se . The arm v eins are 
quit e adequate; howev er , ,,.e find that the cat h ete r s frequently be 
come di s lod ged when u s in g the arms simp ly b ecaus e the pnticnt dis 
pl ~ c es the catheter f ro m hi s heart chamber \vh e n he mov es hi s arm , 
and therefore we refrnin from using th e ann exce pt when other 
rout es arc inaccessible. The femo ral v ein tends to be uncomfort
able f or the patient because of it s location . 

Curr en tly at Parkland we are u si ng a perc utaneou s direct s ub
clav ia n v ei n in sertion of a scmif lo a tin g bipolar p acema king elec
trode. An illustration of thi s techniqu e may be seen in th e ap
pendix on page l (Fig. 2) , A ff l4 Jelco ~eedle is insert ed under 

----------- --·---



1,, c;1 J !l<'S lllc•:; i;l ;1t t ih' j u nc ti O! l oF tJ, e proxi ;, t:d n:1tl midd ic- : :t il ·,: 
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:· h L' . l ' ! c o !"! c "-' d I c , ~ i Jh.l : h c n L' c d 1 c i s pro ~~ r c s :-; c' i >' 1 n \·.' : y 1> e ; H ; , :. ; . ..;. h c· 
c i :l\·i,: lc' lclh' ;; r,! th e x .iph o .i d n ot c h . C ! o ~c n ilo; c J' Viiti un ',•.' ! ;: >· '.:•::1i 
thL' i tll~..'r : ! : ll _i ur;u.La r vci.ll pr o t:. rc~:. s !r:g ih ~ JlC ~~ th the sJl.c r t~lh .. .-i l · :<..:·~ : i : ls -
toid ;;1 :c! p:l s :; i.n g .l nto the: _i u i~ u l:; r not e!: . T!1:s i s u ~; c: d :: :-. :t :::: : ,:-
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th j.s rc- c h n iq uc :o ~: n d t i~ is c ~1t r y s ·i ~- c L:t :; hccn f1 Uit c s a tis:~~ c ~·o1· y i n 
m~t::~I.Z '--" : ;IL' n t. o f ~~ :-.c p:tt1.en t o ;: :.:: rc ,.,r~tr<.: s s1 nc c 1) it se ems l~ o !)c co r;: 
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this point o f i.:1 s'c r ti on i s rc· lCJt ; vc ly i;;~;n o~) il e . 

'' ·.' 
b. Pos .1t i on ing 8 Iil; t. ~ t rc~s ho l ci r.w::t stH cment 

Different · sitc s ior paci~[ c ~p tt t rc of the h ea rt can be s el e cted . 
,\ rr:i.al p a cing can h e <:k c OJ:lp li s hcd by i n se rtion of the p a c ema ke r 
into t!1 e right a tria l o.p p c:1 cla:_~c o1· a t ·ciH' jun c tion o f the s;: p e}·io r 
v ena cav a and r igh t J. t r :i.;u m. !\ tJ · :i.a.l c a pn:r e i s of val ue in ;;:t· 

t :i. cnts \': i -~h s i nus in a dyc a r JiJ. o r s .i.:1L: s rhyt h;:1 but is o f rio ua~ u :~ 
-i ,: ;_J r.:!;?: ~? r~:; s ·~u ic;1 ill! blo c k . \ '!' !;c cathe t e r is c as :i. Jy clisl o l1~'.2C fro i<'t 
the <~·c ritu:l and ther ef o1·e :1 c'-r usu a l ~. y :! sCJ t i s f<,ctory s it e !"or p a c i. ng . 

The right . ventri.cle i s ~\ill' r;ost CCl 'llll O:lJ )' :-; e.i. cctccl c h ;u::hcr ,- o r 
p<1cing . Capture can b e obta \ nccl from any\vh er c i. n ;: he r i ~; it:: vc;:
tricular c!wmbcr or the pu l n;)Jlarv outf l o\·1 trJ.ct . \\c hc vc .. :o, !n cl 
through exp e rience that the s\t e ' Hhich is most easiJy en tc-<· ..: ,: a :--,d 
the one from \vhic h the pacemak'qr ten0s not to be dislodg e d i. s tile 
right ventricular ap e x . · 

Clinic a lly, threshold is th e mini mum ampera g e requir e d to pr o 
duce a contraction and is con:~iclerccl in more detail under t hat sec
t ion. A threshold measurement o :C the mill i.amp erage n c cc s s;:ry to 
capture the h eart is recorded . I f the milli um p crage rcqui rG J to 
pace the heart is below 1.5, \ve consider th is a sat i sfac~. o ;·y site 
for pacing . Occasionally , by necessity , He must se t tle ; or a ~ ma 
thres hold. i,lost of the th r eshold measurements arc in the L 1:1 g c o f 
.5- . 7 ma. The pacing amperage the n is se t l-2 ma a bove th e :nin i · 
mum threshold a n cl pac i ng is instituted . 

A chest x- r ay is a l.\,'ays taken after a p acemaker in se r t.l <'m o f 
the pacemaker to determine correct position i ng ;mel for futur e r ef
eren c e in case th~ pacemaker bec omes dislod ged . 
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c . llnip oln r versus bi p o lar p:lccm:1k crs 
St i:nu l:1ti o n of t he hc:1rt c1n h e cn ~· icd ou t c.it h cr hy u ,.;c of 

t1·:o c k,· trod e s p l:1 c cd ejthcr i n or u pon "L h c hea r t (c nclnc:trdi:l] 
VL' l" SU~' c'p.ic :IJ'd .i.ii l) o r h"i t h G llC e Lectrode ·in or L:pon th e l1c ::rt and 
th e o th er s it u:1tc d c)scwh crc on t he p a t.i.cnt . If both clcct;· o<.l cs 
a rl' j 11 or up o n th e h eart , tll.i s is :1 b ipolar systc:~ : , <:nci i ;. o:1c is 
i n o r upon tl!C' hcn r t , t hi s .is .J un.i.poL:1· systcn-•. i\ b ip oJ ~1r pacc 
mnkc r c:1 t hctc r s imp l y n:enils that t h' O l'cir c s <Jre p ·;·cscnt in the 
C<it h c tcr , nn d in:.... u nipolar pacc::wkcr catheter only one h" i rc is 
p rcsc;1t in t h e cath eter . \\'hen :1 u n ipolnr co.thctcr is us e d, then a 
second ele c trode mu s t be i)laccci .in t.ilC skin. The si t e c iwscn is 
t: su a l1y s omc'.,heTe cl o s e to t h e en t ry site of the cath ctc~- nnd the 
e lectroJc is a stainless steel wire wllich is sutured to the ski n, 
in s ul ated , .J.nd connec t ed to "!:i1e positive pole of the poce:~wki n g 
b ox . T his clcctro<!e js <:ermccl the " indj:fe r e n t " e l e c t r ode . I t is 
import J.iH to 8lw:1y s co1~ncct tl: c negat i ve po l e of t h e p acema k i n g 
app .J. r :1t.us to t he intracard i ac ca t Letc r in a u n:ipo J a r system . Som e 
di s a clva n t~1ges a r c p resent \·: ith a t.:J ~ ipolar sys t em . I t is diff icu lt 
t o c1 p t u r c a h e a r t \-·i h en t h c u n i p o :!. a r c a t he t e r b c c om e s f r e e f 1 o a t -
ing in t h e chamb er o f t h e hea r t , for the cur rent de n s i ty i s not a l 
wa y s su ffic i ent t o c apture i n the i n tra c a v itary pos i ti on . Furth e r
mor e , it i s a l mo s t i mp ossible to u s e t h i s pacemake r wi t h pa c in g 
rnilli a mp e r ag es a bove 5 ma s i nce th e pa t ient b egins to c ompl a in of 
mu s cl e t1vi t c h i ng a nd pain at t he s:i. t c o f t he " i nd i f fer e n t " e le c 
t rod e . 

The bip ol ar e l e e t r a de h as t he a clv an L 1ge o f b e ing a h l e to c ap 
ture the ventricl e wh en th e cath e t e r t i p is fre e f loat i n g i n th e 
ch a mb e r . Th is i s of c onsiderab le v a lu e i n e me r ge ncy situ a t io n s . 
Hi g h milli a mp e r ag c s ( JS - 25 ma) can b e used Hith t hi s cathe t e r b e 
for e ~h e pat ien t begins to compla in of a1V mu s cl e t wit c h i n g in th e ~ 
anter1or c h e st wall . 

Anoth e r advantag e of the b ip olar system is tha t if wire br eak 
ag e occur s in one wir e e lect rod e, the n t hi s cathe t e r can simply be 
u se d as a unipol a r p a cin g c a t !1ete r. Thi s n e c es si t at e s th e r e v ers -

---·ing of polarity of the bipol a r syst ems every 1 2 t o 2•1 hours to pre-
v e n t an abnorm a l rise of thre s h o ld. The bipol a r s y s tem d oe s act 
on t h e bloocl li k e an electrophore tic s y s t em , a n d s ma ll fibrous 
cl ots ma y form a t the tip J;su lt in g in a r i s e in. t h reshold . For
tunate ly, ma jor clo tt ing h as not been a problem . 

I n c l in i. c a 1 p r a c t i c e e i t h c r m c t hod i s q u i t e s a t i s f a c t o r y . I-! 0\v -
ever , t he bipolar syst em perh a p s h a s a few advant ag es a nd thi s is 
the system usu a lly ut i li zed in t hi s ho s pital. 

d . Bl ind po s itioning of electrode s 
In emergency s itu a tions it is freq u ently imp oss ibl e t o move the 

p atient into a room wh ere f lu oroscopy is avail a b le for pl ncem ent 
of t h e endocardiol e l ectrode. Kim ba ll (lS) a n d llar ri s (1 6) h :w e 
d escribed a method of blind insertion of a pacen1ak ing wir e int o 
th e right v en tr icle for pacing. Th e same techn iqu e is u sed as 
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,: c~;~· r: i•,•,i ;!ilO\."C: fo1· :i:1scr::iOil U:1dCl' J .lll OrO SCO]l)' e:.; c cpt tl;;tt c: lCC
l .l' O l-= i t"l ;~ ~1 ~~r ~!phi.c i:toni_ tori.I~ ~ - :: s u~;;c~,.l to dctt:.1 l'l tiinc tl~c lc\·'-\: :·c) tile 
c: ~ :! -. "-... . ,·r ~ ip . . \1- .. Lc...~r i n ~;crL ion of thC' h i po ic1r ;1;1c ·j~ 1 g C ~lt. ! ·. ·~·l - ~, 

t i ~ ~ - t'tl::h thl' .J~' l co needle inro rhc sui"cJ:J vi~1;1 v ein t.i 1c l:~lL~ ·.~.- · t er j s 
Ci.J li:tc..."'\·t~ ... l: hy ~ 1 stcril~ aJ~i6ato:~ cl jp and \\rir c to ~- he V 1\._·::t : 01 an 
<.'lt'l:t ~ -~)l·. :lrdju g r:llil . C~: rc ·j:-; Ctl·.·.' a )":-l t t:kc ll "t O US C ;t ~~(;!)llr~it\.~ ~--: : ot:nd 
·,; : re: ::-,~ 1;~ · ,1un(! th e clcctrocln!jo~~r~l'l to the p ;J.ticnt ·co ei ._:.: : ~.:t·c 

<: :·,y jh)S:-;ib.i.l.it.y oJ' cross-ccl rrcnt fl01v throu g h the :1e:::·t vi ~. the 
cjcctl· oc :: r diog-::-ap hic mac!1:i.ne . lhH:c i· direct clectrocJ.rdjo;;r;Jphic 
r:1·0ni ·: o:·:i1ig tlh' ca~·hctc: r is ;1;:s~cd ci01m the supe rior vena ..::;.J\' <1 int o 
t!;c ;·igh! ;; trium \·:h e re ty;1 :cr.. l iJ: t ractvitary ri ght at ri~:I !1 \'.'ilV e 
~ s oht: : i ned a;~d t.:1cn t'1e c: . thc tcr .is 1: 1:~: 1 i .pu }_ ;l ted to the tr .i cc;snicl 
v;1lve :t ncl into the r:i.ght vcJit~·i clc \·:hc;·c chnrac t eristicalJy larg e 
v o l La;:, c Q :.:. S :i n t 1· ~~ c a vi t ~~ r y !1 o t c n t i a l s n r c o b t J. in e cl . !\ t y p i. cal set 
o[ t h ese clcc t rocarcl:iogr<lJ:', s :is ilJustratccl on page 1 of the ap 
pcncl :ix (Fi g . :'i) . 

e . T r a n ~.; c s o p; l n ::· .. c C1 l p a c i. n g 
T~<' O TC jlO r:·s ol' p;Icing o:· ·L 1·;e he;:rr. vta a transe sophagc <1l. car -

diac p<lcc;:::Ikcr have h c:c n rcportcl; . S lwfi~·o [ f ;:mel L ·inLler ( 17) at-
tempt ..:' d pac ·t n ~ by l!lc:lns of c],:c1ro,lc~; .i;1 r.he csoph;1g u s . The thr es h -
old proved to be :)0-50 volts a·r!d o.t that lt~vc l the tendency to nH.:s·· 
c l e contractions and local tis :::.uc iltn·ning n:ade prolonged p;.: cing im
practica 1. llo\,'C:Ver, Bur ne'' an d furman (18) \ve re suc cessful in p &c
ing the h.c a rt of a p a tien1: <it a fixed rat e a n d on the demand mode 
for oveT t1vo days with no adverse effects to the esophagus. This 
method o f c ~rd iac pacin g r equi res f urther clinical study but cer
tainly holds exciting possitilities. il '"~ ~ 

·---~ i -~ · ,IT-.-, ' -P.ermanent Pacemakers 
1 " A- .~~-n~li c8 t ions 
J The~ndlca tions for long-t erm pacing a re listed be l ow (19, 

I INDICA.TIONS POR PERi1ANENT PACEMAKER 

' 1 . Stokes-'i"\tlams attack 
i 2. 

1. ~ : 
5 . 

I 6 . 
I 7 . 

Sj nus bradycardia with C!iF or angina 
Low cardia~ output i mprove d with tempora~y pacing 
Acquired pe~~anent sec ond or third degree block 
Sinus an·es t \ 
Congenital tlli'r.d degree heart block if symptomatic 
Overdrive for ;;iY. rhythmia con tr o l 

. \\ 

2 0) . 

I 
I 

I 
i 

If the symptoms of .Stokes\1\dams attacks , conges t ive h eart f:til ure 
or cercbrJ.l symptoms , or d6crcas e d renal output are i n doubt , then 
~hese p:Jti.cnt s receive a tr\a J of temporary paci n g up to thr e e to 
iour weeks to see if improve\,Jent occurs before inserting a per
mane n t pacemaker . 

. . 
. . 

. . ' 

\ 
" :I 
\i 
' I 

\: 
•I 
\I 
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.\ LltJS t :ill pcrmi11h'l1t p;:cen~;:kc rs which ;Jr e inserted a t ",-j, ·is hos 
p i t:J] ;;r c of tltc.: denl:lJHl type , :!ccitronjcs i!:JS.\1 and elect"!' dt·~; 
;. :> Sit'. tH jnr.cr c st .is ~he c o:-; t o f these p c rm;m cnt pi1CeJ:I:l cr~; , 

'' h i c h ; s ; 1 round S 1 , 0 0 (l f o r L. h c pace~~ ~ :1 k j n g UJ~ i 1: ~t] u n e not i' c ~ u cl:i ;·, ~: 
:-:ny !hJ :; p_i t:1l i::;Jt:i 0~1 cost . T!:i s ht.'COincs i mpor t:111t \·ihcn y o-.t cons i dc· r 
th:1t t:1-:· :JYcr og c li fe cxpcct:Jncy o .:' the po:·:cr u~:tt i n <I p cr:.::1nent 
p:~ct~:: : : : :, c: · j s :·lr ound : ~-1 montias . Scvc ~·t.t.l Jiffcrcnt c o n1p:1nj:.' ~ ;. :i!a r kct 
i::ipl:l;n;Jil)e pJ.ccmakcrs: ;.;cdtJ·oni.cs, Ancrjcan Optic<J J, CorJ i_ s , De
vicc s l.:i;:,ited in England , Gcncrol Elcctrjc, Lle:na . 

n . Tr :m:;\·cnous versus cpic:. r ~..: i ;1 1 lc':td s 
'i'1·:o t ypes of cJcctl·ode s ore il\':Ji 1:lb}co ;~or co;1n ection to a per 

m :l n c n t Jl; 1 c c 111:1 king u n i t . 'J' i1 c s e " ·r c 1 ) tJ a n s venous end o Ui l. t1 :!. .:< J 
c a theters and 2) epjcord i al - su"~t: r e d clcctrocies . The Jat tcr re
quire a tho1·acotomy for i nsert ion , where:1s the former can be done 
c<ndcr J.oc al a n csthesja in 1:he ca rdi~:c catheterization labor.?.tory. 
Currently \\'e o.re using almost exclusively the tran s venous en doc a r 
dial pacemaking electrodes . Th e adva n tages and disadvantages of 
each a r e listed below. 

1. 

2. 

TRAHSVEU OUS PACING 

Advantages 
a . Ease of ilis tanation 
h . Minima l surg i cal risk 
c . Ideal ly su i ted for elderly , doe s not 

requir e thora cotomy 
Disadvant ages 
a. Perfora tion wi th a nd without tamponade 
b. Diaphr agm pacing 
c. Dislodg ement of catheter 
d. Higher thr eshold 
e . Less perma n ent 

1. 

... ......... 2 . 

EPICARDIAL LEADS 

Advanta ges 
a . t<lore p ermanent 
b. Lmver thre s ho lcl 
c . Increased reliability 
rh s advantages 
a. Requi res thoracotomy 

---

:.\ b . Brok e n e l ectrodes 

The imp l anta~}fe, jlacemaker uni ts arc n o"' pr epa red \Vi th a ci r
cuitry d es i g n powero~ by me rcury cell batt e ries and coveretl by 
eith e r s il ico n e rubb~T or e poxy r es in . These can b e sterili~cd b y 
ethylene oxide and ar~ received f rom the manufacturer pres te riU zed. 
Th e unit is implanted und er strictly sterile condi t.ions in an op
erating room environment~~ to prevent sepsis from occurring :.~round 
the foreign body. \ 

\\~ 



C. Ty pe s 
T:l~..-'~- l' ~ ire 

d : units 
SC \' L' l·a1 type s 

~) -

i. s~-~llh :: :rd or :t.;yn\:li(O i1'.'u.s 
· , · :. i ~ ; is ;1 :· ·i x l'd r:1tc t• : ,c~.. · L!:ik L' !' jn \·::u ci i t he ra-:.c i s p;·,·: .c t a 1: 

:· he~;':_; \..· ~· (·· : ·\' ~ in ... : c:t n::. vt. he \' ;; r il:\..: :!t. t: i; l (! or : : .l:1la:~1:ltior~. :. r.ou s 
r:.~ .... ~~~ ~..-~ .:-. he o~;t·a inc \.~ fro:.: nO r.u SO i)l:~tL~/n:~:: ~i r J1j~!,i·jc;r ~·- - S !_) CC :iu.l-

ly o :· ~.. ;c:· v ~.. : . ' j' h~.:-)C p.1c cm ~l~·~t.:·rs ~--~ cr~.._., ~ ~~(! .:·i~.-s~ to h \.."' ,.J'--'SiL;1l · .... ~i nd 

~l ~: c t:~:.c"! r.:L:c il Jess co;~1nonly :1 o;-; t· : ~ : ln ~1 rc \·.!ou s-.. y for ~ -c ~!5C:::~ th:it 
:uc ~.,ljsc;:ss ecl 0c:1m,· . :\ ty 11.iCil ::;.:(; : ~ ro:i: a p: : ti c nt h' .itll t.::is ty?c 
of pac .:_~; ~ l : !\. er c::~ 1 be seen ~i:t pi-l;~c ~ Oi~ the ap~icndix (Fig . ··_; ._ 

·) \.r c ~l r ;:· i c t: "! ~~ r s y ~ } ~...- ; 1 r ()no u ~ 
Vcnt 1·ocor ~s :-,.t .::; 1 1 r~ ... c~; s y:1L·!1rGi~Lz~~d to the R hav~ \; : \'C: ll

t r i c u ! :1 r :: o ;1 t 1· act :i on , :1 r_ d n J "'·' ! :! y o c L: ul· s bet\·! e c n t h c on s c l of <1 

QP.S coL,!lL'x 0~1d Ciil'ission c~· ;: ; ,~., · st:in;;1l:;t.ing i;~lp11 1 se . ,\ ::y!Jical 
c1cc t r c.c:n·di.o~;~·am i.s sl:o·,.:n i.:; :·ilc ;; ppcl! Jix, page 2 (fi_\;. :=. ) . Jn 
the p1'C,SL'l~cc a: sp:Jnu~;·,coL: . .:. vc·:~ ·~ r i.Cii i ar nctivi ty , the p:lcc::::lker i.l:l
pul.sc cunt.inu:,1Jy C:1l~;, ·i r:.ro rl;...: :1 hso l.utc rc:F r Jctory per1 od of vcn
t r icu! :n· contr;:ctioil (i_ J~ ;. ;1c Q!ZS) ilJHl n o response is prod •. ~-cd :1t 
normJ.1 or r ap :icl vcntricul:: r r::tcs . iii:n·n·vcr, should the s;.ontancous 
vent r i c u 1 a r rate f a l l be l o ;·: t' ; 'e n ·r e s e t 7 0 c L c c t r i c :1 :I con t r :' c t i o n s 
per minute , the p ~iCCJ il<l ker 1vilJ si) o n u mc:ously fire the v cnL rjcJe at 
t h e preset rat e of 70 . J ·.: then :-:cts like an :l sy..-,chronous or s tan 
(li.1r,l t ype pacema ker unJ c ss the spontaneoclS hea r t rate a6<1j n c x
c ec~..ls the 70 per ll!i nute \·:hich results i n the i;>lpul~c again f alling 
i nt o the ref r actory perioJ of ·.:he henrt ' s normal Q I~S . . \;· ~.,·· £ rae 
t o r y per i od o f 400 msec follO\·!S e ac h pa cemake r emission . :\ pre
mature ven t ricular contraction fa lljng in this refractory ~~rio d 
\vil l no t be Jctectcd by th e p:.:cemakcr and can result in a. pace- --· 
make r a r t i f act occurr ing in the vu ] J1cr a ble pe r i od of t h e T wave 
which cou ld po tent ia lly produce ventricu l ar f i b r i llati on . 

3 . At rja l synchronous or At r icor 
Th is i s an i mp l a n table paccJ;wker r cq ui ring a t hor acoto;ay . 

T\vO pairs o f lead s a r c u sed ; or,e pair :i s s utu red t o t he atr i. u1n an d 
th e ot h er is s u t ur ed on the ventriculnr wal l . Th ese arc atU1chccl 
to t h e p a cemakinr; uni t which se;1ses the P ,,·ave an d then a~· tcr a 
sujt a hlc d elay ( P· R i n terval ) t h e pacema k e r t h e n trj ggcrs t he im
pul s e i n t o t h e ve ntr ic l e . Th is has t h e obvi o u s p hys i olog j c Jclvan 
ta gc o f a llowing at ri al contrac t.io n t o c ont ribu te to ventricu l a r 
f iJlin g . Th e mos t imp ortant ad v antage is t h at o f v<.n:iatjon in t h e 
h ea r t ra te ancl th erefore the ca r diac ou tpu t ;1c co r cl i ng t o the p a 
ti e nt' s exe r cise de ma nds . As t h e a tJ· j ;cll r a t e inc r e a ses i,·_i_th exer 
ci se or exci t eme n t , the ventricular r a t e can c orrespondingly i n 
crcnse . Thi s p;-~ c cm ake r h as a 10\,·er limi t of 6 0 beats/min u te a nd 
an upp e r lim i t o f 120 bc;.t t s / r.linut e . As t h e norm a l at ria l r ate e x
c eeds o r fa ll s b e low t h ese tw o l ev e l s , th e n the p acema k e r wi ll 
auto ma tic a lly b eg in pa c in g a t 6 0 bea t s / minut e . Th e di sa d v an tage s 
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i ;: : l 1; :-; ;l:! ,:cu:: kcr ,JJ'l' th:1t it rc<!ll i rc~; a t h oracotn1ar nn d ;· r cqt;cnt ly 
!~:1~; ,i';·; idilty scw;ing th e P ll<tVc because of .lo~>' voltagt' Ill" :1t ri:tl 
;;; · r!:~·;ll; ;;i:::-;, ;;nd conscq u c'n:· Jy na y <1ct :Js <1 demand p:lcr'm :;:.cr ;1t. (,0 
l't':tt:-; / minuce resulting in a com;>et:itive rhythm . .-\ lso h'il c· .: t ile 
:1tri:t ! r:Jtt' exceeds 120 wit.h exerc:isc , there may he <.1 Slld<icn rever
s: : ! ni the vcntr jcu J:tr rnte to nO/m i nute producing sy ;:: pt·u:.J :; or 
hr:1lh·L- :Hdi:J in the patient . Thi s :is probabJy the p<1ccm:J:,,·.~· oJ· 

chniL·c in vount~ p:tt.il'nts 1-."i.tll svnm to :::ntic COJH>cnit:.tl bl ock o r in 
~-otlll g p~!t;_cnts· ,,·ith :-tcquircd hJ~..:j: <ll:t: essentially no :J: 1 ·i~:1 dis
ease or ;Jt·r.i:11 <!rrhvtlmi:ts .. \:·, cx :t:.:pJ.e of :: ;1 U~C ll'itil :1n·iaJ 
synchronou s ;1a cin::; j s Cm:J;d in tiH:: :li)JWndix , !.l age :S (F.i g . <>) 

~1. Dc;~1 ;~ll d pa ce l ~ l ~ l:.:.c-:· 

Th is p:1cen;;1kcr l1o.s a sensing ci.1·cuit ,,•i1ich dct.cct:s the heart 's 
Ol\'n s:1on t.;meous e}cct-:·icai i1c'c .. \·i·cy . Th is c:ircuit js de si.gned so 
that ir tur;ls t!1c ;J::. .: e ;: \::J~:cT o :·c ,,.;~en lhe s•Jontaneous heart rate 
is :ilJO'/C ::Jwt 1·:i1 ·ici1 1-:os y : .: ,.ri oc:s]v ~ct in the pacer . It turns on 
1·:hen ti1e heart r:-lt(! dro p ~ :1eJo'.': tf,c previously ~ct rate o;· the 
p:}CCm:t\cr . In other ,,·or,i s , :.i: c::s c 'Jacc::;::.~.;ers detect spont:lneous 
vent:ri.:ular activity anc: d o no:: ;n-c>duc c a st.iJilUlus unless the R-R 
i n terval excee d s a preset li~it . An example is found on page 3 
of th e appendix ( Fig . 7). 

The demand unit is th e o:1c L:sccl nl!iwst exclusively in th i s hos 
pital ancl in the major it;: c i o::;1c:· hospi tals around the country . 
Its adv c:mtagc is ti1<it it docs not produce n compcti tive rhytiJJ,J 
with the heart ' s own intrinsic activity . This is especi<1i1y im 
port <:nt since more th:Jn a quarter o f all patients requi-ring pacing 
for Stokes-,\dnms attacks ::.rc i.n sinus rhythm and require ventricu
lar st i mulation 1vhcn an attack of complete block s u pervenes (21) . 
The pace1;:aking l·equi rement s for this g1·oup ·of patients are ideal _..--
for <1 demand-type of pacema ke r whic l1 wi ll automatically turn itse lf 
o n and off as needed . 

The disadvantage of this type of pace;:wker is t h at it is inef
fective in the treatment of overdr iv ing an abnormal focus in the 
heart . If a ventricular tachycardia or atri a l tachycarcl in super-
venes, the pacemaker simply shut s itself off. In additi o n, if a 
patient is in norr.wl sj nus rhythm above the rate o f the preset 
leveJ. of the pacemaker the electrocardiogram docs not reveal any 
activity and it is diffi cult t o find if t h e p accma ~'er is 1·10rking 
satis[actori l y . . Carotid sinus mas sage or in j ec tion of l-2 mg 
Tcnsilon can sometimes he u sed to sl01v the heart rate sufficient ly 
for the demand unit to supervene and allo1v one to determine its 
i unctional rate ( 21). Some demand units•can be acti v ated by ex 
t erna l mag n ets for purp oses of ch eck ing their pacing rate and bat 
tery charge level . 

5. Ra diofrcqu e ncy induction type 
This p acemaker utili zes either e picard ial l eads or 

catheter leads which a re attached to an induction coil 
· ~ . 

p crvenou s 
implanted 

--------·---------·,---------·----------,-----~-----....-~--· .,.~·"'1~·---·- ....... ..---
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. · ' : :.:i l~· :. : \ . ::'-c'0ll:;iy . Th e- ~ lOI·: cr -;o u r CL' is outsjc!c th e hodv :-llid r;·JC' rat cs 
:-:·,:·,··~i;'. ii :: s c· u•nd jnJuction ~oil ·.·:!1 i..: h js si;;Ip 1y t:1pc~l tot· ::: .. skin 
.. :l\.1\ - ~_' thl· nr i ;:;;!;·v i...· \.1i l . Th i s :.ypc o j-=- un1. t h:t~ t i H~ :1 dv ~. Jli ' ~ . . ·· t h :1t. 
ti:c r ~ 1 ;:c· ~ 1i11. : po h<-:r ca n he L01~tro l ~cc1 <: ~ 1 ::-; j ly La c u i ;1f"'~ l' ;~~:l ~ l
Ih'c~·ss : n· v in L·rL·:Iscs o r ciccrc ;;scs in r ;~te 1v i t l: :1ct i \· i t y o:· .. :. ;.-
ci1<I i 1 '~ ,· ~; ·i:1 th res h o l d ,,·h ich mi._sht 2 r isc . I t :!Lso h :i s t he· .- .. . ·.-:t :l -

( ' 

t~l~~c-- i1: 1h :1 t t he b a ttc rj es c~·11~ he e .Js-!_1;. .. ci~~!I"1.:.~2d \\'j thout :. ~ ccontl 
opc r :1 ·, i o:1 . 

. t. it· ... ' dj~~- t \.i v :tn t.:tl:;cs of t!1 ·is ~~ Y l)C 0 1- ti.pp;!ra .. c u ~ ~~ ·fc ti1os ~...· ,, , ::,: y 
cxtc r:·~ ~ti t r pc: of ::pr)~1ratu .. :; > n ~ : r:~~· i y, t.1~a~~ oC ~- , cc' : ) l ! 1~, :Lt; t-.: · i·! ;~ lt 
c oil i1~ l- D ;1t~ c t h· i 1:i1 :: ~ ~c ~r .. te ·t':1· !~ cc~ : .i:1 :: ~ -<~· :·f 1 ~i:·,i \..·tt1:. ; · .. : · h.:o i ~ 
~ 1: 1 ~.. 1 i· rcqul:n r h~1t tc: .. y ch~ ~ - d ~..., _; : ) : :.::~:~--=-.~ I_ ... L ~ l 1.."' ; ~ ~:·~~C' c;.._.._,~· c;y ·: ~ : i ~ . J~ ..... 

_-!_ n 1":~~..-· ;.; xtc· i' !1 :: l tr;11~sml t. :..::.· ·( . .· :-. (- .. l~!ii.~ . cr .: !:. ·:.. . 1~1 := r•J ~ i1 ~.. · oJ 
pa c in~.; ~r ~- th e c x tc1· nr1! co : 1 :1c·cc~:·: ~ ~ ~ -~sJ.od :~c\ : l:-r om Ll 1C ~ k-_; _ 'l. h :is 
mc t ;1od has no :. bcc:rt \l: .idc1y i.. t se~.. : a·.: Th is t i ~~: . .-: . 

6. Po1,· c r s u n;; lj cs 
All· o f th e p ;~ccJn~tkc r u n its arc d ep end e nt upon a fon1 o i· c hemi-

c a l to eJ ec tri c energy fot· Li·1ej r ~ Joh·cr s u pp Jy. Jn pre sent usag e 
are the p opuJ a T ;,1erc u ry-me r cury c:ll o-r.i.dc b a tteri es Hh ich h av e a 
rel J. tive J y l on g l ifesp an . The c~ \· c ncgc li fe expe c t a n c i e s for the 
di f fer e n t pac em:J.kin g unit s are l ist ed at the end of this se ction. 

The Atomic En e r gy Co;m:1 i ss i on is n ow investi g a t in g a nu c lear 
poi,'Cr supply , plutoni um-~3 S , 1\·hic h c a n h e used a s a co n t} J~ u o us 

soctrce o r pow e r and \·: ill ess en t iall y pr oduce a li f etime batce ry . 
Th is u n it is under jnv c s ti g:lti.nn bu t ·i s rarher l ar g e and bu lk y b e 
c a u s e o f th e shield i ng requ:i red . ll ol·.' c v e r, re c ent a dvanc e s h ~1ve :i.n
clicat e d tlwt a 'work a hJc un it w:i ll soon be avc.iJ a ble experi :ncntally . 

A hi o e lectric form o f p01ver i s b e i n g develop e d in \\'hich large 
electrodes a re pl a nt e d ben e ath 1: he sk :in <mel use the redo x pot e n
tial b e tw e en the pl ate s and r h c tissues to f o rm a chemical r e ac
tion whicl1 in turn produce s an e lectric a l s ourc e of power. These 
electrodes a re too la rg e to b e o f pract ical value at this time. 
However, they do have -pot e nt i al f or the future. 

C . Clinical guidelines f or selection of pacemak e r typ e 
It i s important t o rea l i ze that no mode o f pac i ng dup l i c ates 

completely the ele c trophys i olo g ic and hemodynami c f lexibiJ i ty that 
characteriz e s the norm:.1l b e ating heart. It is illlp c rative tlw t 
each patient be evalu a ted c a refully and the type o f p a cing that 
best meets his needs be selected. A few guidelines may be helpful 
for selection of the incliv:idu a J p a cem a kers . 

A fixed rate ventricular paccmake1· is indicated for thr. treat
ment of p e rmanent complete he a rt block. The difficulty ari s es 
here in determining if the heart block is in fact permanen t . 
Another usc is for the suppression of tachycardias . This pace
maker allows the use of the ov~ rclrive mechanism described in 
another section to control tachyarrhythmias . The antiarrhythmic 
agents may be of value in conjunction with this type of pacemaker 
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in st:p ness in g any 
dc\·c i c) l . 

\ 

\ 
competi ti \-:\ 

l 2 -

r 1\ y ·t: h m :> or p a r ;: s y s t· o 1 c.: s \•: : . l\.._"!1 

:-1yh:h:·oni~~..'d ;ttr i:l] p::c~in g .is cuploy ~._' ll jn p;tt i ~..'nts i:: \·.<:u1:1 t>ic 
cont:·i 1ut i on ,·:Jl~ :1 properLy·· t.iJ,,,·,\ ;~tr i al :;;stoJc :t :lli mCiin t,;:;:,:·.cc uC 
c tr,liac c1u tpu t ar c d esi rab le :n;d :1 cll::n~;ing r:1 t c ::1 ;:y he o: :. ::sis
t;~n.:::c iii da y-to-,1:-ry activitie s . This s:iould be used in )'c1C:Jc,; :; a
t : c n ·~ s ':: i t h n b \ no". n a t r i a l a ~ · r L y t ln: j ;: s . 

:\ dc ::: :~ : 1 d vcntrjcuJar :; acc:~::<-:cr is .::;) st t:seful fay- r:w:.;c ·.-.·iw 
have normL~l r hyth1:1 in.tcrrL::'>Lcci i)y ;_1c r :i CJ(:s of .\V iJJ.oc}~ a ·r ~~1~ :-;in u s 
0r1~est . 'i'his p0ceL1:-l1 ~ c r l~~ts an ~~t.i\·~ t nt.: :::;c of no:: Ucv clopinu a CO i~ I
pe tiLivc ~ ~ !1ytL :, -: \·:i t h tJic i:co_:·:' s ~~~ ~ .. :~: i;: .. _l'iilsic ~)~lcc m :!!\.c ~·. 

The \'C'nt r i cul:J r sy;-Jch~· ono L< s :·, :; ccJ tJ :!l . c·; · c.an be used hi t!i -c!w 
s o.m e indic;1tjons as t 1Jc dc;;laJ'lcl p;,,::(' lJl~i\.c1· . 

INDICAT£0llS ?0? PERU~DF~T ?fC~0AKE2 T JPES 

l. 1\trial sync lnono·,:s 
a. Young p0.t :icn t s ,.,,j~J: ~)cr ;~:;i !1c; t t·_ ih ird .c.lcg1·ce bJoc k 
b . \\'hen :ttri:tJ .iilt.I·: tc : . vi~- ~ :;·:; J,~': u.~ i ~~ a~ !uvc· J.S lll':' 
c. \\.h en no ;ttri_;,l ;n~·:, y t :li . :i :r ~; ot· ;; tri. :tl J i.seasc ;: r c ~,;t, r, d 
d . •,,'hen -~ h or a cot o;:·,y i ~; :10 ~ ,: o ~ 1 t ;· ~: i n d :i C t t c d 

2. Stancl;~r<l asyncL ro nous 
a . I n r e c u r r c n t v e ;1 t r i c u 1 ~- t -, a c h y c a r cl i a 
b. In peY'manen -t th i rei cle g1·cc block 

3 . V e n t r i c u 1 a r s y n c h r on o u :; ( r c f r a c t o r y p c r i o d ) 
4. Dcma ncl 

a . E l d c r l y pat i c n t s ,,. it h t r ans ient b] o c. k s 
b. In pati en ts wjth a t ri:1l chsease , arrhy thmia s , sinus arrest 
c . I n a ll c a s e s no t ] j_ s t c cl a b o v c 

Most frequently usee! n ow 

POLLO I-I-UP OF PAT I EilTS f-.'n"H PE: RI-1A NEWP PACENAKERS 

l. Heart rate 
2 . Chest fil m, ;)Q si tion o f ele ctrode 
3 . film s o f batt e r y 
4 . Electroc ard io gram 
5. Impul se display 
6. Card to say patient has p3cemake r, 

type, and date of insert ion 

TYPES OF PA CEMAKERS AVERAGE REPLACE:MENT 
__________ ....;:'PD_.J~ E::c_, ____ _ 

l. Atrial synchronous 15 Jl\0 

2 . Ventricul a r synchronous lB mo 
3. Demand 21 mb 
If . ;\synchronous 24 mo 
5. Radiofrcquency 
6. Nuclear powered 
7. Bioelectric P?"'e_r_e_d _______ _ 

-TT1cJJ-i1c-Li"t~:; my 
Tr:1nsv c nous 
Tr J. nsvcnous 
Tran svenou s 

------------------ .... 
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liT. 1':1cinr. in .-\cu te ~lyo c ardial lnfarction 
:\ . incidence and mortali ty of heart block with myocardial 

i :1 :· :1 n : t i o 11 

Till' O(: Cllr r,':lcc ol sccund de g ree and compJctc hc:1rt bloc k in 
:!ClltL' :ny ,lG!ni ·i :t ! inl·arct.i.on has been considered generally a poor 
progno:'ti(: sign . The lll01'":: J.l:i.ty rcGches at least 50':. with comp lete 
lw:1r 1· b lock i:: :!C lltL' myoc .~,rJin:L infarction ( 22 ). l!oh•ever, of the 
sctrvi\· o~·s on ly ! 0'~ or ·l ess ret:1in a permanent block for more than 
th'O ,,·eeL; (22-2:1) . The long - term mortality among patients return
i ng to si"us rh yth::• is COlli parahlc to patients who never developed 
b lock (2::>) . 

~IllCI~~ilCE OF HEAR~ BLOCK AND SINUS BRADYCARDIA IN AMI (26) 

r: i. rs t d eg ree 
Secane! deg ree 
Thi n ! degree 
S:i.nus ln·adycardia 

9.n 
7.0% 
5.6 % 

l2.6r.; 

''' /\vcr:1,:c i n c:i. J ence in :-i 6 0 patients in literature survey. 

The1·eEorc 35~; of p <nients with acute myocardial infarction 
might b enefit from pacing . 

*MORTALITY ASSOCI~TED WITH HEART BLOCK IN AMI (26) 

Fi r st. degree 
Second d e gree 
Third d e gree 

26% (15-45) (anticipated) 
. 44% (30-60) 

58% (25-100) 

* Survey of literature (nonmonitorecl patients). 
0 

The mortality with first degree block is similar to the antici
pated mortality in myocardial infarction without block. The al 
mos t doubl e d mortality with second and third degree block should 
be i mproved by ventricular pacing. No good reports on the mor
tality associat ed wirh sinus bradycardia and myocardial infarction 
have appeared . However, many patients with slow heart rates are 
seen to h cmodynamic<~lly improve significantly, 1: . e., progress from 
shock to a stab le bloo(i pressure, \vi th pacing (27.- 29). 

Paulk a nd Hurst (30) reported 1400 patients with infarction and 
found 47 (3. 3% ) who developed complete block. Forty-one of these 
~7 were pac ed with 22 s urvivors, 5 of whom developed p ermanent 
block. Nineteen of th e 41 had cardiac arrest with re s uscitation 
before pacing with a .mort a lity of 639.;. Twenty- two of the 41 had 
complete b l ock but no ntajor cardiac arrest with a mortality of 31%. 

Cosby (:'il) and Courter (32), however, found little difference 
(3 9 '1; ) in mor ta 1 i ty b e t1-;een pacecl :md nonpaced patients. ~lore en
cour<"lt i ngly, l3rucc (3:>) r eported only a 23% mortality with pacing, 
and Sowton (21) reported 11% mortality with pacing. Harris and 
Bluestone reported a 36t mortality (34). 
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];1" ;· L~ Cl'llt r ,;\: i.c~ \\' ul 1hc lit. cr :tt.urc (::iS) oC 1 2~1 C:l~c· ~ ; p :tCC' l ; 

· .. : ~~l: :i,·u:,, llll·oc :; rdi .. \L i;;farct;uil ~ tnd ilc:~·:rt hJ o,:k , <>!I '~ rcc u\·,·r l'd, 
1·: it l1 ~ ~· .. ;·c'lil : t .i n i ng in \ pcr m: tn c nt bloc:\ . Cl.osc sc ru t in y 'lr ;h .' c:tse;~; 
:tii l. : r~,.':.Jl ':lii lC)' i ng the hj'gh COi.l])] ; C:i ~ L on r ~ttl.' ~\>· i th t r~n~\'l'l'iO l i :' r~~iC i r ~l~ 

j n ! L s i ; li' ; I i1 c \' (1: ' ~~ ' ' ] 9 ~. j 11 c i l: (' il c c 0 [ v c r, t ric u L 1 r r i !J r i ! i :t l i () li 
\·:;~ )) jl:I C l' l' jllSCl'ti ons (30)}, Q: ' t.1:j' ic:·f.cd pc:c·i11g p t' Ouai.Jly r: .. · , c' r;,:e; 
· . : • . ~: :: 1 :' n p .:t.-::t.!n!;~j Wt lO .... i v ; ·~ !... ;~ao c a tn(~ Jo:.'"' c:.;·z:. ·ode OJ ... ..;; ~ J · ,:!.. i ::c 
... ~ j I..!' t' • J .... 

~~ j i 1 d ·i c ~:. t -j_ 0 n s f 0 r p ~~ (.: Jvl r ~ 
HL~]O\\' is a contprchcnsjve \ ljst O L "".=ho i:OSl)it :; ls ' inui~._:·,:_. jt)n~; 

for p:tccm~:kcr ins cl· t io;l. · 

FOR T:V ,JE.~'TI J:"/ 0 ~·' ·. \.i:: . . 
I.'! /'..CUTE W! OC;;.:: !Jc. .:.-

·~ o f t ot:: l 
F i 1~ :--.., ~ li c g r c c 
Scconcl degre e 
T l1 i ~-~. 1 clef~ rce 
Sinus bri1clyc ::, rcli<i 
Ventr icular f ibrillation 
0\'ertlrivc 
Pacc J:ia kc r u sed 

·1 ")t' 
• r ..:, \ ) 

] : ~:; 
-::: ~} ,., 
.. ... t) 

2 0 ~' 
6 9~ 

n·:, 
---;;: 1 1 s-1(4 o ~-)--

The inchcntions used for p.Jc in;; ~-'~<,c u te Jil )'Ocar ,Jia l in[;:rc::ion it t 
Park J .J n d i' f c m or i a 1 • ll o s 11 j t a l :1 r c l i ;; L c d .q t. 'L ~1 c c n d of t h i s ,, c· '~ :: i o :1 • 

l!c mocl ynam'i.cally slow r: ttcs :·.clo \·.' (dl /t:1i<l TC Jhi tG dcc: >t':: :.;;-; c::tr
di.Jc: output significantly and ~i•crc ~·o;·c r:ttcs shouJd be J:·,:;'i! U!i:·tc::d 
~ bovc ~0. H o·~vcv cr~ ra t e~ :1 ~!0\'--..: p (i- -,'il c ,·.;y ~nc ·rc ~sc rescj , ~ _ ,·ar-
diac ot;.tput: by no ;lore t han 10 - 15 ·~, bu t do u.p:.~r e;ciab . !.y i r, ~ ; · ~~ <: .-.:. c t.. lte: 
wo<k o: the h eart (nnd p -:.-ob&b :.y mY oc?ni i <J.J. oxy.c;c n consu;;' !' ~- : C· il) 2.s 
rncasur e cl by the time- tension i;·.,ic:-.: (?6) ; see ;:.. ppcndix , pa ,; •: :.; (Fig . 
8}. Clinically , the slowes t rc:tc ti1-1t ma:in 'l.a in s t h e b lootl pres-
sure is th e proper rate selection. 

C. Location of infcncti on a nd bloc};: 
Anatomically it is \vell c~;to.hlishc:cl th a t the artery Siipplying 

the J\V n ode o.rises f rom the rj ght coronary artery 80-9 0~~ of t:h c 
time (36} . Th e right coronary a r te ry is usual.ly involved in in-
ferior (po s terior} myocardial jnf;Irc tions . Th erefore, it is of in -
terest to analyze the mort a lity '''i th pacing associated wi Lh :.~nte-
rior and inf erior myocardi<tl infarctions . Julian et; al . (:i7} ::mc. -
l yzccl 81 patients with ncute my ocardial jnfarction with tl11rd cle
g r e c b l o c k and p a c i n g <111 d f o u n cl t h c f o 1 1 o '" i n g r c s u 1 t s : 

JUJ,I;; N - 87.. Pf:.TIDNTS P!tCE'D ~11 '1' 11 I!CUT Z.: i·1YOC!iR/JIAL INFU?C'i' .!. \).'1 

In fer ior jnfarction 
J\nt,~ rior infarction 

~ 0 1" t..0._!j_!L 
2 (j ·~ 
86~ 

Bone f i tel! 
--()p~--

9~ 
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S < ;;_:~, ;; ::,: :•\;•ckc n ( :-; :-~~ co11Lin ,_;o~t s }y mon it ore d t:1c clc·l- , I'I•C;I:'li i o 
.~ ~~·:l; , ; \ ) ·, ~.; p::ticnts h'it:1 ac\Itc J ~ ,y oca rti in1 i n l. r1 r ctjo n \\· ho i~. ":C1(J ped 
( \1 !' ;'; : ~ · :~.· h L':lt·i· h i o l:k . T h t'Y lC'lllh.~ ~the });It :icn 1s \-.'itlt p o~~: ~. · ;·iul· i~ 1 -

: · ~!1"Cl i c~~~ i. l~:i.t~i! !y progrcs5c t: throu g !1 r ir st de g r ee ;l i ~d ~-loJ, I ~: type 
i a;hl ·,-;! :·c··:\· 11 second degree h!ock hut not B:\B bc :·c;re dc' \' ClO])i;1g 
C\)i:iplc'ic' /:c;•rt hlGci, , \\'hi l (~ tht1sc p:1tic·n ts h· i th ant·erior i;: :·arc 
tic'l! ;:, hi c' Cl ,il ji l c'lC' block Slllicic:l:)' .JcvclG]lCd co;;; pletc' J,Joc:, Oi' 

p :i S.:'L',: l· hroug!; Jlj)]) Or ~lo\J it:: typ e J[ bl oc k fjrst , ind i. C:llllog sep
t <tl 1: 1 \'u!\'c~;;:cnt \·:it.lt the :-,ntcr-ior infarct ion and block ~tillt ;;n .\V 
nod :1 l 1c• ~; i o 11 i 11 p o s t c r i o r i 11 L 1 r c t i. o 11 ( :'i ~) ) • 

T !1<.' c x ;1 l nn: 1 t i o 11 r or t h i s cl j s u · cpa n c y in ;:~or t .:1 1 i ·L y he t i-..L, '-' n a n -
tcrjor an ,i in !'c~·ior n;voc.ar,l:iaJ in,';n·ctions \·:i th block may 11· c ll be 
ex;1l:1.j nc ,i i1y p~tholo;~·ical :ind i.. ngs of ~;urtoll .:Jil<l !Lt \'ies (iO) . 
T h c y .f o ~ 1i1 d up o n :1 d C' t a j 1 e d h -:_ s t o l o g i c :1 1 ~ x: t m i. n ;1 t :i. on o f t h c c o n d u c -
tion syst em in 29 cases \vj th acute myocardial inf .:1rc tion h'i ,_ h 
block that in the 24 cases wi.th posterior (in fe rior ) in :Lnction 
the coron:1ry ar tery supp Jy ::n g ~ he i\ \. node \\'::15 occlud ed , hilC:·ec.,s in 
the 5 cases \·.'ith anterior jnL-;! rct ion th e AV noclal artery ·,-:o.s pa
tent hut mas s ive cLnt :tge to the conduction system (both bundles) 
,,·o.s p1·e sent. This :11<1)' ll'elJ. cxpl.c:in th2 high mortality 1-.rith ante
rior in fa rction and bloc\. p lus the transient nature of the block 
with posterior infarction . 

IHDICATIO~S FOR P~CiilC Ii-' ;.;yoc~~ -"'DI~ L INFARCTI ON 

4. 
5. 
6. 

Second degr ee heart block 
Thircl degree heart block 
Sim;s•bradycn·J ia ,,•ith r<1tc belo\v 
60/min unr cspons:;,vc to drugs 

:Runs o f ventricu~ar tachycardia 
F1·,equent PVC 1 s ,,·:i th bradycardia 
Pri,fH to suppre ssiv e therapy for 
vent-ricular arrhythmias \vhen heart 
bloci<.\ r sinus arrest might occur 

''· 
_\ 

IV. Pa cing for Control of Arrhythmias 
A. "Ovenlr ive" pacing for tachyarrhythmias 
" Overdrive " pacing mar-. he C.cfined as pacing a t a rat e in ex

cess of the he art 's own int.r insic rate (111hich may be either atrial 
or ventricular) Hi th the pu'rposc of suppression of the hc0r t 1 s mvn 
impu l se focus . The most cOI:lmon use is ventricular p.::-,cing at a 
rate higher than the normal ~:i.nus rhythm :in order to supp:·css <Ill 
j rri tnblc focus which may be \Hecipi tating paroxysmal vcn :1·in:lar 
tachyca r dia or frequent PVC ' s\ 

The primary purpose o f pncing is to prevent life- thre atening 
a r r h y t h rn i as s u c h a s v en t r i c u J a r · as y s t o 1 e and v e n t r i c u l a r .C i. b r i 11 a -
t.ion. llowevcr, the usc of pacing has been expanded to contr ol re
fractory tachycardfas, atrial and ventricular, Hhich are llomocly
namically compromising but not ~lways emergencies. In addition , 

i", 
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;':ll·iJ.: . t·:ill jWr:ni;. the usc G!- :J:;ti;,rrhyth:nic drugs t·: itilo<.t :L'<t r of 
prcld\1,·;;;;~ <111 in c re ase .i n hc:l"C't hloci\ or suppression or :t<: i:.lpctlsc 

::1 :~1(,.\ S~.lh(l)ll , I,L':ilit: .:.t , :tn,; t::trson (.: J ) t.:-;L·d ;!rt i: · tl· : ... p: tcjng 
in tr ~. ': iL· t'h'O 1 )~ i lit...'l11- ~-: hn\' in ~ ~ norm~ll ,\\.conduct ion \·:h n d ... \ \ ·\ . ; ~ ,;•l'd 

r<ij'i,: \·L'ntr.iu:l:n ;trrhytl~:t!:ts rc!"r:t-.::tory to convcntion:tl <il':: , ~ 
1ltl·r:tp}· . ln t hcsc p;; ticn ts the ;-, rrhythn:1 :1s h'Crc supprc s:: ,•,' :,y p: 1c-
i:1~: tlt<~ right vcntrjc.le \•!itil ;1 tc;:;porary transvcnou:s c;;th c < ~. · r at 
r :1 t e :; o ( l 2 0 b c a t s I 1:1 i n . ii c i nw n a ;1 d i I c 1 '" i g (.1 2 ) a J so used i ;. t r :1 car -
djac p:1c"ing to control vcntricuLn Ltci;yc::ncli;:t :1nd C:ibrili:tt ion; 
in nne p :tticnt sti.m u Jatio;1 o[ the atriu;;; at a r:1tc of 150 hc:1ts/min 
\\as employed whi Lc .in the other patient the ventricle \vas paced at 
a rate oi' l30 hcats/min. 

1\;;stor, DcSat:chs , J:;lrti~Ol':1c, ~tnd Schl·:::rt::. (4:)) report,• ti th'O pa 
tients j n who;;) transvcnous a·c: )·i al poci!lf'. :1t r:-ttes or l.lll be;:ts/min 
,,·as u :=:cd to tTcat refractory '.'·:::;:t)"ict<Lar ilrr h :·thmi.as, ;me! Cohen , 
Buccino, \lorro1·:, nnd Brou ·:: \ ·; : ;ll~ ~ · eco: · Jcd the use of a re~dio C rcciucncy 
pacc::taLcr :1-::tachcd to both th e Jc:•: <Jtr ium <Jn,l ventricle in con
)unct.i on 1vith propr:,nnJol ·Li:"l prc'.-< ' llt ;;tt:tcks of recurrent •:cntricu·
l<n t:tc !·,ycardi<t jn :1n othcrh'_;_SL) hcJ.L1· l!y )'<)ttnr; girl (tJtJ) . Several 
oth er reports -of s:i.twi. i:tr ' ' cvcrdr:i.vc" pn cing lly both tcmpor:t1'Y <tn d 
pcrma:1cnt pacemakers hav\; hee:• ~.uccessfully documented ( 115- 119 ). 
'l'\•!O cases of recurrcY'.t ventricu:I.1r fihrilJat1on, unrespons ive to 
dr ug therapy but suppresse d by ventric u lar pacing associated with 
hypomngnes cmia , have bee n reported by Loc0

b ancl co -1wrker s (SO) . 
Thioridazine (Hellari.J ) , a psychotropic agent , has been re

port ed to cause elcctrocardiograp1l ic repolarization abnon1ali.ties , 
_ supraventricular arrhythmias, f irst degree heart block, intraven -

-------tri cula r conduction delays, and nonconductecl premature atrial 
be nts (51) . In addition, several ep i sodes of fatal ventricular 
tachycardia have been r epor,tcd (52). Schoonmaker et: al . (52) re
cent ly repo rted a success f ul co1tt rol of a patient with r ecurrent 
ventri cular tachycardia induced by Mellari l with ventricular p a c
ing ("overdr iv e ") pr ev iou s l y unre sponsive to drug therap y . 

B. Post op era tive pacing 
Recently surgeons have begun to routinely insert pacing wires 

in the a tr ia or v entr i cle during heart operations to be u se d i f 
n ee d e d in the postoperative period to s uppress irritable foci in 
the h ear t ( S3 , 54) . 

These reports document that it i s feasi bl e to suppress epi
sodes of v e ntricul a r tacl1 ycarcl ia and fibrillation a n d atrial tac hy
cardia in the presence of normal AV conduc tion by pacing e ither 
the atrium or ventritlc at a suitable rate . 

~ C. Me chan is ms of action 
-.....,~ Th e mechanisms by which pacing , e ither atrial or v ent r icu l ar , 

·,< .. '----~successfully prev e nts recurrent tachyc a rdias arc unc ertain . Some 
.,_ '-.. ,<i-a,ta are available and applicable : l) Slow rat es predispo se to 

~ -·-<' -- .. _'--......__ 
) ''-· ,--.....__~~ . 
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L' ,. ''; 1 , (. i' c a t i ~~ g , p o s s j h l y i 1 c c;; u ~' c d .i ; l s L: o 1 o i s p r o l on r; e d . i •: ; r.i n g 
:.; ,, · .. r;.; L' !; the recove r y 0;· exc i c:h.i. l .i t y is p :-oJ o n;~cd , :I I:,: ~ :1e; 

~'"; ;;,,_)\) , : 1J;. ~ - \~cr:tr:lnt cx\ _ _.it ~ :tio!·t is C jl h ~tnc ..... ~ d. J..:.~tpid : · ;! ~.\.._·: :. dc-
~...·r~.'::>L' ~itc 1 i. ].lL' \.) L- rcco\'l' r/ o:· c:..:Litai l ilit:.· : 111c~ !.l;tl\C' rep c : : ~ : ·;~:~ I-

~ ; \' 1; L1n ·1·l' h oi;~O.I~ l'11COUS thrGL·f-::1ot:t ~}lC VCJ~tr:ic1e . 1) i)C~10.!~:~ · i ~:~tj0 1 ~ 
h; . \ · ,, :· :- o nts lll'lh.luc~d by cxvgcnuusJ.y ;IJ!pl j cd s ti::IU] i n;;;y ..• ,. , · :· e
l'!ll r~: ! 1: 1 1"h\\·a y ~ ref r act o ry ot· c~i!Lc:cl ree n t ry v:~- 1 vc f r onts ::: .. ·Lilerc-
ro r c suppress ~ctop il· focj (:>:'> ) . 

~lhy~jolot~. ic~:l f:.l~..--cu~~s \·:h:ci·. ;~.;:y :J]su : ) J ~ :y :..t role _i n t;,· :.it.:p
prl"·s:; l o i~ of }10\(:·iH;ikCl~ S hy !:l...l ': c~ · \.IY~\'~1:~: · · ~n~.ith.lC 1 ) Lhc :, \_·j, · :~~iC o :
;~cctyh:ho l i J iC' ;Ind ot·hcr <Lt.ono:·.l:i.c J:l<.'dL<ltor.s by the ;)<1Ci ng ~tii:IUJus 
:1nd :~ ) shift.~~ j 1: jh1t ;l ssi_,:::: co;;cci:tr;::i.ono> in t h e i; 11_ ! ·~; - ;JJ1 d extril 
Cl'llu l :t·: I:l ·iJ:i cu (S4) . 

v~'ni.:ricular Ji<Icing h::s :) C: L" !l :;uccc:o!>J~ u J. ly u see: to co r;t.r,<l nt·c i. ::Jl 
L'tchrc: :· J~ : t despite the :·;:ct th;:i 'L :;:10u ! d n. ot be c·xpcctc< to af 
fect the at~· i:;J cc'C:oni_c ::ctiv ~t ;- i11 :: -:.: rjaJ. t ac hvc::rdias . T1·: o e x -
p lH n a-:.:io;, s can be o(:_'crc~ : 1} .i ;:tp:·ovcmcnt in a t ri al .Cunct:ion 
thr oug h impr ove,] c o 1·onary ci r n; l <tt i l)J1 con se q u ent to r cst o r:~ t ion o f 
e f.fc cti v ~ regul a r ve nt.ri cu [ <Jr 1·h y thm ma y :; h o J i s h th e at r ial t J. chy 
c a n i i a by favora bJ y nfrccLing t· he !;L.i;:tu1ation and fjb r i l l :. tion 
thr es h o l d o f th e a tr ia . 2) Vu:u· .~cuLn· p;.tcing c auses COE!''l·an t 
r e tr og r a ,le cle j)o l ar i. zation of t he au·io v e n t ri c ul a r n ode anJ :he 
atri a a nd thu s s uppres s es th e n odal or atr.ia1 pacema k e r s . 

0 

D. Pr oblems 
l . At ri a l pacing 

Cathc ·c e r pl acemen t is the taost cl i ff i cul t prob lem e nc ou n t ered 
i·tith tra:1sv e nou s a t r ial pacing . These c a th e t ers b ecome ch slod g e d 
or a r e f re e-f lo a ting a n d f r eq u ently a tr ia l captur e i s lo st or e lse 
th e current r equired fo r ca ptur e is a discomf ort to the p at i e nt. 
The p a tient may develop at rial f lutter or f ibrillation an d then 
the atrial pacing is of n o v a l ue . Ho,,· ever, re c ent cardiover s ion s 
of atrial f lutt e r h'ith at r i .:ll pacin g ( a trial '' overdrive " ) \vith a 
return to normal sinus r hy t hm hav e be en reported ( 56) . 

2. Ventricul a r p ac in g 
The use of ventricul ar pacin g in the pre se nce of norm.:1l atrio

ventricular cond uction results in h ro distinct probl e ms: .f irst, 
th e risk of p a c ema ker - ind uced v en t ri c ular f ibril-la t ion c a u seJ by 
th e stimuli f a lling .in the vuln er :~.bJ e p e ri od of the c arcljac c ycle, 

·and , second, the hemodynami c problc;ns as s ociat e d w-i th a synclHon ous 
pacing (49). In the maj ori ty o f patient s who mani fe st paccm<1k e r 
parasystole the pacemaker s timulu s intensity Joes not reach the 
thr e shold for provocation o f ventricular fibrillation, but u nd er 
c e rt::tin circ umst a n ces the f ibrill a tion thres h old of the he a rt can 
hecome low e n ou g h for a p ac em a k e r impulse to provok e r e pet it ive re
sponses (v entri cular tachycardia) or ventricular fibrillation . 
Tl1e second problem involve s consideration of the hemodynamically 
un favorable effe cts of lo s s of atrial contribution to vent ricul ar 

----------·---·-- ·--------------· - - - --------- ----·-----·--·---· 
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fj J]j:l .~; h'ith <lS)'lll:hronous \'cnt r i cuL:n p:tcing and i s clis n.o;::cd in 
J;t(ll't.' ,kt :til in~~ L1 t cr section. 

1·:1c pr im:ny thcr:~py of vc;1 t ricuJar arrhyt lmias in ti : •: ~:i,::;cnce 
\) :· .\\ ' hl0ck is lit~~ ltSC of ; : lyo~:;rcii:; i deprcs:::tnt d rug s st:~_-;, :!s 
quini,lin~', proc:-t ·in:tmi.de, !ido~·: ! inc, d·iphcn;-lhytian to i;l, ::1;,; j> r u;• r:ln-
olo l. !!o\·: c vcr, drugs of th is type , usti~illr udl:1 ili.i~~tc;·c· ~~ l\J · .. : : ' ' ; ,; s 

c~..·t0nic :1ctiv.itv , h:tvc bc o ~: ~-. i: , 1.-:~ ·: ~ ~:;\i\ .' :· SO lllC ci rcu:. ~ ~~t · : :i~..:-- · :_· o 
c:;oc;;~ .- p·lctio.xi~·t]] y th -· \· ·nt···'cu' · ·· ·.'·r '·v"''"'i ·· ,· ;::J!]) . .. ,:-_: .. .-."c :·, 
i s th: c:,s~~- ~-:; pi~Ii,ac j~:g :

1

1:1:-·_ i,)c ! j';·c-~- ~";_:-i :~ ~; ·: · "~;::;·t.ltc:· .. ,y.· ,, ;, : :c: r 
;ldcctLLi tL" p~1ci n ~~ h~1s h\..:~cn e sl: . l)! ·i~~lt.:: \:, L1H·~. ~..- - ~ ~ nt~:;rr;1ytdJ :, !c ..... r :<; :_..; 
1ll ~l y t h (' :1 h L' c L) 11 c. 0 t:l i t ~ lll t ] y ~ : ~ : ~) :! '~ y c. \.1 \•: ~ \_ ; l I l' s s r j s l\. an c.l ::l 0 r c· 2 r -,-i -
cacy sl1ou .ld th ('y bo ncccss~.-:-y. 

\! . RC'su lt s o f PcrJ:letncn t ~-:.<tc. ~:-. ;·. i: ·t :IL';-!~ · t BJock 
Inciic ~:.tions ~·or pcn;anc;·,: 1);_:-;,:in:; jncl:_:clc com;llctc h ea;· t bloc;·: 

\\rith s-cokcs -.-\ d ams attacks; si :.; ,:_-; iJ:·:~d'.'C(!J.'cij _ .::l \•lith co ngcst .!\' C Lc~rt 
failure, angina , sy; lcopc, o;· lc<~'' c,,u.:\<1C ou tput improvecl ·.-:i ;,.) : <:cr:; 
por:-n:: p:1cing; periods of' s · ! : ~ · .. s <tr rc st ; oVC]:drive f or con Lrol oi· 
persistent vcntr·iculClr a r ri l:·:~·it;.,i;;s such :;s bjge miny, mu l ti:-'oca l 
P\'C ' s, runs of ventricuL;r t:E:i'iy c:-1~- ,; ! . .1. l·esistant to the ·ust: et l ro-rm s 
of drug therapy; congcni t;o} c c::;pL ctc heart block \1'ith S)'J:;p -::o:n s oE 
angin<1, syncope, congestiv e } ;(' a~· t L;ilure , or progressive Ci.lrc"iiac 
enlar gement. 

The most comr.wn incliccctior: for peTma n(;nt pacing with jm!)lantcd 
pacem<J kers is complete he c-.r t h i od; , and therefore the inc:i.d e·ncc, 
etiology, and mortality will be revjcwcd. 

,\. Congenj tal block 
Complete heart block o~.-:cu rs in 1/10 ,000 to 20 ,000 Jive b i rths ------

(21, 57). Over hal f the cases c-,r,' associated \vith other coJ~ g eni-

tal cardiac abnormalities (58); the more comrnon are corrected 
transposition and ostium priJ:lU iT, defects . 

Prognosis is good in unco~p licated block (59, GO). On exer 
cise there is a considerabJc increase in the ventricular rate ancl 
cardiac output il'i th the capac_;vt)' 1~ or physical exc1·cise neal· normal 
(6 1 , 62), Stokes-AJums attacks u::.y occur but arc rare, ancl ti1e 
risk for an individual patient has been estima ted at 10~ (Ci::i -6 5) . 

\vi th this lOll' incidence o:f syncope and relatively nonta l h c n;o
dynamics, He reserve pacing in congenj tal he<trt block for those 
patients that become symptomatic, i . e., Stokes-Adams atta c ks, con
gestive heart failure, angina. 

B. Postsurgical block 
Heart block is not uncommon after heart operations for the re

pair of lesions close to or involving the conduction system, i . e ., 
ventricular septal defect, tetralogy of Fallot, aortic stenosis, 
ostium primum defect. This complication may be as high :1s 10~, (66, 
67). The prognosis for postoperative heart block is poor, with 



::l , c. t: ::n 8(1':. ::;n rt.:l"i -;:,· ( ~J), T<~ c \·cnt:ri c lcs c.:n he 11a ccd ,: ;: ,- ! ng 
:::;d n ;;I<' i:n:Hl'diat:c j1ost o p cr ::c·ivc COl ll' Se ''ith :1 tl';ilpo r :t ~· .·: :~ ;,it 
; : ) h~ ;!( ,': · ~'L'jlt :I CC'll h'ith il ]'! CJ'i:J;J ilL' Il l. lli l lt il til e hJo,_: J; l'l'l 'l:,i 

.i.li L' i.: ,• r l:ilit\· i. s reduc e d to l :J ':. 1vith p:1c i ng i n thc:: L: pt ·~: <•.· :· ; . L .: V L' 

p; ' t. j l' 11 t s (() (1) ' 

L: . . \ L·quircd i;c::rt bl o c k 
111 C : Jici{lf' ncc of CO iJ!p .! ctr~ ! 1c~~ r r !~Jo e \ in th e· .~ :~.. ·nc r~ ~ i I • l :1 -

tion r:L i 1~c s Lro:n 26 to C1:-i pe r ;:: i l l ir;J , pop~:J::;: ! o. ~ ;lcr J'L' . : r, .:_! tJ: 
clll : l Vc'l.:I :,'.(; csti:.i:lle:J :1 t 5/ l O!l, OOO ((,,:- 7t1) . ·:· :, c c ~iolo :.; r ::.: : ;- be: c:-:-
trc i:; c i y \' ;t ri:Jb .lc as s e en f Tom th e i · o;1o ~,· ~ng Ji:; t : 

J~,~~ .r ~J LOD .Y 0 P .:.~ :'~·~1 }-.!J.., 3 LOCI\ 
P r i 1:1 <1 r y h c: :.1 r t h J o c k 
;\ 1·tcr i. cl~; ,: J cro ·~ i c heart d isc :: sC: 
llyjl c rtcn s : on 
Car d i o::;yop:: th i e:s 
Ill phthcr i:1 
Syph i lis . 
Dia b ete s mellitu s 
Rheumatic fever 
Rheunwtoi.cl art:n~ i tj_s 
\onspccific myocarditis 
~lyxedcma 

Progressive muscular dystrophy 
Hcmachromatosi s 
Cardiac lymphan g itis 
Paget's disease 
1\onpcnctrating chest \vounc!s 

I :.'.·': ·c ~~ -I O:i3 C 1: U SI ~·f C ;4--E;~ ~: .' ~·.' J L OC g 
C1< 1 :~:,s ' ,: ise<iSC Tuberculosis 
. : ,: :n~l-:: f ever '!'yphojci 
~ ·n t; t:. !OI~ ·j ~ l Typhus 

~:c~1 s! c:~ s 

.\ !;: l a r i :: 
Pertu s sis 

~.Jump s 

Rube ll::t 
Amebic i1c ;)a titis 

DR UGS C~USIHG HEART BLO CK 
Di gitalis Streptomyci:1 
Potassium Prostigmin 
Quinidine Pilocarpin e 
1\leJlaril Procaine nmide 

The most common etiology for a cq u ired l1cart block for years ~a s 
thou ght to be aTteriosc] erotic he:Jl·t d :i scase . However, r e c en t rc-
vie\·ts o{ continuously reco;·dcd clectrocardiog1·aphic monitori ng sys 
t ems <i nd detailed pc:~ thoJogic1l e xam:i. n ~ , tions have disclosed ti1i s 
not to b e the most common etio l ogy . In postmortem studie s o f pa-
tients h'ith acquired complete bl ock, Jess th:m SO !l, \verc clue to 
cor ona ry ar t ery disease (74, 75) . Tl~e most co111mon finding .in pa
ti ents ,,•ith complete heart \.l] oc~,: is f ocal fib ro sis of the conduc
tion system (74), ancl this has b.ccn sub s tantiated clinically using 
coronary angiography (76, 77) . The absence of myoca rdi al disease 
or significant coronary artery d i seas e in the ma:iority of these pa
tient s 1nakes t h em ideal candiclntes for treatment with artificial 
p acemakers (21). 

Conm]etc bloc].; complic:Jtcs o n ly ::tbout S"o of all acute myocar
dial in:[orcts 1dth 90~ returning to normal sinus rhythm wi t i; in two 
week s (2 2 , 71-7:1). 

Stokes-1\dallls attacks occur on Jn average in 67Z; of patient s 
wi th ::~cq uir cd th ird degree hc:1 rt block (78, 79). 

0 

------,-~~--~---·- .. 
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Si1~cc :Stol,cs-!\d;11~1s :lttac:k:-:, :t rc the ;H .iJ~;ary :ncscnti.1;.; sy.:·.:)LCl;::, 
it i:> i:::!;ortant to dc:tcnni.nc the· etiology oC ::he ctnli;Ic :;r:·!J_I~i;::;ia 
pr\,.) \J ~;\.:i1~:~ t h en~ . t::1r1·is •"' '', L-.l , 1S1) :.n~ : iy:-'.c d :·.hl' l: : n;Jj ~·(J :' \.'1..: ~ · :c.--

t roc :1 r d i ~.) g r ~1 m~ j n i. 0 (J p: 1 t i c ~ 1 r ~ d ll ~- i :1 g t. h L' i l. S to k c ~ -.\ d ; ! ::: :.; :: ~ : :! ·~ : .. :; 
:1:1J 1.\i l\il,l 7"/ ':, ]J:td att;\CkS oJ" ; :c:vsi \i]C· ;t 10 !ll' , 7'~ VC'll l"l' lClli:J;' ::.,· il)'
C.'1 rdi;I ;11 0iiC , :l]icl 1(i ':. ,,•it 11 ::sv::.:·o!c n::d v entricul:tr t;JcitYc<::·L::: .. 
!'l:c:s ~1:)·;. or Sc:\)kcs-,\cl:lln:; :lt<::lc ,, ' , ;tn: :1ssoc.i~tlcd 1\·.i. th ;tt ·!,__;,:·. t. 

... ~~hor-:.: ~")e: ; ·j ods of vcntricul::.·:· ~' { ~ ti: ... ~sti:~ :.nd cou!ci ~hu:-; iiL' c or:~· ro1 1ccl 
' ..... ,, hy i1 ~!,..:i:i·. ~· .. Scn .. ·ton h;.ts c:n :J !~;lS~~. :. ' • .. : 1.~: ..-.·.: :2 s·~ o~· 11 ; ) crL~ancr:tr ' \....Oi:l:.) ·:c- ~~o 

.... , _~~-- hc~.::~-t ;) .:.o c.:k peri.oclic;:lly ;--..;~·,_;; • : ::; "LG ;; ,1 : ::; :11 sinu~ rhyth::1, t!:c::·eforc 

~- : ·- .~':l:~-L~~~ ~ 1 ~ ;: (~ p~ ~ ~ ~~~ ~ ~- ~~~ ~:~1:;~~ :~~:~:;;: :~.:: i :_:;~c.~ : ~\~;,~~ c: !:~: 1;~;~ t ~~:; ~ i ~!~ ~ ~ . 1-; ~ t h co:;, -

' ' 

. ~ ' 

~1Jc:e- L c < ~J"'t :).!ock C.:l"C' congcstt v:.: >.· :·: :· :: fa~l \ i 1'•:! , nngjrut , si6::s a:· 
c.C'r12i1r2l iSchcini.=-t , 01~ Jo~·.' c~·trl: ~::. \:: ()L!L~)u-.: 1.·:h l ci1 ·res ponLls to :nc1·c.:ts
i.~~g t.:~c ~:c.:trt r.:1::c h'i-"'ch ::. p;;cc ... : ~ i,l.· ·,·. ~- tis i~nportant to ~Joint ou t 
t!·;~"! .. ~ ::rj_c~,.l~•c·:~ ~ ~'\.'~J ·J :-~:c(! ~-. c;: ~·:. ; ~:oc.\ ;. ,j o ,1e: ciccs not produce congcs 
·t: ·i\'C i:::i.Ju ·rc : :1 1;:2n, :t ]t-~1 ~ :~ ~;1 :: ;::.; :i si(;nificJn t contributory 
c~•use. · !lc cL1:i.mC::Y.l th::t t cc<; :;:i~ ~ -:~~:t myocc>.rcli;d or renal disease is 
ne cclcJ to clcvclop ' hc<lr~c :ll~C: :·c· 1 1 ~:l C.::.i lu::-e (SO) . 

CLINICAL COUPLIClTJ02S 07 C O~?LETE AV BLOCK 
\ 

l. Severe brad.ycarc;i:l or ;:,systole 
2. Slow idiovcntrjcul a~ rhyt~m contrjbuting to 

ventricular taci1)' C<i l'c:ia or fibrillation 
S . Stokes-Aclzr.1s c!t.t<cc:;::, 
4. Congestive heart failure 

\ 

MORTALITY IN J!CQUJ~!r:;D CO!.' .;o :..,:;TE HEAR'l' BLOCK 
'· 

Without pacing ~ 50~ in one year 
With pacing - 10~2 0~ in one year 

\ 

MORTALITY IN PE?UAHE~T PACING 

ls t ye: a 1." l 0 "s 
2nd yc ;_rc - 1 6 ~j 
3rcl ye ar sn 

Acquired "porm ::tncnt." cOJ:lplcte hc;.n t bloc], probably slhlct3.d al
Kays be an indication for iirtifi c ial pac ing si nce the ri sk of 
fatal ventri cul ar csc <Jpc rhyt:11 .1s :incl c~;ystolc arc forever present . 
The f ollowing chs cussion of mortaljty ,,•it.h and h'ithout p'-lcing in 
acquired heart bloc k i s evidence to subst::mt :i.<1te this. 

fricdhcrg revjch•ecl ;:t series of J OO c1scs of acquired Ccllliplc te 
heart block with Stokes-Adams :Jttacl:s and found a SOgu survival fo r 
one year ('12). Johansson revi c h'Cci 4 2 cases and ::tlso foun,l :. sp·;, 
survjval for on e year (64) , Most or these deaths ,,·ere sudc:cr. 

Cosby's (:Sl) analysis of 100 uns e lcctecl patient s with L·o;::plctc: 
heart block is particularly p e r tine11t, as 50 Here seen prior to 

--·-

~·~-,_- .... . ----.... - _,...,.. -~ . 
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;;nd sn ;;C t l'l" the ;;dvcnt of perman e nt pacing. In p:lticnt-; \·: i thOllt 
;a;-(lC:ini i :tl _in t·a1· c tion the mo1·ta] i ty was 60-80~ be f ore and l f l '~ i·:i th 
~ 1 :: c j 1 ~ ~... : · ~..~ ~, o n c y c ~ r . 

l: i; :t :·l::il: k (2u) c.~ o mparcd !1.i s resu]ts in 113 pat :icnt s :-. u n · ivi n;,; 
cnc !· :~~ i'm ;' or cndoc a rcli<~l lc.•a d s o:· those ,,,ith tr nns\·cnous .• l: :Ills 
:1;:J ;·rll::: l: s~J·~ :ll i vc at on e y c :;r 1\itl1 a norm;l] l'XJWC L:nc y .in Lhis 
:!.':c r. ~ -~. 1 ~ 1; 1 nf~ 0(1 ~~ . lie comp:1 rcd ~ hcsc ~·,r itf l Frjcd hcr g 1 s p: ! ti.(·;.t.. s 
1-:ho h' c.' l"l' untrc :It c cl and thi s is shm\n i n g raph for:n in -::h e :: :ncn
dix, p:: gc :::; ( 1-'i g . 9J . 

:·' ll;·rjs (2 6) ;·eport s ::1 si. ;:·:i 1a;· f' i ncdn g :t nd is s h O\·:n iJ~ t h e cp-
pcn\.l1x , page~) (Fj g , 10). 

!i: : :··~honl c (8?) 1·cpor tctt :. ~~ crj_ e: ~ of t ::0 p :1t i e n t s f;·o; :, :_;·te: \l:1s s 
C0r: cr~ ~ .L \·:i th pcr~~ :~! ilL:n t p :tcc::~ akc rs \ i c ~. !t ruliics SS16 c1nd 5Bl8 h ct\ .. 'C:Cn 
July J 065 and .. \u gus~ jSJ ()f; i\ i t:O :-, J:;c.c-:;d_i_ty o:;: 109.; for 12 ;;Jo:iths, 
16 ~ [ () r 2 c\ m 0 nth s ' a j l d ~ 7 · ~ ; c r ~~ (~ J:lO ;n h s . 

Siddons ant: Smv~on Yl!\' iC\·.' l!d tltc ;:o t::ll published experience 
\vi th- all types of pcl·r,w:wn ·.:: pac e: n: aker s t hroughout the worlJ (21) 
There were 1~99 patie~ts Kith 11 2 (7 . 5t) postimplant deatl1s and 
163 (J0 . 9t) late deaths . 

These result.s indicate a·c l 2ast a 30~, decrease in morto.Jity 
in chronic complete heart b J ock with pacing irrespective of t he im 
provement tltds e patients have in thejr activity Jevels due to im
prove d hemodynamics . 

VI. ll emoclynamics \l'i th Pacing 
The changes in h emody:1a:a i c s \v ith an increase in heart r:;te 

ivith pacing in patients i·!i·Lh hcilrt b:J.ock a:r-e o f vit al i ntcr.:rs--c · in 
t he desirable rate setting, type o£ pacemaker selected (i. e ., 
atri a l synchronous versus ventricular , demand versus asy n chronous) 

A. Cardiac output 
Ch a n ges i n cardiac output with ventricular rate have been 

~ studied by many investigators (S~ - 88) . It has been fi r mly estab-
~ . li sheci that lm,· cardiac output idth complete heart block is aug

- -~nted by increasing the rate with a pacemaker. A maximum resting 

-""' ) 

, .. 
) 

- . ......_____ ca·n\jac output is reac h ed in the range of 70 -90/min (36, 3 9, 90) 
above--....hd1ich no increase i s obsl!rved . Sec append ix, p age 4 (Fig . 
ll), for ·a~-.t_y pic al cardiac output r ate response ,,,_i th a pcr;n;:tnent 
implanted pacer . 

Ross (~ll) and ·othe r s h;:tv e evid e nce to sho\v that in n onna l sub 
jects and in pacemaker patients 1vith good myocardial function the 
cardiac output i\ not dl!pencl c nt upon p acing rat es above 50-60/min 
but i s a djusted l'<:"rgely by changes in stroke volum e . l!m·Jcvcr , in 
h earts wit h depressed myo c ardial fu nction the stroke volum e is 
r elatively fixed an~cardiac output becomes dependent up on the 
h eart rate (21, 92). \ 

\': 
\'\ 

· · r, 

----· ~· ·----... - - ·r--·--···-· .... ......... -n·--~· · -.·· ......... ~~ . 
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F. . !\ ~ : c ~ c l c c t j on 
The :-;ele cti on of ~1n optim a l ]lC ar t r at e j s of importa:1 c:2 :J! h~ 

n::;y rcqt:irc in, J ivi d i.:aJ i z.otion in L.' :lch pat j c;tt . Each po t:c;:~ \,·i1J 
h:I\.L' :1 r :Ii..c :1t \t'h i c h he r c:1c:he:-; m:tx imu::1 canliac out put an d :1hov e 
\·:hich ~:; ll ·J ·i~lc output l<' ill no;; Llwnge Uilti.l the rate bcco:nc.:s fairly 
r:1pi,l :11~ d ti1en carcLi;JC Oi.l1TJ1t 1,·; J I :1gai ;1 fa ]l. Sinc e rny o..: :"tr,]j;Jl 
O:\~-'~:l':1 consu mp tion is depende nt u:)o n r.:;te, the lowest p <. c .;;:J;:kc •· 
r~:tL' 'c:: liL· h gives ~t Ll~1 Xii:nli n CJrdio:c output at rest should hL· se 
lected . ,\ scan be seen hy ;::; ·, c c x a :nplc in the a nn cnc!ix , n ;1~! C ~~ 
(::i~. ~.l) } the c ar d ·i u.c output ; ·: ! ~:y Dccoric l ess rate dc pcn~lc~t · ,,·ith 
chronic :J::cing . l !O\\'i'Vcr, t:;c •·:t·i:c :1t ''' iljc h t he maximL:m c:1nlia c 
out;n1t occ u rs docs not clla:r.f_;c·. T:;js m: 1~' indicate i mp rovement of 
m r o e<H d i :: l :;.· u n c t :i o r: '·'' i t h 1 on g- <:c: n ;1 p :, c i" g ( 2 l , 9 3) . 

Sev ~' r a l s '~·uc:ic:s :1rc r c :lor tc ,~ ( 28, S-'l , 9 :i- 9 7) with vari <:bl c 
rates ::lih.~ cri r cl~:-A.c out 11t!"L dctcl~ ; . :ina_-c ion.:; t o Ci nd th e ideJJ p.::.ce -
l~1ak e r rare. 'L'hcsc i~~ii:.~ .:.; lro::: 5G to ] US beats/min '"'i th an ave ra ge 
be u,· ~en . 7 0 an d S 0 h c: ~ t s I J:i in . 

,\ method of cletc rm in :in g the optimal heart rate may b e 
a cl1art ;1rcp arcd from work Ly Sjos 'c.rand (98) a nd found in 
pendix, page 11 (F i.g . 1 2 ), usin g the height and hemoglobin 
pati e nt. 

h:l sc J on 
the ''P
of the 

~ 
--~¢':~ C. ;\trial synchronous 

,---~, " · '--- ' -.... :------.. The e f f e c t s o f a t r i a l s y s t o J. e o. r c i r.1 p or t a n t 1 n e v a l u a t in g a p a -
' 1 ticnt ~ fo_r an at rial syncluo;1ou s pacemaker . Snyder and \'.'oo c (99) 

found an ineffective atrial systole resulted in a 10 ~ decr eas e in 
cardi a c outptrt , whil o ;,Iitchel l (100) f ound th a t the influenc e o f 
a tri al systole .in determining stroke volume was greater at higher 
h co. rt Ta tes. These result s arc c onfirmed ir; rr.an with atrial s yn-

/. 

c:t~·onous pacemakers (101, 102) especiaL ly during exercise (103) . -~· 

li owever, in most b~tients at rest the cardiac output is essentially 
th e same after a few minutes of sta biJ j zation with either v en 
tricular or atrial pac ing indicating tha t atrial-triggered pacers 
are of value with exe·r ,cise but have little to offer in the basal 
state in most patient~~ 

VI I. Thr eshold 
A. Definition 

·\ 
~~-·,\ 

\ 
For purpos es of clinica\ caHtlac pacing, -th Pesholcl is the mini-

mem c1.ectrical impulse nec cs';;ary to stimulate the h c:nt. i ~ cgard-
lcss of the make or model pac~makcr used, every impla11tcd pace
maker sy s tem will have a thresho ld, belO\v which the stimulus is 
too weak to excite the heart. \ 

\ 

B. Exit block 
Exit b:lock is a clinical co:\dition in which a normal p a cemaker 

stimulus does not pace the heart because of abnormally h igh 
threshold. 
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t: . ,: ~l ..:..·to rs ;.l t' t.c c ting t;lr~.· s !~d i d 
Thrc•:-;i~uld i :-; l!,-· tcr::t i ncd h;: ;, lill !" .• h ,~r ,); (~1Ct l ll'S , i ;;c!.:din~; c:lc.:c

trclll,, pc1•;i~i. t1n in the h ea rt, l'l,·ctrodc c o1:tposition ;-1n d s i --.c, Tlt:L:-;c.' 
\\" :l \'t'i . l ) f ;t . , ~illli \.']C C L rG~lc-ti~~-.tH."' ii~~L'l'.- : iCL l i() t; ) ·;· ;-1C !J O':: VT' ,• l : t:JUl 
0 ~,- t1 ll: \I!~ :( . Jlll l~;t l.'Sc:l'l'd :Lll)' '~ ~ r:• ,.; ilc) I d c - i I' i cal I r ~'JlCOt : JI ', . j'~ ·, : to 
])l'L'\' c' :it <':\ i t block r r OJil OCCI I l'l'!i!~ '.· 

·!·: -~r_ -,l igil c x p~...' ri ~ nc.:...' , h·c k l1 n·.-: i..l1c th ·i · c~ ~ ! l01l: 0 1- sti;, t u l a~ic Ji : 
s hvuJ~..: h~,.' lc ~; s tha j ~ 1 !il\1 ar:J ~ ~~..~!o \·: _: 1a: i 1 . • pre;h:: !1:y (! ~ l : l : l: ~ ~.._.,: L.t c 
)' c (: l: i r c.- ... ~""' 11. t Cor p e J' !it J n c n t p; l c i ~~ ~ . S c v ~,__. .. ~-, ! - ~ ~.- c j ~1 s e ~ · ~ j on s o :..· :: i. c 
p:1ci;1 ~~ L' ! C'~Lrndc . : 1:..~ ;.- he rcqt~ir c~... : i·~...\lutc: ::;~ : 1 rc~1 Ls fo und \·:iri : <:n 
~Jcc cp r ::i ,]c loh- rhre:s;1o l d . 

S't~~, : :cs of 1.- hc ch :l~i ;~c s : r~ : .. :·.' (lc::·: ·li i: !; thrcsl1 cl <.~ ha\· c s ;I Gh"n e: 
r ~:_plc L1 ~ 1 : t:inuo ~1~~ r is e Lii ri1 ·. ~c- :--.: :l) Ll~ d t~r:: J .. ~ t.:1c fi~~sr. ,,·cck \-: jth SUJ .. c 
s.l o1·: ~;~c!'case occ~1sion:l.Lly cc ,·c: :· r .: .. ~~ :,: ,: ;: (l\JS , JOG} . '!'Lis c i>c.ngc 
m~y he o: the orclc·r o~ : ~: :: g : ~ i : t !~.. lc c,:· ~) - ~ ti.J:-te s the- i.nitia:l. tilr,?sh-
o1d dct.c·r~ Jt:Ln:-lt.i. on. S~n c c mo s: : )c · -:~:. ! :ll J Cr. L pilcemake rs usc sti1:1uli .in 
t h c ~1 - 12 m ll :· a n g c , i t ~ s e; s s c n L L ~: ~ ·co s (! :_ c c t a pac ing s j t c \·: i t h C! 

mi.nilllUJil O f" J;l ;J l'<'C:IIil'l'l lll' :1 1 il l :t":;:/ .1\· (1: . . -o ., < ] . 5 1 ~ 1<1 } . liC teJ;I!)01' il ry 
paci ng , · .L t is of i:en nc cl' s s;tr:-- ·co ;;r~:du;J.i l y i.n crc0se the p;;cing 
stimu }us (m a } clUJ:i.ng tJ·,c f irsi.· ~-c,·: i1our~ o r d :1ys [ ollowj ng its in 
s e rt ion to allO\'' for the incrc· :•se: in ·:.;J r c::ho lcl. 

De tcrmi JLltions o£ thrcsl;o!l( ::;ftc r i:::pJan tat :ion of poccn,akcrs 
h ave clcr.lCnstrat ed that J:1yoca:-lii ;t1 t: tr e;:>!lOJ cl in man is not a sta\:ic 
qu a ntity . On the contrary , jt is h i g~ly V<lriable , suhj ect t o spo n
t a n eous ch ang es with physiologic a: id pha rmac olo g ic intcrv e: nti ons . 
Some o f the commonly encou n tered states in cardiac pati ents and 
th e threshold chan g es e nc ount cl'cJ are l i s ted in the follO\,·i ng 
table (104-110}. 

l. 
2. 
3. 
4 . 
5 . 
6. 
7 . 
8 . 
9 . 

10. 
1] . 
12 . 
13 . 
14 . 

PA CEM!l ](ER 'l' ll RE 5.'1 OLD CH!iNDE S 

Exercise -? 
Erect position Y 
Fas t ing t 
Eating f 
Sleepi n g f 
-~ Blood sugar + 
" Polarizing solut.ion" f 
KCl + 
Isuprel + then > 
Other sympatho J<Ii.m c:: tic amines + 
Glucocorti coids (predn isone} -l· 
i'hnerolocort:icoids (aldosterone} t 
Host anesthetic a !r cnts t " 
ca++ glucon:Jte ' a t l'opine' digital is ' 
caine, propranolo l , procaine amide -
or no ch ange in usual dosages 

:~ . 

lido
l itt l e 

·-~----------·------ ........ ------·-~·~-:--~--.......-.--..... ---, .... , .... -. -~--·'"7 .. .. -~#-
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i' C\)~ :-~ c:~ ;t ~ >p~lrt·:1 t \·: i' y 1;1: : 11:: p~il :\' i1t:-; i·:i Lh t c ; :i j~n; ·: i r') ' i:i <ll .. c! ·s 

~ L' l ;! t :.. ~liliillill pacin g ~;ti ! :.Lllll ~ ill :!)' OI~i}" i:ll \..': · : .l _i Lr~._' j , ~: y c ::j) · ,..'(' c .. : ._ ~ -
\'t"'l\'i' t'\ t h ! t)\,:k) :-~il~l'C ~ ~ i ~: · J.t: .. i~v :· o: l':1c tr :·.:. :li;!y ·~'] i' V ::i ~. · ~. · · l: t ~;c 1 .. 

c;;1 ·d i:: ~ t hr,• c;IHl ],l c,1 ~ l i d:u 1~.1 i n ::. 
Ti !L' :·~_"':ISt)i 'iS ,·o:· tLc ci 1 : : n ~~ ~._- i :: t. h r,'~.ho l~_; ;l,- c 1:a1!t i pl v . ·:·: ~ c· c:-:-

,·it; , l ; ,,:: o! :: :,:y o ..::J<·, i ium 1:> :1 ~ - t:; :cri o :l o i- i) r :: c- <- xc i t:i r,;: ..:.: : : .. uil: s , 
~) ti~t .·l--~~!1 :::. : il~': : thr~in~ p o :· ~..; : ·. t·:~~:.) .~) : :1 c . ~li J 1 · ~ ~! r c I"C: : .) 1 : ; ·~~ ~~ n cv, ~:: d -1) 
L~..'li~; l . ::· ::i11·l~~ : 1olc.. i J)t)·::cilt 1: :l . : : c,~ · l' >~ci"L~t ~- j() i'i t o t1 CC l l,·, t :l l.' -_-xci t -
jn~ ~~....- ~ ::::..tlc~ J: 1 L1S~ ·cl."' '-htcc Lltc r~..·::t ~ ~- ~.:t : . l C~ · !l J·:· a n c 1, o ::l.'n :i~t J tlJ Lh c lc\·
c -~ 0 . .' -~~ i ~ C' C..._~ 1 ] l1 .:. :l l ' 1.· ;-, r C S h :':) l U ~ ) 0 ~ C' :-~ t i ~~ 1 t c, ;i C ~ :i V ~i t \.;'' L h l: C1 c::: j G i~ p 0-

.. ~cn1 ~ ::: . . \~1 r 1· cl:t:ct i.orl ~ :: r c:)Lir:-=-~ L ~ ~·: · : :) ~·;:. :~ :...: p::.~ ~c r:t ; :11 o _r L: .l: :11yo-
c~1 ~~\.i 1 ;, !. cc J l ~~ ,._ i l i r ~ ~.luc C' t... h. c :- !1 !' C ~-:. :li-. !. d r c < ~t ! i J" Ll i'i1Cn t s ; ~n d :t :1 j_ n 
crc-: l ~L" in c .... · l ·! ... !t J.r ! -~..: :--." .. i l!._ .. :1:1 ..... 'i. ;~ :r \."~~ ~ . r. i\.! Ilh.' i:,h rane p o l. C!lti a l.:--; h'oul d 
incr v ~ t ~ \-. ;_ h r."' ~~~ y o c :-: ~ · ... ! ~: · 1 ~-!: :es ~ ~ n 1 . i (.1_( _,·_:·-l o ~J ). 

· i ·! 1 .... ~ ~ . ! u c ~1 c 'J ~ · : :. c o ~ (! s :..; ;, : :: ! 1 ~ 1 >: ·) :· l.·. <. : n i s on (; i ·~ : l'.' c b c c n u :-; c ~- t.. . ·i n 
J.i;L1~1 ~; ..._:: , . ..._"j : .. oi· c xjt L1 l: i~ : ~ i:~ ~ } ·.::.· ... . :! rit_' !;:· ~1.JCc: ;:1~i 1 ~ ..... rs \-.' her~ it \J .. >-.:L: rs. 
·~·hcsc ... l~ - t:~; ~ o~-~<'r:. ~ · c :.)t ; J~L. i :·_ :. !, i:.L· :- ~' :.: ~ c J.n ;·espor~Si\·cnc s ~-~ :-iJ the 
j)~lcem;< k(..r "'!Ji c. :1 1:1ay conti n tt(· :.:-t· c:r th t· stc;·o i d is cl.i.scontin ~ :cd 
c .tn ,l , 1.1 n ) . 

The lilOttC' of act ·:.ol'. OJ Lili: .-~ ; L"1-,J j u:-: i ,; uncertai n hut pcr;1aps 
on e o r a l i o f . t h c f o J J m-: i n ;~ c o u i t! h c I" ( : s ;) c1 n s i h l c : l ) c h an g c s i n 
cell J~JCJ:Jhr:1nc permeability , 2 ) in.tc: rt-crancc ':lit h the soJiu:.J
p ot.assjur,; p~ur·!' across the ce-ll i:Jc;:;hranc , :)) potentiation o f cate
cholamincs (10,1) . 

.-\lt cr~tt:ions :in t hreshold .:::·c cl i nically llscful not on_;_y :in 
r.wnaging cx:it block hut also iil hc:t r ts man ·i.l'csting i.rri.tabili.r.y 
(coupl e d rhytlJJ,lS , etc) during the iiiJJncd i;;te postpace;;wkcr .implant 
period, 1n enr ly p01·:er unjt L : ilurc , i:1 the cho j ce of Jncsthctics , 
and during i ntrav e nou s or o'chcr mcclica l therapy Jur i n g cardiac 
pacin g . 

D. Pjbrillation threshold 
A thr esho ld f or fjbrillation a .l .so exist~; in the h eart . :\ny 

cur-::ent above this lcvcd results in fi bri JJation. This is usually 
10- 30 ti1:1es the stimulrlti on threshold in normal heart s ; h oh·evcr , 
i schemic or diseased hearts or hearrs subjected to drugs m ~'Y have 
fibrilla t ion t hr es h olds app rox imating th e st:i;nulation threshold 
(2 6) . Thi.! s the p ac ing stimulus :i.s usually kept to :1 mini::.UJ;J to 
avoiJ the fi brillation threshold . /\ graph of th e rel:1ti. o;1s hip o i 
fibrill a tio11 to stimu l a tion threshold i s illu s trated on p age 4 of 
the :1ppencl ix (Fig. 13) . 

VIII . Compli cations of· Paccm:1 k ers 
/\. DisLod~cment of e le ctrodes 
/\ swnmary of tl1c complications of pac ema].;: ers is given :1 t the 

end o f rhj s section and on page 5 of the appendix (Fig. 17). The 
most commonly encoun tered complication of temporary pac emakers is 
the cli s lodgclllent of th e electrode cathet e r fro m the right ventri-

-
' 
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j)ic:L· ilt': t rl ])l~.H:k .. \!1 C.X :ti: . pJ,_~ i ~ ~ ~~t.'C'!J ~L~ J l ;t;.~<..· l)j :·:h: .. ,1 : ,, ·;~·.:!\ 

ll: j ~~ · l.~). UL\.·. ~:siU:l :ll Jy tilL C.i-~~ 1·.·L ~."\ f Li ~· h~ i~ r i d:tt L·d ; ;;t! r ii: L· ;ii :]-
::h1l ~ :l1')" :irll' ry :1t ,,·hic.h t .ibh.; Yt: :: ..... I"lClli:ll" L : ~ ptuj·c 1:-:. no .I~.. ~:~; ... L·r p:· ~._ · :-:.-

L"!1~. ~ -h L ... ~~i::1 :)lc maneu ver o .:-· : :r t. !i." h:i1~~ ~· i1e c.1thc.· t cr ~ o ~i:\"" \' j ,: ::l; 
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\:r~.c i (· - ~= li L! cc~;1"'~urc ,,,j J.l Y'(! ~;:..l.:.. -L 0 u~c~: s 'i ~,.)j t.; : lly ti:c pac ·i ng c:1 ~ :1 c "L er 
ha s ~)c~,.:v; : -·2- ... di. s ~t ~..,d~~d and liL:s -~n t>,c- .i ::::c1·i or v e na cav~: 11 c.:St ~ ltin~ 

.ili di;1!1lt:·;:~J : l ']J::c: in i~ · ' The p~. -c::i·:- :lL c o :::p~~-i ns o C "h iccups ' ; at 70 - SC 
ri r;~~,.'s per m·!'ilttt c . 

B 0 Sho1·i.. i 1 :~~ ':·-Pf c l -~~c t :·. · ·-~L" . , . ~- (· ~: 
Ti1<.: ~c·cond iii('~ ;; ,t .... ~om::: .. ) :ll v e; :l(· nu::rerc ... ; proh}cn~ is a short-ci~·

cujt _in g o[ the pace· ~:lak lr: g ~..···:..:. · c -LJ~~..~d L~s :l~ t. ~ 1 c si t e of attachtilCnt to 
th e extension ·,hre 1-.•i!.ich J~~;,;s i n to thl' p: •cing i1ox . If the end of 
the c;J!:iH·ter js <! l lm·:~d -::o bec ontc ::wjst o r the a lli g ator clips are 
CJlloh·C'd to touch each ·oth er , a shor t-c ',rcuit "·i]l result ancl r:o 
c:-Jcct~· ic:1] stiw1Jus will: rca c. it -,· he i1 c:1Y t. . It is s:ill\p le to check 
L .'r t:1is part:i.cu l:tr ;):·ohJc- n ;,y :ct t: <lcil', : ~:;. an elect ro carcjjogr:1Ll t:o 
t!1e p~ticnt to see if an (;Jc·c ~l~ic~"!l potential from the pace Jila ~-:c l~ 
i s :·ccorded . lf a short l 1:~.s occc!n·c.:i sOitlCHherc be f ore t h e pac in;; 
cathete r enter s tllTough the \s:.:jn, th en 1:0 p;1cing spike ,,,:ill be ob-
tain ed on the clectrocarcljog'r;J.::! . llo,,·cvcr , if t 1: e chst al c :1Lc oi' 
th<? catheter is simply clislo ci.ged from o1:c of tl c car (iiac ch a ,; ;Jcrs 
or one of the \·:ires is bro].( en\ i n t he pacemaker inten1ally, then a 
pacing spike will still develo~ but no capture ,,·ill follo1v. 

C. Pneumo thorax, hemothorax 
Pneumothor ax and hemothor~. ;.;: ·h;tve occurred fo llowing the sub -

clavian puncture technique but nrc unusual. Septicemia and i~f ec-
tions from p acemakers are rare hut may be fatal . Thi s is r: trcly 
seen if proper steriJ e precaub ons are undertaken dur i ng :i.n:;er 
tjon. VentricGJar fibrillation ca n develop durjng :i.nsert J on of 
pacen1nkers esp e cia lly in patients ,,·ith acute myocardial in Cal·c-
t i on s . The s c p a t i c n t s a r e a 1 1~ 1 o s t a h' a y s s u c c e s s f u 11 y cl e [ i h r i J -
lated provided the proper equipment is in readiness. Ventrjcular 
perforat i on i s not an un common finding (Sl , 111-116), and canli::tc 
tampon ade has buen repor ted (117-119) ;lllt is rare. Electrode wi ·:·e 
break:1ge is reJativcly uncommon wi.th the new pacing electrodes but 
was not unusual iA the older systems . 
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B:'lttcr; L i.liJ L~r c i~ : t. Ll·· ~- l ,1lerJ.~ J~dCC~~~ ~.~zjn~ u~~; 

~l c!c~: - ,· ;, .s:..' i.n p :t ~ij l~ '. ~ ~ :lLC :'y :1 ~C ~ :-:_sjJ;.~~1 ~ \· i_:h L'!~iC 

sis !; .:r::l \~e:d hy 
~) ;i .. L t ~. : ~ · y ~ rJ: ;·, ~ , 0 -

1~ c ~1 ~ - i , : 1 i :.t ;.· '-' . T h c r c f o r C' , i ~ ; ~- c s ~ ·. c n ._ ~ :1 t to o h :· :i n ; : n c ~ · _; l.- ~·coca r -
d t ogr ~;:.~ \)i~ ,_'o: 1 C\\1 -u p \ ' i >; j ts .1 ~ -~:- .: : :: i L p~! .... :c::1.1kcr p:1 t i .... : nts J n o ·I"ci v:-
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!::,· .. :c:: · ~~nl ::: le:c t r :!.cal i. ll. tcr ~:c-r..:.: :·:cc c:1 n C·c Ct rc::-:.1 prohJ .... ~!;~ ': ncl ~he 
}"'~tl C'il ~ ~=.::v :..t ~i ... ~ be 1·/~11'1":CJ tO .-......: .i)' C!.\·: .:~) - 1 - l~~...-,:~ : -~be: cJcctriL~ll ~.yst.c :~~S 

oi ~1u~ ~._)i~hJhi:Ies, ~~ .. i1·~)l~!nc-sj 1~:~ .. : ~ : J:tn\'.· .... ··1·s , c.;nd o~.hc r clcctrjc:~l ap 
p:trnt.L:s (::_ .:c) . SIJccj~l \·:a~-n ~-~. ·.; :-<~~..-:.t.:lJ t) 2 glven a~ainst ld:y d i a 
therm y ·c_ :~c:i t Jnents or ridJ11 ~. ;..1j :~:.J-: ~.Jl"c.yc:~..··s o:· COjiling in close 
proxi11:j ·c y ~o po,,·c~ .. i ~.~l radio 0 1 ~J. ... ~~r st;-: :.j_o ns. 

F . 1\s;rstGJ c \·:i.th di:.:;(:Cd. -L.i.~i_:: . ·t i.v r~. of pacing 
Asy :;·co lc follO\·.'"i.:J~~ t;~c :::c :o::;a ti.o n o -~- ;-, rt.jf ici :lJ. paci ng 1m:st be 

e J;~p h ~::--. iz.c~.. i . Jf th e vc;1"'.:Y-tc : \.:-; ,,..;_ ~h co1npJct c J\\1 hl o c k a·rc po.ccd 
ac: a r:-:jl iJ ra t e and p;:;cin~~ t :·,,_,;: cc~•scs suclcienJy , the ict.ioventricu 
l.ar p: . cc r::a\cr · is dcp rcssc ,: a::'t :: s Uli:JbJe -co inst itute a spon 
tan <:ous rhyt.lir.i unt il:: Jat(:!H ;;c:·iocl has elapsed (121 , 12n. The 
ler,gtll of the vcrttri c t:.l a r a ::-ys .oL.: is often dep enden t upon the p re
cui:i.ng p;-: c:i.n g rate, being lon ,'>-r t,·h en pacing ce ase s from a rapid 
rate. When it :is dc-·sir c ci to :· c:no v c '' funct ionin g p:1c emakcr from a 
patient, it must be reJ~lembere ,l the!t the pacing rate must bc sl01·:ly 
decrea sed to allow th e patie;~ t 1 s Ot·m intr i nsic paccmake r to £unc-
t i on p r i C.d' t o t h e sud de n c e :.-; s a t 1 ~ , . o f ~ ~l e e l e c t r i c a 1 imp u l s e f r om 
the pacem;;ker. 

G. Competitive rhythm 
h' :i. gge r s and Wcgria (123) r cn o:·tecl ancl characterized the pres

e n ce or a vulnerabJ e period, <:Jc~ ·J: .~g lv ltj c h s hort clectric ill s hoc }-:s 
lkliverccl to the ventricular mus ,:.:. --: tvill result i n ventr icul::1r ar 
rhyth r.·,j ::~s including ventricu l ar fi br .i. ll at ion. This period occurs 
n ea r r ile: end of systole at the tjme h'h \3:1 the T 1vave of the electro
card iog ram is being inscribeJ . An i l l ustra tion of the vulnerable 
perjocl in the electroc:ncliogr: t'1~ is .f oun cl :in the :,1pp c ncli x , page 4 
(Fig . 14) . In fixed rate pacing a comu eti tive rhythm bet1,'ce n the 
heart ' s O h' D bas ic intrinsjc ri1ythn1 and. tint of the pa cemake r 
rhythm may re s ult in ::m occasi on al stiJ<luJation during th e v u ·lner
aolc period of the T wave. This is re fen·e d to as a contp ct it.i ve 
rhythm. SO\\ton (21) competred n;o rt.ality rates h enieen p:tti ent s 
,,,ith conmc titjvc and-noncompetitive rhythms ancl found the rate 
five tir,t~s hi g her in the former . lnclivi clu al case reJ)Qr ts (122, 
124-126) have docu mented the onset of vc~ ntriculet i' fibrilLttion , 
tachycardia, or both a t the lilOl:icnt of inscription of th e pacemaker 
im~)ulse . To avoid the vulnerctbh~ period in the c::trJiac c ycle , 
most pacemakers now a.re of the d<':mancl var0i cty wit h a very short 

------. ------

:~ ·. 
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l. 

2. 
3 . 
4. 
5 . 

6 . 

7. 
8 . 

9. 
10 . 

P o\·l ~1· f~ii l u T c: 
,, . .-\cu t c 
i). Prc m;-: t urc 
c . Run CI ~~.-:-ty 

\ 

(b ~n t ~ ~-;- o:· co .. liJ Onent) 
\ 

\ 
I 

\ 
· \\'j rc br eak;; " C 

Llectr ic:tl {; r oh:cn:s - \ii s Jod~~··il C' :l":: , c: iap}n-agm pac.i :1g 
I ncr cas c J t h r c s h o 1 cl , c s p c c i ~ t l J y a -.: r j a 1 (ex i t b l o c 1.; ) 
Rhyth :11 c o:11p 1 i cat ions 
a. Atri a l pacing 
b. Ventricular synchronm.<s - re f ractory 
c . Demand 
Surgic:-~1 

a , Arrhythmia 
b . Infection 
c. Ero s ion th r ough s kin 
d . Postpericarclcctomy syndrome 
e . Il er.wtoma 
f . Pneumothorax 
Thrombosi s 
Exte rna l ~lectrical inte r :l cr cnc:e 
a . Auto, airplane , l awn mower, spark plug s , coi ls , e re 
b, Diathermy 
c. Powerful raJjo stations 
d. Motor cycle rid i ng 
e, El ectrosurgery 
Infarction 
Perforation and rarely tamponade 

----~-· - -· - ·-~~~·--·· 

----
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J . ,~ h· ~:~:·,·:; iit)ld for vcnt-ricul:1r ·i:ibrill:1tion - particulo.rly due to 
. . . 
1 . ...; .... - :i '- ·: : ~ 1 a . . 
1::. ! '() :-, ~ - ; I 
s:·. ::~ .. :: ·. :: om_i:~~c:· i.e aJJd Other ur u g s 
: i :: .._ ': ·, ~ ~ . ..._· ·;_ _l L :1 r: t.' l~ t S , 

.,,_,,, -: :_;;,::.·g .i_ c;_!J. jnfl:n:.~~ato\:y re<lCl:.i.on 
:} ~: C :: ~ y ~~ :· 0 ~ ~ ( 5 X) \ 
.'-::: _; '"~.· i ;1 -~ c ~..~ .... --. tO}>i. \: (no r; p::'c'-\d) he:-~ t s 
St·iJ:~u l ~:~ ~ : 1 "'~.-cns itv c~~1nv t i1:!c:s ·· . :i ·l~--csh ol cl for cont1 .. ~1ction, .- . , .;; .· xlO 
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T1-: .. J :-; :i.:u: :-:lncous s t ~ n~uJ. l:. Lio:l s \ r c ~; 
E 1 c c t r L) \ l '-: in ~1 n .i s c ; 1 ~ r: i c a -::.-- c- a 

.\or~:~:-1 J. myoca rcl j u~~: 

StiEm-lus i11t c nsi t:y i 11st :; hov.;; t 1n-esholci for contraction 
· ~... ..\!)scncc of l!OP .. ~J.:-;.ce:J . vcn ·L ric;_~ la;_· :.:c .. ..:jvity 

Short illlp;..dse Juration ( les s c:h :m :.; lllscc) 
Smoll cont 0ct area bet ween electrode and myocardium 

IX. Parkland Memorial Hospital Statistics 

PACEMAKER INSERTIO NS AT PARKLAND MEMORIAL HOSPITAL • 
1965 
1966 
1967 
1968 
1%9 (SeDt) 
Total 

" -;.l ~) 

2S 
7 <1 
66 

-lS Z 

An indication of broadene d clinical uses for pacemakers wit h a 
rel atively low complication rate. 

PACDG WITH MYOCARDIAL 1:\F:\RCTIO:---J AT P0·lH, 1967-69 

GENERAL 

~-!ales 15 aver age age 66 6 deaths - 4 0~ 
Females 13 average age 54 7 deaths .. 54% 
Total 28 TI 46t 
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WIT.\L lS 7 ::s 
F.ivc patients ~vi1:h 2° b Joc};:, !; ~\'enck~b ;!c)1 and 1 un kilO\'' n. 

.-\n ~e1 · i. O!' 

Pos tc :·ior 
Anter io r ~~ pcst cT :ior 

!' E l~ CL.\'i' 

-o 
,) 

.) 

7 
' J. 

S r •' . ) \} 

DURATIOn OF PACING 

Sinus 
? 0 13r aci z. -

l 

7 . s ~) 7 . 5 ~j 

Durat ion of pacing until return to nsr = 6.1 days, range 2 - 20 days 
Number r equi ring permanent p acem~ke rs - 2 = 7% 
Duration of pacing prior to death - 4 days, range 1 hr - 20 days 

CJIF AND SHOCK 

Lived Died 
" ~ il )!, 

" 
. ., ,, 

CHF 5 3:5 13 100 
Shock 0 0 8 61 

b 

- . -- ·- ~ -·--· ----------.. --·----.. r----------_.,. __ _.. ______ ---. 
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PER~fi\:\Ei\T P!\CDLL\hT i~S :\'!' P~lii, 1966-60 

~!:!1L'S l:i , aVCl"ilf',C age 71 
Fc' II ;:Ilc'S 1 (), ~ver.:1gc age 68 
TO'L\L 30 

Low CO wjth brndycardia 
:\ ng 1 ;1a 
Cli F 

D I 1! c; !/OS 1."8 

,\ SliD 
Postacutc ~'!I 
Icli op;:tt hic 
Congenital 
~ic ll a,. i 1 ? 

'!'5'f.J? OHARY PACI NG 

li of I> r~tients 0 
·o 

r _.) 77 
6 20 
1 3 
1 3 

lS 50 
2 7 
9 30 
3 10 
1 3 

15 f or an average of 11 days , range 3 -28 days 

Complete heart block 
Second degree block 
Sinus bradycardia 
AF Hith block 

22 
4 
2 
2 

* - One returned to permanent nsr. 

COMPLIC!tT IO/'l8 

73 
13 

7 
7 

Intermittently 
Retu rn to :\SR 

S+Dl-;,--
3 
2 
0 

·-···~. Battery f ai lur e - 6 , average 22 . 7 mo , r ange 6-39 mo 
Sepsis - 2 
licJ:J;:~tom a - 3 
Catheter tip dislodged - 6 ~ . 
Skin e rosion by pacer box - ·3 

DEI! T!IS 

Sep sis 1 
Stroke - 1 

..... , m - 1 
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r ~ g . 1 . :\ n a tom i c ~~ 1' s 1 L c s 
of in sertion of percut~I:Je
ous mvocardi a l elcctr6de 
for e~ergency pacing (12} . 
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Fi g . 2 , 'l.natomic a l •l andmarks for 
percut~ncous suhclavian vein pace
maker in~crtion ; either lef t or 
right may be used , 
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Fig. 3 . Intracavitary EKG taken from the un ipoL:n lead du;·ing 
blind insertion of a pacemaker . 
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F i g . 10. Comparison of survi1· : 
i n patients p;1ccd Hith p;~ticn:~ 
trcatc.d medically in co1nplct c 
h ea r t block. 
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Fi g . 14. EKG cycle illustrating 
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