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I Al l l ic i t~g l i  111;111y v i iso~l i l i~ lors  i ~ r c  cfl'cclivc ill (lie t r ~ c a l ~ i i c ~ i t  o f  severe c o ~ i g ~ ~ l i v c  1ie;irt fiiilurc, there 
Ii;ivc I > c c ~ i  I'cw co~iip:ir.ative stutlies o f  tliese drugs. We compared tlie acute Iiaeniodynaniic effects o f  
ca l>~opr i l ' ;~~ id I ~ ~ c l r i i l i i z i ~ i c  ill I I piitielits with coligestive cardiac failure u~irespons,ive to  diuretics ant1 
t l igox i~ i .  130th tlrugs i~icre;iscd rcstirig c;irtliac i~ir lex. ;~lthougli tliis effect appeared Inore pronounced 
I'or Iiyt1ral;izilic (33% 1- 23'3). Caplopril reducetl ~>ul r i io~ i ;~ry  cal)ill;~ry wedge pressure (-8 tnni I-lg. 
1) * 0.01 ) wli icli ilccrc;~scd o ~ i l y  sliglitly 011 Iiydral;izi~ie. 

2 I .o t~p- tc r~ i i  t r c ; ~ t t i ~ c ~ i t  was l l ~ e n  stitrtcd o l i  the dose fou~i r l  cl'l'cctive during acute at ln i i~ i is t ra t io~~.  
l i ;~c l i  t l rug w;is give11 for eigli l weeks. IZxercisc toleri~nce iliiprovetl with Ootli drugs. tlie increiise 
t l r~ r i l i g  I l ic  Ilydr;il;izitie pli;~se correl ;~t i~ig with tlie incrciisc i n  cilrtliac index :it rest ( r  = 0 . 7 5 ; ~  < 0.05). 
( ' l i~i ic i i l  itiil>rovcnicnt iipl,earcil more definite on  captopril t11ii1i 011 liytlr:lli~zine, however. 'l'liis 
i~~ ip rovc r i i en t  \V:IS ~ i i i ~ in t i i i ncd  during tllc captopril philse only i n  tliosc patients who Iiad a grciiler t l i i i ~ i  
2.5":. rct luct iot~ ill pultiionary c;ipill;iry wctlgc pressure i n  tlic ;icutc study. 

A l t l iougl i  ~ i ~ i i n y  \,;~sodil;itors exert iicote I i ;~et~io- 
c l y ~ ~ i i ~ i i i c  ;itid lorig-tcrni cli~iic:il bellelits i r i  severe 
co~ipcst ive heart failure (Fr;~ricios;~. 1982: Cl1;itterjee 
1'1 (11.. 1978). tlic relative elfectiveness o f  tliese drugs is 
~ i o t  k ~ i o n l n  ;is tl icrc 1i;ive bee11 few coniparative 
stutlics ; i ~ i i o ~ i p  tlrr~gs. Moreover. sucli sturlies Iiiive 
cci~icc~i lr ; i lct l  ot i  tlil'fcrc~lccs ill ;tcrtlc I i ;~e l i~o t l y~ i i i~ i i i c  
r c s l ~ ) ~ ~ s c s  (I:r;~~icios;i c,r (11.. 1977; I'acker et trl.. 1979: 
I ' i c r l ~ ) ~ i t  tTr trl., 1078: Vroi>el & Colin. 1980: Milssie I,! 
(11.. 1981). desl)itc tlic poor relationsliip hctweeti 
;icule cl i ;~~igcs ant1 lo~ ig- term cl i~~ic: l l  respolise 
(Fel t l~ i ian cr rrl.. 198 1 : Fitcliett cr (11.. 1979; Fmricios;i 
A C'ol i~l .  1980; L.evi~ie er nl.. 1980; Walsli & Green- 
I)crg. 1970). 111 iitldition, cl i~l ical  i t~ i l ) rove~ i i c~ i t  occurs 
irrespective o f  the pattern o f  ;icute I i i~cn~odynani ic 
c l i ;~ l~gc  ;it rest (1'r;inciosn. 1982: Cliatterjee ct (11.. 
1978) o r  d r~ r i t i g  exercise (kliissie c>rtrl., 1981). -1'lius i t  
is riot k ~ i o w t i  wlietl ier tliere are differences i n  
rcsl>orisc to  v;~sotlilator drugs tluri l ig lo~ ig - te r~ i i  
t rei l t l i ic l i l  ol' severe congestive heart failure o r  
wl ict l icr co~i i l ) ;~r iso~i  of ;~cutc hacriiody~iariiic cffects 
worllt l predict these differe~ices. 

W e  coni();iretl t l ic acute nntl long-terrii responses to  
c;il>tol)ril. i in  i~ngiotcnsin-co~i~~erti~ig-e~izynie irihibi- 
lor,  i111rl liytlriiI;izitic ill tlic s;iriic group of patients. 
Wl ic t i  asscssetl i n  sep;~ratc studies t l~ese clrugs Ii;ive 

d i l l ' e~ . t~ i t  acute h;~eriiodyn:uiiic effects (Faxon el a/., 
1981; 1:ranciosa ut (11.. 1977) and both clinical and 
hactiiorlyn;anic improvement occur during long-term 
t l ler i~py (A t le r  ('1 crl.. 1980: Cliatterjee cr 01. .  1976) 
wi th  toleratice occurring irifrequently (Packer el (11.. 
19x2). 

1'oricnr.r 'l'he study population co~isisted o f  I I 
~xi t ic r i ts  who were i n  severe congestive lieart h i l u re  
ilesl)itc t r c i ~ t ~ n e n t  with digoxin ant1 ni:~xinially 
tolcratetl diuretics ill t l i i ~ t  increasing diuretic doses 
were ineffective o r  led to  a de tc r io r~ t ion  i n  renal 
furiction (Table I). The duration o f  heart failure 
r;itigetl Iron1 three niontlis to five years. Four patients 
11;1tl cli11ic;ll evitle~ice o f  sonle degree o f  tnitr;ll 
i~icol i i l>ete~icc. I r ~ f o r ~ n e d  consent was ohta i~ ied from 
ill1 patients ant1 tl ie protocol was approved by the 
hospilals' etliics coniniitlces. 

Acrrre Irrrer~ro~lyr~att~ic s~ucly ?'he study was per- 
I'ornied duriag a period o f  relative clinical stability 
i ~ l t c r  Oascli~ic nicasurclncrits o f  clicst radiogr;rpIi, 
sy t i ip to tn- l i~~ i i ted exercise tolerance. and left ventri- 
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Age f~rt trs) Dicrgttosi.r 

70 lscliaeniic 
1ie:irt disease 

69 Iscliac~i~ic 
heart disease 

76 lscliaet~iic 
heart disease 

( 1  lscliactnic 
1ie;irt tlise:ise 

70 Iscli:ie~~iic 
heart disease 

81 lscliaernic 
Ile:irt disease 

32 Alcoliolic 
c:irdioniyol);itl~y 

1 . 5  ('otril~itictl aortic 
stcrltrsis : i~i t l  

iriconipetciice 
06 lscliae~iiic 

lieart disease 
48 Iscli;ieniic 

heart diseilse 
60 Iscliaeniic 

Iieart disease 

culi ir ejection fraction. Vasolidators. i f  ;~riy, wcre 
clisco~itinued seven days before [lie stucly, and 
tl igoxin aticl diuretic therapy was n la i~ i ta i~ ied  un- 
cli;~tiged. T l ie  two drugs were compared or1 successive 
clays. 011 tlie first clay captopril was giver1 ill closes o f  
6.25 mg. 6.25 tiig. itnil 12.5 nig at 90-n~iriutc i~itcrvals. 
'I'his was equivalent to  cuniulative doses o f  6.25 mg, 
12.5 mg, ant1 25 11ip. O n  tltc seco~id clay, liyclr;~lazilie 
was given i n  doses o f  50 mg, 50 nig, and 1W) m g  again 
;it 90-minnte intervals, equivale~it to  cuniulative 
doses o f  50 Ing, lo() mg, and 200 nip. I-l:ietiiotlyti;~niic 
nic;tsurc~iictits : i ~ i d  p l :~s~~i ; i  reli ir i :ictivity est i~i iat io~is 
(Sealey el nl.. 1972) were recorded twice at 30-minute 
intervals before and YO minutes after each dose o f  the 
drugs. ~ laeniodynani ic  measurenierits included tl ie 
right atrial and pullnonary capillary wedge pressures, 
rccordcd through a balloon-tipped triple-lunien 
catlleter. C;trdiac output was measured i n  triplicate 
I>y t l ier~i iodi lat ion (Gould cardiac output computer). 
Ulood pressure was n~easurcd l ~ y  a conventional 
mercury spliyg~nonianometer and heart rate from tlie 
elcctrocsrdiograrn. I ' l ie  dose o f  each drug was 
i~lcrcasct l  l o  i i inx i~ i iun i  o r  u ~ l t i l  systc~il ic v;lsculiir 
resista~ice fell by  40% o r  mean arterial pressure I)y 20 
Illlll l lg. 

Lorrg-rerrrl srirtly Maintenance therapy was started 
w i th  the dose o f  drug found to  be optimally effective 
cluring tl ie acute study. Each drug was acl~iiir~isterecl 
for eight weeks, captopril being give11 in  tlie first period 

I l l~yr l t t t~ 

Sinus rliythtn 

Sinus rllytlini 

Sinus rliytlini 

Sinus rliytlini 

Sinus rliytliiii 

Sinus rhythm 

Atr i i~ l  
fibrillation 

Il iree t i~ i i es  tlnily and hydralazine i n  thesecond period 
twice daily. l ' l i c  clrugs were atlniinistered as placebo 
and active drug (double-dummy) so that patients 
were unaware o f  tl ie cliange over. A symptoni- 
l imited exercise tolerilnce test, using a tnodified 
131.uce ~)rotocol. ant1 left ventricular ejectioti fraction. 
by  gated radionuclide technique, wcre recorded after 
one atid eight weeks o f  each treattilent period. l'liose 
carrying out  the tests were unaware o f  the patients' 
niedicatioti. T l ie  ejection fraction could be rneasured 
i n  o ~ i l y  nine patients as two patients were i n  atrial 
f ibri l lation. Cliriical :~sscssri~c~it was niadc at two 
weekly i~l tervals a ~ i t l  diuretics altered as 
clinically indicated. 

Analysis o f  resi~l ts way by Student's/ test for paired 
data and by  analysis o f  variance for the comparison 
between drugs at peak dose. 

l ' l i e  opt inial  dose o f  hydralazine was 200 ~ i i g  i n  seven 
paticnts and 100 n ig i n  four patients. T l ie  optinial 
close o f  captopril was 25 m g  in eight patients arid 12.5 
m g  i n  tliree. Bo th  drugs increased cardiac index signi- 
fic;intly (Figure I). Alt l iougl l  this appeared to  he 
niore definite for hydralazine, the difference betweeti 
drugs was not  significant. Captopril reduced 
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Figure I Coniparison of acute Iiaeniodyna~niceffectsof captopril and hytlralazine. The responsesof tlie tliree doses 
of each tlrug are sul?erirnposed. As not all patients achieved tlie rnaxinlutn dose of tlie each drug, a separate point 
'~r iax '  is ilidicated on eacll graph atid represents tlie wean mnxi~nu~ii response irrespective of tlie dose received. C = 
co~itrol recortling. Values are means +. SEM. ' p  < 0.05; * * p  < 0.01, ***p  < 0.001, significant difference from 
rcspcctive baselilie. 0c;iptopril (~ng) mliydralazine (nig). 

pul~iioriary capillary wedge and right atrial pressures, 
which decreased oiily slightly on Iiydralazine, and 
apl)eared to decrease mean arterial pressure more 
tlia~i liydralazi~ie (- 14% v - 10%). Captopril also 
irirluced a fall ill heart rate, while hydralazine 
increased heart rate. 

Eleven palietits completed the long-tern1 captopril 
pli;ise. Orie patient died suddenly while takirig 
caljtopi-il two weeks after he had withdrawn froni the 
trial. I le  had responded poorly to captopril during 
both acute and lorig-term adriiinistration and had 
required a prolonged period in hospit;~l. Eight 
patients have now completed the Iiyrlralazine phase, 
olie of whom tlied suddenly after respo~ldi~ig poorly 
to  Irotl~ tlt-ugs duririp long-term ;td~~ii~iistration. 

Exercise tolera~ice improved initially in six of the I I 
l>atierits on captopril (mean t SEM 4.4 2 0.5 niin v 
2.9 -+ 0.8 mill, y < 0.05) and by week 8 had improved 
in eight patients (4.8 t 0.7 min, p < 0.01). Exercise 
toler;i~ice was also increased above baseliiie during 
Iiyrlralazine therapy though this was only signiiicaiit 
at eight weeks (4.1 r 0.8 tni11,p < 0.05). 'l'here wasno 
relationship between acute liaemody~ianiic arid 
exercise responses to  captopril. The improvement in 
exercise tolerance at the first and eighth week of the 
I1ydral;tzine treatment phase however, correlated 
positively with peak rise in cardiac index duringacute 
administration, although this was significant orily for 
the eiglitli week (r = 0.75; y < 0.05). Left ventricular 
ejection fraction improved during treatment with 
hotli c;lplopril (0.44 t 0.04 v 0.39 2 0.04, 1) < 0.05) 
t t t i t l  Iiytlralazirie (0.46 t 0.04, p < 0.02). 

~ l t t i o i i ~ l l  cliriical iniprovenient occnrred initially 








