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Thenatura history of congestive heart failure (CHF)
was initially described in the Framingham Heart Study,
carried outintheUScity of Framingham, Massachusetts, in
which 5,209 individual s were randomly selected and
followed for four decades (1949 to 1987) *. In 1971, the
descendents of thisinitial population and their respective
spouses (5,135individual s) werea soincluded inthestudy
and, in 1993, the evolutional data of this cohort study of
10,344 participants were published?. Thesurvival ratein
fiveyearswas 25% for menand 38% for women; thissurvival
rateissimilar to that observedin patientswith sometypes
of cancer, such aslung cancer, for example?.

Itisestimated that inthe USamost four million people
have CHF and that 700,000 new casesoccur every year . In
addition to the high prevalence, there is another factor of
concern. Thereis evidence that the number of hospital
admissions due to CHF hasincreased in the last two
decades. According to North American statistics, the
number of hospital admissionsof individualsol der than 65
years and whose main diagnosiswas CHF increased from
7.5per 1,000in 198610 16.3 per 1,000in 19892

These data cause CHF to be regarded as a public
health problem throughout theworld. The high morbidity
and mortality show that the current treatment isstill unsa-
tisfactory. On the other hand, economic resources are
limited and every strategy should bewell assessedto avoid
wagting. Thereforeitisvery important toidentify theindivi-
dua swith poor prognosiswho can eventually benefit from
aggressivemanagement.

Thismanuscript discusses prosent issues of themain
prognostic factors used in the assessment of patientswith
CHF. Somehaverecognized valueand are used frequently
intheclinical practice. Othershaveacontroversial or not
well-established value, aswewill seebelow.

The role of gender

CHFismorecommonin menthaninwomen, but the
roleof sex asaprognosticfactorisnot clear. Inthe Framin-
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gham study *?, two yearsafter thediagnosisof CHF, 37% of
the men and 38% of the women were deceased. Six years
thereafter, however, there was a clear difference favoring
women, whose mortality ratewas67% comparedto 82%in
men. Accordingto Hermann and Greenberg?®, however, itis
not known if thisreflectsadifferenceinthenatural history
of thediseaseor if it resultsfrom theinfluence of theunder-
lying etiology or from gender-dependent res-ponse to
treatment. Schocken et al ¢, in another popul ation study, al so
found smaller mortality inwomen. In Chagas’ disease, the
mal e patients, who have greater impairment in ejection
fraction (EF), a so havethe poorest prognosiscompared to
women 8,

In other studies, the opposite was observed. In the
prevention substudy of the SOLV D investigators®, women,
who comprised 26% of thetotal patient population, had an
annual mortality rate significantly higher than that of men
(22% comparedto 17%) and ahigher rate of hospitalization
dueto CHF (33% compared to 25%). In the substudy that
assessed the treatment with enal april ©°, inthe sameproject,
only 15% of the participantswerewomen and therewasno
differenceinmortality rate between thegenders.

Adams et al * evaluated the prognostic val ue of
gender inrelationto etiology of CHF and reported ahigher
survival rate in women with CHF caused by nonischemic
heart disease than in men with or without coronary artery
disease (CAD). When CHF inwomen was caused by ische-
mic heart disease, however, there was no significant
difference between genders.

Inamulticenter Italian study 2 of idiopathic dilated
cardiomyopathy, women showed more advanced disease
than men, in regard to symptoms and | eft ventricle (LV)
dimensions. Therewas, however, nostatistically significant
differencein regard to mortality, even though therewasa
tendency toward apoorer prognosisinfemales.

A limitingfactor for establishingtheroleof gender inthe
prognosis of CHF isthe small number of women usually
included in the studies. Lindenfeld et al ** suggest that this
happens because of the higher proportion of diastolic CHF,
inrelaiontosystalicdysfunction,inwomen. Inlargeclinical
trialsthe selection of patientsisusually based on EF, inan
attempt to include those with severe systolic dysfunction.
The number of women with severe systolic dysfunctionis
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much smaller than that of men. According to these same
authors, thiswould also explain the better prognosis for
women observedinthe Framingham study.

An ongoing study (BEST study) ° that evaluates the
effects of the beta-blocker bucindolol isthefirst study of
CHF survival designedtoincludeagreat number of women,
so that an accurate statistical analysis can be made of the
relation between gender and prognosis and the thera-
peutical responses.

Age

Advanced age, independent of gender and race, is
relatedtoapoorer prognosis. Inthe Framingham Study, there
was anincreasein mortdity with theincreasein age at the
moment of diagnosisof CHF. Theincreasewas27%and 61%
for each decadeof life, in men and women, respectively2

Inthe SOLVD study *4, theannual mortality inindivi-
dualsfrom 21 to 55 years of agewas 16.6%, increasing to
38.4% in those ol der than 76 years. The second Veterans'
study %5, however, did not show any relation between age
and survival, but the subgroups may have beentoo small to
detectit®.

Presence of comorbidity

Many diseases can occur in association with CHF,
worsening itsprognosis. Themost studied onesarehyper-
tensionand diabetesmellitus. Hypertension triplestherisk
of developing CHF®. Inaddition, persistent hypertensionin
apatient with CHF worsensthecardiac performancedueto
vasoconstriction and, therefore, should be aggressively
treated®.

Diabetic cardiomyopathy was described as an entity
in the 70s ¢, and there is evidence that its incidence has
increased 2. Independently from the risk of developing
CAD, diabetesincreasestherisk of developing CHF, and
thisriskisatleast doubleinwomenthaninmen®’. Therisk
of CHF isincreased five times when hypertension is
associated with diabetes®. Dataof mortality directly related
to these entities are difficult to analyze because of the
frequent association of other affections, such as atheros-
clerotic disease and stroke®.

Bothrena and hepaticfailurecanworsentheprognosis
of CHF because they limit the use of some medications—
angiotensn-convertingenzymeinhibitor (ACEI), for example
—andimpair the therapeutic response®. Inametanalysisby
Golper 8, involving more than 60 patients in peritoneal
dialysis, thesurvival ratein oneandtwo yearswasonly 37%
and 15%, respectively. In another study *° carried out in 35
patients with CHF being treated with continuous hemo-
filtration, themean surviva ratewas 10 months.

Other associated disorders, such as pulmonary
hypertension of any etiology, tobacco use, alcohol con-
sumption, and pulmonary diseases are related to aworse
prognosis %,
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Etiology of congestive heart failure

Theetiology of CHF can sometimesinfluence prog-
nosis. The presence of CAD asacause of CHF isquestio-
ned asafactor worsening the course of the disease. Sofar,
thereisno agreement in regard to thisquestion. Studying
individualswith CAD, Franciosaet al #found amortality
rate of 46% and 69%, for one and two years, respectively.
For patients with idiopathic dilated cardiomyopathy, the
ratewassignificantly smaller, 23% and 48%, respectively.

In astudy carried out in Japan#, patientswith CAD
had aworse survival ratein five years than those with
idiopathic dilated cardiomyopathy (35% to 40%). Other
authors 2%5g so found aworse prognosisin patients with
ischemic cardiomyopathy. Bart et al %, inarecent study on
patients who underwent coronary angiography, not only
demonstrated that the ischemic etiology was an inde-
pendent predictor of mortality, but also observed that the
extension of CAD was a stronger predictor than the
presence or absence of ischemic heart disease.

Inthe Veterans' study % andinthe studiesof Cohn et
al 2" and Parameshwar et a %, the presenceof CAD wasnot
related to worse prognosis.

Somediseases, such ashypertrophic cardiomyopathy %,
hemochromatosis®, endomyocardial fibrosis®, Chagas’
cardiomyopathy %, and amyloidosis, ® have asignificantly
poorer prognosiswhen they evolvewith CHF. Amyloidosis
hasamortality rateof 100%intwoyears, after theonset of
symptoms 532, and the prognosis is worse in those with
restrictive cardiomyopathy =.

Functional class

The severity of the symptoms caused by CHF seems
toberelated to mortality 1%1421343 Theclassification most
used to quantify thesymptomsisthat of theNew Y ork Heart
Association (NYHA). In the SOLVD study *°, patientsin
functional class (FC) IV had amortality of 64% during a
mean follow-up of 41.4 monthscompared to patientsin FC
1, 11,and |, whose mortality rateswere 51%, 35%, and 30%,
respectively.

TheNY HA classification, despite being practical and
widely known and adeterminant of prognosis, iscriticized
by some authors®. It not alwayscorrel ateswith the degree
of ventricular dysfunction or with objective measures of
exercise capacity %2, Therefore, wecanfind patientswith
preserved systolic function and with significant diastolic
aterationsthat, despite severe symptoms of CHF, have a
long-term prognosis better than those with systolic dys-
function 2233 _|t isnot uncommon to find patients with
severesystolic dysfunction of theLV and mild symptoms.

Another less known but more reproducibl e classifi-
cation isthe Specific Activity Scale®. Itsadvantages are
smaller subjectivity intheassessment of the symptomsand
better correlation with the functional capacity. It lacks,
however, dataabout mortality.
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Cardiothoracic ratio

Thisisan easily obtainable parameter, anditsincrease
has been associated with worse prognosis. Inthe Veterans
studies, the cardiothoracic ratio was an independent pre-
dictor of mortality, surpassed only by EF and peak exercise
oxygenconsumption®*. Nicklaset a ** showed that acardio-
thoracicratio higher than 0.52wasrelated to higher mortality.
Inanother study, whereonly noninvasiveprognosticfactors
were evaluated, the cardiothoracic ratio was between the
three strongest parameters independently associated with
mortality “.

Thecardiothoracicratio haslimitations. Asthecardiac
silhouetteintheanteroposterior projectionismainly formed
by the right chambers, the cardiothoracic ratio changes
only inthegreatly dilated hearts, being, therefore, aspecific
index but onewithlittle sensitivity ®.

Ejection fraction

The EF of the LV can be obtained, in anoninvasive
way, using echocardiography or radionuclide ventricul o-
graphy. In patientswith systolic dysfunction of theLV, the
EF isamong the strongest predictorsof mortality 10153642 |n
the SOLVD study *°, patientswith EF of 23%to 35%, witha
meanfollow-up of 41.4 months, had amortality rateof 28%;
for thosewith EF of 23%to 29%, thisratewas 39%; and for
those with EF of 6% to 22%, the mortality rate was 50%.
Other studiesshowed similar results. Inthe study of Cohn et
al ¥, patientswith EF smaller than 25% had aworse progno-
sisthan those whose EF was greater than 35%. Serial stu-
diesof EF areasouseful intheeva uation of prognosis. Ina
study “3, areduction of the EF greater than 5% in oneyear
wasassoci ated with amortality almost twotimeshigher.

The EF of theright ventricle (RV) has also shown to
beapredictor of mortality. DiSalvo et a #, through radio-
nuclideventricul ography of the RV, showed that aEF higher
than 35% wasmorestrongly correlated with survival than
theisol ated oxygen consumption (VO,). Another advanta-
ge of thisparameter isthat it correlates very well with the
exercisecapacity measuredusingV O,, theoppositeof what
happenswith the measurementsof theL V function®.

Exercise capacity

Decreasedtoleranceto exerciseisafrequent symptom
in CHF. Thisway, the degree of the patient’ stolerance to
effort providessignificant information and can bemeasured
inan objectiveway. A frequently used index to assessthe
exercise capacity isVO,, which providesindirect infor-
mation about the cardiovascular and pulmonary reserves
and has been useful in the prognostic evaluation of the
patients with CHF 284546, Maximum oxygen consumption
would betheideal index, but it is often impossible to be
obtained because the patient usually interruptsthe effort
beforethat point, dueto muscular fatigue and exhaustion.
Therefore, peak exerciseVO, ismoreusually cited”.
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Szlachcic et al *° were the first to demonstrate the
association of VO, with prognosis. In that study, the
surviva of individuaswith VO, higher than 10mL/kg/min
was 80% compared to only 20% for thosewith VO, smaller
thanthat value. Mancini et al *6 showed similar results. Toa
similar degreeof EF reduction, patientswithapeak exercise
VO, smaller than 14mL /kg/minhad ahigher mortality inone
year (30% to 50%) than those with exercise capacity
preserved, whose mortality was smaller than 10%. Maxi-
mum VO, isalso useful intheindication for heart trans-
plantation. Valuessmaller than 14 ml/kg/minindicate possi-
bletransplantation and whenvauesare smaller than 10mL/
kg/minthetransplantation indication isdefinitive*®4,

InChagas’ cardiomyopathy, VO, isasignificant prog-
nostic factor 3-505, Inthestudy by Mady et al 3, maximum
VO,, dong with EF, wasanindependent predictor of mor-
tality during an average 30-month follow-up.

On the other hand, VO, was not agood predictor of
mortality inthestudiesby Wilsonet d * and Franciosaet a =.
Another important fact i sthat theremay not beany correla-
tion between VO, and EF ***¥, showing the independent
prognostic value of thesetwo variables.

Another test used to assess exercise capacity isthe
six-minutewal king test %%, which correlateswell withthe
patient’ s symptoms during daily activities®. Inthestudies
by Sueta et al 5 and Bittner et al %8, there was a strong
correlation between the distance walked and survival.
Bittner et al * showed that when the distance walked was
smaller than 305m, theannua mortality was11% compared
to only 4%, when the distance walked was higher than
443m. Inthislatter study, the six-minutewalking test was
alsoapredictor of future hospitalizations.

Hemodynamic variables

Several authors %°%2 found a worse prognosis for
patients with hemodynamic variables severely altered.
Creager et a ® found aworse prognosisin patients with
reduced cardiac output. Franciosa® found ahigher morta
lity in patientswith LV filling pressures higher than
27mmHg, systemic vascular resistance higher than 23
Wood units, and cardiacindex smaller than 2.25L/min/m2
Some authors, however, found no significant correlation
between LV filling pressures, cardiac output and mortality,
even though these variableswere slightly altered in those
who did not survives2,

Right atrium (RA) pressure has also been correlated
withsurvival. Inthestudiesby Creager et a ©, Unverferth et
al %, and Lee and Packer %, patients with asmaller RA
pressure had a better prognosis than those with high
pressuresin this chamber. In another study %, the mean
pulmonary pressure was the only hemodynamic variable
independently related with aworse prognosisin patients
with CHF treated on an outpatient basis.

It isinteresting to note that even though the hemo-
dynamic variables, when significantly altered, indicate a
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worseprognosi s, no correl ation between thesevariablesand
the symptoms or the exercise capacity was found 526165,
Treatment with drugsthat increase the cardiac index and
reducethefilling pressuresalsodid not increasesurviva .
Itisimportant to notethat thehemodynamic parametersare
useful mainly when a population with varied severity of
symptoms is assessed ¢,

Neurohormonal system

In patientsin advanced stagesof CHF (FC 11 and IV
and low EF), the hemodynamic and functional factorsare
no longer predictors of the disease course, and the factors
related to the neurohormonal system are fundamental for
determining prognosis?5263¢7, Several systemsareactiva
tedin CHFinorder to compensatefor thecircu-latory disor-
der caused by reduction of the cardiac output. The sympa-
thetic nervous and the renin-angiotensin-al dosterone
(RAAYS) systems cause vasoconstriction and water reten-
tion, in an attempt to compensate the low cardiac output
and the poor tissular perfusion %%, Excessiveand prolon-
ged activation of these systems, however, ends up being
pernicious ¥. Vasodilating systems are also activated
aiming to reduce the noxious effects of the vasoconstric-
tors®. The prognostic val ue of themain systemsinvolved
in the pathophysiology of CHF will be discussed bel ow.

Sympathetic nervous system — Theplasmaticlevel of
norepinephrine reflects the activity of the sympathetic
nervoussystem ¢ and issubstantially increased in patients
with CHF, proportionally to the clinical severity of the
disease ¢7%72, This elevation precedes and predicts the
development of CHF, even in patientswith asymptomatic
ventricular dysfunction 2677,

Countless studies show the prognostic value of the
plasmatic concentration of norepinephring? 36806771072 nthe
study by Cohn et al #7, values between 400 and 800ng/mL
wererelated to high mortality. Patientswith levelshigher
than 800ng/mL had a24-month survival lower than 20%. In
that study, the dosage of norepinephrinewasal so useful to
determinethemode of death. Individual swho died because
of the progression of the CHF had average levels of
1,014ng/mL compared to 619ng/mL in those who died
suddenly. Thisdifferenceisstatistically significant. Itis
important to emphasize that the prognostic significance
of norepinephrine depends on the population being
studied and it ishigher in patientsin advanced stages of
the disease ¢"".

Sympathetic hyperactivity isnot only a prognostic
determinant but it al so seemsto contribute directly to
clinical and hemodynamicworsening of CHF. Thisconclu-
sion can be drawn from the results of multicenter studies
that showed an improvement of the hemodynamic para-
meters and reduction of mortality due to the use of drugs
that block beta-adrenergic receptors™. Oppositeresults
were obtai ned with agonists of these receptors .,
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Renin-angiotensin-aldosterone system — Theplas-
matic activity of reninreflectsthedegreeof activation of the
RAAS®#anditslevelsareincreasedin CHF, inthesame
proportion of disease severity 5678, Activation of the
RAAS contributesdirectly to the deterioration of CHF®, as
shown by clinical trialswith ACEI 103488 whose results
show improvement of clinical findings and increase of
survival with these drugs. Asthe sympathetic activity, the
RAA Sactivationismoreimportant asaprognosticfactorin
themore severe patients, inwhom thehemodynamicvaria-
blesarenolonger ableto predict the prognosis®.

Thereninactivity hasalinear inverserelationwiththe
plasmatic concentration of sodium %¢7878° g that the
presenceof hyponatremiaidentifiesagroup of individuals
withgreat activation of theRAASY. Thisrelationispartialy
dueto the fact that RAAS has a great importance in the
pathogenesis of the hyponatremic CHF®. Infact, patients
with hyponatremiahaveclinical characteristicssimilar to
thosewithhighlevelsof renin, i. e, they tendtobeclinicaly
decompensated, with high levelsof circulating hormones
and they frequently have prerenal uremia®” 83, Tissular
hypoperfusion that existsin CHF and the action of angio-
tensin Il stimulate, in a nonosmotic way, the release of
vasopressin *t, which through its antidiuretic action may
contribute to hyponatremia®”°,

In 1984, Cohn et al # werethefirst to show the prog-
nosticimportanceof hyponatremiaand theplasmatic renin.
Intheir study on 106 patientswith CHF, thesetwo variables
wereassociated with mortality through univariateanaysis.
Inmultivariateanalysis, however, they lost their statistical
value, being surpassed by plasmatic catecholamines. Two
yearslater, Leeand Packer  showed inadefinitiveway the
prognostic value of sodium and plasmatic renin. Patients
with sodium higher than 137mEg/L had agreater survival
than those with mild hyponatremia (133 to 137mEg/L) or
moderateto severe hyponatremia (<133mEg/L) %¢". Those
with sodium <130mEg/L had anone-year surviva ratelower
than 20% compared to thosewith serum sodium higher than
that value, whose survival ratewasa most 50%.

Inarecent study ® involving patientswith decompen-
sated CHF admitted to the emer-gency department, we
observed that the presence of hyponatremiawas the only
factor independently related to hospital mortality and
survival at 16-monthfollow-up, amongroutineclinical, [abo-
ratorial and echocardiographic variables. Globa mortality
was52% for patientswith serum sodium <135mEg/L com-
paredto 16.6% for thosewith serum sodium >135mEgy/L.

The SOLVD study * confirmed the prognostic value
of theRAASin CHF. Theplasmatic activity of renin, aswell
asthe plasmatic norepinephrine and the atrial natriuretic
factor (ANF) werestrong predictorsof mortality inoneyear.

Inthe CONSENSUSI study *, increased levels of
angiotensin Il and aldosterone, in addition to nore-
pinephrine and ANF, had a significant correlation with
mortality. Angiotensin |1 had a stronger correlation than
norepinephrine, the opposite of what had been found in
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previous studies. Thisfact can result from the type of
population studiedin CONSENSUS, whereonly patientsin
FCIV wereincluded®.

Aldosteroneinanima mode splaysanimportantrolein
theproliferation of fibroblastsandin myocardia fibrosis®. In
the SOLVD study *, the ACEI's caused reduction of the
myocardial massmeasured by echocardiography and, inthe
CONSENSUS study , they reduced thea dosteronelevels
by almost 60%. These findings suggest that aldosterone
has a deleterious effect on the failing myocardium. The
RALES study * that assessed the effect of spironolactone,
aninhibitor of aldosterone, inthemortality of patientswith
CHF was recently interrupted for evidencing the benefits
of thedrug (unpublished data).

Vasopressin — Arginine vasopressinisreleased in
response to areduction inintracellular volume (osmotic
stimulus) or inresponseto areductioninextracel lular volu-
me or in blood pressure (nonosmotic stimulus). It acts
increasing the water reabsorption in the kidneys and
causing systemic vasoconstriction %,

Vasopressin plasmatic concentration isincreased in
patients with severe CHF 57919297 |ts exact rolein the
pathophysiology of CHF, however, isnot clear. Itisknown
that, in hyponatremic CHF, vasopressin is frequently
increased, along with renin activity, and it has been
implicated inthe pathogenesis of the disturbance of water
metabolism found in this condition. Goldsmith et al ¥,
however, did not find any correl ation between vasopressin
and serum sodium or osmolarity in patients with CHF,
suggesting that hyponatremiaisnot asimpleoutcomeof the
release of vasopressinin thissyndrome.

The value of vasopressin as an independent prog-
nostic factor is not well defined, and there are no data
suggestingthat it hasadirect del eteriouseffect onsurvival ¢,
Inthe SOLVD study 4, the serum level of vasopressin was
not apredictor of mortality.

Atrial natriuretic factor — In 1985, Lang et al 8
demonstrated the presence of thisfactor in humans, for the
firsttime. Themain stimulusfor itsreleaseisatrial disten-
sion or stretch and not theincrease of pressure®. It hasa
diuretic, natriuretic and vasodil ating action, the opposite of
thedel eteriouseffects of thevasoconstrictivehormones®®,

Plasmaticlevelsof ANF areincreased in CHF®7.100-102,
Inthe CONSENSUS® and SAVE ** studies, theselevels
correlated withthesymptoms, cardiacindex, and L V filling
pressure, but not with EF. Valuessuperior to 125ng/mL were
related to agreater mortality 1,

Brain natriuretic factor — Thisfactor wasdiscovered
in 1988, It hasagreat chemical similarity tothe ANF*®,
Patientswith CHF haveextremely el evated plasmaticlevels
of thispeptide, anditsrel ease by the patient’ sventriclesis
also quiteincreased %1%, Asthe ANF, thebrain natriuretic
factor seemsto play asignificant role in the patho-
physiology of the CHF, acting as an endogenous vaso-
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dilator and diuretic. The clinical improvement observed
whenitisadministeredto patientswith CHF confirmsthis
hypothesis®. |tsimportance as a prognostic factor was
recently demonstrated. McDonagh et a *°, inapopul ation-
based study carried out in Glasgow, Scotland, demons-
trated that val ues of the brain natriuretic factor superior to
17.9 pg/mL wereindependently relatedto total and cardio-
vascular mortality. Inadditiontotheprognosticvalue, itis
worth emphasizing thegreat accuracy of thismethodinthe
diagnosis of the ventricular systolic dysfunction, whereit
isincreased even in the asymptomatic phase, and can be
used as a screening test for early identification of these
individual s(Dargie, personal communication).

Prostaglandins — Prostaglandinsare not true hormo-
nes, but autacoids, i. e., they arelocally synthesized and
activated ®. Metabolites of prostaglandin, such as PGI,
and PGE,, however, are circulating substances and are
increased in CHF%78988111112 Thisincreaseispartially due
to adirect responseto systemic hypoperfusion and also to
stimulation of activated vasoconstrictive hormones,
especially angiotensin |1 ¢”. As observed with the vaso-
constrictive hormones, the activity of prostaglandins
increase with the aggravation of the disease®.

Patients with advanced CHF are strongly dependent
on prostaglandin to maintain an adequate renal function,
withanappropriateexcretion of sodium®. Inhyponatremic
patients, worsening of CHF wasobserved after utilization of
drugs that inhibit the synthesis of prostaglandin, such as
indomethacin ®. Therewasadecreaseinthecardiacindex
and an increase in systemic vascular resistance and
pulmonary capillary pressure.

In patients with chronic CHF , the metabolites of
prostaglandin are accurate — although not independent -
prognostic markersbecauseof their relation to hyponatremia.

Endothelins — A potent vasoconstrictor produced by
the cells of the vascular endothelium, called endothelin,
was described by Y anagisawaet al 13, in 1988. Today, at
leastfour differentisoforms(ET-1, ET-2, ET-3,andanintes-
tinal vasoactiveform) areknown. Oncereleased, they have
agreat variety of effects on the cardiovascular, renal,
pulmonary, and neuroendocrine systems, acting in two
distinct receptors(ET, andET ) ®.

Endothdinslevelsaretripledin patientswith CHF411
and correl atewith the FC 14116 and the degree of pulmonary
hypertension *”. A precursor named big endothelin-1was
an important predictor of short-term mortality in patients
with advanced CHF, surpassing hemodynamic variables
and ANF 8, Blockers of endothelin receptors and inhi-
bitors of the endothelin-converting enzyme have been
developed and should help to clarify the role endothelins
play inthe genesisand prognosis of CHF51°,

Cytokines — Some peptidemediators, suchasgrowth

factorsand inflammatory cytokines, haveimportant effects
on the myocardium and blood vessels and seem to be
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involved inthe genesisof CHF'®. Growth factorsmay cau-
se hypertrophy associated with the expression of fetal
genes™®. Inflammatory cytokines, such asthea phatumor
necrosisfactor, may causeimmediatemyocardial damagein
vitro? and areincreased in CHF 2, Another inflammatory
cytokine, betainterleukin-1, causes myocardial hyper-
trophy invitro?,

Cytokines may beinvolved, in thelong run, in myo-
cardial remodeling and alterationsof thevascular tissue'®.
Their rolein the pathophysiology and prognosis of CHF,
however, isyet to be defined.

Thyroid function

Alterationsin the metabolism of the thyroid hormo-
nes, such ashyper- or hypothyroidism, areknown ascause
or precipitating factors of CHF %, Lately, these hormones
have been observed to also have prognostic value. In CHF,
Hamilton et al ** evaluated the situation called “ state of
euthyroiddisease” characterized by low triiodothyronine(T,)
or T, index, increasedreverse T, normal thyrotropin (TSH),
andvariablethyroxine(T,). They studied 84 patientsadmitted
to the coronary unit with severe CHF and reported that the
decreaseof thefree T ,index/reverse T , ratiowasanimportant
predictor of mortality intheshort-term, surpassing variables
suchasEF, serum sodium and hemodynamicvariables.

Cardiac arrhythmias

Patients with severe CHF have high incidence of
ventricular arrhythmiaswhen eval uated through dynamic
electrocardiography 2024125126 Multifocal and paired
ventricular extrasystoles are common and more complex
arrhythmias, such asnonsustained ventricular tachycardias
(NSVT), arefoundin 50% of theindividuals'*.

Itisknown that the frequency and complexity of the
ventricular ectopic beats are not directly responsible for
higher mortality, but only reflect thehemodynamicand func-
tional severity of thedisease, being related to the degree of
impairment of ventricular function®-*#, Infact, theutilization
of antiarrhythmic drugs of thegroup I-C in asymptomatic
patients with frequent ventricular arrhy-thmias, previous
myocardial infarction and low EF caused increase in
mortality, despite suppressing the arrhythmias'®,

Thepresenceof thesearrhythmias, however, provide
additional prognosticinformation, eveninthethrombolytic
era. Datafrom the GISSI study **° show that, in postin-
farction patientswith EF <35%, the presence of 10 or more
ectopic beats per hour or complex ventricular ectopiais
associatedwith anincreaseof 2.1to 2.4 timesof therisk of
sudden death.

The presence of NSVT increasestherisk of death by
three times** and has been described as an independent
predictor of sudden death **'. The annual mortality for
patientswith previousmyocardial infarction, EF <30%and
presenceof NSV T reaches40% compared to 20%for those
without NSV T 126120,
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Sustai ned monomorphic ventricular tachycardia
occursin approximately 9% of the patientswith severe CHF
referred for cardiac transplantation 32, Its presence
identifies agroup with high probability of recurrence of
arrhythmiaand sudden death ***3, Ventricular fibrillation
usudly occursinthepresenceof acutemyocardial ischemia
or severeventricular dysfunction. Assustained ventricular
tachycardia, ventricular fibrillation has a high index of
recurrence, thereforejustifying aggressive therapeutics*,

Atrial arrhythmias have also been associated with
worse prognosis. The presence of atrial fibrillation has
been related to a higher incidence of embolic phenomena
and sudden death, inthemajority of the studiesof CHF*,
An exception to this finding was the Veterans study ¢,
which, however, did notincludepatientsin FC V.

L eft bundlebranch blockade (LBBB) wasdescribed as
animportant prognostic factor inthestudy of Unverferthet
al ®. In aprospective study, Franciosa® observed astrong
correlation between arrhythmic eventsand the presence of
LBBB inthebasal electrocardiogram (ECG). Accordingto
Hermann and Greenberg?®, however, the usefulness of these
findingsislimited by the high prevalence of electro-
cardiographicabnormditiesin CHF.

Invasive electrophysiological study — Thisexamhas
been used in the attempt to identify patients at risk for
sudden death. Itsvaluein patientswith cardiomyopathy is
not clear yet. Inametanalysisperformed by Kowey et al ¥
of 12 studiesincluding 926 patientswith NSV T, one out of
three patients had sustained arrhythmiainduced in the
invasive electrophysiological study (sustained mono-
morphicventricular tachycardia). During follow-up, 7% of
the noninducible patients had events (sustained ventri-
cular tachycardia, ventricular fibrillation and sudden death)
compared to 18% of the inducible ones. The use of anti-
arrhythmic drugsininducible patients, however, impairs
theinterpretation of these databecause of the possibility of
pro-arrhythmia

Signal-averaged ECG — In apatient with previous
infarction, the presence of |ate potential sisassociated with
induction of tachycardiain the el ectrophysiological study
and with the increased incidence of arrhythmic events
(sudden death and sustained ventricular tachycardia) %,
Thelimitation of this method isthat despite presenting
elevated negative predictivevaue'®, itspositive predictive
valueislow . Itsaccuracy can be enhanced when its
results are combined with data of ventricular function,
mainly theleft ventricleejectionfraction (LVEF) 10141,

I n patientswith nonischemic dil ated cardiomyopathy
and history of sustained ventricular tachycardia, the
prevalence of |ate potentialsishigh, reaching 80% 2. In
patientswith NSV T, the presence of late potentialsvaries
and does not seem to predict the occurrence of sudden
death 3, Mancini et al ** eval uated the prognostic value of
the signal averaged ECG (SAE) in patients with nonis-



Arq Bras Cardiol
volume 72, (n° 3), 1999

chemicdilated cardiomyopathy. Of 66 patientswith normal
exam, nonehad arrhythmic eventsduring thefollow-up. On
theother hand, from the 20 patientswith abnormal exams,
four had ventricular tachycardiaand fivedied suddenly. In
multivariateanaysis, SAE wasanindependent predictor of
prognosis. It isinteresting to notice that among the pa-
tientswith abnormal exams, ninehad aprevioushistory of
ventricular tachycardiaor sudden death compared to only
oneamong thosewithanormal exam.

Other authors obtained different results. Yi et a %,
studying patientswith idiopathic dilated cardiomyopathy,
showed that abnormal SAE identified patientswho evolved
with progression of the CHF, but did not identify the
patientswho died suddenly.

Dispersion of the Q-T interval — Thismethod hasbeen
pointed out by some authors 46147 as an important prog-
nostic variablein CHF. Barr et a ¢ showed that individuals
who died suddenly had a higher dispersion of the Q-T
interval (mean 98.6ms) than those who survived (mean
53.1ms) or those who died dueto CHF progression (mean
66.7ms). Pinsky et al " observed, in patientsawaiting heart
transplantation, that dispersion of the Q-T interval higher
than 140 ms was an important predictor of death, both
sudden and due to CHF progression.

Autonomic dysfunction

The autonomic balance upon the heart has been
consistently evaluated through the heart rate variability
(HRV), using measuresin thetimeand frequency domain
(spectral analysis). Inpatientswith CHF, theHRYV isgrestly
reduced, reflecting sympathetic hyperactivity and reduc-
tion of vagal activity, correlating with the severity of the
disease 1%, Several authorsfound correlation between
HRV, LVEF 8% and also the plasmatic level of nora-
drenaline 49151, Kienzle et al ' did not find correlation
between HRV and EF or FC. They observed, however, a
strong negative correl ation with indicatorsof sympathetic
excitation, sympathetic neuromuscular activity, and
plasmaticleve of noradrenaline.

In thelast five years, HRV has been shown to of
important prognostic value in CHF 149152154 Despite the
small number of patientsintheseries, thelargest consisting
of 102 patients'®, theresultshave been consistent. Binder
et a 2, studying patients awaiting heart transplantation,
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observed that thosewith SDANN (anindex of HRV inthe
timedomain) of 55 mshad a20-timeincreaseintherisk of
death. The authors suggest that HRV is superior to other
prognosticfactors, such asEF, pulmonary capillary pressu-
re, cardiacindex, and serum sodium. Mortaraet al *°, stu-
dying patients before and just after heart transplantation,
found similar results.

Recently, Ponikowski et a *>* showed that HRV isan
independent prognostic factor in patients with CHF
secondary to ischemic or idiopathic dilated cardiomyo-
pathy. Petientswith SDNN (another index of HRV inthetime
domain) inferior to 100 mshad a3.8-timehigher risk of death
than those whose indices are higher than that value. In
another recent study, Fauchier et al > observed that, in
patients with idiopathic dilated cardiomyopathy, the
analysisof theHRV canidentify individualsat greater risk
of death or evolution to heart transpl antation. Inthisstudy,
the HRV was reduced, even in patients without manifest
heart failure. Thisreduction, however, was much more
pronounced when there was deterioration of the hemo-
dynamic state.

Weemphasizethat inthemgjority of thesestudies, the
HRV was correlated with the degree of ventricular dys-
function and the presence of cardiac arrhythmias4-1%0154,
Infact, in the study by Fei et a **°, the measures of HRV
were not predictors of sudden death in patients with
ischemic or idiopathic dilated cardiomyopathy, in aone-
year follow-up.

Final comments

CHFisapotentialy lethd syndrome, whoseprevalence
isincreasingthroughout theworld. Thegtratification of desth
risk isessential for theearly identification of individual swith
ahigher chanceof adverseevents, sothat amoreaggressive
therapy or even extreme interventions, such asthe use of
implantabl e defibrillators, heart transplantation or drugs
under investigation, canbeutilized.

Theetiology of CHF, thedemographic profileof the
patient, and the presence of comorbiditiesinfluencethe
prognosis. Anindividualized and careful investigationis
necessary to detect abnormalities that can be corrected.
Patients who do not respond to the conventional therapy
or whoseetiology isnot clear should bereferred to specia-
lized centersor to expertsin the areaof heart failureand
cardiomyopathies.
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