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Congestive Heart Failure. Correlation Between Functional
Class and Systolic and Diastolic Functions Assessed by
Doppler Echocardiography
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Objective - To evaluate the influence of systolic or di-
astolic dysfunction, or both on congestive heart failure
functional class.

Methods — Thirty-six consecutive patients with a cli-
nical diagnosis of congestive heart failure with sinus rhy-
thm, who were seen between September and November of
1998 answered an adapted questionnaire about toleran-
ce to physical activity for the determination of NYHA func-
tional class. The patients were studied with transthoracic
Doppler echocardiography. Two groups were compared:
group 1 (19 patients in functional classes I and II) and
group 2 (17 patients in functional classes Il and IV).

Results - The average ejection fraction was significan-
tly higher in group 1 (44.84%+8.04% vs. 32.59%+11.48%
with p=0.0007). The mean ratio of the initial/final maximum
diastolic filling velocity (E/A) of the left ventricle was
significantly smaller in group 1 (1.07+0.72 vs. 1.98+1.49with
p=0.03). The average maximum systolic pulmonary venous
velocity (S) was significantly higher in group 1 (53.53cm/s +
12.02cm/s vs. 43.41cm/s + 13.55cm/s withp=0.02). The mean
ratio of maximum systolic/diastolic pulmonary venous
velocity was significantly higher in group 1 (1.5240.48 vs.
1.08%0.48 with p=0.01). A predominance of pseudo-normal
and restrictive diastolic patterns existed in group 2 (58.83%
in group 2 vs. 21.06% in group 1 with p=0.03).

Conclusion - Both the systolic dysfunction index and
the patterns of diastolic dysfunction evaluated by Doppler
echocardiography worsened with the evolution of conges-
tive heart failure.
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Congestiveheart failureisacomplex clinica syndrome
characterized by effort dyspnea, fatigue, and frequently by
periphera edema, resulting from left ventricular dysfunc-
tion. Even though the degree of dysfunction may be quan-
tified by invasive and noninvasivediagnostic methods, the
severity of the symptomsisdifficult to eval uate because su-
chanevauationit highly subjective. Congestive heart fai-
lureisaprogressive and lethal disease when untreated,
and, evenwith the currently existing trestments, themorta-
lity indexesremain highandthequality of lifeis, ingenera,
significantly compromised. The increasing knowledge
about the pathophysiology of left ventricular dysfunction,
however, providesameansfor efficient intervention, thus
prolonging theproductivelifeof patients.

Seeking abetter understanding of thisimportant clini-
cal syndrome, the present study was designed for the pur-
poseof correlating heart failurefunctiona class(New Y ork
Heart A ssociation) with the degree of systolic dysfunction
and with the pattern of diastolic dysfunction. Onethird of
the patients diagnosed with heart failure exhibited normal
systolic function, making diastolic dysfunction the main
factor responsiblefor the pathophysi ol ogical mechanisms
inthese cases™.

Controversy existsintheliteratureregardingthemain
determinantsof heart failurefunctional class. Somestudies
have shownthat the ability to perform physical exercisesis
related more to the patterns of diastolic filling of the left
ventricle than to the indexes of systolic function?4, whe-
reas others have established adirect relationship between
functional class and indexes of systolic function®®. The
moreadvanced functional classes(l11 and V) arerelatedto
greater mortality 14610,

Methods
From September to November of 1998, patientswitha

clinical diagnosisof heart failurewith sinusrhythm, who at-
tended the Cardiol ogy Ambulatory Clinicof theClementino
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FragaFilho University Hospital - UFRJwereincluded and
directed to the Doppler echocardiography study (pulsed,
continuum, and col or). Patientsanswered aquestionnaire
for evaluation of functional class. All echocardiograms
wereperformed with an Esaote 7000 Challenge apparatus,
witha2.5MHztransducer. Patientswithmitral regurgitation
with hemodynamic repercussion (areaof mitral regurgita-
tion stream >25% of thel eft atrium areain the color Doppler
study) and patientswith aheart rate above 90 bpmwere ex-
cluded, duetointerferenceintheflow analysisfor characte-
rizingthediastolicfunction. Patientswithmild (small proto-
systolic regurgitation stream in the left atrium on pul sed
Doppler, withthe Doppler samplelessthan 1cmof themitral
ring) or moderatemitral regurgitation (areaof mitral regurgi-
tation stream £25% of theleft atrium areaat the col or Dop-
pler) 1 werekept inthe study, making up 36 patients.

The patients answered the questionnaire about tole-
rance to several physical activities developed from data
from the criteriacommittee of the New Y ork Heart Asso-
ciation*? and from the Goldman’ s specific scale of physi-
cal activity and adapted to the Brazilian patternsto determi-
ne patients' functional classes.

The echocardiographic study recorded the degree of
mitral regurgitation, thegjection fraction (Teichholz), and
percentageof shortening of theleft ventricle, themaximum
velocity of initial diastolicfilling of theleft ventricle(E) and
itstime-vel ocity integral, themaximum vel ocity of latedias-
tolicfilling of theleft ventricle(A), itstime-vel ocity integral
andduration, decelerationtimeof E(DT), isovolumetricre-
laxationtime (IVRT), maximum systolic vel ocity of thepul-
monary venousflow (S), themaximum diastolic vel ocity of
the pulmonary venousflow (D), theduration of theatrium
contraction retrograde pulmonary venous flow, and | eft
ventricular diastolic pattern. The parameters described abo-
vewereobtained according to therecommendationsof the
American Society of Echocardiography 4.

Inregardtodiastolicfunction, weconsidered thefollo-
wing: &) normal pattern, atransmitral E/A ratio>1, witha
decedl erationtimebetween 165 and 220msand i sovolumetric
relaxation time between 65 and 90ms, and pulmonary ve-
nousflow with S/D ratio >1; b) pattern of rel axation deficit,
withanE/A ratio<lwithadecderationtime(DT) >220msor
thel VRT >90ms(or DT >229msand IVRT >94msin patients
older than 60years); ¢) pseudo-normal, an E/A ratio>1with
decdl erationtimebetween 165 and 220msand IVRT betwe-
en 65 and 90ms, and pulmonary venousflow with S/D ratio
<1, d) restrictive pattern, an E/A ratio > 1 with deceleration
time<165msandaS/Dratio<1%.

The comparison between groupswas performed with
the Student’ s¢ test for parametric variables, and the Chi-
square or Fisher exact test to evaluate the association
betweenthegroupsand nonparametric variables. Thelevel
of significancewasset at 5% (0.05).

Results

Group 1 (patientsin functional classes| and I1) was
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composed of 19 patients(52.8%) and group 2 (patientsinfunc-
tional classeslll and V) of 17 patients(47.2%). Four patients
(11.1%) wereinfunctiond dassl, 15werein(41.7%) classl|, 15
(4L 7% wereindassll,and2(5.6%0) wereinclass| V.

Of the 36 patients, 22 (61.1%) weremenand 14 (38.3%),
women. Themean agesof groups 1 and 2 were60.26+8.95
yearsand 61.23+8.62 years, respectively (p=0.74).

Inregardtorace, group 1 comprised 15 (78.95%) Cau-
casian patients, 3 (15.79%) mulatto patients, and 1 (5.26%)
African-Brazilian patient. Group 2 comprised 9 (52.94%)
Caucasian patients, 7 (41.18%) mulatto patients, and 1
(5.88%) African-Brazilian patient, with p=0.10, wheremul at-
to and African-Brazilian patientswere pool ed together for
comparison purposes.

A previous history of systemic arterial hypertension
wasreported by 24 (66.7%) patients, 12 patientsfromgroup 1
and12fromgroup 2 (p=0.64). | schemic heart diseasewaspre-
sentin30(83.3%) patients, 16fromgroup 1 and 14fromgroup
2(p=0.61). Eleven (0.6%) patientshad adiagnosisof diabetes
mellitus, 5 patientsfromgroup 1 and 6from group 2 (p=0.56).

Regarding smoking habits, 10 (52.63%) ingroup 1 and
7(41.18%) ingroup 2, p=0.49, weresmokers. Dydlipidemia
was present in 13 (68.42%) patientsfrom group 1 and 12
(70.59%) fromgroup 2, with p=0.89.

The most frequently used medicineswere angiotensin
convertingenzymeinhibitors by 20 (56%) patients; nitratesby
11(30.8%); beta-blockershy 10(28.8%); digoxinby 6 (16.8%0);
diureticsby 5(14%); and niphedipineby 5(14%) patients.

Regarding the presence and degree of mitral regurgi-
tation, 5(26.32%) patientsin group 1 did not have thecon-
dition, 12 (63.16%) patientshad it to amild degree, and 2
(10.53%) patientshad it to amoderate degree. Ingroup 2,
two (11.76%) patients did not have the condition, 9
(52.94%) had it toamild degree, and 6 patients (35.29%) had
ittoamoderatedegree, with p=0.20.

Table 1 shows gection fraction and fractional shorte-
ning. Tablesll, 11,and 1V present thevariablesof thetranami-
trd Doppler andthepulmonary vein. TableV containsthedi-
agtolic patternsfound in both groups.

Discussion

Based on thefindings of the present study, we obser-
ved the existence of an interrelation between systolic and
diastolic functions. Deteriorationin systolic function, jud-
ged by themoreadvanced functiona class, isaccompanied
by worsening intheleft ventricular diastolic pattern. This
mechanism hasbeen previoudly identified and reflectsade-
creaseinventricular compliance, asit occursin advanced
congestive heart failure®.

Several studies demonstrate greater morbidity and
mortality inpatientsinfunctional classeslll and 1V 4822, Si-
milarly, someparametersof diastolicfunction, such asshort
decelerationtime(<140ms), highE/A ratio (>1), arestrictive
diastolic patternintheleft ventricleand ahigh maximum Eve-
locity in trangmitral flow, areimportant mortaity predictorsin
congestive heart failure patients*8101516, | n the present stu-
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Table I - Ejection fraction and fractional shortening Table IV - Variables of pulmonary venous Doppler
Variable Subjects Mean P Vaiable Subjects Mean P
G1-FE 19.00 44.84 G1-S 19.00 53.53
G2-FE 17.00 32.59 0.0007 G2-S 17.00 43.41 0.0200
G1-fr. short. 19.00 23.16
G2-fr. short. 17.00 16.00 0.0004 G1-D 19.00 37.05

. ] ] G2-D 17.00 42.88 0.1100
G1 - group 1; G2 - group 2; EF - gection fraction; fr. short. - fractional
shortening. G1-S/D ratio 19.00 152
G2-S/D ratio 17.00 1.08 0.0100
G1-Ar leng. 19.00 169.53
G2-Ar leng. 17.00 176.70 0.6200
Table II - Variables of the transmitral Doppler study
GL-A/AT 19.00 0.90
Variable Subjects Mean P G2-A /AT 17.00 0.86 0.6900
Gl- E 19.00 62.53 G1- group 1; G2- group 2; S- maximum systolic velocity of pulmonary
G2- E 17.00 76.47 0.0800 venous flow - cm/s; D- maximum diastolic velocity of pulmonary venous
flow - cm/s; S/D ratio - ratio between maximum systolic velocity of
Gl- A 19.00 66.21 pulmonary venous flow and maximum diastolic velocity of pulmonary
G2- A 17.00 55.18 0.1500 venous flow; Ar leng. - length of retrograde A in pulmonary vein; A/Ar-
A length/retrograde A length ratio in pulmonary vein.
G1-E/A ratio 19.00 1.07
G2-E/A ratio 17.00 1.98 0.0300
G1-TD 19.00 180.26
G2-TD 17.00 148.70 0.0800 Table V - Diastolic patterns

G1- group 1; G2- group 2; E- maximum E velocity - cmi/s; A - maximum
A velocity - cm/s; E/A ratio; DT- E deceleration time - ms

Table III - Variables of transmitral Doppler and of IVRT

Variable Subjects Mean p
G1-A leng. 19.00 146.53

G2-A leng. 17.00 140.18 0.5200
G1-Ei 19.00 8.42

G2-Ei 17.00 8.65 0.8100
G1-Ai 19.00 5.95

G2-Ai 17.00 5.18 0.3900
G1-TRIV 19.00 112.05

G2-TRIV 17.00 104.29 0.3600

G1- group 1; G2- group 2; A leng. - length of A - ms; Ei and Ai -
integra of E and A velocities, respectively; IVRT- isovolumetric rela-
xation time - ms

dy, it was possibleto correlatefunctional classes!ll and IV
with pseudo-normal and restrictivediastolic patterns.

A correlation exists between | eft ventricular diastolic
function and hemodynamic parameters. Therestrictive pat-
ternof transmitrd flow andtheshort decd erationtimearecor-
rel ated with elevated pulmonary capillary pressure”, Like-
wise, theincreased maximum diastolic vel ocity of pulmo-
nary venousflow (D) isassociated with elevated pulmona
ry capillary pressure®.

The elevated E/A ratio of the transmitral flow, the
short decel erationtime, thereduced S/D ratiosof the pulmo-
nary venousflow, the lower S pulmonary venous velocity
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Group 1 Group 2
Normal 5 (26.32%) 0
Alt. Relax. 10 (52.63%) 7 (41.18%)
Pseudo 2 (10.53%) 3 (17.65%)
Restrictive 2 (10.53%) 7 (41.18%)

Alt. Relax. - Altered relaxation and pseudo (pseudo-normal). There is a
predominance of pseudo-normal and restrictive patterns in group 2, with
p=0.03, when compared to normal cases.

and the pseudo-normal and restrictive diastolic patterns
servedto characterizefunctiond classesll| and1V. Similar-
ly, thelower g ection fraction and fractional shortening to-
gether with the more severe systolic dysfunction also cha-
racterize functional classes|Il and IV. Morerecently, the
tissue Doppler and color M-mode Doppler techniques of
mitral flow propagation havefacilitated the characterization
of left ventricular diastolicfilling patterns.

According to severa studies?>#, other factors, such
asthe use of correct medication, especially angiotensin
converting enzymeinhibitors, may alsoinfluence functio-
nal class. Inthe present study, 56% of the patientsregularly
used sometypeof angiotensin converting enzymeinhibitor,
without differences between groups. It isinteresting to
note the low percentage of use of angiotensin converting
enzymeinhibitors(which arewell knownto reducemorbidi-
ty andmortality in casesof congestive heart failure) proba-
bly duetolow adherenceto thetreatment.

The question of drug treatment for congestive heart
failureandthepattern of diastolicfilling of theleft ventricle
was explored by Keren et a 2, who demonstrated that the
maximum velocity of initial diastolicfilling (E) decreases
with treatment and is associated with alonger period of
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exercise and improvement in functional class. Similarly,

other researchershave demonstrated that the patternsof di-
agtalicfilling of theleft ventriclemight changefromonetype
totheother, withthepatients clinical improvement andthe
optimization of treatment #5228, Therestrictive pattern of
theleft ventricle, which remainsunaltered despitethe opti-
mization of treatment for congestive heart failure, hasbeen
pointed out asan important marker of clinical deterioration
and worsening in functional classin patientswith dilated
myaocardiopathy, accordingto Shenet a **. Theclinical and
functional classimprovementin congestiveheart failurepa-

tientsisaccompanied by areductioninthe E/A transmitral

flow ratio and by an augmentation of thedecelerationtime®.

Reportsexistintheliteratureabout functional classim-

provement in patientswho undergo physical training. Itis
known that one of the adaptive mechanisms of congestive
heart failureconsistsof physical conditioningloss resulting
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fromadecreasein periphera tissueperfusion. Magnusson et
al ® demonstrated that aterationsin skeletal musclesincon-
gestive heart failureare not entirely irreversible. Localized
muscletraining isefficient and may resultinamarked aug-
mentation of thelocal work capacity andinasmall increase
inthetotal work capacity. Intrained patients, anincreasein
the quadricepsmuscletransversearea, anincreaseintheca
pillary/fiber index, and anincreasein oxidativeenzymeticac-
tivity havebeendemonstrated . Thesefactorsmight explain
some discrepancies found in the present study, such asthe
presenceof 2 patientswith pseudo-normal diastolic pattern
and 2 othersingroup 1witharestrictivepattern.

The better comprehens on of these mechanisms, obtai-
ned by ajudiciousstudy of theechocardiographic parameters
usedinthecharacteri zation of degreesof systolic, or diastolic
dysfunctions, or both, hel pstheidentification of patientswho
will, possibly, haveamoreunfavorableclinical evolution.
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