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Although clinical congestive heart failure (CHF) is associated with significant left
ventricular (LV) systolic dysfunction, recently it has been recognized that LV diastolic
dysfunction also may occur in the absence of abnormal systolic performance. A retrospec-
tive study evaluated 23 patients with myocardial infarction and CHF who had undergone
multigated blood pool scintigraphy and were found to have normal LV ejection fraction (=
50%). Average rapid filling velocity (RFV) and slow filling velocity (SFV) were both signifi-
cantly reduced in CHF patients (5.1+1.3 unit/s, 2.2+1.4 unit/s respectively) compared with
normal control group (3.9+1.2 unit/s, 1.3+0.8 unit/s respectively). Rapid filling time and
total diastolic time were also significantly prolonged in CHF patients (p<0.01, p<0.05
respectively). There were no significant changes in heart rate and blood pressure between
two groups. Thus, normal systolic LV function is encountered in patients with CHF and it
appears to be prudent to evaluate diastolic performance as well for optimal therapeutic

strategies for CHF patients.
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INTRODUCTION

Congestive heart failure (CHF) is associated
with significant ventricular systolic dysfunction.
Current medical therapy is traditionally directed
toward improving contractile function or minimiz-
ing ventricular work load. However, recently it has
been encountered that left ventricular (LV) dias-
tolic dysfunction also may occur in the absence of
overt systolic dysfunction'~” and patients with
CHF and systolic impairment do not benefit signifi-
cantly from inotropic agents®®.

The objective of the present study was to iden-
tify patients with myocardial infarction and CHF
who have normal global ejection fraction (EF) and
to evaluate whether pulmonary congestive sym-
ptoms may in part account for impaired diastolic
performance.
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MATERIALS AND METHODS
1. Patient Selection

The records of all patients with acute myocar-
dial infarction (AMI) and CHF who had multigated
radionuclide angiography (RNA) between Febru-
ary 1983 and April 1985 are reviewed.

Diagnosis of AMI was made on clinical
manifestations, cardiac enzymes, ECG, Tc-99 m
PYP scan and coronary angiography. Diagnhosis of
CHF was based upon a history of dyspnea, car-
diomegaly and pulmonary venous congestion on
chest radiography or physical findings such as
jugular venous distention, rales, S; gallop, dis-
placement of cardiac apex or peripheral edema.

Those patients with AMI and CHF were selec-
ted for the present study who had an intact sys-
tolic function, defined as a LVEF of 50% or more
by RNA.

Nineteen patients (83%) were receiving digi-
talis or diuretics or both. Five patients (22%) were
receiving calcium channel blocker or nitroglycerin
in addition to digitalis or diuretics. There were 7
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patients (30%) who were receiving vasodilators.

A control group of 11 patients (5 men, 6 wo-
men)} without evidence of heart diseases was
matched with respect to LVEF and diastolic varia-
bles.

2. Protocol

Multigated radionuclide angiography was per-
formed in the supine position using red blood
cells tagged with 20 mCi of Technetium-99 m
pyrophosphate!®. Counts were acquired in the
LAQ 45° view showing best separation of right and
left ventricles, using a Technicare Sigma 120 por-
table gamma camera, equipped with a GAP col-
limator and interfaced to a Technicare MCS 560
portable computer. ECG-gated images were used
to collect data into 16 frames, each frame having a
duration of 1/16th of the R-R interval and an
average left ventricular count value of 125 counts
per pixel. After completion of imaging, time activ-
ity curves and LV ejection fraction were computed
using Technicare software. LV ejection fraction
was calculated by subtracting the LV end-systolic
counts from LV end-diastolic counts, and dividing
the result by LV end-diastolic counts.

3. Diastolic Parameters

Diastolic function curves were examined in the
same manner as Lee et al.'?. Several measure-
ments were calculated from the time-activity curve
(Fig. 1). Four diastolic points were marked by the
operator; (1) start of rapid filling (SRF), (2) end of
rapid filling (ERF), (3) start of slow filling (SSF) and
(4) end of slow filling (ESF).

Rapid and slow filling velocity: A regression
line was plotted for counts versus time between
SRF and ERF and between SSF and ESF. Average
rapid and slow filling velocities were taken as the
slopes of these regression lines in counts/second
divided by the end-diastolic counts and expressed
as units/second.

Filling volume ratio: The ratio of rapid filling
volume to rapid plus slow filling volume was
defined as: filling volume ratio=counts at ERF-
SRF/counts at ESF-SRF.

Rapid filling time, total diastolic time and dias-
folic time ratio: The duration of rapid and slow
filling times and the ratio of rapid filling time to
total diastolic time (diastolic time ratio) were
calculated from the points marked on the time-
activity curve.

RESULTS
1. Clinical Characteristics

In CHF patients group, jugular venous disten-
tion was present in 13 patients (57%). Sixteen
patients (70%) had pulmonary rales. An S, gallop
was heard in 12 patients (52%). Peripheral edema
was observed in 11 patients (48%) (Table 1).
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Fig. 1. Left ventricular time-activity curve.
A = start of rapid filling (SRF)
B = end of rapid filling (ERF)
C start of slow filling (SSF) ana
D end of slow filling (ESF)
Rapid filling iime = A to B, slow filling time
= to D and total digstolic time = A to D
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Table 1. Obijective Findings in Congestive Heart Failure

Patients
Findings No. of patients
Physical findings
JVD* 13 (67%)
Rales 16 {70%)
S, gallop 12 {62%)
Edema 11 (48%)
Chest radiograph
Cardiomegaly 16 {70%)
Pulmonary edema 14 (681%)

* JVD : Jugular venous distention
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Table 2, Variables in Control and Congestive Heart Failure Group

Control Patients P-value

Heart rate (beats/min) 8125 7717 NS
Blood pressure {mmHg)

Systolic 126+22 126 £ 14 NS

Diastolic 77t 3 73+ 9 NS
Systolic function

EF (%) 63t 6 60t 6 NS
Diastolic function

RFV (units/sec) 51+13 3.9%1.2 P < 0.01

SFV (units/sec} 22%14 1.3+£0.8 P < 0.05

FVR 06102 07+02 NS

RFT {ms) 121,7+39.3 160.7 £37.2 P < 0,01

TDT (ms) 258.20 349.2%1345 P < 0.05

DTR 0.5%0.1 0501 NS

Abbreviations :

NS = Not significant, EF = Ejection fraction, RFV = Rapid filling velocity, SFV = Slow filling

velocity, FVR = Filling volume ratio, RFT = Rapid filling time, TDT = Total diastolic time, DTR = Diastolic

time ratio
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8. 2. Rapid filling velocity in control and congestive
heart failure group.
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Fig. 3. Slow filling velocity in control and congestive
heart failure group.

2. Radionuclide Angiography

There were no significant differences between
the control and CHF group in heart rate and blood
pressure. The LVEF was 63+6% in control and
60+6% in CHF group, representing no differen-
ces between groups (Table 2).
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Average rapid filling velocity was 5.1+1.3 unit/
s in control group and 3.9+1.2 unit/s in CHF
group (p<0.01) (Table 2, Fig. 2). Average slow
filling velocity was 2.2+1.4 unit/s in control group
and 1.3+0.8 unit/s in CHF group (p<0.05) (Table
2, Fig. 3). There was no significant difference
between groups in filling volume ratio. Rapid filling
time (Fig. 4) and total diastolic time (Fig. 5) were
significantly prolonged in CHF group compared
with control group (p<0.01, p<0.05 respectively)
(Table 2). No significant ditference was found
between groups in diastolic time ratio (Table 2).
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Fig. 4. Rapid filling time in control and congestive
heart failure group.

There were no significant differences in rapid
and slow filling velocity according to the number
of vessels involved in CHF group, even though
rapid filling velocity was slightly decreased in 3
vessel disease compared with 1 vessel and 2
vessel diseases (Table 3). Also no significant
differences were found in diastolic variables
according to the location of myocardial infarction
in CHF group.

DISCUSSION

The clinical syndrome of congestive heart fail-
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Fig. 5. Total diastolic time in control and congestive
heart failure group.

Table 3. Rapid and Slow Filling Velocity According to the Number of Vessels Involved

Number of vessels involved P value
Indices between
1vD{11) 2 VD (8) 3VvD(3) 1+2vVvD{16) 2+3VD(8) groups
RFV 42*13 3.6%1.0 32%10 4014 3.3%1.2 NS
SFV 1.3%£06 1.3%209 1611 1.3%056 1.4+08 NS

VD : Vessels disease
Number of patients in parentheses
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ure (CHF) is traditionally associated with inade-
quate myocardial contraction, volume overload
and impaired ventricular filling. Accordingly, CHF
therapy has been directed toward augmentation
of contractile function with positive inotropic ag-
ents or alteration in preload and afterload with
vasodilators and diuretics!®¥.

Recently it has been recognized that left
ventricular (LV) diastolic impairment may occur
without systolic dysfunction and may develop
coincident with or before abnormalities ot systolic
function. This has been reported in patients with
coronary artery disease, pressure?~'* and volume-
overload states!® and cardiomyopathy®!4!”). Sev-
eral studies®!®~2Y reported normal systolic LV
function in patients with CHF. Souffer et al.??
noted intact systolic LV function in 42% of patients
with clinical diagnosis of CHF referred to the
nuclear cardiology laboratory during a 3 month
sampling period. Echeverria et al.?®, who used
echocardiography noted normal systolic function
in 40% of 50 consecutive patients with CHF, and
Dougherty et al.??, who used radionuclide techni-
que also noted a normal ejection fraction (>45%)
in 36% of CHF. Warnowicz et al.2® reported 16 of
39 patients with acute myocardial infarction (AMI)
and pulmonary edema having intact LVEF. These
studies suggest that the frequency of normal
systolic function in patients with CHF are more
closely associated with diastelic than systolic
performance. Moreover, Firth et al.?’ have failed to
show digitalis-induced augmentation of LVEF and
Lee et al.¥ noted that only 56% among the CHF
patients improved clinically with digoxin.

Myocardial contraction and relaxation are lo-
osely coupled processes that may be separately
altered by certain stimuli*®. Thus myocardial relax-
ation is not directly dependent upon contractile
events and several studies!”™'® have revealed the
clinical relevance of diastolic impairment by its
association with CHF. Pulmonary vascular conges-
tion in the absence of abnormal systolic perfor-
mance may be due to impaired ventricular fil-
ling?Y.

The mechanism for abnormal ventricular dias-
tolic filling is not well known but it may be due to
defects in calcium uptake shown in myocardial
microsome and depletion of myocardial cate-
cholamine in AMI and CHF?". Factors that may
result in abnormal diastolic function in patients
with CHF include volume-overload states, syste-
mic hypertension, valvular heart disease, peri-
cardial restriction, restrictive cardiomyopathy and
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increased heart rate, which reduces ventricular
filling time>!"~2®_in most of our patients with AMI
and CHF, the authors could not identify such
causes. Two patients in the present study had
hypertension, but there was no evidence of LV
hypertrophy by echocardiography.

LV performance was evaluated using radionu-
clide measurement. LVEF, used as useful parame-
ter for detecting impaired myocardial function in
the present study has been found of value in
identifying patients with systolic dysfunction in
several heart diseases. Diastolic function was
assessed by 6 parameters, which obtained from
time-activity curve. Aithough Bonow et al.**® and
others>*1722 have shown that peak filling rate can
be used to evaluate diastolic function, the authors
employed average filling velocity as measures of
diastolic function. Average filling velocity are less
sensitive to noise and independent of temporal
resolution. Our methods for measuring average
filling velocities differ slightly from those reported
by Smith et al.2” in that only the relatively constant
portions of rapid and slow filling periods were
used. By not taking the minimum count point of
the time-activity curve as the onset of rapid filling,
our method revealed more rapid normal velocities
in control group than the average rates reported
by Smith et al.??,

In addition, average slow filling velocity and
rapid filling time as well as total diastolic time
were significantly different in CHF patients com-
pared with normal control group.

Bonow et al.¥ reported that diastolic indices in
1, 2, 3 vessel and left main diseases altered signifi-
cantly in patients with CAD and normal ejection
fraction compared with normal control group. But
no difference between groups according to the
number of vessels involved was noted. Reduto et
al.¥ noted that there was little change in EF and
filling fraction at rest or during exercise between
anterior and inferior Ml patients. Similarly, the
authors found no differences in diastolic variables
between groups according to the number of ves-
sels involved and between groups according to
the localization of AMI.

In conclusion, evidence of impaired LV dias-
tolic function without abnormal systolic function
was identified in selected patients who had AMI
and CHF. Radionuclide assessment of diastolic
performance may be relevant for evaluation of LV
performance and optimal therapy in patients with
CHF.
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