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Exercise Training Improves Left Ventricular
Diastolic Filling in Patients
With Dilated Cardiomyopathy

Clinical and Prognostic Implications

Romualdo Belardinelli, MD; Demetrios Georgiou, MD; Giovanni Cianci, MD;
Nancy Berman, PhD; Leonard Ginzton, MD; Augusto Purcaro, MD

Background Patients with dilated cardiomyopathy (DCM)
often have left ventricular (L'V) diastolic dysfunction that can
precede the development of systolic dysfunction. Recent re-
ports showed that exercise training (ET) improves the exercise
capacity of these patients. Although this improvement is pri-
marily due to peripheral adaptations, the contribution of LV
diastolic filling has not been well defined. The purpose of this
study was to determine whether ET can induce changes in LV
diastolic filling that can account for an increase in exercise
capacity and whether these changes can influence prognosis.

Methods and Results We prospectively studied 55 consecu-
tive patients (mecan age, 55£7 years) with DCM. Patients were
randomized into a training group (36 patients) or a control
untrained group (19 paticnts) and matched for clinical and
functional characteristics. All patients underwent a pulsed
Doppler echocardiographic study, a radionuclide angiographic
study, and a cardiopulmonary exercise test before and after a
2~-month ET program. On the basis of the Doppler LV diastolic
filling pattern at the beginning of the sludy, paticnts were
prospectively divided into three subgroups: A (restrictive pat-
tern), B (“normal” pattern), and C (abnormal relaxation
pattern). In the trained group, peak Vo, (+12%; P<.0001),
peak workload (+8.5%; P<.005), and lactic acidosis threshold
(+12%; P<.0001) were significantly increased after training
without changes in LV ejection fraction. However, only sub-
group C demonstrated significant improvement in peak Vo,
(++15%; P<.005). No changes were observed in the untrained
group. In the trained subgroups a significant increase in rapid
filling fraction (RFF), peak filling rate (PFR), peak early filling

velocity (E), and E/A ratio was noted. A significant decrease in
atrial filling fraction (AFF), peak atrial filling velocity (A),
deceleration time of early filling velocity (EDT), and isovolu-
mic relaxation time (IVRT) was observed only in subgroup C.
No changes were found in untrained subgroups. A good
correlation was found between Doppler and radionuclide LV
diastolic filling parameters before and after training (P<<,0001).
Multiple stepwise regression analysis demonstrated that pre-
training E/A ratio (P<.0001) and peak heart ratc (P<.0002)
were positive predictors of pretraining peak Vo,. Posttraining
increase in exercise tolerance (P<.0001) and increase in E/A
ratio (P<<.0001) were the strongest predictors of an increase in
peak Vo, The independent predictors of cardiac events were a
greater REF and a shorter IVRT and EDT. Stepwise logistic
regression showed that Doppler LV diastolic filling patterns
are independent predictors of overall cardiac events (P=.02),
and restrictive pattern has a worse prognosis compared with B
(P=.04) and C (P=.007). Howevcr, ET did not reach statistical
significance (P=.54) as a predictor of cardiac events.

Conclusions These data demonstrate that ET induces signif-
icant improvement in exercise capacity only in patients with DCM
and a pattern of abnormal LV relaxation. The improvement in
peak Vo, is significantly correlated with an increase in peak early
filling rate and peak filling rate as well as a decrease in atrial filling
rate. Doppler echocardiography may be a valuable tool in the
prognostic assessment of patients with DCM who will benefit
from cxercise training. (Circulation, 1995;91:2775-2784.)

Key Words e exercisc s echocardiography e prognosis e
cardiomyopathy

ver the last decade, several studies have re-

ported that exercise training improves the
functional capacity of patients with dilated
cardiomyopathy (DCM).4 In these patients, several
observations suggest that abnormalities of left ventricu-
lar (V) diastolic function occur and often precede the
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development of systolic dysfunction.5¢ Although im-
proved LV systolic performance has been observed alter
training in patients with DCM that can partially account
for the increase in peak oxygen consumption,’8 the
contribution of LV diastolic function to the exercige-
induced improvement in exercise capacity is not clear.
Moreover, the magnitude and the prognostic signifi-
cance of training-induced changes in LV diastolic abnor-
malities have not been defined.

Recently, measurement of transmitral blood flow veloc-
ity by pulsed Doppler echocardiography has been used to
distinguish different patterns of LV diastolic dysfunction®-!
and to provide information about prognosis in patients
with DCM.!213 Although diastole is a complex sequence of
interrelated events influenced by changes in loading con-
ditions, myocardial contractility, and heart rate,'42 threc
main Doppler patterns of diastolic dysfunction have been
described: restrictive, abnormal relaxation, and “normal.”
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TasLe 1. Clinical Characteristics
All Patients B C
T NT T NT T NT T NT

Patients (M/F) 36 (31/5) 19 (16/3) 17 (15/2) 8 (6/2) 7 (6/1) 4 (4/0) 12 (10/2) 7 (6/1)
Age, y 54.6x7 54.4+8 54+8 5518 54.3+8 51x7 55.6+5 58.5+7
Diagnosis, No,

DCM 11 7 7 4 1 1 3 2

ICM 25 12 10 4 8 3 9 5
NYHA class, No.

Il 25 13 12 8 5 3 8 4

" 11 6 5 2 1 1 5 3
Mitral insufficlency 24 11 16 7 3 2 5 2
LV ejection fraction, % 26,5+7 27.5+4 284 27.5*+6 25.0+8 27.1%6 28.9+6 27.8+2
Vo,max, mb« kg™! + min~? 16.5+1.3 16,71.5 16,4+1.2 14.8+1.8 16.9+1.2 16.2+1.4 16,0+1.0 16.4%1.2
Medications, No,

ACE inhibitors 33 19 17 7 5 4 11 8

Digitalis 12 8 <] 3 3 1 3 2

Diuretics 30 16 13 7 7 3 10 8

Asplrin 14 4 9 1 2 1 3 2

Warfarin 19 12 8 5 6 2 5 5

Aindicates Doppler restrictive pattern; B, Doppler “‘normal” pattern; G, Doppler abnormal relaxation pattern; T, training group; NT, control (nontraining)
group; DCM, Idiopathic dilated cardiomyopathy; ICM, ischemic dilated cardlomyopathy; NYHA, New York Heart Association; LV, left ventricular; and

Voymax, peak oxygen consumption.

These patterns reflect different clinical and hemodynamic
profiles. Although a restrictive pattern has been found to
be associated with a more severe disease and a worse
prognosis, the clinical and prognostic significance of the
other patterns is not clear. Moreover, the effects of exercise
training on Doppler diastolic filling patterns has not been
assessed,

The purpose of the study was first, to determine
whether exercise training can induce changes in Doppler
LV diastolic filling patterns; second, to examine the
relationship between training-induced changes in dia-
stolic filling profiles and aerobic capacity; and third, to
determine whether these changes are associated with a
different prognosis.

Methods
Patients

We studied 55 consecutive patients (55%7 years) with a
history of chronic heart failure (CHF) for at least 6 months who
were clinically stable for at least 3 months before enrollment in
the study, DCM was diagnosed by M-mode echocardiographic
demonstration of an increased LV end-diastolic diameter
(LVEDD) of >5.8 cm, a fractional shortening of less than 25%,
and an increased E point-septal separation of =(.8 em (see
Reference 26). Two-dimensional echocardiography showed a
dilated nonhypertrophic LV (posterior wall and interventricu-
lar septum end-diastolic thickness of =1.2 cm) with diffusc wall
motion abnormalities in all patients. Patients’ clinical charac-
teristics are summarized in Table 1. The etiology of CHF was
idiopathic DCM in 18 patients and ischemic cardiomyopathy
(ICM) in 37. Patients with alcoholic DCM, hypertensive CM,
or other known etiologies were excluded. Unstable angina
patients were excluded. Only two patients in the ICM group
had stable angina. All patients with ICM had documented
previous myocardial infarction. Thirty of the ICM patients
underwent coronary angiography. LV ejection fraction (LVEF)
was 27+7%. Mitral insulficiency was present in 35 patients and
was mild in all 35, All patients had a reduced peak oxygen
uptake (15.6=1.3 mL - kg™' - min™"). Thirty-eight patients had
New York Heart Association (NYHA) functional class II
symptoms and 17 had functional class III symptoms. All
patients were in sinus rhythm. Patients were excluded if they

had myocardial infarction or unstable angina within the last 6
months. Other exclusion criteria were CHF with NYHA class
IV symptoms, significant chronic obstructive pulmonary dis-
ease, hemodynamically significant valvular heart disease, un-
controlled hypertension, hypotension, severe anemia, arthritis,
or any other orthopedic, peripheral vascular, or neurological
discase that would limit their ability to exercise. Patients did
not have pulmonary rales, and their exercise test was limited
only by dyspnea or fatiguc. Medications were not altered
throughout the duration of the study.

The protocol was approved by the Rescarch Commitice of
Lancisi Heart Hospital. All patients gave written informed
conscnt,

Pulsed Doppler echocardiography, radionuclide angiography
(RNA), and a cardiopulmonary exercise test were performed
before and after the completion of the exercise training program.

Echocardiography

M-mode, two-dimensional, and pulsed Doppler echocardio-
graphic examinations were performed with an ultrasound sys-
tem combining a two-dimensional mechanical sector scanner
(2.5 MHz) with a puised Doppler flow analyzer. Each patient
was examined in the supine, left lateral position, acccording to
the standards of the American Society of Echocardiography.??
M-mode measurements included LVEDD, LV end-systolic
diameter (LVESD), and fractional shortening. Measurements
of left ventricular end-diastolic volume and left ventricular
end-systolic volume were obtained from the apical view using a
modified single-plane Simpson’s rule from which LVEF was
calculated. Images were recorded on videotape and interpreted
by two experienced cardiologists blinded to each other’s inter-
pretation. All studies were read twice (once by each observer),
and the values were averaged for analysis. The average values
of the two measurements were used to categorize the patients
into subgroups. Disagreement between the two rcaders oc-
curred in 8% of the cases, The two cardiologists then reviewed
the discordant studies and made a consensus decision.

Pulsed Doppler Mitral Flow Velocity Analysis

Care was taken to position the cursor line through a plane
traversing the left ventricle from the apex to the mitral valve
annulus in order to achieve the smallest possible angle between
the LV inflow and the orientation of the ultrasound beam. The
sample volume was set in the mitral orifice on the atrial side
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Pattern C Fic 1. Patterns of left ventricular dia-

stolic dysfunction on pulsed Doppler
A echocardiography. Pattern A, restrictive
pattern; pattern B, 'normal pattern”;

E pattern C, abnormal relaxation pattern;

As, closure of the aortic valve; AgD, iso-
volumic relaxation time; E, peak early

filling velocity; A, peak atrial filling veloc-~
ity; and E'F, decelaration time of peak
early filling velocity.

between the mitral leaflet tips during diastole. In each patient,
LV diastolic flow velocity waveforms from 5 cardiac cycles were
obtained and averaged. The following measurements were
obtained: peak velocity of early diastolic filling wave (E); peak
velocity of late filling (A); deceleration time of E velocity
(EDT); E to A ratio (E/A); and isovolumic relaxation time
(IVRT), the interval between the end of aortic velocity prolile
(aortic closure) and the onset of mitral flow. Rapid filling
fraction (RFF) was obtained by dividing rapid filling velocity
area by the total diastolic filling velocity area, whereas the atrial
filling fraction was obtained by dividing atrial filling velocity
arca by the total diastolic filling velocity area. The IVRT was
measured from the apical five-chamber view, with the sample
volume placed between the mitral valve and the LV outflow,
The diastolic filling period was defined as the interval from the
onset to the end of transmitral flow.

The patients were prospectively assigned to three subgroups
before beginning the exercise training program, subgroups A,
B, and C (Fig 1), based on the Doppler measurements of LY
diastolic filling. Subgroup A consisted of patients with a
restrictive Doppler pattern characterized by a short or normal
IVRT (=50 ms), an increased early filling velocity (>105 cm/s)
with a shorter deceleration time (<150 ms), and a decreased
atrial filling velocity (<50 cm/s), Subgroup B was characterized
by a normal Doppler pattern, with normal intervals and velocity
profiles. Subgroup C comprised patients with abnormal relax-
ation characterized by a prolonged IVRT (>80 ms) and EDT
(>190 ms), a reduced early flling velocity (<65 cm/s), and an
abnormally increased atrial filling velocity (>90 cm/s). Color-
flow imaging was performed to asscss the severity of mitral
regurgitation by grading for area, extent, and duration of
regurgitant jet.2

Radionuclide Angiography

After the baseline Doppler echocardiographic study, pa-
tients underwent in vivo blood pool labeling using stannous
pyrophosphate followed by 740 MBgq *Tc (15 to 20 mCi) 30
minutes later, Thirteen patients refused to undergo RNA
studies, so radionuclide data are presented for 42 patients
(Table 4), The system, previously validated in other centers,23¢
has been also validated in our laboratory using a conventional
gamma camera (Elscint) (unpublished data). When the optimal
position of the nonimaging nuclear probe was identified, the
skin was marked. Background radioactivity was then automat-
fcally estimated as 74% of end-diastolic counts. After each
study, data were smoothed and then processed into a commer-
cially available statistical software package. The time-activity
curve was obtained by transforming data into frequency do-
mains. From this curve and its first derivative, we determined
the time of end diastole (maximal counts), the time of end
systole (minimal counts), the normalized peak filling rate
(maximal slope of the first derivative of the early filling
portion), the peak carly filling rate, and the peak atrial filling
rate. Time to peak early filling rate and time to peak atrial
filling rate were also calculated, At heart rates of more than 100
beats per minute, single peak filling rate was considered, and

the time to single peak filling rate was also measured. Time
from end systole to peak early filling rate and time from end
systole to peak atrial filling rate were calculated and expressed
in milliseconds,

Cardiopulmonary Exercise Test

All patients underwent a familiarization maximal exercise
test on a cycle ergometer 4 to 15 days before the beginning of
training. After 2 minutes of rest and 3 minutes of unloaded
pedaling, the work rate was increased 5 W every 20 seconds
(ramp) until volitional fatigue. Heart rate and blood pressure
were monitored continuously. All patients repeated an exercise
test with the same protocol on an clectronically braked,
computerized cycle ergometer with gas exchange analysis. The
expired volume calibration was carried out by a 3-L syringe.
Expired gases were analyzed breath-by-breath using a Sensor-
Medics 2900 Z unit. The O, and CO, analyzers were calibratec
automatically, During the tests, patients pedaled at a constant
rate of 60 rpm. Peak oxygen uptake (peak VO,) was determined
in the last 20 to 30 seconds of exercise. The lactic acidosis
threshold was calculated by the V-slope method.* Body mass
index was calculated in all paticnts before and after the end of
the study as weight (kg)/height* (cm). In all patients, a cardio-
pulmonary exercise test was repeated with the same modalities
3 to 7 days after the last training session for trained patients
and after a similar time for the untrained patients.

Exercise Training

Patients were randomly assigned to a training group or (o an
untrained control group. Randomization was performed with
the table of casual numbers.*2 After a learning phase of 1 week,
patients underwent a supervised program of exercise training
(60% of peak Vo,) three times per week for 8 weeks (in 24
sessions). Bach session lasted about 1 hour, beginning with a
warm-up phase of stretching exercise (15 to 20 minutes)
followed by 40 minutes of work on a cycle ergometer, All
patients were monitored by means of telemetry. A cardiologist
was present during the whole session. The intensity of work was
calculated on the basis of the value of hicart rate corresponding
to 60% of peak V0, achieved. Periodic adjustments of training
intensity were made according to the individual patient’s
progression of exercise capacity, Care was taken to avoid
intensitics above the initial target.

Follow-up

The follow-up period began the day after the second Dopp-
ler echocardiographic study and ended at the time of study
closure or with a cardiac event (death, heart failure, angina).
The presence of rales and/or S; gallop constituted evidence of
heart failure. Patients regularly visited our institution every 3
months, During the follow-up period, patients or their families
filled in a standard questionnaire at home. Heart fajlure was
graded as definite, possible, or unlikely, using clinical informa-
tion,® Angina pectoris was scored using the Canadian Cardio-
vascular Society criteria.™ Patients were followed for 12::6
months.
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TaBLE 2. Cardiovascular and Metabolic Variables in All Subroups Before and After Exercise Training

T NT

A (n=17) B (n=7) C (n=12) A (n=8) B (n=4) C (n=7)
Variable Before After Before After Before After Before After Before After Before After
\'/ozmax,1 15.0£1.4 15.3+1.9 15.9+1.8 16.8+1.2 16.6x1.0 19.1+1.3*tf 14.8+1.6 14.4x1.3 16.2x1.4 161+1.8"§ 16.4+1.2 153x1.9§
mL - kg~ min~?
LAT, 10.4£1.2 11.6+£2.2 10.4:1.0 11.1=1.3 11.1%3.0 12.3%2.0 10.5+1.1 9.9+1.2 10.2+1.0 10.7%1.4 11011 11.0+1.1
mL- kg™ *min~’
pWL, W 1088  108+15 101+5  114x9% 109x11 12512+t 99+8 98+6 114+18 103x10 112212 106+17§
HR, rest, beats 9316 906" 91x5 886" 895t  84x6"t 95+10 9249 9312 916 86+11  83%5
per minute
HR, peak, beats 134x12 133+9  138x11 146x9* 13548  137:8t 13416 18011 14013 143%5 13812 133x13
per minute
SBP, rest, 11217 11019 121x21 125%17 127x18 12319 115x21  142%16 122222 12018 127416 12319
mm Hg
SBP, peak, 15628 15221 168+31 172+34 161x22 165x26 149420 151£21 16219 15816 15827 16119
mm Hg
DBP, rest, 8445 81x8 89:x6 8218 20+3 85:+5 81+4 8516 885 906 844 86:+8
mm Hg

LVEF, rest, %  28.0:4 27.7+6 23.5:x7 25.0%6 287 2845 25414 26823 27.7x3 27x5 30£5 286

LAT indicates lactic acldosis threshold; pWL, peak workload; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; and LVEF, left

ventricular ejection fraction. Sea Table 1 for other abbreviations.

Statistical Analysis

Data were cntered into a commercially available statistical
program (SAS Institute Inc) for analysis. A two-tailed paired ¢
test was used for intragroup comparisons; an unpaired ¢ test or
ANOVA was used for intergroup comparisons. For compari-
sons among patterns before and after training, two-way
ANOVA was used. The x? test was performed Lo compare
groups on categorical variables. Correlation of peak excrcise
oxygen uptake with metabolic and pulsed Doppler variables
before training and after training using change was performed.
Variables with significant correlations were then entered into a
stepwise linear regression model to determine the best predic-
tors of peak excreise oxygen uptake. Stepwise logistic regres-
sion of occurrence of cvents on pretraining and change in
Doppler variables was performed. A stepwise survival model
with all pretraining variables as covariates was also done using
a single curve for all subjects. Cardiac mortality was compared
among subgroups using log rank tests. Cardiac cvent—free
(cardiac death, worsening heart failure, or worsening angina)
curves for the trained and untrained groups and for dilferent
subgroups were computed using the Kaplan-Meicr method.
Data were expressed as mean=SD. Statistical significance was
assumed for P values <.05,

Results

Clinical and Doppler
Echocardiographic Characteristics

Clinical features are summarized in Table 1, Patients
were well matched regarding age, diagnosis, NYHA
functional class, presence and severity of mitral insuffi-
ciency, resting LVEF, peak oxygen uptake, and medica-
tions. Mitral insufficiency, when present, was mild in all
patients. Idiopathic DCM was diagnosed in 31% of the
trained group and in 37% of the untrained group.
Ischemic cardiomyopathy was more frequent than DCM
in both groups (trained, 69%; untrained, 63%).

Through pulsed Doppler echocardiography, a restric-
tive pattern of LV diastolic filling was found in 17
patients of the trained group and § patients of the
untrained group (subgroup A). A “normal” pattern of
Doppler LV diastalic filling (subgroup B) was observed
in 7 patients of the trained group and 4 patients of the
untrained group, A pattern of abnormal LV relaxation

(subgroup C) was identified in 12 patients of the trained
group and 7 patients of the untrained group. Subgroup
A had DCM more frequently (11 of 25, 44%) than
subgroup B (2 of 11, 18%) and subgroup C (5 of 19,
26%}) (P<.005).

Effects of Exercise Training on Different Subgroups
Cardiovascular Parameters

Peak Vo, was significantly increased after exercise
training only in the trained patients with abnormal
relaxation (pattern C) (+15%; P<.005) (Table 2). No
changes were observed in the trained patients with
pattern A, and only a modest increase occurred in the
trained patients with pattern B (+6%; P=NS). This is
not unexpected, since group B is too small (o obtain
statistically significant data for the peak Vo, In all
untrained groups, peak Vo, was slightly reduced in the 2
months between the exercise tests. However, statistical
significance was reached only in those with pattern B
(—7%; P<.005). The lactic acidosis threshold was only
slightly greater in trained patients after training, whereas
it did not change in untrained subgroups, Peak exercisc
workload increased significantly only in the trained
patients with “normal” filling (pattern B) and those with
abnormal relaxation (pattern C) (+13% and +15%,
respectively; P<<.005 for both), Conversely, all untrained
subgroups had a trend toward a reduced peak workload
that did not achieve significance. Resting heart rate was
slightly reduced in all trained subgroups, whereas no
changes were observed in uatrained subgroups. Fow-
ever, peak heart rate increased significantly only in the
trained group with “normal” filling pattern (subgroup
B). Both resting and peak exercise systolic blood pres-
sures, diastolic blood pressure, and resting LVEF were
unchanged in all trained and untrained subgroups.

Diastolic Filling Parameters

Doppler LV diastolic filling variables before and after
exercise training and for the untrained patients over the
same (ime period are summarized in Table 3. No signifi-
cant changes in overall Doppler parameters were observed
in the three untrained subgroups. Among the trained
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TasLe 3. Doppler Left Ventricular Diastolic Filling Parameters in All Subgroups Before and After Exercise Training

T NT
A (n=17) B (nh=7) C (n=12) A (n=8) B (n=4) C (n=7)
Variable Before After Before After Before After Before After Before After Before After
E,cm/s 107%13 104x17 852+14f 77+6t 62.5x171Ft 790t 111£12 103%15 76171  76+171 60.5:+61+ 64+1111§
A, cm/s 49.0x11 50.1+9 70.0x15% 60.0x7f 94.0x17tF 66.5%16*F 51.2%x6 553+8 58.0x141 73.2x161 94.2+61: 94,0+15148§
E/A 2,0+04 21x06 1.3x0.2t1 1.2x0.31f 0.7x02tF 1.2+04*  2,2%0.3 1.9x05 1.2+05f 1.1+£0.5t 0.6x0.21f 0.7+0.21§
EDT, ms 140+20 130+£28 160+20t1 158x50 239301 190:+32%t 136:+28 14127 176x441 174x311 242+281F 232241118
IVRT, ms 43x10 38x12* 63x8t 58+121 87671t 6311t 42,510 425+10 64+111t 64x11t 92x81% 87+£1211§
DFP, ms 334+60 364:68* 384:44 442+68*F 367x136 536106t 321+55 320x65 34548 360+56§ 40173 458+82§
RFF, % 69.6+8 67.0£7* 64.0+7 ©65.5*4 45,081  61.0x7*% 67.0x14 67.6::12 66,018 65.0x115 48.0=81f 48.0+81+§
AFF, % 24.0+8 26.0+6 265+7 26.8x3 43,071t  30.0:6%f 27.013 24011 29.0x15 284+8 53.5x51f 450+£91+§

E indicates peak early filling velocity; A, peak atrial filling velocity; EDT, deceleration time of E; IVRT, isovolumic relaxation time; DFP, diastolic filling
period; RFF, rapld filling fraction; and AFF, atrial filling fraction. See Table 1 for other abbreviations.
*P<.005 vs before training; TP<.005 BT vs AT, CT vs AT, BNT vs ANT, ONT vs ANT; +P<.005 CT vs BT, CNT vs BNT; §~<.05 BNT vs BT, CNT vs CT.

Data are mean+8D.

subgroups, the most significant changes before and after
training were observed in subgroup C, those with initial
abnormal relaxation (Fig 2). In this subgroup, peak early
filling velocity was significantly increased (+26%; P<.005),
whercas peak atrial filling velocity was significantly reduced
(—23%; P<.005) by training, so that the E/A ratio was
increased (+70%; P<.005). The deceleration time of peak
early filling velocity was significantly reduced only in this
subgroup (~21%; P<.005). The isovolumic relaxation time
was significantly shorter after training in the patients with
the restrictive pattern (subgroup A) and those with abnor-
mal relaxation (subgroup C) and was unchanged in those
with a “normal” pattern (subgroup B). Diastolic filling time
increased significantly in all trained subgroups, and the
increase was greatest in the patients with abnormal relax-
ation compared with the other two subgroups. After train-
ing, the rapid filling fraction increased (+35%; P<.005)
and atrial filling fraction decreased (—30%; P<.005) only
in the patients with abnormal relaxation. No changes were
observed in untrained subgroups.

Measurements from Doppler echocardiography and ra-
dionuclide technique were similar (Table 4). Correlation
coeficients computed in all subjects (before and after
exercise training) were as follows: rapid filling fraction,
r=71,.75; atrial filling fraction, »=.85, .83; time from aortic
valve closure to peak early filling velocity, r=.69, .70; time

Fia 2, Changes in Doppler diastolic filling pattern after training. Left, Before exercise training, a d

from aortic valve closure to atrial filling velocity, r=.82, .74.
P values were <.0001 for all correlations.

Exercise Training

No significant cardiovascular events were observed
during the training sessions, and no patients were with-
drawn from the study. One patient had a self-limited
episode of atrial fibrillation during cycling, spontane-
ously converting to sinus rhythm after 10 minutes of rest.
Sporadic ventricular extrasystoles were observed in 11
patients during cycling and in § patients during early
recovery. Two patients had hypotension at the end of
cycling, which promptly resolved by resting supine for a
few minutes.

Outcome

Table 5 shows a summary of cardiac events during the
follow-up. Of the 55 patients, 23 overall (41.8%) had
cardiac events (cardiac ceath, worsening heart failure,
and/or worsening angina pectoris) during the follow-up.
Eight patients (14.5%) had worsening of angina pectoris.
In 6 patients, angina was classified as Canadian class III
and in 2 patients as Canadian class [V. Nine patients
(16%) had heart failurc, but hospitalization was re-
quired in only 4 of them. Six patients died, 2 of them
suddenly. There were no significant differences between

jastolic filing pattern of abnormal

relaxation is evident, with a reduced peak early filling velocity, a prolonged deceleration time of peak early filling velocity, a greater peak
atrial filing velocity, and a reduced E/A ratio (0.7). The Isovolumic relaxation time, not shown here, was also prolonged. Right, After
exercise training, there was a radical change in diastolic filing pattern, with an increased peak early filing velocity with shorter
deceleration time, a reduced peak atrial filling velocity, and a greater E/A ratio (1.44).
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TABLE 4. Changes in Radionuclide Left Ventricular Diastolic Filling Parameters in All Subgroups Before and After
Exercise Training

T NT
A (n=12) B (n=6) C {n=9) A (n=6} B (n=4) C (n=5)
Variable Before After Before After Before After Before After Before After Before After

ng\://R’ 1.90+0.7 1.86+0.6 1.63+0.51 1.57x0.41 1.48::0.61 1.68+0.7*t 1.81£0.5 1.80=0.5 1.55+0.31 1.59+0.5t 1.46+0.61 1.41*0.611§
ES\I;/RS, 0.80%0.6 0.82+0,5 0,74+0.5 0.71x0.5 1.62x0.5tF 1.1x04*t 0.84x0.6 0.81+0.,7 0.656+04 0.61x0.6 1.71x0.5t% 1.68=0.714§
EEI\R/,/S 22+0.3 2.1%£03 2,15=04 2.5+04 2.7x0.31f 3.0£0.3t 2.3:0.4 225205 2.35x05 24x06 2.8:05tF 2.7x0.9§
TPEF;. 14260 146+12 16361 163x5t 168=x7+ 1627t 145452 14016  161x14t 15511 1712171 168612
anF?AFH, 166£43 248+68* 184261 290x47* 213x60f 260:x80* 152+63 172+54§ 189x16t 201x36§ 202:+45f 210:+66§
'T:FR, 1256 133x13 1387 134118  142x8 133%16 131211 126214 141212  136x11  144%=11 139£18
g;P. 208+89 43102 308x71 454466 324:x55 532102t 312x71 341+102§ 32651 311+57§ 330x38 345028
:;F, % 62%12 61x14 59x12 81x13 561.0x12t+ 60.0%16" 60.0+6 61.5+8 59.248  58.3+10 49.0x6tF 50.0:x161+§

AFF, 31£11 3315 28x14 2912 391141 31.3%15 33,05 3.02x4 31.029  34.2+11  41.2x12%f 40.4x01%§
ms

PEFR indicates peak eatly filling rate; EDV, end-dlastolic volume; PAFR, peak atrial filling rate; PFR, peak filling rate; TPEFR, time to PEFR; TRPAFR, time
to PAFR; and TPFR, time to PFR. See Tables 1 and 3 for other abbreviations.

*P<,006 vs before training; TP<.005 vs AT, CT vs AT, BNT vs ANT, CNT vs ANT; $P<.005 CT vs BT, CNT vs BNT; §P<.05 ANT vs AT, BNT vs BT, CNT
vs CT. Data are mean=+3D,

the trained and untrained groups in the frequency of Univariate Cox Model Analysis

cardiac events during the following period. However, 16 Table 7 shows the results of univariate analysis per-
of 23 patients in both groups who had complications had formed using all clinical, echocardiographic, and Dopp-
the restrictive filling pattern (subgroup A). Thus, 70% ler variables in decreasing order of strength for predict-
(16 of 23) of the patients with tl}lS finding had a poor ing baseline peak oxygen uptake and change in peak
outcome. Only 2 of 11 patients with a “normal” pattern oxygen uptake at the follow-up examination. Pretraining
(subgroup B) and 5 of 19 patients with impaired relax- peak oxygen uptake was significantly correlated with all
ation (subgroup C) had a poor outcome. In 6 patients, a Doppler variables except for peak atrial filling velocity,
Doppler restrictive pattern was initialty present that was diastolic filling period, and resting LVEF. The best predic-
not modified by training. Six patients of the trained tor was the change in the lactic anaerobic threshold (r=.95;
group (16.6%) and 3 patients of the untrained group P=.0001). The change in pcak Vo, was correlated with
(15.7%) had heart failure. Canadian class I'V angina was changes in peak atrial filling velocity, isovolumic relaxation
present in the 2 patients of the trained subgroup A. In time, peak heart rate, and E/A ratio.

the others, angina was classified as Canadian class IIL L. .

Table 6 shows the clinical and Doppler echocardio- Multivariate Analysis

graphic variables in patients with and without cardiac Stepwise multiple regression was performed to assess
events during the follow-up. the independent predictors of peak oxygen uptake at

TaBLE 5. Cardiac Events During Follow-up

T {(n=36) NT {(n=19)
Patient Subgroup Time, Patient Subgroup Time,
No. (A, B, C) Events mo No. (A, B,C) Events mo
2 A Aa 8 37 A HF - 4
4 A Aa 3 38 A HF 6
6 A HF 7 39 A D 8
7 A HF 10 43 A HF 12
10 A HF 3 48 A D 10
12 A D 5 50 A Aa 7
14 A D 8 51 C Aa 9
17 A SD 9 54 o] Aa 10
20 A HF 4 55 o] Aa 12
24 A sD 7
33 B Aa 3
36 B HF LA
16 o] HF 8
31 o] Aa 10

Aa indicates angina pectoris; HF, heart failure; D, death; and SD, sudden death. See Table
1 for other abbreviations.
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TaBLE 6. Clinical and Doppler Echocardiographic
Variables in Patients With and Without Cardiac Events
During Follow-up

Cardiac Cardiac
Event-Free Event
Variable (n=32) (n=23) P
Clinical
Age, y 53+7 568 NS
Sex (M/F) 27/5 20/3 NS
Etlology
DCM 9 9 NS
ICM 23 14 NS
Peak VOp, mL.- kg™ - min™’ 16.7+1.4 16.4%1.3 <,05
HR, rest, beats per minute 89+6 939 <.04
HR, peak, beats per minute 13812 13510 NS
Echocardiographic
LVEDD, mm 6320 67+18 NS
LVESD, mm 52:£22 56::20 NS
LVEDV, mL 187x41 184+32 NS
LVESV, mL 13641 14328 NS
LVFS, % 17.5%18 16,221 NS
LVEF, % 27+16 2618 NS
Doppler
E, cm/s 7721 99+24 <.0008
A, cm/s 72124 65+18 NS
E/A 1.25+0.7 1.7+0.6 <.02
VRT, ms 68+22 65522 <.03
EDT, ms 192+:45 159::52 <.02
RFF, % 55.6+14 64.9+15 <.02
AFF, % 36.5+13 20.1+14 NS
DFP, ms 356::137 305::104 NS

LVEDD Indicates left ventricular end-diastolic dlameter; LVESD, left
vantricular end-systolic diameter; LVEDV, left ventricular end-dlastolic
volume; LVESV, left ventricular end-systolic volume; LVFS, left ventricular
fractional shortening; and LVEF, left ventricular ejection fraction. See
Tables 1 and 3 for other abbraviations.

baseline and after exercise training using the univariate
variables, with P=.10. As shown in Table 8, multivariate
analysis demonstrated that peak heart rate and E/A ratio
were the most significant pretraining independent pre-
dictors of peak Vo0, Changes in exercise tolerance and
E/A ratio were the best predictors of change in peak
Vo, Stepwise logistic regression analysis showed an
overall effect of Doppler pattern on predicting overall

TaBLE 7. Univariate Analysis of Peak Oxygen Uptake
at Baseline and as Change After Exercise Training

Peak Oxygen Uptake, Correlation

mL < kg™! + min~? Coefficient P

Correlation with baseline peak Vo,
LAT before, mL« kg™ - min™" 72 =.,0001
E/A before .68 =.0001
HR, peak before, beats per minute 49 =,0001
IVRT before, ms 37 =,005
E before, cm/s -.37 =.,008
EDT before, ms 36 =.,006
PWL before, W -.38 =.007
HR, resting before, beats per minute .30 =.03
RFF before, % —.29 =.08

Correlation with change In peak Vo,
ALAT, mL-kg™" « min~7 .95 =,0001
AE/A 61 =.0001
AIVRT, ms -.28 <.04
ARFF, % 27 =04

See Tables 1, 2, and 3 for abbreviations.

TABLE 8. Multivariate Analysis of Peak Oxygen Uptake
at Baseline and as Change After Exercise Training

Peak Oxygen Uptake,

mL - kg™ - min~? B-Coefficient P
Correlation with baseline peak Vo,
E/A before .08+.01 =.0001
HR, peak before, beats par minute .06x.01 =,0002
Cotrelation with change in peak Vo,
ApWL, W 0901 =,0001
AE/A 1701 =.0001

See Tables 2 and 3 for abbreviations.

cardiac events (P=.02). Contrasts showed significant
differences between subgroup A, with the restrictive
Doppler pattern, and subgroup B, with the “normal”
pattern (P=.04), and between subgroups A and C, with
the abnormal relaxation Doppler pattern (P=.007), in-
dicating a worse prognosis in patients with baseline
Doppler pattern of restrictive filling. Exercise training
did not reach statistical significance (P=.54) as a predic-
tor of cardiac events. Stepwise logistic regression with
event as the outcome produced the following results:
Subjects who had cardiac events had significantly higher
values on E, RFF, and resting heart rate and significantly
Jower values on IVRT, EDT, and peak Vo, than patients
who had no events. The results were similar when
patients who died were compared with those who sur-
vived, with the exception that the former also had lower
peak atrial filling velocity and higher heart rates.

The survival model (log rank test) showed lower event-
free survival for patients with pattern A (x*=11.53;
P=,003) than for either B or C (Fig 3). The trend of
survival curves was similar when patients were separated by
etiology (idiopathic or ischemic cardiomyopathy). How-
ever, there was no significant difference between survival
functions when separated by exercise training (Fig 4).

Discussion

These data show that LV diastolic filling patterns
assessed by Doppler echocardiography can identify pa-
tients with DCM who will increase their peak Vo, with
exercise training. In this population, the most significant
improvement in aerobic capacity was observed in pa-
tients with a baseline Doppler pattern of abnormal LV
relaxation. However, in this study, there was no signifi-

P —
g w0 =
é 704

603
B 54

1 . A
2 303 B
4 9 ————
'ﬁ 20'; C
A 09 T

[Vhe g T T T T T

T
01 23 4567891 1112
Time (months)

Fia 3. Graph of event-free rates as assessed by the influence of
Doppler pattern of left ventricular diastolic dysfunction (A, B, C)
on cardiac events. Patients with pattern A have a 1-year prob-
ability of cardiac events significantly greater than pattern B and
pattern C. *P<.003.



2782 Circulation Vol 91, No 11 June 1, 1995

10()-:
904

Patients Event Free (%)
2
il

1T T 17717 7T 171 17 T
0123 4567809101112
Time (months)
Fic 4. Graph of event-free rates as assessed by the infiuence of
exercise training on cardiac events. The 1-year probability to
avoid cardiac events with exercise training is not statistically

significant between training (T) and nontraining control (NT)
groups.

cant association between improved exercise capacity and
prognosis.

The best independent predictors of morbidity and
mortality were pretraining Doppler variables of LV
restrictive filling. Patients with cardiac events during the
follow-up had significantly higher values on E and RFF
and significantly lower values on IVRT and EDT than
patients who had no events. All the patients who died
had the restrictive filling pattern and no improvement in
aerobic capacity after training, Patients with a baseline
Dappler pattern of abnormal LV relaxation had the best
outcome compared with the other two patterns.

Exercise Training and Left Ventricular Diastolic
Iilling in Dilated Cardiomyopathy

Abnormalities of 1.V diastolic function that often pre-
cede systolic dysfunction have been demonstrated in pa-
ticnts with DCM by contrast LV angiography® and radio-
nuclide angiography.? Recently, pulsed Doppler
echocardiography has been shown to correlate with both
angiographic?t2 and radionuclide425 techniques in assess-
ing diastolic filling in patients with DCM?*-3 and other
cardiac diseases.'237-% Moreover, Doppler recordings have
proven to be accurate in evaluating serial changes in LY
diastolic function®#! as well as in defining prognosis in
patients with DCM!213 and cardiac amyloidosis.*

Although the Doppler pattern of diastolic mitral inflow
directly reflects LV filling, it is influenced by multiple
related factors such as LV relaxation,*? cardiac motion,*
intrinsic myocardial properties, heart rate, and loading
conditions. Thus, it is not surprising that different inflow
patterns have been identified in patients with DCM, re-
flecting different clinical and hemodynamic profiles.® In the
restrictive pattern, hemodynamic comparisons have shown
an increase in mean left atrial pressure with a greater
atrioventricular pressure gradient. This causes a more
prominent early diastolic filling velocity and a more rapid
deceleration rate due to a faster equalization between left
atrial and LV pressures. By contrast, when impaired relax-
ation is present, the early diastolic pressure gradient be-
tween the left atrium and LV is small, resulting in a
decreased rate of early filling velocity with a prolonged
deceleration time as well as a greater residual atrial vol-
ume. A third pattern of mixed abnormalities resulting in a
“normal” pattern involving both restrictive and impaired
relaxation conditions may sometimes be evident in patients

with DCM. In this case, it is possible that an initially
abnormal relaxation pattern may be present, which later
can progress to a restrictive pattern when left atrial pres-
sure rises.

In this study, 45% of patients had a restrictive pattern,
25% had a pattern of abnormal relaxation, and 20% had
a “normal” pattern. In our patients with the abnormal
relaxation pattern, functional capacity was improved
after training and the A wave was reduced. Because we
observed no significant changes in LV chamber dimen-
sions, loading conditions, and heart rate after training,
the increase in transmural gradient may be related to a
decrease in the LV minimal pressure, possibly produced
by an increase in ventricular relaxation rate. These data
are consistent with the findings of Levy et al% who
found a significant correlation between a training-in-
duced increase in early filling and peak Vo, in both
young and old normal subjects. They suggested that the
improvement in aerobic capacity could be explained
through the increase in early diastolic filling, resulting in
an increase in stroke volume and cardiac output. In this
study, the increase in aerobic capacity was not associated
with changes in echocardiographic indexes of systolic
performance. This suggests that the improved aerobic
capacity may be due to peripheral adaptations.

The observation that exercise training positively influ-
ences only patients with a Doppler pattern of abnormal
LV relaxation has not been described before and needs
further confirmation. Various mechanisms may play a
role, such as a lower LV filling pressure, a lower
transmitral left atrioventricular gradient, as well as a
Jower incidence of mitral insufficiency.

In our patients, the increase in early diastolic filling
was accompanied by a significant reduction in the iso-
volumic relaxation time (Table 3). Since isovolumic
relaxation time is the most energy-requiring phase of
excitation-contraction coupling?® and is primarily influ-
enced by sympathetic tone, its reduction after training
probably reflects a greater calcium reuptake from myo-
filaments. An increase in myocardial distensibility can
contribute to an increase in cardiac output and oxygen
supply to skeletal muscles. We hypothesize that this
mechanism may play a role in explaining the changes in
LV diastolic filling in patients with DCM and abnormal
LV relaxation.

The absence of significant changes in exercise capacity
and LV diastolic filling in patients with Doppler restric-
tive “normal” patterns has not been previously de-
scribed. Both hemodynamic and anatomic factors may
be involved. Patients with restrictive L'V filling may have
a greater LV end-diastolic pressure and a stiffer ventri-
cle. Such factors could limit the capacity of the left
ventricle to adapt to exercise training, which may be
caused by interstitial fibrosis and collagen abormalities.
However, recent data have shown that the amount of
interstitial fibrosis does not correlate with the Doppler
pattern of LV diastolic filling.** In this study, the absence
of significant changes in LV diastolic filling as well as
peak Vo, after training was similar in patients with
“normal” and with Doppler restrictive patterns,

Prognostic Significance of the Effects of
Exercise Training

Previous studies have attempted to define prognostic
indicators in patients with DCM. One report suggested




Pt oo - 3

Belardinelli et al Exercise Training in Patients With Dilated Cardiomyopathy 2783

that a significant Doppler predictor of outcome was the
early to atrial filling velocity (E/A).47 A ratio of 2.3 was
associated with a greater capillary pulmonary wedge
pressure, a lower cardiac index, and a lower functional
capacity. Qur data confirm that pretraining E/A ratio
and posttraining change in E/A ratio, primarily due to a
recduction in the amplitude of the A wave, were inde-
pendent predictors of peak Vo,. Stepwise logistic regres-
sion analysis showed an overall effect of pretraining
patterns on predicting overall cardiac events. Patients
with a baseline restrictive pattern of LV diastolic dys-
function had a higher morbidity and mortality compared
with the other subgroups. However, exercise training did
not significantly modify the outcome of patients with
DCM (Fig 4). Patients with abnormal relaxation did
have a greater increase in exercise capacity and a lower
incidence of averall cardiac events compared with the
patients with a restrictive pattern during follow-up
(P=.007). This trend was independent of the etiology of
the heart failure, confirming that the identification of
these specific patterns by Doppler echocardiography is
very important in identifying patients with DCM with a
poor outcome.

Limitations of the Study

The number of patients studied was relatively small,
especially since they were further subdivided into three
subgroups. Of interest, other investigators recently re-
ported similar results'® on the prognostic significance of
Doppler patterns in similar numbers of patients. How-
ever, they did not exercise their patients, We are the first
to describe the prognostic significance of the posttrain-
ing changes in LV diastolic filling in patients with dilated
cardiomyopathy. A single load of exercise training was
chosen. The effects of different intensities of exercise
training in patients with DCM are not known and will
need further study. But the fact that the trained group
demonstrated an increase in lactic acid threshold, peak
Vo0,, and work capacity compared with the control group
indicates that the exercise program was vigorous enough
to produce a training effect. Invasive studies such as
muscle biopsies and arterial venous O, differences dur-
ing exercise might help to clarify some of the mecha-
nisms by which DCM patients can improve their func-
tional capacity, but those were not part of the design of
this study. Left ventricular diastolic filling patterns as-
sessed by Doppler are influenced by a variety of tactors,
such as valvular insufficiency, loading conditions, vis-
coelastic properties of the myocardium, ventricular com-
pliance, pericardial restraint, and left and right ventric-
ular interaction. However, Doppler LV filling variables
were highly correlated with radionuclide LV filling vari-
ables both before and after exercise training, indicating
the applicability of Doppler measurements of LV filling.
The training-induced reduction in resting heart rate,
evident in all trained subgroups, may have increased the
magnitude of LV filling. However, resting heart rate was
only modestly reduced after training (Table 2). By
contrast, changes in filling fractions, observed only in the
trained subgroup with abnormal relaxation pattern, were
more pronounced, suggesting that factors other than the
mechanism of training-induced bradycardia can be in-
volved. Changes in loading conditions induced by train-
ing could also account for the changes in LV diastolic
filling, We found no changes in LV end-diastolic diam-

eter or diastolic blood pressure, suggesting that both
preload and afterload were scarcely involved in training-
induced changes of diastolic filling, Although mitral
insufficiency was present in two thirds of the trained
patients, in particular in patients with restrictive pattern,
its degree was mild in all patients and was not modified
by exercise training. Finally, the accuracy of Doppler
echocardiography for prognostic evaluation may be de-
creased by the variability of LV diastolic filling. This
variability could be increased by exercise training. In our
study, however, loading conditions were not significantly
modified by training except for the pattern of abnormal
relaxation.

Conclusions

Some patients with DCM can improve their functional
capacity with training, whereas patients who do not
exercise have a tendency to further reduce their exercise
capacity. The improvement in peak exercise Vo, is
significantly correlated with the increase in early filling
rate as well as a decrease in atrial filling rate. Since the
increase in exercise tolerance is statistically significant
only in patients with the initial Doppler pattern of
abnormal relaxation, and since this pattern has a better
prognosis compared with the other two patterns studied,
we believe that the Doppler pattern of abnormal LV
relaxation may represent a useful criterion for the
identification of patients with DCM who will benefit the
most from exercise training and for the assessment of
outcome. Furthermore, Doppler echocardiography can
identify patients with restrictive LV diastolic filling as
well as “normal” pattern who will not benefit from
exercising and will not have an amelioration in prognosis
by exercise training.

The results indicate that Doppler echocardiograpy is a
valuable tool in the prognostic assessment of patients
with DCM involved in exercise training programs. How-
ever, the small number of observations prevents us from
reaching definitive conclusions about the clinical and
prognostic significance of exercise-induced changes in
LV diastolic filling patterns. The prognostic significance
of these data should be confirmed in larger studies with
a longer follow-up.
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