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ABSTRACT. The previous observations from our laboratory on corre-
lations between left ventricular ejection time (ET) and preceding cycle
length in patients with atrial fibrillation showed that the correlation coef-
ficients were lower in patients with dilated cardiomyopathy than in patients
with lone atrial fibrillation.

These findings were considered to be related to decreased left ventri-
cular function.

To elucidate this assumption, experimental studies were done by using
10 open-chest dogs.

After inducing atrial fibrillation by aconitine, various left ventricular
contraction states were produced by administration of B-blockade or
isoproterenol, and ET, preceding RR interval, stroke volume (SV) and left
ventricular dp/dt were measured at each state.

The results were followings :

1) The relationship between ET and SV was found to be significantly
linear, and had an over-all correlation of r=0.91 despite severity of left
ventricular contraction states.

2) The relationship between ET and preceding RR interval showed
a positive correlation, and the coefficient became lower as left ventricular
function decreased.

Therefore, this method proved to be clinically useful to assess the left
ventricular contraction state by non-invasive measurements of ET and
preceding RR interval from carotid pulse tracing in patients with atrial
fibrillation.

Key words : Atrial fibrillation — Ejection time — Stroke volume —
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Beat-to-beat changes in stroke volume (SV) in atrial fibrillation have been
ascribed to be dependent on the preceding cycle length?

In one study from our laboratory,” it has been shown that there were
characteristic relationships between ejection time (ET) measured from carotid
arterial pulse and its preceding cycle length from the electrocardiogram in patients
with atrial fibrillation under various clinical conditions. In this investigation,
the relationship between ET and preceding cycle length in patients with lone
atrial fibrillation showed a high correlation, while that in patients with dilated
cardiomyopathy and atrial fibrillation showed a low correlation. Moreover, this
correlation became lower in many patients with dilated cardiomyopathy and
atrial fibrillation when the patient’s condition became clinically more severe.

Accordingly, it was suggested that the relationship between ET and preceding
~ cycle length might be related to severity of left ventricular function. To clarify
this assumption, experimental study was performed using open-chest dogs.
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MATERIALS AND METHODS '

Ten mongrel dogs (11~32kg) were anesthetized with intravenous sodium
pentobarbital (30mg/kg), and artificial respiration was maintained using a Harvard
respirator. A left thoracotomy was performed and the pericardium was incised.
An electromagnetic-flow-meter probe was applied around the root of the
ascending aorta to measure SV. The catheter-tip manometer was inserted into
the left carotid artery, and advanced into the left ventricle to measure the left
ventricular pressure and its peak positive dp/dt. A 7F Cournand catheter was
passed through the right femoral artery, and positioned at the root of ascending
aorta to measure ET. A standard-lead electrocardiogram was recorded to
measure its preceding cycle length as represented by the RR interval.

All parameters were simultaneously recorded on an ink jet recorder at
a paper speed of 100 mm/sec in more than 20 consecutive beats.

Atrial fibrillation was induced by applying aconitine solution onto the right
atrial surface.*?

After atrial fibrillation was thus induced, the left ventricular dp/dt being
as a indicator of left ventricular contraction,® three different left ventricular
contraction states were produced by giving isoproterenol or B-blockade.

After collection of all data from this experimental study, it was investigated
whether or not 1) ET might be able to utilize as a reliable indicator of SV,
and 2) the relationship between ET and preceding RR interval might become
lower with decrease in left ventricular function in atrial fibrillation.

RESULTS

When the relationship between peak dp/dt and preceding interval in three
different states were plotted, there were clear differences of value of the dp/dt
on each regression line at the preceding interval of 800 msec in each state
(Fig. 1).

Each state was arbitrarily termed as State A, State B, and State C in the
order of the contraction states.

1) Relation of ET versus SV

A relation of SV to ET in 20 consecutive beats obtained from one dog
experiment was illustrated in each state as seen in Fig. 2. The relationship
between ET and SV in three different contraction states showed good positive
correlations (r=0.77~0.97). The similar correlations were also observed in 9
other dog experiments as shown in Table 1.

2) Relation of ET versus preceding interval

In the same way, a relation of ET to preceding interval in 20 consecutive
beats taken from one dog experiment was observed in each state as shown in
Fig. 3. It is noted that the relationships were quite different in each state, and
moreover, the individual correlation coefficients became lower with decrease in
left ventricular contraction state (ranging from r of State A=0.93, to State
B=0.76, to State C=0.62). The similar correlations were also observed in 9
other dog experiments as shown in Table 1.

Then the relation between these coefficients (ET versus preceding interval)




Left Ventricular Function in Atrial Fibrillation 103

State A dp_ .
(peak ﬁ 8002632)

peak dp/dt (y - 0.796x+ 1995.5)
(mmHg sec) ®)
2,500
L o State Beak WP~ .
2,000 peak " L1514)
(y = 1.440x+ 361.8)
1,500
. _
e C dp_- .
1, 000 o o state Cpeak "0 . 749)
(y = 0.694x+ 193.7)
500, . .

500 800 1,000 (msec)

Preceding Interval

Fig. 1. Relation between left ventricular peak dp/dt and preceding interval in 20
consecutive beats in three left ventricular contraction states in a dog with atrial
fibrillation. There are significant differences in the dp/dt on regression line of
each state at the preceding interval of 800 msec (peak dp/dtsy). Each state is
arbitrarily termed as State A, State B, and State C in order of the contraction
states.

and the dp/dt at the preceding RR interval of 800 msec in three contraction
states were investigated. There was a good correlation in each occasion (Fig.
4), and the correlation coefficients became lower in curvilinear fashion as left
ventricular contraction state was decreased.

DISCUSSION

Atrial fibrillation is a quite common arrhythmia, and often complicated by
various cardiac disorders. Therefore, evaluation of left ventricular function in
atrial fibrillation is clinically mandatory. However, the investigation is limited,
probably because it may be difficult to evaluate ventricular function under beat-
to-beat variations in this arrhythmia. The data obtained from the present study
suggested the possibility of non-invasive evaluation of left ventricular function
in atrial fibrillation.
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Fig. 2. Relation between ET and SV in 20 consecutive
beats in three left ventricular contraction states in
a dog with atrial fibrillation. From the top down,
State A (r=0.91), State B (r=0.86), and State C
(r=0.92) are illustrated. ET shows a highly significant
correlation with SV despite severity of contraction
states.
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Fig. 3. Relation between ET and preceding interval in 20
consecutive beats in three left ventricular contraction
states in a dog with atrial fibrillation. From the top
down, State A (r=0.93), State B (r=0.76), State C
(r=0.62) are illustrated. Correlation coefficients
becomeé- - significantly lower with decrease in left
ventricular contraction states.
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Fig. 4. Relation between the correlation coefficients of ET versus preceding interval
(r) and peak dp/dts (left ventricular contraction state expressed as the dp/dt
at the preceding interval of 800 msec) in 10 dogs with atrial fibrillation. There
is a good correlation in each occasion, and the coefficients become lower in
curvilinear fashion as left ventricular contraction state is decreased.

Possible Use of ET as an Indicator of SV Since in 1904, Bowen” had
first employed the carotid pulse tracing to assess the duration of left ventricular
ejection in man, a direct relationship between ET and SV was demonstrated in
experimental studies*® and in clinical observation by the indicator-dilution
method or the Fick principle.!” These previous studies have shown that ET
correlated significantly with SV. However, these observations were made on
individuals in normal sinus rhythm as the difficulty to measure phasic aortic
blood flow accurately and continuously in man had limited the scope of previous
work on the hemodynamics of atrial fibrillation,'>'® In particular no definition
of the beat-to-beat relationship between SV and the duration of the phases of
cardiac systole has been formulated, and experimental studies have been for-
mulated, and experimental studies have been little done.
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TABLE 1. Correlation coefficients (r) of ET versus SV and ET versus
preceding interval, and peak dp/dtse (the dp/dt at the
preceding interval of 800 msec) in three left ventricular
contraction states in 10 dogs with atrial fibrillation.

Dog’s Contraction ET vs SV ET vs };‘lr;cr%c;ilng Peak dp/dtsgo
number states ¢€39) ) (mmHg/sec)
1 A 0.95 0.89 3087

B 0.95 0.67 1615
C 0.96 0.58 958
2 A 0.91 0.93 2632
B 0.86 0.76 1514
C 0.92 0.62 749
3 A 0.95 0.94 3220
B 0.85 0.84 1954
C 0.93 0.69 1412
4 A 0.86 091 2363
B 0.97 0.69 1131
C 0.93 0.61 1043
5 A 0.93 0.93 4024
B 0.92 0.88 2489
C 0.94 0.70 1138
6 A 0.94 0.83 1773
B 0.96 0.72 1156
C 0.93 0.59 979
7 A 0.95 0.88 2428
B 0.96 0.77 1413
C 0.92 0.68 1049
8 A 0.84 0.94 4062
B 0.96 0.85 2223
C 0.97 0.73 1352
9 A 0.88 0.88 2396
B 0.94 0.68 1534
C 0.74 0.52 872
10 A 0.91 0.92 2849
B 0.88 0.81 2093
C 0.77 0.74 1186

Only Greenfield et al.'® showed a linear relationship (r=0.91) between ET
and SV using the pressure gradient technique in 13 patients with atrial fibrillation.

However, whether a good correlation between ET and SV is present even
in various left ventricular functions is not yet certified. In this study, therefore,
firstly the relationship between ET and SV was examined in various left ventri-
cular contraction states. ET constantly showed a highly positive correlation with
SV regardless of left ventricular contraction state (Table 1). These results indi-
cated the possible use of ET as an indicator of SV in atrial fibrillation with
various left ventricular contraction states.

ET was measured from aortic pressure tracing in this experiment, but there
will be no problem in clinical application of this relationship because of excellent
comparison of externally and internally measured ET.™®
Relationship between ET and Preceding Interval One study from our labora-
tory on correlation between ET and preceding cycle length in patients with atrial
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fibrillation showed that the correlation coefficients were lower in patients with
dilated cardiomyopathy than in patients with lone atrial fibrillation.” It has
been stated that the characteristics of dilated cardiomyopathy is a primary
myocardial disease with decreased left ventricular function as demonstrated
by hemodynamic studies.™'® These findings led to an assumption that the
correlation coefficients between ET and preceding cycle length might be related
to left ventricular function.

The data obtained from this experiment verified this assumption. Because
contraction state varied beat-to-beat in atrial fibrillation, it seemed proper that
left ventricular contraction state was expressed as left ventricular dp/dt on regres-
sion line of each state at the most physiological cycle length of 800 msec.
It was worthy to notice that the relationship between correlation coefficients of
ET versus preceding interval and left ventricular contraction state showed good
correlation with only a slight variation in ten dogs (Fig. 4).

It seems very difficult to clarify the underlying mechanism of this pheno-
menon because all of contraction state, preload, and afterload vary in beat-to-
beat fashions in atrial fibrillation. Since the effect of atrial fibrillation upon
the circulation had been first described by Lewis,'” it has been proposed that
the relationship between SV (as substituted by ET) and preceding cycle length
in atrial fibrillation might be related to the role of Starling’s law,'®!® the phe-
nomenon of post-extrasystolic potentiation,*” or variation of afterload.””
The author is planning to clarify this point in future.

Previous studies show that in atrial fibrillation ET also varies directly with
preceding cycle length, and these observations have been only utilized to evaluate
the classification of various cardiovascular disorders.’:?® But it has not been
studied to evaluate left ventricular function by means of the relationship between
ET and preceding cycle length. This experimental results indicate that a decrease
in the correlations between ET and preceding cycle length as represented by
the RR interval is related to a decrease in left ventricular function.
Conclusion It was concluded that ET could be used as a reliable indicator
of SV even in atrial fibrillation under various left ventricular function, and left
ventricular contraction state in atrial fibrillation might be assessed from the
relationship between ET and preceding cycle length as represented by the RR
interval. Therefore, this method proved to be clinically useful to assess the
left ventricular function by non-invasive measurements of ET and preceding
RR interval from carotid pulse tracing in patients with atrial fibrillation.
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