
PJC Vol. 30 No. 2 
April - June 2002 

81 

Cycle Length Dependence of Systolic and 

Diastolic Function indices in Atrial 

Fibrillation: An Echocardigraphic 

Assessment 

Susan Micaela Ozoa-Denura, M.D. 

Leowe 0. Go, M.D. 

William T: Chua, M.D. 

Homobono B. Calleja, M.D. 

ABSTRACT: 
-Although Doppler transmitral flow velocities have

been used to assess LV diastolic properties, many factors 
have been identified and its applicability is not universal. 
The effect of heart rate (HR) has been implicated although 
data on this relationship is sparse. L ikewise, data on the 
effect of cycle length changes in atrial fibrillation (AF) 
on diastolic function indices and consequently on systolic 
function are lacking. Twenty (20) patients in permanent 
AF were studied with Doppler and M-mode 
echocardiography. Seven subjects had normal-sized LVs 
while 13 had concentric hypertrophy. Twenty consecutive 
displays from each of the twenty patients were analyzed 
and measurements were taken of the peak flow velocity. 
of the E wave, E acceleration and E deceleration time. 
lsovolumic relaxation time (IVRT) was determined from 
the apical 5-chamber view. Systolic function was 
calculated by cube method from M-mode . 

Results showed that alterations in RR interval did 
not affect the E velocity to a detectable magnitude in 
patients with AF in both groups. The same observation 
was seen in the IVRTs of patients with and without left 

INTRODUCTION 
The assessmenc of left ventricular function is an essential 

component in the evaluation of any patient with known or 
suspected heart disease.  Since the advent of 
echocardiography, this non-invasive method has provided a 
readily available and fairly reliable way of assessing ventricular 
function. Doppler echocardiography determines the diastolic 
filling pattern of the ventricles by measuring ventricular 
relaxation, compliance and filling velocities while the M
mode measurements express left ventricular (LV) global 
systolic function by computing for the ejection fraction (EF). 

Although Doppler transmirral flow velocities have been 
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ventricular hypertrophy (LVH). Only the E acceleration 
time showed an RR related increase a·mong the group 
with LVH, but not with the normal group. The positive 
response of E deceleration time to RR change was 
comparable in both groups. All in all, our findings suggest 
that most of the diastolic function indices cannot be used 
_to assess compliance in patients with AF, except for the 
E acceleration time. 

In the assessment of systolic function by M-mode, 
this study showed the expected relationship in cycle length 
and ejection fraction (EF) in those patients with normal 
LVs. An increase in cycle length resulted in an increase 
in ejection fraction (p<0.001). However, in patients with 
concentric hypertrophy this relationship was no ·Jori'ger 
true (p»0.05). This finding suggests that patient1 with 
AF and concentric LVH may be at a higher risk for heart 
failure not only because of its inherent diastolic 
dysfunction but also through impaired systolic 
performance. 

(PJC 2002; 30:81-86) 
I<eywords:LV systolic function, LV diastolic function, 

2D Echocardiogram, Atrial fibrillation. 

used to assess LV diastolic properties, many variables have 
been identified to influence its pattern i.e., age, preload, 
afrerload and systolic function. The effect of heart rate (HR) 
has also been implicated as an important variable since 
diastolic filling period is critically dependent on RR interval. 
However, data regarding this relation is conflicting and 
sparse 1

• The potential influence of changes in HR is 
particularly important because it consequencly produces 
changes in LV diastolic filling patterns and subsequencly affect 
the systolic function. A study conducted by Harrison et al. 1 
on patients in normal sinus rhythm concluded that as HR 
increases, E velociry is unchanged bur A velocities increase. 

The absence of A wave in patients with atrial fibrillation 
(AF) presents a serious problem in the evaluation of diastolic 
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function. This may be the reason why data on this group of 
patients is lacking. Given the above-mentioned observations 
by Harrison1

, the effect of changing cycle (RR) intervals on 
the ocher diastolic indices in AF becomes an interesting 
parameter to investigate . T herefore, this study was 
undertaken to: 1) evaluate the characteristic pattern of the 
E wave and isovolumic relaxation time ( IVRT) in che 
different cycle intervals among AF patients; 2) evaluate the 
global systolic function in the different RR intervals among 
AF patients; and 3) compare these patterns among patients 
presenting in AF with and without LVH. 

METHODS: 
STUDY GROUP: 

Twenty patients in permanent AF ( 8 men, 12 women) 
aged 40 to 88 years (mean 65) comprised the study group. 
Excluded were chose patients presenting with paroxysmal 
AF, significant valvular problems and those with significant 
wall motion abnormality (EF<55%). 

I. DI ASTOLIC FUNCTION MEASUREMENT:

Doppler Transmitral Flow Velocity Profile: 
With the subject in the supine position with a left lateral 

tilt, Doppler ultrasound studies were performed. During 
imaging in the apical 4-chamber view, rhe sample volume 
was placed at the mitral leaflet rips. Twenty spectral displays 
were determined from each patient. E waves and IVRTs 
were measured as absolute values and were plotted against 
cycle length expressed in milliseconds. All in all, this study 
measured 400 displays of E waves and IVRTs. These 
measurements were done using the ATL HDI 3000 machine 
with a 3-2 MHz transducer. 

Definition of terms: 
Two distinct phases comprise the cransmicral flow 

velocity profile. The E wave represents the flow velocities of 
the early filling phase and the A wave, che aerial contraction 
phase. They appear as well-defined triangles. The slopes of 
the sides of each triangle define the acceleration (upslope) 
and deceleration (downslope) of the wave. Patients in AF do 
nor exhibit an A wave for obvious reasons. 
1. IVRT = the time (in msec.) from the cessation of

cransaortic flow or aortic valve closure to the onset of
mirral flow.

2. E acceleration rime= the time (in msec.) from the onset
of filling to the peak velocity of the E wave.

3. E deceleration rime= the time (in msec.) from the peak
velocity of the E wave to the cessation of the E wave.

4. E velocity = is represented by the height of the triangle
measured in m/sec.

II. SYSTOLIC FUNCTION MEASUREMENT

" 
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Figure 1. Determination of LV diastolic function using measurement 
acquired from: (A) Transmitral inflow velocity tracing. E wave amplitude 
in m/s represents intial rapid transmitral flow velocity. Acceleration 
time (AT) is measured from onset t peak of E wave in milliseconds. 
Deceleration time (OT) is measured from peak to end of E wave. (8) 
Simultaneous transaortic and transmitral doppler tracings obtained 
from apical 5-chamber view. lsovolumic relaxation time (IVRT) is 
measured from the closure of aortic valve to mitral valve opening in 
milliseconds. 

M-mode measurement was used for computation of
LV systolic function. Twenty consecutive cycles were 
obtained from each patient. The LV cavity was measured at 
the level of the papillary muscle. End diastolic volume (EDY) 
and end systolic volume (ESV) were derived by using the 
cube method. The corresponding RR intervals were then 
plotted against the EDV and the computed EF. 

III. STATISTICAL ANALYSIS:
Data was analyzed using correlation and linear regression

analysis. T test was applied to test the significance of the 
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slope within each group. 

RESULTS: 
Patients were divided into Group I (n=7) with normal 

LV wall and septa! thickness and Group II (n=l3) with 
concentric LVH (LVPW and IVS >l lmm). Age and sex 
distribution of the 2 groups were comparable (Table I). 

AF (p >0.05 NS) (Figure 2); E acceleration time showed a 
positive relationship with RR interval change in group II
but not in group 1 ( Grp I p>0.05 NS; Grp 11 p<0.001) 
(Figure 3). Both groups exhibited positive linear relationship 
berween RR interval change and E deceleration time (Grp I 

Table I: Demographic Data 

Group I Group 11 
DIASTOLIC FUNCTION: 

Although the relatioi1ship of peak E velocity and RR 
interval in group I showed a significant positive trend 
(p<0.05), it needed a big RR change to produce an obvious 
increase in E ampljtude. Moreover, the increase was difficult 
co detect by echocardiographic means. In Group 11, RR 
interval did not affect the E velocity profile of patients in 
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Figure 2. Scattergram showing relationship between RR intervals and E velocity in group I (normal LV) and group 11 (concentric LVH). 
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Figure 3. Scattergram showing relationship between RR intervals and E acceleration time in group I (normal LV) and group II (concentric LVH). 
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p<0.001; Grp II p<0.001) (Figure 4). IVRTs did not 
demonstrate any dependence on RR interval change in both 
Group I (p < 0.05) and Group 11 (p <0.001) (Figure 5). 

DISCUSSION: 
Echocardiography with Doppler has developed into a 

reliable and readily available method of non-invasively 
assessing LV systolic and diastolic function. However, this 
method has certain limitations. In patients with AF, 
assessment of LV function has some difficulty. The variable 
cycle length characteristic in AF makes measurements of 
LV diastolic and systolic function complicated. 

SYSTOLIC FUNCTION: 
In the assessment of sysrolic function by M-mode, there 

was a wide divergence of the slopes of EF vs. RR intervals 
between group I and group II. The results showed the 
expected relationship between changes in cycle length and 
EF among patients with normal-sized LV. An increase in 
cycle length showed a parallel increase in EF (p<0.001). 
However, in patients with concentric LVH, this relationship 
was not seen (p =>.05 NS) (Figure 6). 

A previous study has shown that changing RR may affect 
measurement of diastolic indices. However, they were 
conducted on changing sinus races or aerially paced rhythm. 
Studies done in AF are lacking. 

� (1 (I 

* 

150 Q) 
en 

� 
100 

50 

I 00 

* 
,,2 * 

* :::,232 2** I 3 * * - -
* **4 234322 •2•2• 2ca;e---.,

r t p 

---
--

-- ,.,,...
.--.

-

**23*2441l2S65385;'.J�"r- *
2433*266*>7... ••2 ll * 

__ lB45*422l*ll21* *** *
L 323623 3333432* 2* 2• • • • 

1212 642J2J3524 ** 222 * I 
**3332 2•• 2 ** * 

* u •
•• •

* 

1001) 

RR (msec.) 

L t-t,:c- nd: 

G rou 11 l 
l:roup II--

� IHIO 

Figure 4. Scattergram showing relationship between RR intervals and E deceleration time in group I (normal LV) and group II (concentric LVH). 
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Figure 6. Scattergram showing relationship between RR intervals and Ejection Fraction in group I (normal LV) and group II (concentric LVH). 

REL ATIONSHIP OF CYCLE LENG TH CHANGES TO 
TRANSMI TRAL AND AORTIC FLOW VELOCITIES: 

The present study provides clear evidence that 
modification of RR interval does not alter the E velocity 
profile significantly in patients with AF. The weak trend 
shown in group I required a big RR change to effect small 
differences in peak E velocity. This observation is consistent 
with the previous finding of Harrison et al. 1

, who investigated 
the influence of HR to transmitral flow velocities in patients 
presenting in regular rhythm. L ikewise, the IVRT did not 
exhibit dependence on RR interval change. A most plausible 
explanation for rhe failure of IVRT and E velocity to 
demonstrate this relationship is because both correspond 
to the early phases of the diastole. Since these events occur 
in the early part of diastole, we believe that it is hardly 
affected because changes in RR intervals involve most of 
the later part of diastole. Another potential explanation is 
char the expected change in IVRT and E velocity may require 
several cycles to achieve and not instantaneously. The 
disorganized beat to beat variation in AF may not allow 
enough rime for adaptation to occur. 

On the other hand, the acceleration time showed a weak 
linear relationship to RR change in the group of patients 
with concentric LVH. This suggests that AT abnormality, as 
a reflection of impaired compliance in concentric LVH may 
be exaggerated or unmasked by increasing RR intervals. In 
contrast, acceleration time in normal LV was unaffected by 
change in RR interval. AT, which is the time required to 
reach the peak velocity and represents the effort in the rapid 
filling, may be the only demonstrable impairment in diastolic 
function among patients with AF, whose compliance 
assessment has always been an echocardiographic dilemma. 

The deceleration time showed a steep positive linear 
relationship with RR change in both groups of patients, 
suggesting rhac the return ro the resting stare of transmicral 
flow is highly dependent on the cycle length and is nor so 
much a function of compliance. Ir may be inferred char the 
deceleration of flow requires lesser effort than it is with 
acceleration. 

RELATIONSHIP OF CYCLE LENG TH CHANGES TO 
EJECTION FRACTION: 

The systolic function using M-mode derived 
measurements ofEF showed char the expected Frank-Starling 
relationship was preserved in normal LVs. This relationship 
was however lost in patients with concentric LVH. Increasing 
diastolic filling in longer RR interval did nor effect a higher 
EF. 

CLINICAL APPLICATION: 
Although echocardiography with Doppler may be a 

useful tool in evaluating LV function in most patients, caution 
muse be observed in believing chat its applicability is 
universal. This study has provided clear evidence that its 
use is limited for diastolic assessment among patients with 
AF. The only index that showed a potential clinical usefulness 
in this group of patients is the acceleration time of the E 
wave. This important observation must always be borne in 
mind when assessing patient's diastolic function. However, 
further studies may be needed to validate chis finding. 

In the evaluation of systolic function in these two groups 
of patients, our study showed chat patients in AF with normal 
LV maintain the Frank-Starling relationship, while in patients 
with concentric LVH chis relationship was lost. Our findings 



suggest that patients with concentric,-LVH in AF are 
predisposed to heart failure not only because of its inherent 
diastolic dysfunction but also through impaired systolic 
performance. 

LIMITATIONS: 

The authors acknowledge certain limitations, mainly 
technical,  which is inherent and unavoidable with 
investigations such as this. Since measurements were made 
from sonographic displays, delineation of waveforms may 
not have been precise and accurate. The onset and end of E, 
as well as its peak may be affected by gain and Doppler 
settings. In the assessment of systolic function, it is also an 
accepted fact that the derivation of volume by the cube 
method compounds any potential error done in the 
measurements of EDD or ESD. 
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