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ARE WE UNDERESTIMAARE WE UNDERESTIMAARE WE UNDERESTIMAARE WE UNDERESTIMAARE WE UNDERESTIMATING THE GRADIENT IN PTING THE GRADIENT IN PTING THE GRADIENT IN PTING THE GRADIENT IN PTING THE GRADIENT IN PAAAAATIENTSTIENTSTIENTSTIENTSTIENTS
WITH AWITH AWITH AWITH AWITH AORTIC STENOSIS AND AORTIC STENOSIS AND AORTIC STENOSIS AND AORTIC STENOSIS AND AORTIC STENOSIS AND ATRIAL FIBRILLATRIAL FIBRILLATRIAL FIBRILLATRIAL FIBRILLATRIAL FIBRILLATION:TION:TION:TION:TION:
IT’S TIME TO CONSIDER VENTRICULAR PRELOADIT’S TIME TO CONSIDER VENTRICULAR PRELOADIT’S TIME TO CONSIDER VENTRICULAR PRELOADIT’S TIME TO CONSIDER VENTRICULAR PRELOADIT’S TIME TO CONSIDER VENTRICULAR PRELOAD

Purpose: Purpose: Purpose: Purpose: Purpose: To understand the significance of variation in gradient beat5to5beat pressure gradients in patients with
significant aortic stenosis and concomitant atrial fibrillation and determine its relationship to severity.

Methods: Methods: Methods: Methods: Methods: Assess the beat5to5beat variability of pressure gradients in patients significant aortic stenosis and
concomitant atrial fibrillation from retrospective analysis of Doppler or catheter5based hemodynamic measurements
and correlate with the preceding RR interval based on the corresponding electrocardiogram. Results: There is a
direct correlation between the preceding RR interval and the mean pressure gradient in patients with significant
aortic stenosis and concomitant atrial fibrillation. The variation seems to be more prominent in those with severe
stenosis and preserved left ventricular function and may aid in classifying the degree of stenosis as severe in some
with seemingly more moderate stenosis based on traditional averaging of consecutive beats.

Conclusions:Conclusions:Conclusions:Conclusions:Conclusions: Variation in pressure gradients beat5to5beat are important to consider in patients with aortic
stenosis and concomitant atrial fibrillation and correlate with severity and contractile characteristics.

BackgroundBackgroundBackgroundBackgroundBackground
Compared to those in sinus rhythm (SR), patients

with atrial fibrillation (AF) in the setting of aortic stenosis
(AS) have an elevated mortality risk whether managed
medically or surgically [1]. When evaluating these
patients, echocardiographic guidelines recommend
averaging the peak velocities (Vmax) and velocity5time
intervals (VTI) over at least five beats [2]. Large patient
series have adhered to these recommendations [1, 3].
However, stenotic office gradients are flow dependent.
Variations in cardiac output, concomitant aortic or mitral
valvular regurgitation or increased metabolic rate will all
affect measured gradients for a given stenosis [2]. This
is exemplified in the setting of low5flow low5gradient
(LFLG) severe AS – dobutamine stress echocardiogra5

phy will result in an increase in both stroke volume (SV)
and mean gradient (Pmean) [2, 4]. Likewise, in AF with a
short RR interval, there is shortened ventricular relaxa5
tion and filling period, and a resulting smaller SV [3].
The Pmean measured by echo is therefore dependent on
heart rate and RR interval variability. This somewhat
explains why patients in AF, compared to those in SR,
will have lower peak velocities and gradients despite
similar aortic valve areas (as assessed by the continuity
equation) [5]. We sought to demonstrate the relationship
between preceding RR interval and gradients (Vmax and
Pmean) in AS with the hypothesis that the gradient that
most accurately reflects the true stenosis is the one after
the longest RR interval.

Acronyms:Acronyms:Acronyms:Acronyms:Acronyms: AF – atrial fibrillation, AS – aortic stenosis, LFLG – low5flow low5gradient, SR – sinus rhythm, SV – stroke volume, VTI –
velocity5time interval.
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MethodsMethodsMethodsMethodsMethods
We retrospectively identified patients with both AS and

AF during their echocardiogram or invasive valve assess5
ment. Patients were excluded if they were paced or if there
were < 5 recorded continuous wave Doppler envelopes
to re5analyze. Baseline characteristics and echocardio5
graphic or invasive parameters were also recorded.
Severe AS was defined as Pmean > 40 mmHg. Pearson
Correlation Coefficient was utilized to assess the relation5
ship between preceding RR interval and gradients
(Vmax and APmean).

ResultsResultsResultsResultsResults
Twenty5one patients were reviewed for inclusion.

Nineteen echocardiograms from 16 patients were reviewed
for the analysis. Two studies were included from invasive
catheterization data. Seven patients were excluded

(insufficient data in five and permanent pacing in two). A
total of 186 data points were measured. The final original
assessment(averaging multiple beats) was severe (nor5
mal flow) AS in nine studies; LFLG severe AS in four;
LFLG (paradoxical normal EF) severe AS in two; and
moderate AS in six. There was a clear relationship bet5
ween the RR interval and both the Pmean (Figure 1) and
Vmax. In the severe and moderate AS groups, R correlates
ranged from 0.59–0.90 (APmean) and 0.31–0.94 (Pmean),
respectively. This was not as robust in the low5flow low5
gradient group with R correlates ranging from 0.50–0.77
(Pmean) possibly a result of the impaired ventricular
systolic function. The overall mean R correlates were
0.71+0.15 (Pmean) and 0.67+0.19 (Vmax). Utilizing the maxi5
mum measured gradient, instead of the standard ave5
raged gradient, the APmean increased by an average of
10.1 mmHg (range 2.1–30.4 mmHg) with two patients reclas5
sifying from moderate to severe AS (including one LFLG).

Figure 1. Ttrendline and R2 correlates comparing mean gradient to R5RFigure 1. Ttrendline and R2 correlates comparing mean gradient to R5RFigure 1. Ttrendline and R2 correlates comparing mean gradient to R5RFigure 1. Ttrendline and R2 correlates comparing mean gradient to R5RFigure 1. Ttrendline and R2 correlates comparing mean gradient to R5R
interval in servere (A), LFLG servere (B), and moderate (C) aorticinterval in servere (A), LFLG servere (B), and moderate (C) aorticinterval in servere (A), LFLG servere (B), and moderate (C) aorticinterval in servere (A), LFLG servere (B), and moderate (C) aorticinterval in servere (A), LFLG servere (B), and moderate (C) aortic
stenosis.stenosis.stenosis.stenosis.stenosis.
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DiscussionDiscussionDiscussionDiscussionDiscussion
Our study demonstrates the relationship between

preceding RR interval and aortic gradient in the setting
of concomitant AF and AS. When the RR interval is short
there is decreased ventricular filling and a decreased
SV resulting in a smaller gradient. In a number of our
cases there was extensive variability in measured gra5
dient depending on which cardiac cycle was included
resulting in potential reclassification from moderate to
severe stenosis. The relationship is not as robust in the
LFLG subset. This may be as a result of not considering
the pre5preceding RR interval, [3] the degree of mitral
regurgitation and reduced contractile reserve. It also
suggests that the slope of the RR interval and AP rela5
tionship is directly related to the left ventricular cont5
ractile reserve. In a similar vein, when differentiating
'true' versus 'pseudo' severe AS in a low5flow patient,
other authors have suggested using the post5extrasys5
tolic (therefore optimizing preload) gradient as a
potential alternative to dobutamine [6, 7]. Similar to this
or the use of dobutamine for LFLG aortic stenosis, the
most appropriate measure of systolic gradient in AS
with AF may occur with optimization of preload and SV
(usually after the longest RR interval).

Study limitationsStudy limitationsStudy limitationsStudy limitationsStudy limitations
Our study has a number of limitations. Firstly, it is

retrospective which has inherent bias. Secondly, we

review a relatively small sample size, which makes
assessment of outcomes, which we did not do, of little
value. Thirdly, we do not directly measure other factors
that affect flow in the setting of AS and AF such as the
pre5preceding RR interval, concomitant aortic or mitral
insufficiency and a full assessment (no only ejection
fraction) of left ventricular contractility and function
(diastolic function, longitudinal strain). However, these
would incrementally reduce the practical applicability in
a busy echo lab. Lastly, we do not measure the post5
extrasystolic gradient which may further optimize pre5
load and stoke volume, however this data was not available
as our current practice is to avoid measurements port
ectopy and they were not saved.

ConclusionsConclusionsConclusionsConclusionsConclusions
There is a relationship between the RR interval and

measured gradient in the setting of AS and AF. Asses5
sing the gradient may be most accurate during optimal
ventricular preload and stroke volume, which is usually
after the longest RR interval. Rather than averaging gra5
dients and velocities, the highest recorded values may
more accurately reflect the degree of stenosis. A larger
study with simultaneous measurements of left ventri5
cular outflow tract (V1) and maximal orifice velocities
(Vmax) are necessary to further explore this relationship.
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