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Effect of Atrioventricular Dyssynchrony on Impella
Hemodynamics: Mechanism and Its
Clinical Implications
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Abstract

The physiologic importance of atrial systole and atrioventricular (AV)
synchrony in maintaining cardiac performance is well established.
However, the role of AV synchrony in maintaining adequate Impella
output has not been fully evaluated. Despite the common belief that
AV dyssynchrony does not affect Impella output, given that Impella is
a continuous flow device, recent reports indicate that AV dyssynchro-
ny can lead to low Impella output in patients with cardiogenic shock
complicated by complete heart block. Temporary transvenous pacing
without establishing AV synchrony may fail to improve Impella hemo-
dynamics; therefore, understanding the mechanism of low Impella
output in AV dyssynchrony and promptly restoring AV synchrony may
improve Impella output in such cases and lead to better outcomes.
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Introduction

Cardiogenic shock (CS) is a complex syndrome that can lead
to multiorgan dysfunction and death if not adequately or
timely treated [1]. Despite significant advances in therapeu-
tic options, including mechanical circulatory support devices
(MCSDs), the management of acute CS continues to be chal-
lenging, and clinical outcomes remain poor [2]. Acute myo-
cardial infarction (AMI) accounts for most of the cases of CS
with mortality exceeding 40% [2, 3]. Intravenous vasopressor
and inotropes remain the first-line treatment strategy for the
management of CS. However, it is well established that intra-
venous (IV) vasopressors and inotropes have the propensity to
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increase cardiovascular mortality due to increased myocardial
oxygen demand and life-threatening ventricular arrhythmias
[4-7]. This has led to the paradigm shift towards the use of
MCSDs, which offer the advantage of providing hemodynam-
ic support without worsening myocardial ischemia [8, 9]. Im-
pella is a novel percutaneous catheter-based ventricular assist
device used for maintaining hemodynamic support in CS com-
plicating AMI [10]. Impella has become the MCSD of choice
for CS complicated by AMI. Current guidelines recommend
the use of MCSD in patients with refractory shock [11]. Recent
data suggest that MCSD can improve outcomes in carefully
selected patients using standardized treatment algorithms and
following best vascular access and closure practices [12-14]. A
recent meta-analysis has shown that Impella in AMI compli-
cated by CS may improve survival [15].

Hemodynamics of Impella

Impella is an intravascular micro-axial pump mounted on a
catheter that is advanced across the aortic valve via femoral,
axillary or transcaval access [16]. Impella effectively pumps
blood from the inlet in the left ventricle (LV) to the outlet in the
ascending aorta above the aortic valve. The primary hemody-
namic effect of Impella is improved systemic hemodynamics,
including an increase in cardiac output, aortic pressure, and
cardiac power output (CPO) [17, 18]. In addition to improv-
ing systemic hemodynamics, Impella leads to a significant de-
crease in right atrial pressure, mean pulmonary artery pressure,
pulmonary capillary wedge pressure, and LV end-diastolic
pressure [17-19]. Impella also augments coronary blood flow,
thereby increasing myocardial oxygen supply [17, 18, 20, 21].
On the other hand, it decreases myocardial oxygen demand
by reducing LV wall stress [17]. One study concluded that LV
unloading by Impella improves LV end-diastolic compliance
and decreases diastolic wall stress [22]. Increased coronary
perfusion and decreased coronary microvascular resistance
have been reported with Impella in patients requiring high-risk
percutaneous coronary intervention (PCI) [23]. Another study
has indicated that Impella can increase coronary perfusion
pressure in the presence of critical stenosis [24].

Ventricular unloading by Impella leads to a decrease in
LV end-diastolic pressure and LV end-diastolic volume, which
subsequently leads to a decrease in native LV cardiac output
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Table 1. Factors Reported by Various Studies Which Can Affect Impella Hemodynamics

No. of
Study Study type e Type(s) of Impella Factors
Khalidet  Observational, 407 Impella CP (53.6%); Impella 2.5 Device-related events (damage of
al [26] retrospective study (20.1%); Impella 5.0 (11.5%); Impella  device components, device malfunction,
LD (0.2%); unspecified (14.5%) and device separation)
Gaudard Observational, 40 Impella 5.0 Major device malfunction (device failure), minor
etal [27]  retrospective study device malfunction (flow, position or pressure
monitoring failure), device malposition (intra-aortic
or intra-left ventricular moving), and bleeding
Lemairet  Observational, 47 Impella 5 (80%); Impella 2.5 (20%) Device malfunction (due to kinking or
al [28] retrospective study unknown etiology) and high purge pressures
Meyns et~ Observational, 16 Impella 2.5 Device sensor failure and pump displacement
al [29] retrospective study
Lauten et  Observational, 120 Impella 2.5 Device malfunction
al [30] retrospective study
Ranc et Case report 1 Impella 5.0 Acute thrombosis of the Impella inflow portion
al [31]
Succaret  Case series 5 Impella CP Impella thrombosis treated with
al [32] tissue plasminogen activator
Floyd et Case report 1 Impella CP Kinking of catheter due to short stature
al [33]
Alkhawam Case report 1 Impella 5.0 Right ventricular failure
et al [34]
Hotta et Case series 3 Impella 5.0 New-onset aortic regurgitation
al [35] after Impella placement

[17]. However, total cardiac output is increased due to increased
output from Impella [17, 25]. This indicates that the output gen-
erated by Impella is volume-dependent and can be significantly
reduced in conditions leading to low LV blood volume. Many
factors may affect LV blood volume, and it is extremely impor-
tant for cardiologists, heart failure specialists, and intensivists
who care for patients on Impella to know the factors that cause
low Impella output and manage them effectively.

Factors Causing Low Impella Output

Factors leading to low Impella or failing Impella output can
lead to poor organ perfusion, thus increasing morbidity and
mortality. There are many factors reported in the literature
which can lead to low Impella output (Table 1) [26-35]. Since
the Impella is volume-dependent, any cause of low LV vol-
ume such as hemorrhage or cardiac tamponade can lead to
low or failing Impella output. Rarely, device-related factors
can be associated with failing Impella output, such as device
dislodgement, fracture or damage of device element, device
thrombosis, device detachment, major device malfunction, or
pressure monitoring failure [26-30]. Acute thrombosis of Im-
pella catheter can lead to a significant drop or no flow lead-
ing to hemodynamic instability [31, 32]. Succar et al reported
case series of five patients with suspected Impella thrombosis
who were successfully treated with tissue plasminogen activa-

220 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

tor (tPA) administration [32]. Low Impella output due to kink-
ing of Impella in a patient with short stature has been reported
[33]. Another study indicates that right ventricular (RV) failure
can sometimes occur following placement of a percutaneous
LV assist device and can lead to failing hemodynamics [34].
Rarely, new-onset aortic regurgitation after Impella placement
can affect Impella hemodynamics [35].

Does AV Dyssynchrony Affect Impella Hemody-
namics?

AV synchrony plays a vital role in maintaining cardiac output
[36, 37]. In patients with normal LV systolic function, atrial
kick contributes to almost 20-30% of LV stroke volume [38].
However, in patients with severe heart failure, the atrial kick
contributes significantly more to stroke volume, and loss of
atrial kick can lead to worsening heart failure or shock [39].
The contribution of AV synchrony to improving stroke volume
in heart failure patients is well established [39, 40]. In patients
with severely reduced LV systolic function, any improvement
in stroke volume from an appropriately timed atrial systole may
be beneficial in improving hemodynamics [39, 40]. Improve-
ment in hemodynamics with the restoration of AV synchrony
may occur in patients with normal LV function; however, the
greater relative improvement in stroke volume and cardiac out-
put is typically seen in those patients with severe LV systolic
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Table 2. Studies Evaluating the Effect of Atrioventricular Dyssynchrony on Impella Hemodynamics

Atrioventricular dyssynchrony

No. of
Study Study type ot Type(s) of Impella Factors
Sardana et al [41] Case report 1 Impella CP
Tahir et al [42] Case report 1 Impella CP

Atrioventricular dyssynchrony managed successfully with atrioventricular

sequential pacing resulting in improved hemodynamics and correction of
recurrent ventricular fibrillation

dysfunction. Although the significance of atrial contribution
in increasing cardiac output in patients with severe LV sys-
tolic dysfunction is well known, the effect of AV synchrony
on Impella hemodynamics is not well established. AV dyssyn-
chrony during Impella hemodynamic support is usually seen in
patients with STEMI complicated by CS and complete heart
block. Using single chamber temporary pacing may lead to
low Impella output in such patients due to continued loss of
AV synchrony despite normally functioning Impella. There is
a paucity of literature regarding the effect of AV dyssynchrony
on Impella hemodynamics (Table 2) [41, 42]. One case of fre-
quent episodes of hypotension despite Impella circulatory sup-
port correlating with periods of AV dissociation in the setting of
acute LV dysfunction was recently reported [41]. We recently
reported a case of low or failing Impella output secondary to
AV asynchrony in an acute anterior myocardial infarction pa-
tient complicated by complete heart block and CS [42]. Single-
chamber pacing led to a significant drop in Impella output [42].
The failing Impella hemodynamics was reversed quickly with
AV synchronous pacing using Damato catheter, thus improv-
ing outcome [42]. Improved hemodynamics with restoring AV
synchrony using coronary sinus pacing with Damato catheter
highlights that AV dyssynchrony and loss of atrial kick can
lead to poor Impella output [42]. We hypothesized that RA/RV
dyssynchrony might have led to a drop in RV output resulting
in loss of LV volume and a “low volume-low Impella output
syndrome”. Loss of LV volume with AV dyssynchrony due to
single-chamber pacing in complete AV block can cause a low
volume state, which leads to low Impella output. Impella is
volume-dependent for maintaining adequate output. One case
of RV failure following placement of percutaneous LV assist
device leading to failing hemodynamics highlights the impor-
tance of adequate RV output in maintaining Impella output [29].
Loss of RA-RV synchrony with single-chamber pacing in com-
plete heart block can lead to low RV output, which can result
in “low volume-low Impella output syndrome” as mentioned
above. If the cause of low Impella output is low blood volume
due to any cause, then increasing volume status will certainly
help improving the Impella output. However, increasing vol-
ume status would not be helpful in AV dyssynchrony due to
lack of atrial contribution to ventricular output. We believe that
“low volume-low Impella output syndrome” may not be rare
as it can occur in any Impella case complicated by complete
heart block or after single-chamber pacing with underlying AV
dyssynchrony. There is a paucity of literature regarding this en-
tity, and its physiological mechanisms are poorly understood.
Two examples of failing Impella hemodynamics due to loss of
AV synchrony in RV paced rhythm from our clinical practice
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have been shown in Figures 1 and 2. We believe that this entity
happens more often than we commonly notice in practice, and
there is a paucity of information regarding the role of AV syn-
chrony in maintaining RV output, which the Impella is known
to acutely dependent on.

Conclusion

Loss of AV synchrony can lead to low Impella output, espe-
cially in CS patients who undergo single-chamber temporary
transvenous pacemaker for complete heart block. The physi-
ological mechanism is poorly understood, although AV dys-
synchrony leading to low RV output may perhaps explain the
underlying cause as this will result in low LV output despite
normally functioning Impella. AV dyssynchrony should be
added to the list of factors causing failing Impella hemody-
namics, and patients with CS on Impella should have reliable
AV synchrony to improve outcomes.
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Figure 1. Aortic pressure tracing with Impella mechanical circulatory support device. Intermittent significant drop in aortic pres-
sures seen correlating with loss of AV synchrony (red arrows). Impella output improves significantly in beats with adequate AV
synchrony (green arrows). AV: atrioventricular.
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Figure 2. Pulmonary artery pressure tracing with Impella mechanical circulatory support device. Pulmonary artery pressure
drops significantly with loss of AV synchrony (red arrows) and improves intermittently with synchronous paced beats (green ar-
rows). This indicates that loss of AV synchrony in single chamber paced rhythm in complete heart block can affect RV cardiac
output which can indirectly affect Impella output causing “low volume-low Impella output syndrome”. AV: atrioventricular; RV:
right ventricular.
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study are available within the article.
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