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Abstract 

Background: Ventricular assist devices are now used as a bridge to recovery/decision/transplant 
or as destination therapy in end-stage heart failure. Continued improvements in technology and 
pump design have made implantation an easier process with reduced operative risks and pump- 
related adverse events. Considering the beneficial effects of these devices in the clinical setting, it 
seemed logical to address the long-term effect of the continuous flow pumps on diastolic dysfunc-
tion. Methods: This study addresses the effect of HeartMate II™ (HMII) support for 284+/−97 days 
on echocardiographic parameters of diastolic function. Data from fifteen patients was retrospec-
tively studied status post left ventricular assist device (LVAD) implantation. The data at approx-
imately 1-year post implantation was compared with that obtained prior to implantation. Statis-
tical analyses were performed using the Microsoft Excel Program/MSExcel Stats. Echocardio-
graphic measurements were carried out in accordance with the American Society of Echocardio-
graphy guidelines. Results: Of all the echocardiographic parameters assessed only E/Ea and cal-
culated left atrial pressure (LAP) showed a statistically significant decrease. Two parameters that 
showed a trend towards significance are Ea (septal) and global functional index (p = 0.05). Conclu-
sions: Continuous Flow LVAD support appears to improve diastolic dysfunction. This study has li-
mitations in that we used a single type of continuous flow device (HeartMate II™) and was con-
ducted as a retrospective analysis. Further studies with larger populations and longer support are 
required to validate this finding. 

 
Keywords 

Continuous Flow Device, Diastolic Function, HeartMate II™, Left Ventricular Assist Devise 

 

 

 

*Corresponding author. 

http://www.scirp.org/journal/ojots
http://dx.doi.org/10.4236/ojots.2014.43004
http://dx.doi.org/10.4236/ojots.2014.43004
http://www.scirp.org/
mailto:nandini.nair@gmail.com
http://creativecommons.org/licenses/by/4.0/


N. Nair et al. 
 

 
24 

1. Introduction 

With increasing incidence of heart failure, left ventricular assist device (LVAD) therapy has evolved as an 
integral component of advanced heart failure care. Ventricular assist devices are now used as a bridge to recov-
ery/decision/transplant or as destination therapy in end-stage heart failure [1]-[4]. Continued improvements in 
technology and pump design have made implantation easier with reduced operative risks and related adverse 
events. The newer axial flow pumps have better durability and fewer moving parts. Their smaller size makes 
them ideal for patients with a smaller body habitus. Continuous flow pumps have also been shown to prolong 
and improve quality of life [5]-[7]. Considering the beneficial effects of these devices in the clinical setting, it 
seemed imperative to address the long-term effect of continuous flow pumps on diastolic function. This retros-
pective analysis addresses the effect of HeartMate II™ (HMII) support for 284+/−97 days on echocardiographic 
parameters of diastolic function.  

Diastolic dysfunction can be defined as impaired ventricular filling secondary to abnormalities in relaxation, 
high left atrial pressures, poor ventricular compliance and defective atrial contractile properties. This conglome-
rate of abnormalities result in increased pressure transmitted back into the lungs and heart failure symptoms. 
Heart failure with preserved ejection fraction (HFpEF) carries a similar magnitude of morbidity and mortality as 
heart failure with reduced ejection fraction (HFrEF) [8]. Mitral annular velocities are favored in studies of left 
ventricular diastolic function because they are less load dependent than mitral inflow velocities. This can be ex-
plained by the mitral annulus motion essentially representing movements in the longitudinal axis.  

Figure 1 shows the basic tissue Doppler recordings consisting of systolic velocity (Sa) and early diastolic ve-
locity (Ea) waveforms which form the basic parameters for calculation of the global functional index (GFI). Ea 
is inversely correlated with the time constant of isovolumic relaxation (tau). Sa represents mitral annulus peak 
systolic velocity. The quantity E/(EaxSa) correlates strongly with LVEDP in patients with severe mitral regur-
gitation (MR) [9]. The GFI is obtained by multiplying (E/Ea) by 1/Sa. GFI therefore assumes significance in its 
ability to be a surrogate marker for left ventricular end diastolic pressure (LVEDP). Abnormal LVEDP is one of 
the first markers of diastolic dysfunction. Hence, GFI and the component parameters have been used in this 
study to assess the effects of mechanical circulatory support on diastolic dysfunction. Additionally left atrial 
pressure (LAP) derived by the formula E/Ea × 1.24 + 1.9 as described by Nagueh et al. [10] has been studied pre 
and post LVAD implantation. 

2. Methods 

This study comprises a small group of patients with a single type of continuous flow devices (HeartMate II™). 
Data from fifteen patients was retrospectively studied status post LVAD implantation. The data at approximately 
1-year post implantation was compared with that obtained prior to implantation. This project was approved by 
the institutional review board at Scott and White Memorial Hospital, Temple, TX (protocol ID number 110460) 
Statistical analyses were performed using the Microsoft Excel Program/MSExcel Stats. The student’s t test and 
the Mann Whitney tests were performed on the data represented as the sample size was small The GFI and LAP 
was calculated as described elsewhere.  

All echocardiographic examinations were performed in the ICAEL-certified cardiac ultrasound laboratory at 
Scott and White Hospital, Temple, TX, USA. Echocardiographic measurements were carried out in accordance 
with the American Society of Echocardiography guidelines [11] [12]. 

3. Results 

Table 1 shows the baseline characteristics of study patients used in the analyses. Sixty percent of the patients 
were bridge to transplant and the remaining 40% were implanted as destination therapy. The patient population 
was by default 94% male and 6% female. Approximately 50% patients had hypertension, diabetes and history of 
tobacco use. The etiology of cardiomyopathy was ischemic in 60% of the patients. Average age of implantation 
was 52 years. 

Table 2 shows all the echocardiographic parameters analyzed 1-month pre and 1-year status post LVAD im-
plantation. The values represent mean +/− standard deviation. Two parameters that showed a trend towards sig-
nificance are Ea (septal) and GFI. However, the latter two parameters did not achieve statistical significance in 
this examination Figures 2(a)-(d) are graphic representations of E/Ea, GFI, Ea and left atrial pres-  
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Figure 1. Basic tissue Doppler recording.      

 
Table 1. Baseline characteristics of patients.                              

Characteristic Percentage expressed in parentheses 

Male 14 (94) 

Female 1 (6) 

Age at Implantation 52 ± 17 

Ischemic 9 (60) 

Non-Ischemic 6 (40) 

Diabetes Mellitus (DM) 7 (47) 

Hypertension 8 (54) 

Length of Pump Support (LOPS) 284 ± 97 

Bridge-to-Transplant (BTT) 9 (60) 

Destination Therapy (DT) 6 (40) 

History of Tobacco Use 8 (54) 

 
Table 2. Effect of CF axial LVADS on tissue Doppler indices.              

Doppler Index Pre-LVAD Post-LVAD p 

E 91.72 +/− 29.6 76.9 +/− 17.0 p = ns 

A 49.5 +/− 16.2 83.7 +/− 15.7 p = ns 

GFI 6.5 +/− 6.7 3.4 +/− 2.7 p = 0.05* 

E/A 1.6 +/− 0.7 1.6 +/− 0.7 p = ns 

E/Ea 25.4 +/− 14.9 15.8 +/− 8.2 p < 0.05** 

Ea 4.4 +/− 1.8 5.6 +/− 2.1 p = 0.05* 

DT 160.1 +/− 71.6 183.2 +/− 64.8 p = ns 

IVRT 79.1 +/− 18.8 84.4 +/− 19.6 p = ns 

LAVI 47.7 +/− 40.1 16.7 +/− 21.4 p = ns 

Vp 44.8 +/− 5.8 38.6 +/− 7.7 p = ns 

LAP 34.5 +/− 19.2 21.5 +/− 10.3 p < 0.05** 

E/Vp 1.9 +/− 0.5 1.9 +/− 0.3 p = ns 
**statistically significant. DT: deceleration time. IVRT: isovolumic relaxation time. LAVI: 
left atrial volume index 

Ea

Aa

Sa
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(a)                                                  (b) 

     
(c)                                                  (d) 

Figure 2. (a) Effect of CF-LVADS on E/Ea. (B) Effect of CF-LVADS on global functional index (GFI). (C) 
Effect of CF-LVADS on early diastolic velocity (Ea). (D) Effect of CF-LVADS on left atrial pressure 
(LAP).                                                                                    

 
sure respectively. The two parameters that attained statistical significance are E/Ea and left atrial pressure, 
which was manually calculated using the formula published by Nagueh et al. [10]. Abnormal left atrial pressure 
is one of the earliest findings in diastolic dysfunction. The findings presented here therefore represent a positive 
trend towards improvement of diastolic dysfunction. 

4. Discussion 

The data presented in this study generates interest from the point of view of changes on myocardial structure and 
function by continuous flow pumps. Earlier studies with continuous flow devices have shown that they do not 
markedly improve diastolic function as compared to pulsatile pumps [13]. All echocardiographic parameters 
appeared to be unaltered in the continuous flow group [13]. This effect has been attributed to the fact that conti-
nuous flow devices are not able to recapitulate a physiological pattern of unloading. Unloading of the left ven-
tricle by continuous-flow LVADs has been shown to derange the physiologic profile of myocardial bioenerget-
ics as well as vascular hemodynamics as compared to the pulsatile LVADS. This was demonstrated in a bovine- 
model study [14]. 

The precise effects of continuous flow LVADS on diastolic function is still not very clearly defined. As com-
pared to pulsatile devices, the effect of these devices on diastolic dysfunction has been shown to be much less 
pronounced. However, in a prospective study of 80 patients pre-LVAD to 365 days post-LVAD placement, a 
statistically significant effect on ventricular unloading was noted very early (at 30 days of pump support) [15] 
[16]. Our study shows a statistically significant change in the E/Ea ratio pre and post LVAD. It should also be 
noted that these patients had highly abnormal values to start with (see Table 2) with 73% in INTERMACS 1 
and 27% in INTERMACS 2 at implantation.  

GFI incorporates E, Ea and Sa as mentioned above. The quantity E/EaxSa has been hypothesized to represent 
LVEDP [9]. Hence, it is interesting that LVAD support decreases GFI in this study. GFI does not achieve signi-
ficance, but it tends towards it as shown in Table 2 and Figure 2(b). Similarly, Ea, the early diastolic velocity, 
tends towards significance as shown in Table 2 and Figure 2(c). Figure 2(d) and Table 2 shows the LAP pre 
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and post ventricular assist device implantation. LAP appears to decrease in a statistically significant manner (p < 
0.05). 

In conclusion, continuous flow (CF)-LVAD support appears to improve diastolic dysfunction. Further studies 
with larger populations and longer support are required to validate this finding. Our study has several limitations 
in that we used a single type of CF-LVAD namely the HeartMate II™ and the analyses was retrospective. The 
study was also limited by the fact that all of the patients were either INTERMACS level 1 (73%) or 
INTERMACS level 2 (27%). The echocardiographic parameters shown in Table 2 demonstrate that at baseline 
the study population had higher grades of diastolic dysfunction bordering reversible/restrictive diastolic dys-
function. Therefore, a larger study, which includes patients with lower grades of diastolic dysfunction, may be 
useful in defining the kinetics of molecular remodeling, as higher degrees of remodeling may be refractory to 
the beneficial effects of ventricular unloading. 
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