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Abstract—A new cardiac contractility index derived from 
pump flow (IQ) has been developed for rotary blood pumps 
(RBPs) recipients, to determine preservation and eventual 
recovery of the remaining cardiac function. Pulse flow indices 
were used for comparison with IQ during pump speed changes.  

Pump flow was recorded in animal experiments and clini-
cally in RBP recipients (MicroMed DeBakey LVAD®) at dif-
ferent pump speeds. IQ was derived from the maximal deriva-
tive of pump flow versus QP2P relationship (dQ/dtmax vs. 
QP2P) during speed variations. IQ was compared to classical 
indices. Further, simple currently used parameters such as 
peak to peak of pump flow (QP2P) and pulsation index (PI = 
QP2P divided by mean pump flow) were calculated. 

IQ was speed-independent for both pumps, and correlated 
well in animal experiments with classical invasively measured 
contractility index. Simple parameters (QP2P and PI) de-
pended on speed and could be used only for estimation of 
percentage of support, but not for characterization of cardiac 
contractility.  

In conclusion the cardiac contractility index IQ can be de-
rived from pump flow (IQ) only. It allows easy and non-
invasive continuous access to cardiac function.  
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I. INTRODUCTION  

Nowadays, rotary blood pumps (RBPs) are not only used 
as a left ventricular assist devices (LVADs) for bridge to 
transplantation in end stage heart failure patients but also 
for a bridge to recovery (BTR) and destination therapy (DT) 
[1-9]. A reliable monitoring tool for cardiac contractility in 
RBP recipients is extremely important for diagnostics and 
therapeutic decisions on heart protection and eventual 
weaning strategies. 

Several cardiac contractility indices have been estab-
lished: the maximal derivative of left ventricular pressure 
(dP/dtmax), the dP/dtmax versus instantaneous developed 
isovolumetric pressure (dP/dtmax vs. IP), the dP/dtmax versus 
end diastolic volume (dP/dtmax vs. EDV), the preload recrui-
table stroke work (PRSW), the end systolic elastance (Ees), 
and the maximal elastance (Emax) [10-16]. They all require 

the determination of intraventricular pressure and/or vol-
ume, which needs complex and mostly invasive procedures.  

However, with current RBPs technology, the pump flow 
signal is available either measured or estimated in most of 
the pumps. We could develop a new cardiac contractility 
index (IQ) derived from this signal only. In a previous paper, 
we demonstrated the correspondence of IQ to classical indi-
ces both in computer simulation and animal experiments 
[17]. In the following, these results are summarized and first 
clinical data are presented.  

II. MATERIALS AND METHODS 

A. Definition of IQ  

The new pump flow derived contractility index (IQ) is the 
slope of the linear relationship between the maximal deriva-
tive of pump flow and the peak-to-peak valued of pump 
flow (dQ/dtmax vs. QP2P). The IQ   is calculated as:   
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In the formula, dQ/dtmax is the maximal derivative of 
pump flow, QP2P is the peak-to-peak value of the pump 
flow in each heart cycle, and Qo is the extrapolated value-
axis intercept of dQ/dtmax vs. QP2P regression line. Qo is 
calculated via speed variation.  

 
B. In-vivo study 

 In animal experiments, a MicroMed-DeBakey LVAD® 
was implanted in seven healthy sheep (102 ± 20 kg). The 
study protocol was approved by the animal ethics commit-
tee of the Medical University of Vienna. The sheep were 
instrumented with a pressure-tip catheter (Millar Instru-
ments Inc, Houston, USA) to measure the LVP, an ultra-
sonic flow probe (Transonic Systems Inc, Ithaca, USA) to 
measure pump flow, and a conductance catheter (CD Ley-
com, Zoetermeer, The Netherlands). Cardiac contractility 
was changed by pharmacological interventions with vera-
pamil, first to reduce the contractility from the control con-
dition and then, with noradrenalin to increase contractility 
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again. The detail of experiment setup was presented in our 
previous work [17-18].  
 The IQ was compared then with a ventricular-pressure 
derived index that has been reported to be relatively load 
independent [14]: 
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 In the formula, dP/dtmax is the maximal derivative of 
invasivly measured LVP, IP is the instantaneous developed 
isovolumetric pressure (or pressure at time of dP/dtmax) in 
every heart cycle, and bo is the extrapolated value-axis in-
tercept of dPdtmax vs. IP regression line. 
 
C. Application to clinical data 

Subsequently, IQ was derived from clinical data, coming 
from a previous study with the Micromed-DeBakey LVAD® 
[19]. Patient data included reactions to speed adjustment 
within 7.7 to 9.46 krpm. The flow signal was recorded from 
the built-in flowmeter using data acquisition hardware 
(DS1103, dSPACE, Paderborn, Germany) at a sampling 
frequency of 100 Hz and resolution of 16 bits. The flow 
signal was filtered with a FIR filter (with a Hamming win-
dow of 32 samples) at a cutoff frequency of 15Hz.  

 
 IQ was also compared to flow pulsatility and flow pulsa-

tility index, which in daily clinical practice are used as indi-
cators of remaining heart action: 
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Here, QP2P is the peak-to-peak value of pump flow, Qmax 
is the maximal pump flow, Qmin is the minimal pump flow, 
PI the pulsatility index, and Qmean the average of pump flow 
in each heart cycle. 

III. RESULTS  

 Both, in the animal experiment and in human data, the 
indecency of the index to speed variation could be proven 
by the linear relationship between dQ/dtmax vs. QP2P at 
different speed levels (Example fig. 1). In animal experi-
ments, IQ was proven to be sensitive to pharmacologically 
induced changes of cardiac contractility in a manner similar 
to dP/dtmax vs. IP (Fig. 2).  
  The plots of IQ, QP2P and PI versus pump speed (cal-
culated beat by beat) are shown in Fig. 3, Fig.4 and Fig.5, 
respectively. The independent of mean IQ on speed variation 

and the strong dependence of QP2P and PI on such varia-
tion can be seen.  

 
Fig. 1 dQ/dtmax vs. QP2P relationship in a patient at varying 
speed (7.7-9.5 krpm),  

 
Fig. 2 IQ compared to the classic index dP/dtmaxvs.IP in the 
animal experiment with pharmacologically induced varying 
contractility (Contr.: control condition; Verap.: verapamil 
administration; Norad.: noradrenalin administration). 

IV. DISCUSSION AND CONCLUSION 

 This study demonstrates that the IQ index is sensitive to 
cardiac contractility changes, but independent on pump 
speed and independent on preload and afterload changes 
(for details see [17]), which are inevitable prerequisites for a 
contractility index. Certainly the clinical data presented 
here, are preliminary and further clinical studies in various 
states and types of underlying disease should be performed. 
Certainly, the method can be applied also to pumps with 
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indirectly determined flow pattern, provided that the fre-
quency contents of the calculated flow signal allow proper 
estimation of dQ/dtmax. 
 Advantageously, the index can be derived purely from 
pump-data, only requiring minor speed variations from time 
to time. Due to this simple procedure, it can be applied even 
quasi-continuously. It can certainly not substitute occasional 
Ultrasound inspections, which deliver far more details on 
the local distribution of contractile muscular tissue, but 
should allow new and immediate insights into the trends 
and variability of cardiac contractility in different therapeu-
tically regimens.  

 
Fig. 3 Derived from the same data as shown in fig 2, the 
independence of the index to pump speed is demonstrated. 
Due to beat-to beat variation the mean over several beats 
should be taken.  

 
Fig. 4 Peak-to-peak of pump flow (Qmax-Qmin) at stable 
cardiac condition depends strongly on pump speed. (r = -
0.88, p< 0.001). 
 

 
Fig. 5 Also pulsatility index PI depends at stable cardiac 
condition strongly on pump speed (r = -0.89, p< 0.001). 
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