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Bionic Baroreflex

Takayuki Sato, André Diedrich,

Kenji Sunagawa

A novel therapeutic strategy against central baroreflex
failure is proposed based on bionic technology. The bionic
baroreflex system is a recent innovation designed to revi-
talize baroreflex function. In the bionic baroreflex system,
arterial pressure is sensed via a micromanometer placed in
the aortic arch. Its output is fed into a computer that func-
tions as an artificial vasomotor center. Based upon mea-
sured changes in arterial pressure, the artificial vasomotor
center generates command signals to an electrical stimula-
tor to provide an appropriate frequency of stimulation to
vasomotor sympathetic nerves. Although the bionic baro-
reflex system is not currently available for clinical practice,
its clinical use is expected after further development.

INTRODUCTION

The arterial baroreflex is the most important nega-
tive feedback system to suppress rapid daily disturbances
in arterial pressure [1]. Therefore, in patients with auto-
nomic failure with dysfunctional baroreflex control of arte-
rial pressure, the simple act of standing would cause a fall
in arterial pressure, reducing perfusion of the brain, and
resulting potentially in loss of consciousness. The functional
restoration of the arterial baroreflex is essential in numer-
ous patients groups (e.g., those with autonomic failure) for
maintaining consciousness and a level of life quality.

In patients with central baroreflex failure such as baro-
receptor deafferentation, Shy-Drager syndrome, and spi-
nal cord injuries, peripheral sympathetic nerves remain
functional but are not controlled by the brain. A novel
therapeutic strategy has been proposed to use a bionic
baroreflex system (BBS) with a neural interface to con-
trol arterial pressure [2,3]. A bionic system is an artificial
device for the functional replacement of a failed physi-
ological system. It is should be able to mimic its static and
dynamic characteristics. In the proposed BBS (Fig. 139.1),
arterial pressure is sensed via a micromanometer placed
in the aortic arch, and fed into a computer that functions
as an artificial vasomotor center. Based upon measured
changes in arterial pressure, the artificial vasomotor center
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generates commands signals that trigger an electrical stim-
ulator to provide a stimulus of the appropriate frequency
to vasomotor sympathetic nerves. The BBS has been able
to revitalize baroreflex function in an animal model of cen-
tral baroreflex failure.

BIONIC BAROREFLEX SYSTEM

Theoretical Background

It is of critical importance to identify the algorithm of
the artificial vasomotor center, i.e., how to determine the
stimulation frequency (STM) of the vasomotor sympathetic
nerves in response to a change in arterial pressure (AP).
Based on expertise of bionics and systems physiology, the
algorithm has been determined as a transfer function by
using a white-noise identification method [2]. First, the
functional characteristics have to be mimicked by the BBS,
ie., the open-loop transfer function of the native baroreflex

CENTRAL BAROREFLEX FAILURE BIONIC BAROREFLEX
Artificial Vasomotor Center

Vasomotor Center
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;

@ 5

Baroreceptor Mncromanometer
Command
® Arterial Pressure
Sympa(heuc Nerve
(1) Baroreceptor deafferentation E]eCtrOdeS Stqmula!or

@ Shy-Drager syndrome
@ Spinal cord injury

Cardiovascular System

FIGURE 139.1 Central baroreflex failure and its functional replacement
by a bionic baroreflex system.

@5 2012 Elsevier ine. A rights reserved.
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FIGURE 139.2 Block diagrams of native and bionic baroreflex sys-
tems. HNative denotes the open-loop transfer function of the native
baroreflex system. Hpp_stm and Hgpv_ap arve the open-loop transfer
functions from arterial pressure (AP) to the frequency of electrical stim-
ulation (STM) and from STM to AP, respectively. Py is an external dis-
turbance in pressure. (Modified from Sato ¢t al. (2002) with permission of
Awerican Heart Association.)
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FIGURE 139.3 Real-time operation of the bionic baroretlex system
during head-up tilting (HUT) in the rat. In a mode! of central baroreflex
failure (broken line), when the bionic baroreflex system was inactive,
arterial pressure {(AP) fell rapidly and severely immediately after HUT.
On the other hand, while the bionic baroreflex system was activated
(thick line), such an AP fall was buffered, which was comparable to the
native bavoreflex (thin line). While sensing changes in AP, the bionic
baroreflex system automatically computes the frequency of electri-
cal stimulation (STM) of the sympathetic nerves and drives a stimu-
lator. (Modified from Sato et al. (2002) with permission of American Heart
Association.)

(Hpative) is identified in normal subjects (Fig. 139.2). Second,
the open-loop transfer function of the AP response to STM
(Hgrm—ap) is determined in patients with central barore-
flex failure. Finally, a simple estimation process, Hyagive/
Hgyni—ap is used to yield the transfer function required for
the artificial vasomotor center of the BBS, i.e., Hppusm-

139, BIONIC BAROREFLEX

Implementation of Algorithm of Artificial
Vasomotor Center in BBS

To operate in real time as the artificial vasomotor cen-
ter, the computer was programmed to automatically cal-
culate instantaneous STM in response to instantaneous AP
changes according to a convolution algorithm [2,3]:

STM() = [ “h(r)- AP(t - T)dr

where h(t) is an impulse response function computed by
an inverse Fourler transform of Hap_gm-

Efficacy of BBS

In a prototype of the BBS for rats with central barore-
flex failure, the celiac ganglion was selected as the sym-
pathetic vasomotor interface [3]. The efficacy of the BBS
against orthostatic hypotension during head-up tilting
(HUT) is shown in Figure 139.3. Without the activation
of the BBS, HUT produced a rapid progressive fall in AP
by 40mmHg in 2 seconds. In contrast, while the BBS was
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FIGURE 139.4 The response of arterial pressure (AP) to spinal

cord stimulation at Th9-11 (A) and the step response estimated from the
transfer function analysis (B).
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EPIDURAL CATHETER APPROACH FOR HUMAN BBS

activated, it automatically computed STM and appro-
priately stimulated the sympathetic nerves to quickly
and effectively attenuate the AP drop. Such an AP
response to HUT during the real-time execution of the
BBS was indistinguishable from that observed in a con-
trol rat with an intact baroreflex system. Therefore, the
BBS was considered to revitalize the native baroreflex
function.
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EPIDURAL CATHETER APPROACH FOR
HUMAN BBS

To apply BIONIC technology to patients, we need a
neural interface with quick and effective controllability
of AP in humans. Here, we proposed an epidural cath-
eter approach for the human BBS [4]. We percutaneously
placed an epidural catheter with a pair of electrodes at the
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FIGURE 139.5 Clinical application of the bionic baroreflex system to a 55-year-old man with high cervical cord injury during head-up tilting
(HUT). (A) Control; (B) Real-time operation of the bionic baroreflex system. STM, stimudalion frequency: AP, arterial pressitre.
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