Application of robotic transcranial Doppler for extended duration recording in moderate/severe

traumatic brain injury: first experiences
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Long duration application of transcranial Doppler (TCD) for recording of middle cerebral artery
(MCA) cerebral blood flow velocity (CBFV) has been fraught with difficulties [1, 2]. Classically,
TCD has been labor-intensive, with limited ability to obtain uninterrupted recordings for extended
periods. Furthermore, application of TCD within neurocritically ill for long durations has been
limited given the complexity of care, regular bedside nursing care/patient manipulations, and
presence of various other multi-modal monitoring devices. This is especially the case in traumatic
brain injury (TBI) patients, with the adoption of extensive multi-modal monitoring. Within TBI,
most TCD recordings, using standard widely available probes and holders, range from 30 min to
1-h duration and are frequently interrupted due to shifting of the probe and signal loss [3, 4]. Thus,
we are typically left with a “snap-shot” recording with TCD examination, limiting our ability to

extract valuable continuous variables, such as autoregulatory capacity [3-5].
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Recent advances in robotics have led to the development of robotically driven TCD examination
probes, integrated with automated algorithms for MCA CBFV detection and optimization of
recorded signal intensity. To date, these devices have not been readily applied to the
neurocritically ill, particularly moderate and severe traumatic brain injury (TBI) patients. However,
given this advancement, they provide the potential to improve dramatically our ability to obtain

longer, uninterrupted, TCD recordings in this population.
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Within, we provide a review of our initial experience with the application of a new robotic TCD system,
the Delica EMS 9D robotic TCD, in 10 moderate and severe TBI patients undergoing multi-modal
invasive/non-invasive cranial monitoring. To our knowledge, this is the first account of the application

of this device within the critically ill TBI population.

TASTN, FRATEET T A TAE 104 v 2 A0 25 B2 TBLER b b 4 L8 i K FEMS-9D ¥
& B E I B AL P 20, XL R E RN W52 1 2R AR T .
PEIRATIRA, X R AZ A& AE BAE TBIAGE o N FH 26 — T 50k

Methods 751

From November 2017 to January 2018, in place of our regular TCD devices [Doppler Box (DWL
Compumedics, Singen, Germany) or Neuroguard (Medasonic, Fremont, CA, USA)], we applied
the Delica EMS 9D robotic TCD device (Delica EMS 9D System, Shenzen Delica Medical
Equipment Co. Ltd, China; http://www.delicasz.com) system for bilateral middle cerebral artery
CBFV recording in moderate and severe TBI patients within the neurosciences critical care unit
(NCCU) at Addenbrooke’s Hospital, University of Cambridge. A total of 10 patients were
recorded with this device during this time period. TCD monitoring is considered part of standard
NCCU patient care. The timing to application of TCD-based monitoring varied from patient to
patient, typically initiated between 24 h and 10 days post-TBI. We were only interested in
applying the device in those TBI patients with concurrent extensive multi-modal monitoring (see

list of devices below).

M 2017 4F 11 A 2] 2018 4F 1 A, FABEAILETIIL EMS-9D H 3Rk TCD ¥4 (EMS-9D &
g, RIS IS & B AR AR, JE, http:/www.delicasz.com), H T 8I#r K5
Addenbrooke P& i #4252 EAE W4 55 (NCCU) I SR TBI B, Al T som R
WiH ik CBFV, LARETATHIH L TCD 134 Doppler Box (DWL Compumedics, Singen,
8% ) A Neuroguard (Medasonic, Fremont, CA, [ ).

FEBEIIIEL, 3EA 10 4 B3 M AZA BT T idak. TCD MBS ZArME NCCU 4 2
) —#8 0. NHZET TCD ML PRI 8] 5] 835 i 5, J@HAE TBI Ji5 24 /N2 10 RZ[8]JF
fo FATPREIE I s i€ AR L [ AT 2 BT TBI &% (S W IR ESIZR).

All 10 patients were intubated and sedated given the severity of their TBI, with ICP goals of less



than 20 mmHg, and CPP goals of greater than 60 mmHg. Arterial blood pressure (ABP) was
obtained through radial arterial lines connected to pressure transducers (Baxter Healthcare Corp.
CardioVascular Group, Irvine, CA). All 10 patients had a frontally situated cranial bolt
(Technicam Ltd, Newton Abbot, UK), for parenchymal ICP monitoring (Codman ICP
MicroSensor; Codman & Shurtleff Inc., Raynham, MA), brain tissue oxygenation (Licox probe;
Integra, Licox Brain Oxygen Monitoring System, Plainsboro, NJ), and cerebral microdialysis (M
Dialysis AB, Stockholm, Sweden). Finally, bifrontal near infrared spectroscopy was also applied
(NIRO-200, Hamamatsu Photonics Ltd, Japan).
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We recorded all physiologic signals in digital highfrequency format (100 Hertz (Hz) or higher)
using ICM+ software (Cambridge Enterprise Ltd, Cambridge, UK, http://icmpl us.neuro
surg.cam.ac.uk). This was installed and run directly off the Delica monitor. TCD was recorded at
100 Hz, while ICP and ABP were recorded at 124 Hz (i.e., the maximum frequency available from
our NCCU General Electric (GE) Solar monitors). NIRS signals were up-sampled by ICM+ from
their native set frequency of 0.5 Hz to match the frequency of the recorded TCD, ICP and ABP

signals, allowing for a synchronized time series across all recorded modalities.
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As the goal was to assess our first experiences with application of this new robotic TCD device
within this particular TBI patient population, focusing on the advantages and disadvantages of the

device, we will, therefore, not provide any further patient information or clinical outcomes. The



following sections will describe the device and outline the advantages/disadvantages of the system
within the moderate/severe TBI population. Finally, we will make a conclusion regarding the

product.
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The device—an overview %2 HEH
The probes/robotic drive H##3k TCD %%

The Delica EMS 9D robotic TCD system is a portable TCD system allowing for bilateral
simultaneous MCA insonation. The standard probes available with the system are 1-2 MHz
Doppler ultrasound probes, each attached to a separate robotic drive. The entire drive/ probe
construct is encased within a tough plastic shell and supported using a head-band type frame (Fig.
1A). An option exists for the probes are also surrounded by a small rubber ring around its
periphery, which is designed to hold ultrasound gel for longer, allowing for preserved signal

quality (See Additional file 1). Figure 1 displays various pictures of the Delica EMS 9D system.
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The head-band frame is a composite of plastic and Velcro straps with fabric (Fig. 1C and 1D). The
diameter of the head-band may be adjusted using either the Velcro straps, or the ratcheting wheel
located on the front of the head-band (Fig. 1C). Ideal location of the band is just above the orbital
margins. Near the temporal windows, the head-band frame contains plastic inverted “U-shaped”
pieces following the course of the superior temporal line, meant for mounting the robotic drive/
TCD probe construct (Fig. 1B). This is accomplished using wing-nut fasteners. The entire

head-band is padded with exchangeable Neoprene inserts, for comfort (Fig. 1A).
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The monitor—gross interface i3 R Fi- LAk Ft

The Delica EMS 9D monitor is designed for portability, with a carrying handle situated at the top.
The device itself is a Windows based machine, allowing for the installation of various other
Windows based software packages directly onto the machine. As mentioned above, the device
supports bilateral 1-2 MHz Doppler probes. However, it also has the ability to record signals with
a single 4, 8, or 16 MHz probe. The device also supports a touch screen method of interaction with
the software. Various ports are present on either side of the monitor, including: two external VGA
monitor ports, four USB 2.0 ports, two USB 3.0 ports, one HMDI port, one serial RS232 COM

port, and one ethernet port.
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The Delica TCD software £ /73l TCD # 4

The Delica EMS 9D comes with its own specially designed software for recording TCD signal.
This provides both an easy to use interface with the robotic drive system, and continuously
updating CBFV waveforms and M-mode signals. Furthermore, the left side of the screen provides
both simultaneous left and right CBFV waveforms at various depths of insonation, allowing for
selection of the optimal depth for recording. Various other more complex functions are available
within the software, such as microemboli detection, however, we will not focus on these, given the
goal was to assess the basic ability to record in critically ill TBI patients. Figure 2 Displays the

software interface.
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Finally, the robotic drive system carries four main functions: scan, search, direction, and track.
Scan is an automated algorithm which moves the TCD probe position in a square grid pattern,
insonating at each spot, assessing for MCA CBFYV signal intensity and providing a color code for
its findings (black = poor/no signal found, red = good; with colors ranging from blue, to green, to
yellow, to orange, to red). It must be acknowledged that the amount the probe can change in
position is limited, so large position corrections still required manual manipulation. After
completion of the grid, the proprietary automated algorithm then chooses the best position. The
search function provides an automated circular search pattern around the initial starting point,
changing both probe position and insonation angle. As with the scan function, it insonates each
spot, finding the optimal signal intensity for a final position. The directional function alters the
TCD probe angle, using an automated algorithm, with the goal of finding the optimal insonation
angle. It should be noted, at any point, the operator can manually change the probe position using

the direction touch pad on the screen.
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Finally, the track function is enabled after the user selects the optimal position of insonation. This
function is designed to automatically detect any deterioration in signal quality/intensity, and then
automatically adjust the TCD probe (both via position and angle), using a proprietary algorithm, to
restore optimal signal. Figure 3, demonstrates TCD CBFV signal recorded over a 4-h period,
displaying continuous uninterrupted acquisition of maximum envelope flow velocity signal which
retained good quality without the need of any manual adjustments over the whole duration of

recording.
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Interaction with manufacturer 513 7 B B30

An important aspect of new technologies is the responsiveness of the manufacturer to queries
regarding their devices. We were fortunate enough to have this device on trial/loan for the purpose
of this evaluation. As eluded above, the concerns outlined within this document were relayed to
the manufacturer. They were extremely prompt in response to these raised issues. The main
concerns raised above were well received and we were provided with a timely updated software
version, leading to resolution of these encountered issues. Delica appears to be vigilant in
providing a clinically useful TCD tool, with desires to continually improve their device, rapidly

including the concerns of their clients in the process.

— TR ARAG AR FRE P — A H DR 32 )3 e AR i I P o HL B % A B 1) FRATTIR 2 A2 g
3 B 2% 06 ABEAT BRIV PAl o G B i, A S rP 3 28 11 a0 48 AR 5 ) R L 4 e 4 e
P o AT SR [ 57 B ATT 5 ) o Ao 1) 3 e AR G B ATT B 1 ) A, AT TR 3 T
LSBT BAERRAS , AT ok 1 X EeaB B 1 ) . 1B NI PR AR A HI i TCD LA
I A5 28 DR F— R A LR A B, Ay AN S AT 0 e e, DIOVIE ] 2 7 7 7 S A A
FYl

Conclusions %516

The current Delica EMS 9D robotic TCD system provides the ability to obtain 4+ h of continuous,
uninterrupted bilateral TCD recordings in critically ill TBI patients, undergoing other various
invasive/non-invasive multi-modal monitoring. Further, the automated algorithms and robotic
probe drive aid in TCD set-up and optimization of signal intensity during patient movements,
allowing for extended duration uninterrupted recordings. This feature is a major step towards more
continuous non-invasive neuromonitoring. Finally, the monitor itself provides the ability to run
ICM + software, directly recording high-frequency digital signals from the robotic TCD, amongst

all other multi-modal monitoring devices within moderate/severe TBI patients. We look forward to



continued use of this product in the critically ill TBI population.
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