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This issue of Health Technology Update features brief 
summaries of information on a broad range of medical 
technologies — from a robotic wheelchair that uses gyroscope 
technology to a self-expanding pulmonary valve. These 
technologies were identified through the CADTH Horizon 
Scanning Service as topics potentially of interest to Canadian 
health care decision-makers.
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How It Works
The Gyrolift is a robotic wheelchair 
that combines Segway technology 
and electric verticalization (i.e., when 
the wheelchair stands).1 Unlike other 
powered wheelchairs with verticalization 
capabilities, the Gyrolift allows users to 
transition continuously into a standing 
position, even when moving. The 
wheelchair system is composed of the 
motor, a verticalization system, and 
a seat, and has two large wheels (as 
opposed to other electric wheelchairs that 
usually have four wheels), which makes 
the wheelchair more manoeuvrable and 
compact.2

Who Might Benefit?
In 2017, Statistics Canada conducted a 
national survey that found that 13.7% of 
Canadians have a disability that makes 
daily activities difficult to perform, with 
mobility being one of the most common 
issues.3 The Gyrolift has the potential 
to benefit individuals with paraplegia or 
those with extensive immobility. As the 
built environment has been designed for 
the able-bodied person, the wheelchair’s 
verticalization feature may improve a 
user’s psychological well-being, autonomy, 
and overall quality of life (due to the 
wheelchair’s unique features and lesser 
need for the assistance of others).  

Availability in Canada
The Gyrolift is not currently available in 
Canada, the US, France, or other European 
countries. The manufacturer noted that 
it expects to start marketing the device 
in Canada around early 2021, although 
the device has yet to go through Health 
Canada for approval (Maxime Giraux, 
Managing Director, Gyrolift, Paris, France: 
personal communication, Jan 2020). 

What Does It Cost?
The manufacturer stated that the final 
price of the wheelchair is not yet known 
but it will be marketed for around €15,000 
in France, depending on the chosen model 
(Maxime Giraux: personal communication, 
Jan 2020). There is no evidence to suggest 
that the wheelchair may require set-up 
costs, special training, or other financial 
implications to the patient or health care 
system.

Current Practice
Wheelchairs are common assistive 
devices for individuals with paraplegia or 
those with other mobility concerns. They 
are categorized into manual, electric, 
reclining, or ergonomic wheelchairs. It 
is unclear whether there is a standard 
practice for selecting the appropriate 
wheelchair or mobility aid for those 
individuals requiring an assistive device  
in Canada.

What Is the Evidence?
Currently, no clinical trials have taken 
place to examine the use of the Gyrolift. 
The manufacturer noted that it intends 
to perform future clinical trials to receive 
regulation and marketing approval in 
North America. It specified that the clinical 
trials will likely be conducted in early 2020 
(Maxime Giraux: personal communication, 
Jan 2020).

Other Information
A protocol study2 was published in 
2014 that detailed the features and 
characteristics of the Gyrolift and an early 
experimental study2 allowing users to 
test out the wheelchair’s maneuverability 
and handling. Participants in the study 
reported that the Gyrolift was user friendly 
and easy to maneuver; however, they also 
reported some discomfort and sizing 
issues with the seat and leg rests. The 
seat size is important as the user’s chest 
needs to be in the correct position in 
order to control the verticalization of the 
wheelchair. The researchers noted that 
the next step will be to test out a new and 
enhanced version of the Gyrolift with a 
larger panel of test users with different 
morphologies.2  

Safety
As with any mechanical wheelchair, a 
potential safety concern with the Gyrolift is 
the possibility of the device malfunctioning 

This image is an illustration of a grey-and-black  
two-wheeled wheelchair in an upright position. 
(Photo reproduced with permission from Gyrolift.)

Gyrolift: A Robotic Wheelchair With Segway 
Technology
Among Canadians who have a disability, nearly 80% require some  
type of assistive aid, which helps contribute as more independence.  
A variety of assistive aids are currently on the market, with 
requirements for mobility aids dependent upon the individual’s needs 
and the extent of their disability. Recent advancements have been made 
to incorporate robotic technology into wheelchairs to allow individuals 
to become more verticalized (i.e., more upright) and use their lower 
limbs again, potentially improving a user’s autonomy and quality of life.
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during use. This could put users in 
danger and compromise their safety and 
independence if they are injured.

Issues to Consider
While the Canadian price still unknown, 
the Gyrolift may be more expensive than 
other standing wheelchairs or electric 
wheelchairs and it is unclear whether 
potential users will have to pay out of 
pocket. For example, in Ontario, the 
current provincial health care plan does 
not cover standing wheelchairs and 
pays 75% of the cost for other mobility 
aids, with the remaining 25% paid out of 
pocket by the individual (unless they are 

receiving financial support from a subsidy 
program).4 Therefore, the Gyrolift may 
be available to those who can afford to 
pay out of pocket or who have additional 
insurance to cover its cost. 

Related Developments
The Gyrolift is currently being piloted for 
use by individuals who are paraplegic, 
and the technology may be available in 
the future for others with limited mobility. 
Other stand-up robotic wheelchairs5,6 
are currently on the market but do not 
have the same features as the Gyrolift 
wheelchair (such as the two-wheel 
Segway technology). 

Looking Ahead
Results from future studies testing the 
maneuverability and safety of the Gyrolift, 
not only for individuals with paraplegia 
but also for those with other mobility 
concerns, will help to inform the best use 
of this technology in the future; however, 
there is no indication when this technology 
might be available for use in Canada.

 
Author: Camille Dulong

See references on page 15.

The Gyrolift has the potential to benefit individuals  
with paraplegia or those with extensive immobility.

Positron Emission Tomography-Computed Tomography 
Biology-Guided Radiotherapy for Cancer Treatment 
Biology-guided radiotherapy (BgRT) combines the functional imaging data from 
positron emission tomography (PET) and the anatomic data from computed 
tomography (CT) into a single machine that guides personalized radiotherapy.1 
Currently in development, RefleXion X1 is a hybrid PET-CT linear accelerator designed 
to one day enable real-time tracking of tumours, which would allow for better targeting 
of tumour movement and the treatment of multiple tumours in one session.1,2 

Image reproduced with permission 
from RefleXion Medical.

How It Works
It is estimated that one in two Canadians 
will be diagnosed with cancer during 
their lifetime.3 More than half of patients 
with cancer will have radiotherapy as 
part of their treatment plan, either as 
monotherapy or with other modalities 
such as surgery and/or chemotherapy.4 
As radiotherapy is typically delivered in 
multiple treatment fractions spread over 
days or weeks, image-guided radiotherapy 
using traditional anatomical imaging 
technologies such as X-ray, ultrasound, 

or magnetic resonance (MR) can help 
increase patient set-up accuracy, monitor 
internal organ motion, and minimize 
toxicity to at-risk surrounding organs.5

In contrast to anatomical imaging 
techniques, molecular image guidance 
using combined PET-CT provides both 
anatomic and metabolic information.6 With 
BgRT, a patient receives an intravenous 
injection of a radiotracer such as 
fluorine-18 fluorodeoxyglucose (a glucose 
analogue).1 As this radiotracer is similar 

in structure to glucose, it accumulates 
in areas of elevated sugar metabolism 
(such as in tumours).6 As the radioisotope 
breaks down, resulting in positron 
emissions, gamma ray photons are 
created.2 These emissions continuously 
broadcast the tumour’s location in real 
time, and can be detected by two PET arcs 
on the BgRT machine.1

As the first BgRT to use the actual tumour 
to guide radiotherapy,7 RefleXion X1’s 
clinical workflow starts with a traditional 
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planning CT scan, and clinician contouring 
of tumour volumes and at-risk organs.1 
After an imaging-only session on the 
RefleXion X1 machine, where a planning 
PET scan is obtained, a personalized 
treatment plan is created.1 At each 
subsequent treatment session, after 
confirmation with a brief pre-treatment 
PET scan, radiotherapy can be delivered.1 
Throughout the radiation delivery process, 
the RefleXion X1 machine continuously 
gathers PET emissions, which are 
translated into beam delivery instructions 
to treat various cancer types.1

Who Might Benefit?
Due to smaller treatment margins and 
better tissue sparing compared with 
CT-based image guidance, BgRT has the 
potential to treat oligometastatic tumours 
in various disease sites such as lymph 
nodes, lung, breast, prostate, head, and 
neck.2 Due to its ability to track motion,1 
RefleXion X1 can also be used to treat 
tumours that are subject to movement.8

Availability in Canada
RefleXion X1 is not currently available 
for sale in any market (Marketing 
Department, RefleXion Medical, Hayward, 
CA: personal communication, Jan 14, 
2020). The company’s initial focus will 
be commercialization in the US, and 
subsequently in other markets (Marketing 
Department, RefleXion Medical: personal 
communication, Jan 14, 2020). At this 
time, the RefleXion machine is pending 
its first 510(k) clearance from the US FDA 
(Marketing Department, RefleXion Medical: 
personal communication, Jan 14, 2020).

What Does It Cost?
Although pricing information for RefleXion 
X1 is currently unavailable, its future 
list price will align with other premium 
radiotherapy machines (excluding proton 
beam therapy machines) (Marketing 
Department, RefleXion Medical: personal 
communication, Nov 25, 2019).

Current Practice
In the delivery of radiotherapy, CT scanning 
is the standard imaging modality for 
treatment simulation, tissue contouring, 
treatment planning, and image guidance.9 
To facilitate dose escalation to tumours 
and tissue sparing to healthy organs, CT 
imaging before each treatment fraction 
allows for more localized treatments and 
helps minimize the risk of missing the 
tumour.10 Due to limitations of CT imaging 
such as motion-related artifacts and poor 
soft tissue contrast,10 other technologies 
are being considered for image guidance. 

Currently, PET-CT is used in cancer 
diagnosis, staging, treatment planning, 
and response monitoring.11 In treatment 
planning and response monitoring, PET-
CT is considered more accurate than CT 
only, and can be used in the following 
instances:11

•	 tumours that are difficult to visualize with 
CT or MR imaging (e.g., cancer that has 
metastasized to sites that are distant 
from the original tumour)

•	 treatment avoidance of tissues with non-
tumour cells (e.g., collapsed lung tissue 
in patients with lung cancer)

•	 evaluating tumour response to 
concurrent chemoradiation.

What Is the Evidence?
As RefleXion X1 is awaiting clearance from 
the FDA,1 no published clinical trials were 
identified. Most identified studies pertain 
to treatment feasibility or dosimetry 
planning for PET-guided radiotherapy. In 
a proof-of-concept lung tumour tracking 
study, a phantom with spherical targets 
was designed to mimic respiratory motion 
and allow for the measurement of PET-
guided target tracking accuracy.12 With 
the implementation of a dynamic tracking 
algorithm, tumour tracking error did not 
exceed a 2 mm threshold, and PET-guided 
tumour tracking was deemed to be 
clinically accurate.12 

Simulated dose delivery studies involving 
digital patients with programmed 
3-D motion have shown PET-guided 
radiotherapy to be capable of dose 
escalation to gross tumour volumes.13,14 
With increased target accuracy, a radiation 
dose can be safely escalated while 
minimizing collateral damage to the 
surrounding healthy tissue, as shown by 
a simulation breast cancer study.14 In an 
ongoing clinical trial, people with early-
stage lung cancer are being recruited 
to evaluate the planning feasibility of 
PET-guided radiotherapy.15 Specifically, the 
primary objective of the trial is to measure 
the variation in metabolic tumour volumes 
throughout a five-fraction treatment plan.15

Safety
To minimize radiation exposure to 
patients, health care providers, and the 
general public, radiation safety principles 
need to be followed during PET-CT scans 
due to the use of radioisotopes such as 
fluorine-18 fluorodeoxyglucose and the 
low radiation dose from the CT scan.16 
On average, the general public naturally 
receives about 3 mSv of background 
radiation annually.17 A typical PET-CT scan 
gives off about 25 mSv of radiation.17 Thus, 
to align with the ALARA (i.e., as low as 
reasonably achievable) safety principle,16 
RefleXion X1 BgRT could be appropriate 
for hypofractionated radiotherapy, where 
fewer treatment sessions are given.1 

Immediately after the injection of a 
radiotracer, the patient is escorted to 
a secluded area to wait for 60 minutes 
before their PET-CT scan.16 As some 
radioactive material remain for a few hours 
after the scan, the patient should limit 
their contact with those who are most 
vulnerable to radiation (i.e., young children 
and pregnant people).17 Despite the use 
of fluorine-18 fluorodeoxyglucose, PET-CT 
scans are considered safe for patients 
with diabetes.18 Additionally, the annual 
occupation exposure for radiotherapy 
technologists setting up patients for 
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Image reproduced with permission  
from Innovative Health Solutions, Inc.

A New Point-of-Care Device for Clozapine 
Monitoring
The CSAN Pronto is a point-of-care device that aims to help ease 
some of the blood testing requirements associated with the use of 
clozapine for treatment-resistant schizophrenia. 

How It Works
The point-of-care (PoC) Clozaril Support 
and Assistance Network (CSAN) Pronto 
diagnostic device is intended to be used 
to measure the white blood cell counts 
(WBC) and neutrophil percentages 
of those who have been prescribed 
clozapine for treatment-resistant 
schizophrenia (Dominique Gilbert, Director, 
Market Access and Health Policy, HLS 
Therapeutics Inc., Dorval, Que: personal 
communication, Dec 3, 2019). Typically, 

this blood testing is done by IV blood draw 
in a doctor’s office. The CSAN Pronto is 
a table-top device that is able to provide 
WBC counts and neutrophil percentages 
using a drop of blood (3.5 μL) from a finger 
prick instead of requiring an IV draw.1 The 
blood drop is directly applied onto a test 
strip that is then analyzed by the device. 
The results are sent to the CSAN system, 
where the results are available to the user 
and their physician immediately.1,2 The 
existing CSAN portal — an online resource 

and registry for people who have been 
prescribed Clozaril (clozapine) — was 
created as part of the Health Canada 
requirements for blood testing with the 
use of clozapine. The CSAN Pronto device 
will be integrated into the existing CSAN 
portal as an alternative way for patients 
to have their blood tested and to submit 
those results into the system (Dominique 
Gilbert: personal communication, Dec 
3, 2019). The CSAN Pronto device will 
be available for hematological testing 

PET-CT scans and radiation treatments 
would still fall under maximum allowable 
levels, assuming they are involved in one 
set-up per day.19

Issues to Consider 
In addition to meeting radiation safety 
regulations, the implementation and use of 
BgRT in a cancer treatment centre would 
require consideration of implications to 
workflow,1 scheduling,19 and training.20 
For cancer clinics without existing 
PET-CT scanners and nuclear medicine 
technologists, the radiation oncology team 
would have to coordinate closely with an 
external nuclear medicine team to prepare 
patients for their BgRT.1 In light of annual 
effective dose limits for nuclear energy 
workers, and lower limits for pregnant 
workers, careful consideration would 
have to be given in the scheduling of 
technologist staff.19,21 To limit the radiation 
exposure to staff during patient set-up, 
and to ensure timely and accurate image 
registration before radiation delivery, 
technologist staff would likely benefit from 
additional training.19,20

Related Developments
MR-guided linear accelerators have been 
developed and are in research stages at 
cancer centres in Edmonton and Toronto.22 
With improved soft tissue contrast and 
the ability to image and treat in real time, 
MR-guided radiotherapy is likely suitable 
for tumour sites such as brain, liver, kidney, 
and lung, where lesions may not be well 
visualized with CT-based image-guidance 
techniques and/or where real-time motion 
tracking is critical to ensure treatment 
precision.9,10 Furthermore, in contrast with 
CT-based image guidance, MR-guided 
radiotherapy does not result in additional 
radiation exposure for those who receive 
the treatment.22

Due to its narrow range of dose 
deposition, particle therapy (such as 
proton therapy) can achieve superior 
sparing of surrounding healthy tissue 
when compared with photon therapy.23 
To capitalize on this benefit and prevent 
missing the target, PET-guided particle 
therapy is being developed for its 

advantages in treatment monitoring and 
motion management.20

Looking Ahead
In addition to fluorine-18 
fluorodeoxyglucose, the use of other 
radiotracers that allow for imaging tumour 
proliferation can be examined and used 
in the future for BgRT.1,20 A novel PET-CT 
radiotracer (68Ga-FAPI) has been recently 
identified to exhibit high tumour uptake 
and image quality, which may make it 
suitable for cancers such as sarcoma 
and esophageal cancer, where fluorine-18 
fluorodeoxyglucose uptake is low.24 

As a hybrid PET-CT linear accelerator 
designed to treat multiple lesions in one 
session and to better control for tumour 
motion, clinical trials are required to 
establish the efficacy of RefleXion X1. 

Author: Yan Li

See references on page 15.
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results related to the use of clozapine and, 
through the portal, can provide results of 
participants to the treating physician or 
pharmacist immediately.3

Who Might Benefit?
The CSAN Pronto device is intended to be 
used by adults diagnosed with treatment-
resistant schizophrenia who have been 
prescribed clozapine as a part of their 
treatment. Worldwide, it is estimated 
that schizophrenia affects 1% of the 
population.4 That number translates to 
roughly 370,000 Canadians. Approximately 
25% to 30% of people diagnosed with 
schizophrenia meet the criteria for 
treatment-resistant disease.5

In 1975, clozapine was removed from 
the Canadian market due to reports of 
life-threatening side effects associated 
with agranulocytosis (i.e., a low number of 
white blood cells).6 Clozapine was made 
available to Canadians again in 1991 under 
the condition that everyone prescribed 
clozapine be enrolled in a patient registry 
to monitor adverse events.6 In addition, 
to combat agranulocytosis, white blood 
cell levels must be measured before 
each prescription refill can be issued.6 
This means people taking clozapine for 
treatment-resistant schizophrenia are 
required to test their WBC weekly for at 
least the first six months of treatment.3 
Nonadherence to blood work requirements 
has been cited by psychiatrists as one 
of the major barriers to treatment with 
clozapine.1,4

Availability in Canada
The CSAN Pronto was granted a medical 
device licence by Health Canada on 
October 29, 2019 (Dominique Gilbert: 
personal communication, Dec 3, 2019). 
HLS Therapeutics Inc. is working toward 

setting up the commercial program and 
anticipates the CSAN Pronto will be 
available to Canadians in the first quarter 
of 2020 (Dominique Gilbert: personal 
communication, Dec 3, 2019). The CSAN 
Pronto device will only be available and 
accessible through the CSAN program 
to those who have been prescribed 
clozapine for treatment-resistant 
schizophrenia (Dominique Gilbert: personal 
communication, Dec 3, 2019). 

What Does It Cost?
CSAN Pronto will not be available for 
purchase to those who are not a part of 
the CSAN program (Dominique Gilbert: 
personal communication, Dec 3, 2019). It 
is unclear whether the use of this device 
presents an additional cost to the user. No 
information regarding the costs associated 
with the use of the device, or the required 
test strips, was available.

Current Practice
Treatment resistance in schizophrenia is 
most commonly defined as non-response 
to trials of two different antipsychotic 
medications.5 Canadian practice guidelines 
recommend clozapine as the only practical 
treatment option for people diagnosed 
with treatment-resistant schizophrenia.5 
As previously stated, all people receiving 
clozapine must be enrolled in a patient 
registry to facilitate the monitoring of 
their WBC counts before receiving a 
prescription refill because of the potential 
for agranulocytosis.6 Currently, recipients 
of clozapine must have a blood test done 
weekly for the first 26 weeks of treatment 
and then continue to have their WBC 
monitored bi-weekly for next 26 weeks, 
every four weeks after one year.3 Weekly 
testing is reinstated for a period of six 
weeks if treatment is missed for more 
than three days.3 Monitoring of the WBC 

must also continue weekly for at least 
four weeks after treatment with clozapine 
has been stopped.3 Considering the risk of 
adverse effects associated with clozapine, 
guidelines recommend that anyone not 
responding to treatment with clozapine 
stop taking the drug.3

What Is the Evidence?
No published studies were found that 
reported on the use of the CSAN Pronto 
by people taking clozapine. One validation 
study undertaken in people with cancer 
was identified for the US version of 
the device (Athelas One).7 The authors 
reported that the Athelas One device 
provided similar WBC and neutrophil 
counts when compared with venous blood 
samples and traditional laboratory testing.7 

Safety
No specific evidence relating to the safety 
of the CSAN Pronto device was identified 
nor were any safety issues mentioned in 
the literature that was reviewed. 

Issues to Consider
Schizophrenia is a complex psychiatric 
disorder that currently does not have 
a cure and requires treatment with 
antipsychotic drugs for the duration of a 
person’s life.4 People with schizophrenia 
often experience other medical, 
psychiatric, or substance use disorders 
at the same time and may experience 
instability with respect to food, income, 
clothing, and housing.8

There is a discrepancy between the 
number of people eligible to take 
clozapine and the number of prescriptions 
dispensed. It is thought that this 
discrepancy is partly due to the barriers 
and burdens associated with receiving 
this drug.4 As mentioned previously, the 
frequency of blood monitoring is a known 

Worldwide, it is estimated that schizophrenia 
affects 1% of the population.That number 
translates to roughly 370,000 Canadians.
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How It Works
In general, the REBOA technique is a 
temporary, minimally invasive measure 
used to control abdominal bleeding and 
sustain blood flow to the heart and brain 
until a more definitive intervention can be 
performed.1 Patients with abdominal injury 
who are hypotensive and not responsive 
to initial blood product resuscitation would 
be suitable candidates for this procedure.1 
Chest X-rays can be used to rule out 
contraindications, such as thoracic 
vascular injury or aortic injury.1

The ER-REBOA device is the first balloon 
occlusion catheter to be designed and 
marketed specifically for the fields of 
trauma, critical care, and emergency 
medicine.3 First, with the assistance of 
ultrasound, an arterial sheath is inserted to 
access the blood vessel, most commonly 
through the common femoral artery.1 

Through this sheath, the ER-REBOA 
catheter and balloon are positioned at the 
appropriate anatomical zone of the aorta.1 
The balloon is inflated, which temporarily 
stops abdominal bleeding.1 The ER-
REBOA components are then deflated and 
removed after patients are transferred 
to the operating room, ruptured vessels 
are then mechanically occluded for more 
permanent hemorrhage control.1

Who Might Benefit?
In some cases of abdominal hemorrhage, 
direct pressure or a tourniquet can’t be 
used to control bleeding in certain non-
compressible areas of the torso: these 
include the pulmonary system, axial 
vessels, and solid organs.4 An intervention 
like REBOA can prevent fatality from 
non-compressible bleeding of the torso.2 
Once the artery is successfully accessed, 
REBOA can be a faster procedure than 
the current practice of resuscitative 

thoracotomy, which makes it beneficial 
in emergency situations.1 REBOA can be 
used in patients who opt out of blood 
transfusions.1 Patients in areas with a 
limited availability of blood products can 
also benefit from the REBOA technology.1

Availability in Canada
The ER-REBOA catheter and Convenience 
Kit have been licensed by Health Canada 
since 2017 and 2018, respectively.5,6

What Does it Cost?
The cost of Prytime Medical’s ER-REBOA 
catheter in Canada is currently unavailable.

A one-year cost-utility analysis compared 
REBOA to the current practice of 
resuscitative thoracotomy with aortic 
cross-clamping for the treatment of non-
compressible torso hemorrhage.7 Using 
costing guidelines from the UK’s National 
Health Service, the authors found that 
REBOA was less cost-effective.7

iStock Photo: “Emergency” sign in front of a 
hospital.

ER-REBOA: An Emergency Intervention for  
Non-Compressible Abdominal Bleeding
Originally developed by trauma surgeons in a military-civilian collaboration, 
resuscitative endovascular balloon occlusion of the aorta, or REBOA, is 
a technique that controls non-compressible bleeding in patients with 
abdominal trauma.1 As non-compressible bleeding of the torso is a major 
cause of potentially preventable death, Prytime Medical ER-REBOA device 
serves as an emergency intervention to avert irreversible hemorrhagic 
shock and subsequent cardiorespiratory arrest.2  

barrier to clozapine treatment. It may be 
that providing people with an easier and 
more convenient way to fulfill the testing 
requirement could improve uptake and 
compliance. 

Related Developments
Other PoC devices are available for use 
globally that measure blood component 
levels for both clozapine monitoring 
and other hematological monitoring 
requirements.1,9,10 Additionally, PoC 

assay devices are available that analyze 
clozapine levels in a person’s blood using a 
finger prick.11 

In the US, the CSAN Pronto is available 
under a different brand name (Athelas 
One)2 and it has been cleared by the FDA 
for WBC and neutrophil count testing.2

Looking Ahead
Improvements in health outcomes have 
been found to be greater when people 
have more access to their own health 

information and are engaged with their 
health.12 While not everyone is immediately 
comfortable with the addition of personal 
technologies to health care, as more 
health-related apps and PoC tests enter 
the market, their use will likely become a 
more standard and accepted part of how 
people’s health is managed. 

Author: Michelle Clark

See references on page 15.
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Current Practice
Standard practice for patients with non-
compressible hemorrhage below the 
diaphragm is resuscitative thoracotomy 
with aortic occlusion via open cross-
clamp.1

What is the Evidence?
Authors of a systematic review comprising 
of studies that used various REBOA 
devices, including ER-REBOA, reported 
results of 1,340 patients from several case 
series and cohort studies and noted the 
lack of clear evidence supporting the use 
of the REBOA technique for improving 
mortality outcomes.2

The Aortic Occlusion for Resuscitation in 
Trauma and Acute Care Surgery Registry 
by the American Association for the 
Surgery of Trauma contains prospective 
from trauma patients who have undergone 
various interventions, including REBOA.8 
The REBOA technique was found to have 
similar procedure time and mortality 
outcomes when compared to open aortic 
occlusion, with minimal complications.8

Two ongoing studies will further elucidate 
the clinical and economic outcomes of 
the ER-REBOA device and the technique 
in general. The Emergent Truncal 
Hemorrhage Observational Study, funded 
by the US Department of Defense, will 
compare various REBOA devices, including 
the ER-REBOA catheter, to other abdominal 
hemorrhage control procedures in patients 
admitted to trauma centres.9 Additionally, 
the first randomized controlled trial to 
compare standard major trauma centre 
treatment plus the REBOA technique to 
standard care alone is currently taking 
place in the UK.10

Safety
While the risk of REBOA complications 
has been found to be low at 6.4%, 
complications include pseudoaneurysm, 
embolism, and limb ischemia.8 They 
can result from over-inflation, prolonged 
inflation, or rapid deflation of the REBOA 
balloon, emphasizing the importance of 
training.1 The risk of complications rises 
with the increasing size of the arterial 
sheath that is used to guide the catheter.1

Issues to Consider
A variety of implementation issues could 
limit REBOA utilization. Immediate surgical 
intervention for definitive hemorrhage 
control is needed following REBOA. In 
a case series of 109 patients in Japan, 
both elapsed time from hospital arrival 
to initial arterial access and duration 
of occlusion were shorter among 
survivors.11,12 Accessibility of surgical 
facilities should be considered before the 
use of REBOA. ER-REBOA would likely 
be best implemented in scenarios where 
patients are quickly transferred to a facility 
with emergency responders and clinicians 
who are familiar with the intervention and 
are able to provide surgical hemorrhage 
control.1

Rural and remote pre-hospital settings 
would not be ideal for the application of 
REBOA. Confirming proper positioning of 
the catheter before inflating the balloon 
could be challenging in the absence of 
appropriate imaging devices.1 A lack 
of surgeons with vascular expertise 
to perform the procedure could be an 
additional barrier to implementation.1

Related Developments
The REBOA technique has possible 
indications for non-traumatic hemorrhage. 
REBOA has been used in elective 
C-sections where there is atypical 
placental implantation, as it reduces the 
large volume blood transfusions that 
would otherwise be necessary in these 
high-risk deliveries.1 Considering that 
hemorrhage is the most prevalent direct 
obstetric cause of death, the application of 
REBOA in managing peri- and post-partum 
hemorrhage could have an impact on 
outcomes.13

An early feasibility trial by Yale University 
is currently recruiting patients to assess 
the safety and efficacy of the ER-REBOA 
catheter in increasing blood perfusion to 
the brain following cardiac arrest.14

Looking Ahead
Further development of the partial 
REBOA technique, where the balloon is 
not completely inflated to the point of 
aortic occlusion, could mitigate current 
implementation issues.1 Partial occlusion 
allows for the balloon to remain inflated 
for longer, thus potentially increasing the 
window of time before patients must 
receive subsequent surgical hemorrhage 
control.1 Large multi-centre trials are 
needed to draw definite conclusions on 
whether the ER-REBOA device results in 
better clinical outcomes compared to 
standard care. 

Author: Diksha Kumar

See references on page 15.
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How It Works
The purpose of the Venus P-Valve is 
to provide an intervention for RVOT 
enlargement. An RVOT enlargement is 
often the result of a pulmonary obstruction 
and can contribute to a leaky pulmonary 
valve that allows blood to flow back into 
the heart chamber.2 The Venus P-Valve 
is a stent consisting of a self-expanding 
valve and is delivered and implanted via a 
catheter to act as a valve replacement for 
the enlarged RVOT.1,3 The stent is anchored 
in the RVOT and is made of a fibre called 
nitinol.1 The design of the Venus P-Valve 
can accommodate RVOT diameters up 
to 32 mm to 33 mm, which is larger than 
other commercially available pulmonary 
valves.4 This procedure is commonly 
referred to as a percutaneous pulmonary 
valve implantation (PPVI).1,5,6

Who Might Benefit?
ToF accounts for 6.7% of all babies 
born with congenital heart disease 
and RVOT obstruction is a common 
heart abnormality associated with 
ToF.7,8 Patients with ToF typically 
undergo corrective surgery within the 
first six months of their lives; however, 
interventions in early childhood often lead 
to complications that require additional 
surgical correction later in life.7,8 Patients 
with right ventricle complications 
stemming from ToF can undergo PPVI 
as an alternative to repeated surgery.7,9 
The commonly used PPVI devices are not 
suitable for large RVOT implantations, but 

the Venus P-Valve is designed specifically 
for dilated or enlarged RVOT resulting 
from surgical repair of ToF.2,9 Given 
that the Venus P-Valve is designed to 
accommodate larger RVOT diameters, it 
may provide treatment to patients who 
cannot receive the current commercially 
available PPVI devices.1,9

Availability in Canada
There is no indication that the Venus 
P-Valve is licensed in Canada. The Venus 
P-Valve has received approval from the 
Chinese FDA and has received Institutional 
Review Board approval for clinical testing;3 
however, it has not been granted CE 
certification or US FDA approval.1,2,6 A CE 
feasibility and safety study is currently 
being conducted.2 

What Does It Cost?
No information related to costs in Canada 
or elsewhere was identified. 

Current Practice
The results of ToF repairment surgery are 
generally good, with approximately 95% of 
patients expected to survive to adulthood.2 
In most cases, the ToF repairment surgery 
is associated with RVOT obstruction later 
in life and most centres now consider 
PPVI to be first-line therapy.2 The currently 
available PPVI devices (the Melody Valve 
or the Sapien Valve) are recommended 
for RVOT implantation, but not all patients 
who have undergone ToF repairment have 
RVOT dimensions that are compatible with 
the capacity of these devices.1,2

What is the Evidence?
Early procedural studies on the Venus 
P-Valve show safe and promising 
advances in PPVI. Six non-randomized 
studies were identified in the available 
literature.1,3-6,9 Five of these studies 
were prospective cohort studies that 
aimed to capture the early results 
regarding feasibility, effectiveness, safety, 
and short-term follow-up for Venus 
P-Valve implantations for appropriate 
candidates.1,3,5,6,9 One identified study 
used a retrospective approach to collect 
procedural and early-to-midterm follow-
up information.4 Overall, the identified 
studies indicate general success related 
to valve implantation, encouraging health 
outcomes, and evidence of surgical 
reproducibility. The majority of studies 
had a follow-up of 12 months or less, 
and the sample sizes were from five to 
55 patients.1,3-6,9 One study reported MRI 
follow-up data for a mean of 112 months.4 
Two clinical trials were identified from the 
ClinicalTrials.gov database; one is in the 
recruitment phase10 and the status of the 
other is unknown.11

Safety
Of the identified studies that reported 
evidence related to safety for the Venus 
P-Valve, one study reported no severe 
adverse events,6 while another reported 
procedure complications related to sheath 
breakage and implantation migration 
and displacement.4 Additionally, one 
case report identified two cases of stent 

Venus P-Valve: A Self-Expanding Transcatheter 
Pulmonary Valve Replacement Device
The Venus Pulmonary Valve (Venus P-Valve) is a self-expanding 
percutaneous pulmonary implantation device that offers an intervention to 
address right ventricle outflow tract (RVOT) complications stemming from 
tetralogy of fallot (ToF).1  

iStock Photo: Doppler echocardiogram showing 
heat and cold spots.
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infolding of the Venus P-Valve after 
implantation.12 

Issues to Consider 
The Melody and Sapien devices, both 
currently available for smaller RVOT 
diameters, have reported complications 
related to stent fractures of the valve 
frame; conduit ruptures; coronary 
compression, which may prevent a 
PPVI intervention; and endocarditis or 
an infection associated with the PPVI 
procedure.7 It is possible that the Venus 
P-Valve could have similar complications.

Related Developments
The available literature identified 
two alternative devices similar to the 
Venus P-Valve. These devices include 

the Medtronic Harmony TPV and the 
Alterra Adaptive Prestent from Edwards 
Lifesciences.7 These devices were created 
to address the needs of patients with 
enlarged RVOTs who are not candidates 
for the currently recommended devices.7 
The Harmony TPV device encompasses 
a larger valve diameter compared to the 
commercially available Melody Valve, 
similar to the Venus P-Valve.7 The Alterra 
Adaptive Prestent is “stent-like” and helps 
to reshape the RVOT13 by working similar 
to a docking station for the Sapien S3 
valve.7

Looking Ahead
The Venus P-Valve may provide an 
additional valve option for patients with 

an enlarged RVOT who need a PPVI.9 The 
findings from the identified literature show 
reliable reproducibility and evidence of 
success in early cohort studies; however, 
more clinical trials with longer follow-up 
data and more reporting on patient-
important outcomes are needed.2 
 
Author: Shannon Hill

See references on page 16.

The Optimizer Smart System: A New Device  
to Manage Chronic Heart Failure
Chronic heart failure is a progressive disease characterized by a variety 
of ventricular or valvular dysfunctions and is often initially treated with a 
cocktail of medications.1 The Optimizer Smart system provides an option for 
the treatment of moderate-to-severe chronic heart failure patients who are 
symptomatic despite optimal drug therapy and who are not candidates for 
cardiac resynchronization therapy (CRT).2

A 3-D illustration of a human heart,  
with an electrocardiogram waveform.  

How It Works
The Optimizer Smart system is a 
programmable device used for cardiac 
contractility modulation therapy in 
patients with chronic heart failure.2 The 
system is comprised of an implantable 
pulse generator, pacing leads, and a 
mini-charger.3 The pulse generator is 
subcutaneously implanted into the right 
pectoral region of the chest and connected 
to two ventricular leads.3 The device 
sends a high voltage electrical impulse 
to the right ventricular septum during 
the absolute refractory period, which 
improves cardiac muscular contraction.4 
By increasing the strength of the heart’s 
contractions, the device may improve 
symptoms of chronic heart failure such as 

six-minute walking distance, quality of life, 
and the functional status of patients.2

Who Might Benefit?
Chronic heart failure is an increasingly 
prevalent medical condition in Canada, 
with 50,000 newly diagnosed Canadians 
each year.5 In 2016, there were an 
estimated 600,000 Canadians living with 
chronic heart failure.5 

The Optimizer Smart system is indicated 
for up to 70% of patients classified as 
having New York Heart Association 
(NYHA) Class III heart failure.2 It is 
intended for those who are 18 years or 
older, in sinus rhythm (i.e., are not indicated 
for CRT, QRS duration of less than 130 
milliseconds), with a left ventricular 

ejection fraction (LVEF) of 25% to 45%, and 
who remain symptomatic despite optimal 
drug therapy.3 It is anticipated that the 
majority of patients eligible for treatment 
with the Optimizer Smart system will 
also have an implantable cardioverter-
defibrillator (ICD).3

Availability in Canada
The Optimizer Smart system is not 
currently available in Canada.6 However, 
the Optimizer Smart system is available 
in numerous other countries including the 
US, the UK, Australia, and Germany.3 

What Does It Cost?
The Canadian cost of the Optimizer Smart 
system is not currently available. The 
total implantation cost of the Optimizer 



HEALTH TECHNOLOGY UPDATE  Issue 26 | May 2020	 12

Smart system in the UK is estimated to 
be £18,365.7 This cost is in addition to the 
estimated lifetime drug therapy for heart 
failure (standard of care) cost of £1,362.7 
Furthermore, according to a model cited 
by the UK’s NICE‒National Institute for 
Health and Care Excellence, those who 
use the device and drug therapy gain 
5.26 quality-adjusted life-years versus 4.0 
quality-adjusted life-years in those who use 
drug therapy alone.7

Current Practice
The latest update of the Canadian 
Cardiovascular Society guidelines 
for the management of heart failure1 
recommends that patients with a reduced 
ejection fraction (i.e., LVEF ≤ 40%) and 
symptoms of heart failure should be 
initiated on triple-drug therapy with an 
angiotensin-converting enzyme inhibitor, 
beta-blocker, and mineralocorticoid 
receptor antagonist. A diuretic may also 
be used, when needed, to maintain fluid 
balance.1 Various drug add-on therapies 
are also avaiIable for those who remain 
symptomatic despite initial triple-drug 
therapy.1 However, if patients continue  
to have symptoms and have a LVEF  
< 35% despite optimal drug therapy for 
at least three months, ICD and CRT (i.e., 
a pacemaker) device therapy may be 
warranted.1 

What Is the Evidence?
Two multi-centre, randomized controlled 
trials8,9 both comparing cardiac 
contractibility modulation via the Optimizer 
Smart device plus optimal medical therapy 
versus optimal medical therapy alone were 
identified. One trial9 was conducted at 50 
centres in the US (n = 428) and included 
participants with heart failure and NYHA 
Class III to Class IV symptoms, normal 
sinus rhythm, and an ejection fraction 
≤ 35%. The other trial8 was conducted 

in the US, Germany, and Czechia — the 
Czech Republic — (n = 160) and included 
participants with heart failure with NYHA 
Class III to Class IV symptoms, normal 
sinus rhythm, and an ejection fraction of 
25% to 45%.

Outcomes reported by the authors8,9 
include:
•	 change in anaerobic threshold9

•	 change in peak VO2 

•	 change in Minnesota Living with Heart 
Failure Questionnaire (MLHFQ)

•	 change in six-minute hall walk
•	 change in NYHA classification
•	 safety.

Furthermore, one systematic review 
with meta-analysis,4 which included 
the two randomized controlled trials 
previously mentioned, as well as two 
earlier randomized controlled trials, was 
identified. The systematic review4 reported 
all-cause mortality, total hospitalizations, 
worsening heart failure and heart 
failure-related hospitalizations, cardiac 
arrhythmias, ICD sensing defects and 
malfunction, six-minute walking distance, 
and MLHFQ. Overall, when the data from 
the four trials was combined, cardiac 
contractibility modulation significantly 
improved MLHFQ, but did not significantly 
improve all-cause mortality, worsening 
heart failure and heart failure-related 
hospitalizations, or six-minute walking 
distance.4

Safety
The identified studies reported 
potential safety issues related to 
device implantation including lead 
dislodgement,8,9 device pocket infections,9 
and generator erosion.8 The manufacturer2 
also lists the following as potential adverse 
effects occurring secondary to cardiac 
contractibility modulation signal delivery:

•	 abnormal cardiac function
•	 atrial and ventricular tachyarrhythmias
•	 atrial and ventricular bradyarrhythmias
•	 worsening heart failure
•	 myocardial tissue damage
•	 chest pain.

Related Developments
The Optimizer Smart system is currently 
being investigated for use in patients with 
preserved ejection fraction heart failure 
(i.e., LVEF ≥ 50%) with NYHA Class II or 
Class III symptoms.10 This pilot study is 
estimated to be completed by March 31, 
2021.10 

Looking Ahead
The incidence of cardiovascular disease 
is increasing with the aging Canadian 
population.11 Improvements to treatment 
methods also equates to people living 
longer with cardiovascular disease.5 As 
chronic heart failure is often the end result 
of cardiovascular disease, the occurrence 
of chronic heart failure is consequently 
increasing in Canada.5 This is leading 
to increased interest in new research in 
the treatment of chronic heart failure.5 
Cardiac contractibility modulation is a 
novel method of treating patients with 
symptomatic heart failure.2 However, more 
evidence comparing the Optimizer Smart 
system to the standard of care is needed 
to ascertain the clinical benefit of cardiac 
contractibility modulation in improving 
the functional status and quality of life of 
patients with heart failure. 

Author: Christopher Freige

See references on page 16.
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SoundBite: Using Shock Waves to Treat  
Chronic Total Occlusions 
Chronic total occlusions (CTOs) in patients with coronary heart disease are 
associated with a higher risk of adverse events, a decrease in quality of life, 
and increased health care costs.1 Novel crossing technology by Soundbite 
Medical Solutions aims to break down arterial calcification using short-
duration high-amplitude pressure pulses called shock waves.1

How It Works
Soundbite Medical Solutions’ Soundbite 
Crossing system consists of a disposable 
wire, guided by a supportive balloon 
catheter, that percutaneously penetrates 
the artery.1 The other component of 
the Soundbite system is a console that 
generates low-frequency, concentrated 
shock waves at the proximal end of the 
guide wire, which then mechanically 
propagate to the distal tip where the 
occlusion is located.1 Due to the shock 
waves, the distal tip then rapidly oscillates 
and crosses through arterial calcification.1 
If the Soundbite system successfully 
creates a space within the CTO, a 
therapeutic system, such as a stent, can 
be inserted (if necessary).1

Current Practice
While pharmacological therapy can be 
sufficient for some patients with coronary 
heart disease, percutaneous coronary 
interventions (also called angioplasties) 
are the preferred treatment for 
revascularization in those with CTOs.2 

Percutaneous coronary interventions 
consist of high-pressure balloon dilations, 
where an interventional cardiologist inserts 
a guide wire and subsequently a balloon 
catheter across the blockage site using 
fluoroscopy.3 The balloon at the tip of 
the catheter is then inflated and deflated 
continuously to push calcified plaque 
outward against the arterial wall, opening 
up the narrowed blood vessel.3 In the case 
of a total occlusion, new collateral blood 
vessels may have formed to redirect blood 
flow around the blockage.4 The catheter 

is also used to widen these collateral 
vessels.4

The challenges with this method of 
angioplasty include the risk of injuring non-
calcified arterial segments when directing 
the guide wire, as well as the possibility 
of not producing enough force to fracture 
the calcium.5 Percutaneous coronary 
interventions are technically demanding, 
and failure to reach calcified lesions with 
a guide wire is the main reason for their 
lower success rate.1

CTOs can also be treated by a surgical 
procedure called coronary artery bypass 
grafting, which is generally reserved for 
patients with complex or multivessel 
disease.2 In this procedure, peripheral 
blood vessels, such as veins from the legs 
or arteries from the chest or arms, are 
used to connect to blood vessels above 
and below the coronary occlusion, thus 
redirecting blood flow.6 

Who Might Benefit?
In a Canadian multi-centre registry, 18.4% 
of patients with coronary heart disease 
were found to have CTOs.7 Thus, among 
the 2.4 million Canadians diagnosed 
with heart disease,8 it is possible that 
440,000 of them may require intervention 
to manage either coronary or peripheral 
CTOs. Patients who require a stent to treat 
their narrowed arteries could benefit from 
shock wave crossing to clear calcified 
occlusions before the insertion of a stent.9 
Calcified plaques not only affect stent 
positioning and expansion, but also drug 
delivery.5 

Availability in Canada
The Soundbite Crossing system is 
currently approved by Health Canada for 
the treatment of CTOs associated with 
peripheral artery disease, but not those 
associated with coronary artery disease.10 
As of January 2020, Soundbite has also 
received 510(k) clearance by the FDA for 
use in the treatment of peripheral CTOs in 
the US.11

What Does It Cost?
The cost of the Soundbite Crossing 
system is currently unavailable. 

What is the Evidence?
As the Soundbite system is still in 
development for coronary applications, 
there is no specific evidence regarding 
its clinical effectiveness in coronary 
CTOs. However, clinical outcomes from 
completed studies in peripheral CTOs may 
provide a basis for predicting its success.

In a prospective, single-arm feasibility 
study, Soundbite Medical Solutions 
investigated the safety and efficacy of 
the Soundbite system in patients with 
infrainguinal CTOs.1 The study used a 
0.018 inch wire to deliver shock waves to 
peripheral CTOs, which is slightly larger 
than the wire being developed for coronary 
applications.1 The primary end point of 
device success, defined as, among various 
other outcomes, complete crossing of the 
target CTO lesion and freedom from major 
adverse events for 30 days post-procedure, 
was achieved in 91.9% of patients.1 The 
authors noted several limitations of the 
study, such as the small cohort of 37 

iStock Photo: Clogged artery.
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patients and the lack of intravascular 
imaging during the procedure.1

Safety
In the Soundbite feasibility study for 
peripheral infrainguinal CTOs, 13.5% of 
patients presented angiographic evidence 
of arterial perforation.1 However, none of 
them required treatment.1 

Related Developments
The Crosser catheter by Bard Peripheral 
Vascular has also emerged as a treatment 
option for peripheral CTOs. This option 
uses a higher frequency generator but 
similarly sized wire as the Soundbite 
system.12 The Crosser catheter is 
commercially available in the US.13

Shockwave Medical’s intravascular 
lithotripsy device uses low-pressure 
balloon dilatation with shock waves to 
penetrate and cross calcified plaques in 
both peripheral and coronary vasculature.9 

By using lower pressures rather than 
traditional balloon-based procedures, 
intravascular lithotripsy is thought to 
minimize vascular injury.5 Currently, 
coronary intravascular lithotripsy catheters 
are commercially available in Europe but 
are limited to investigational use in the 
US.14 Shockwave Medical’s largest study 
to date (DISRUPT CAD III) includes 392 
patients and is further examining the 
coronary applications of this technology. 
DISRUPT CAD III is expected to be 
completed by 2022.15 

Looking Ahead
Overall, Soundbite Medical Solutions’ 
Soundbite Crossing system may be a 
promising non-surgical treatment option 
for patients with CTOs, but its evidence for 
use in coronary heart disease is lacking. 
As of March 2020, Soundbite Medical 
Solutions has received FDA approval to 
commence the ACTIVE study on coronary 

applications of the Soundbite Crossing 
system in the US.16 The study is expected 
to be conducted in 154 patients, with 
primary end points being device success 
and freedom from related major adverse 
events 48 hours post-procedure.17 
Considering the short follow-up period, 
the long-term clinical effectiveness of the 
Soundbite Crossing system will not be an 
outcome of this study. As all Soundbite 
system investigations have been non-
comparative, studies directly comparing 
the clinical effectiveness of shock wave 
technology to conventional angioplasty 
methods would further clarify its place in 
therapy.  

Author: Diksha Kumar

See references on page 16.

Soundbite Medical Solutions’ Soundbite Crossing 
system may be a promising non-surgical 
treatment option for patients with CTOs.
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