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Heart Valve Device Market, by Product Type, China (USD), 2014-2024
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Table 1: Heart Valve Device Market Landscape, China (USD), 2015 and 2024

Table 1. E# 2015 2024
FAE K 93.1 227.4
HiHNME (USD M) 345 905

Source: Millennium Research Group, Inc.
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Table 2: Heart Valve Device Revenue Market Share Rankings, by Product

Type, China, 2017

Position |Tissue Heart|Mechanical  |Surgical Medtronic
Valves Heart Valves |Annuloplasty

Devices
1st Medtronic  |St. Jude Edwards Medtronic
Medical Lifesciences

2nd St. Jude Medtronic Medtronic St. Jude
Medical Medical

3rd Edwards LivaNova St. Jude Medical | Edwards
Lifesciences Lifesciences

Source: Millennium Research Group, Inc.

2 PEOHIRET S & BEAAT (2 REEX S )

(Reuters, 2016)

Date Product Type Event

September 2017 |TAVI Venus A TAVI launched in China, first transfemoral device

August TAVI J-Valve launched TAVI product, first transapical device

2017

April 2016 TAVI Venus Medtech (Hangzhou) acquires Transcatheter Technologies, a German manufacturer of transcatheter
heart valves, Launched in 2018

April 2016 All Heart Valve Devices |Abbott Laboratories announces the acquisition of St. Jude Medical for $25 billion (Michelle Cortez, 2016)

March 2016 Mechanical Heart Valves | Lepu Medical Technology (Beijing) expands its ownership of Lepu Pharmaceuticals from 60% to 100%

January 2016 Mechanical Heart Valves | Cryolife acquired On—X Life Technologies, a manufacturer of mechanical heart valves

October 2015 All Heart Valve Devices |Cyberonics merges with Sorin Group. The merged company rebrands itself as LivaNova

August 2015 TAVI Devices

Medtronic acquires Twelve for $458 million (Medtronic, press release, August 25, 2015)

July 2015 TAVI Devices Abbott Laboratories acquires Tendyne Medical for $250 million (Abbott Laboratories, press release, July 30,
2015)

July 2014 TAVI Devices Venus Medtech (Hangzhou)'s A-Valve device is among the first batch of products granted fast— track
approval under the CFDA's Special Approval Process for Innovative Medical Devices

May 2012 TMVI Devices Shanghai Zhongshan Hospital completes China's first three cases of TMVR using Abbott's MitraClip system

Source: Millennium Research Group, Inc.
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Product Type Brand Company Launch Date Status

TAVI Devices Taurus One PEIJIA 2021 Undergoing clinical trial

TAVI Devices Cardioflow Microport 2019 Waiting CFDA license approval

TAVI Devices J—-Valve Jecheng ( Suzhou ) 2017 Estimate 350 cases commercialized in 2018

TAVI Devices A-Valve Venus Medtech (Hangzhou) 2018 Estimate 800 cases commercialized in 2018

TAVI Devices CoreValve Medtronic Expected 2020 Received FDA approval in January 2014
Currently undergoing clinical trials in China

TAVI Devices SAPIEN XT, SAPIEN3 |Edwards Lifesciences Expected 2020 Received FDA approval in June 2014
Currently undergoing clinical trials in China

TAVI Devices MitraClip Abbott Laboratories Expected 2020 - 2030 |Received FDA approval in October 2013
Currently undergoing preclinical studies in China

TAVI Devices CardiAQ— Edwards Edwards Lifesciences Expected 2025 - 2030 |FDA approval granted in 2015 to continue an early
feasibility study

Source: Millennium Research Group, Inc.
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DR.LAGAST JOI

Medial-Pivo
The Game C

Dr. Lagast Joost
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BEFAZER. Dr. Lagast Joost B EIR 20 F£AIA
MR ERAEK, 2RUNTEXRAERRMESRET
BMEAZNERZ—, ESERNTHRAHEBRFEARE
3000 41,
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MicroPort Review:How long have you been using the
product from MicroPort Orthopedics? Under what kinds
of situation will you recommend patients to use MPO’s
products? And as for the young generation, and patients
who ask for a strong function of sports, does medial pivot

knee have any advantage for the patients?

(REHER) . MIEMMSHN=RBAT? EH2
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BINX T ERE T ARG

Dr. Lagast Joost: It has already been more than 20 years
since I first used the Medial—Pivot Knee. I was the first user
of medial pivot knee in the European Continent. I started on
April 1998, and it was the first case on the EU. I have seen
population that put in total knee replacement; the medial pivot
is advanced than traditional designs, which has a much higher
activity level. Because the traditional design were not regarding
patients satisfactory or pain relief, but as you see 20 years ago
the pain relief was the most important, but now we see the
more active patients today are asking for more stability, which
we obtain in the medial pivot. So for me, the future will be
more and more important towards the medial pivot, we do not
only want pain relief. The medial pivot was the first to copy
the normal knee as close as possible; the other designs didn’ t
look into the kinematics alignment. When the traditional knee
only reach a 80% percent patient’ s’ satisfactory, medial pivot
knee didn’ t randomly try other ways but to look into how
normal knee works, then they look into the kinematics and
discover the normal doesn’ t work in the way they thought,
but in a medial pivot way. They transmitted the idea into the
knee replacement. At first, the criticism was that the normal
knee might work in a medial pivot way, but after the knee
replacement, it will no longer move like that way afterwards.
But the articles have proven that even after you have a total
knee replacement, you still perform in the medial pivot way.
You can always find new studying; the confirmation of the

medial pivot is the future.
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MicroPort Review:You have just mentioned in the speech
that Medial-Pivot Knee will be a “game-changer”, so can
you explain the reason to the ordinary audience in several
simple sentences why would it be a game-changer? As
for MPO, we will keep evolving so that we can realize the
ambition, thus for the view point of product itself, on what

aspects should medial-pivot knee to improve further?
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Dr. Lagast Joost : It was really the game changer 20 years
ago, when [ first used it that many colleges said that it was
crazy and told me not to believe it. But now you see that all
companies are going towards all coming to the unequal lateral
and external balancing, although they didn’ t look like the
medial pivot, but they all coming towards the unequal medial

and lateral components. Just proves that medial pivot works,
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although they didn’ t admit 20 years ago, but they start to
believe it is the right thing to do. But they are already too
late, that’” s why I am glad to say I jump to the track first.
Because I got the feeling it was the right thing to do and
based on my philosophy based on my surgeries on the medial
side and that why I was convinced at the first moment and
now 20 years later, it is still the right answer. The first thing
is not about innovation, it is to try to get it globally. To see
how many surgeons are still not convinced by medial pivot, it
is company’ s responsibility to show that everyone is going
to the medial—pivot, but MicroPort is the only one that has
20 years clinical trial and hot high patients satisfactory we
got. Let’ s see other companies they bring something new
to the market that look like medial pivot, they don’ t have
any follow up, and they still have to prove their idea. No
company has brought a medial pivot product and proves it
works and has brought that concept globally. Wright used
to hold that part, but now it is for MPO you should push it
more harshly and make it global that you have results that
show it works, and you are still the pioneer. The revision
system that comes has the same idea and again you can design

the revision system that build on the same idea, as a pioneer.
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MicroPort Review:Despite the product itself, what should
MPO improve on the marketing strategies so that MPO
could expand its business landscape abroad? Compared

with our competitors, what are our pros and cons?
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Dr. Lagast Joost: Try all big meetings, and introduce and
promote the products with what you got like follow—up
results. And I feel that still many surgeons they still don’ t
know the medial pivot knee after so long time. If they start to
look into the medial, it is up to company to convince them,
in the long term, not short term. Other companies always
go towards to the unequal medial and lateral compartment;
because they all see normal knees they have more stability in
the medial side than the lateral side, and they try to introduce
those things, and the philosophy behind is that you need to
improve the stability on the medial side, the symantritical
design is not really like it should be, thus they should update
the old design. For many years, I have been done mechanics,
compared with kinematic, you need to do less releases for
kinematics, for sure you do mechanics. For the medial pivot,
you don’ t have to equal balancing, you go to unequal
balancing, you have the more stability on the medial side and
looser on the lateral side, that the key issue for the kinematics
alignment, if you go unequal, it is the key issue. If you need
to do the normal knee, you need to copy the normal knee. I

always try to follow this rule.
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MicroPort Review:The surgical observation visitation in
Belgium hold in June left us a deep impression. A group of
domestic and abroad surgeons benefited a lot from it. How
do you evaluate the value of such visitations? On what

aspects could MPO improve and update in the future?

(HeliFie) : 2018 & 6 A% NNMEIBBE XTI ER

BRARERRZRIBAARBET 7T RLMNER, ERSMY
—itBREEhEZHREEX, BRANRIENZIAERR
ZHUE? RRIAIATLITEMLEAR TS EISER?

Dr. Lagast Joost : First of all, you have to adapt a little bit on
the unequal balancing. You must have the surgeons convinced
by your idea, so I am convinced and I want to start. At the
beginning of the study, you have a good selection of surgeons.
Absolutely it is a must they go for training before you start, or
else they would do it in the old way. You have to do it, and
you will start the medial pivot ever since. I have seen results
could be not good, but it’ s not due to product, but due to
the training. To see the surgeons coming to training, since they
got convinced. There are always surgeons told me that they felt
lucky to be there, so that they can learn the skills in that way,
and it really works. They should start the surgeries with fully

training, and understand the concept of the medial pivot.
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MicroPort Review:What do you think of this year’s
COA? Is there any advanced theory or tech that gets
your attention? What will be the direction for the tech
to innovate in the orthopedics area? What Kinds of
opportunities and challenges will these innovations mean

to MPO in the coming future?
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Dr. Lagast Joost : For the moments there are something that
absolutely catches me, the major point for the discussion should
be robot or not robot. Be honestly, I am still not convinced,
because if you look in to the eye of navigation, you could see
how many surgeons still using the navigation. You will see
90% of the surgeons no longer using it, and I think it will be a
little bit same for the robot. I do say that you still need to open
to see the new tech including in the surgery, but the main
concept will still be medial pivot. The product will never be
perfect, but there will be new tools for us to improve the result
of patients. “Patients always come first” is what we have to
keep in mind. If any new tech can improve the result of the
surgeries, we should look at it. New material, for example the
polymer, it will always be an issue in the long term. If there are
some new materials that will stand for 40 years, we will no

longer need revisions. That would be the idea.
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BAATEZBRER, WEBRKXZFE
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MicroPort Review:Have you been to China and did
communications with Chinese orthopedic surgeons?
What would you think of the Chinese surgeons, their

techniques and their philosophy of joint replacement?

(REElFe) « IAERERPEHTEXTHINAE
HZHR? BXMPEXTINEELEBNNRRSESEM
ANRE?

Warwich J.M. Bruce:Yes, by the operating and lectures.
Every time I came to China, there's an exponential
improvement in the knowledge of the surgeons. The standard
of the hospitals has improved every single time. I found I have
never been disappointed in the skills of Chinese surgeons.
I've been to the most western city in China and the skill of
the surgeons there was amazing. So I think the only thing
that was holding back the Chinese surgeons in the past was
that they didn't have all the options available to do difficult
joint replacements, including instruments and prosthesis. But

everything that I was noticing every time, it got much better.
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The other thing that's improved, which is helpful, is that the
Chinese surgeons’ English have improved so much that they
have a wide education sphere. So they can look up European
literature that's written in English or American literature,
whereas in the past they mostly did in Chinese, especially for
young generations. Just like I will read European articles in

English and American articles, I get different philosophies.

EFAR FARSW B, FREMPEEREEALZR.
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MicroPort Review:Do you think there is any gap between

Chinese surgeons and Australian surgeons? What's that?

(RHeliTe) - MAADESHREEMNMEMNSHEEN
EIE7EMRE?

Warwich J.M. Bruce:I think in the major cities there is no
gap, while in the lesser cities; the second tier and third tier,
there are some gaps. But it's not just in surgical technique
education. It's because there's equipment, education, things
like these. And I think if you go to any country that has a
huge population and second and third tier cities, all the best—
educated and most experienced people are in the first tier.
So I think it's just the China has to embrace education from
first tier cities, educating second and third tier cities, and
for international education. Just like we have international
education, Americans, English, French come to Australia
to talk. You will get different philosophies from different
countries. It s the responsibility that the surgeon from tier
one cities, they go to other cities and express the education.
If I was running education in China, I'd have first tier of
orthopedic surgeon cities but with other international, so they
would come and do meetings with Chinese surgeons from first

tier institutions and international surgeons, like a user group.
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MicroPort Review:In your knowledge, what a good knee
prosthesis design features:What kinds of facts do they
have to promote to go further to get the good outcome of

the patients?

(REHER) : EEER, —RINFBNEXRTRA %
BEMEEER? HIAABRITHIH EARER TR 7EmLL
HEREERH?

Warwich J.M. Bruce:Firstly, it's the surgical technique
that the most important in all designs. Secondly, number

one knees from the number one companies do well, but

Warwick Bruce ##% 5 h EBRE HK#ITR

there are design parameters that improve, particularly
knee replacement. In hip replacement, it's less obvious. So
certainly, the medial pivot knee has theoretical advantages. It
has experimental advantage like fluoroscopy and it has clinical
advantages. And I think that is a knee that has an advantage,
but not if it's not done properly. It is all about education
and experience. So, certainly the medial pivot knee for one
requires slightly different philosophy on how to do on the
knee, as we've talked in the past. So it's very important that
surgeons visit people, do the particular case to see it, and do
category workshops if possible. Assist surgeons who do it, and

then do their own.
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MicroPort Review:What's your expectation for the
patient outcome with the Medial Pivot Knee? For the
patients ’outcome, the relief of pain, ranges of motion

and something else?

(PEBEe) . ERNEEEENREERET AR
Hi? LONERANERR. RIERE. LIRHEM—LLFHE?

Warwich J.M. Bruce:] think patient outcome always
improved with education and good design, and in the medial
pivot principle, obviously a very good design. If you do good
surgeon education, you get a very good result. Regarding
the relief of pain, I think this is where western and eastern
differing. So in western patients, they are very demanding
of function. And the reason they demanding of function is

because they don't have that much pain before the operation.
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Because of obesity, we are replacing knees that don't have
a lot of arthritis, but because they take a lot of blood. So it's
very difficult in western society because patients are out of
condition and overweight. In Asian societies, the patients are
not overweight, but they have significant deformity. And
they have a lot of pain. So I think in Asian society, it's about
relieving pain and function is second. However, functions
very important for younger patients and for people who have

higher expectations.
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MicroPort Review:The Medial Pivot Knee has
been twenty years clinical trial. So compared to the

conventional prosthesis, what was the advantage?

(RIBITFE) - MAISHNRBERXTREESEE 20
FHRAERZET, HEROSTHESHIRIIER
WS NN BRI A? SEFIGTHIREMEL, X~
RERAR MM EEF WA E?

Warwich J.M. Bruce:The advantage is what the patients
feel. Firstly, we have no problem that lasts as long as other
knees. We have no problems that it wears better than other
knees or equally. We have no problem that bends as well
about other knees. But we certainly notice that functionally
the patients have less instability. They're better at stair

walking. They're better at kneeling and they better at

RNBRIHBRNMREFAREBEORGERER . Wi
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MicroPort Review:How long you performed on the
medial pivot knee and what's the outcome of patience?

What's your experience on medial pivot knees?

(RElFR) - BREBEIRKPERAEHMISHAINE
BR? RERIRIEBORTEEFARRYSIPRERSE?

Warwich J.M. Bruce:I did a series of medial pivot knees
nineteen years ago and there have been no failures and one
reoperation for a patella button, so there is no doubt it's in the
top echelon of results. The issue I noticed with the patients
both in the medial pivot knee and other designs of knees that
incorporate a medial pivot principle, they are better with

stairs. They have less AP drops and they have good function.

MA AT IERNRIRE TR, B0 EFARRE R
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MicroPort Review:MicroPort Orthopedics is
devoted to events or develops some Chinese or Asian
customized prosthesis. What aspects do you think for us

manufacturer to promote?

(RgliFe) « MEIBHERNTFEFHFMEAHERES
PESENBRXTRE. LAATERLIGHFIER
TOMRIEEY, WFEFEMEWRNE, SEERANE
A EWPLE TS E?

Warwich J.M. Bruce:Firstly, [ think MicroPort should be
very heavily invested in education. Secondly, because you
have purchase the medial pivot design from an American

company, I think you should look seriously at sizing. So

bit thinner for mediolateral. But that would just require study
looking at CT scans of Asian knees in China and maybe
tweaking the design a little bit smaller sizes may be a little bit
thinner from medial to lateral. When I did studies in the past,
for western knees that being applied to eastern knees, I" d

like to have them to be smaller and thinner.
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MicroPort Review:How do you think of the robot being
applied to the TKA and THA? Can you predict the

trends for the joint replacement?

(REEITEL) « ERFAINBAX—HFHBEREXTIIH
BRMABEMR? KRR TIMITTRES7ERL TS EE
1SHRRISRER?

Warwich J.M. Bruce:The advantage of the robot is that
you have reproducible information. When you start the
knee, it opens one millimeter or one degree medial two
degrees lateral. You know exactly when you finish the
operation, it open one medial two lateral. And then you
can retrospectively look how the knee performs over
time, and know maybe that's too loose or too tight. The
other advantage of the robot is you have combined gap
balancing and mechanical alignment and kinematics, so you
can combine both very accurately. However, I think the
robot is less important than spending money on education
in China, because you have a lot of people that made knee
replacement. If you train surgeons well, they're going to do
a good job. So that's way. I think you should choose the
best bang for your buck is. However, the advantage of the
robot is that it is a very good marketing tool. That’ s more

important to companies, less important to me. I think there

Warwick Bruce ## I EF RER

will become more important, especially for knees. I think
preoperative analysis of pelvic rotation is very important for
hips. I think also the companies will play a greater role in the
clinical delivery of the knee replacement. And that means
to me, and this is what I’ ve always thought should happen
in western society, is that the company supplies the assistor,
who is also the company representative, so that there's less
chance of things going wrong. But of course in Australia, the
company rep is the teachers, they assist everything so if you're
going to do it that way, you might as well have the company
rep doing the operation with the surgeon. That's one trend.
I think the other trend is that we will make the polyethylene

so good that they won't wear out.
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crouching. maybe you have one or two smaller sizes and maybe a little are a couple of trends that I can predict. I think that robots FINAFEE RAZHER I ARG ., XRS5 S
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MicroPort Review:2018 is the twentieth year anniversary
for medial pivot knee and for MicroPort. Do you have
any wishes to us? As a company like a MicroPort, we are
devoted to promoting a professional education through
internet that connects everyone; Do you have any advice

on personal education?

(TelirEe) - 2018 F£EMEI 20 BFE, thENHEEMN
20 A, BEATRHINREGE?

Warwich J.M. Bruce:Of course! [ wish you the best I think

the other important thing is that MicroPort is a Chinese

Warwick Bruce #3%F L i§th BBt i7 FARIERIHITME E1E

company. It's very well respected in China, which is very
important. So they have American manufacturing and Chinese
know how. And that's very important for an international
reputation, because western society has still probably not come
to realize the sophistication of the Chinese manufacturing.
They trust American manufacturers because that that's what
they’ ve had. But they also know Chinese innovation and
the combination is extremely important for an international
market. You only have to look at what MicroPort has done in
cardiac to know it's a force to be reckoned with in the world.
And it got good products. It got innovation from China. It got
all will charm from America and manufacturing. So it's going

to be a very successful company.
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Vascular Reconstruction Device

Parent Artery Reconstruction for Large or Giant Cerebral
Aneurysms Using the Tubridge Flow Diverter:

A Multicenter, Randomized,
Controlled Clinical Trial (PARAT)

X J.-m. Liu, X Y. Zhou, X Y. Li, X T. Li, X B. Leng, X P. Zhang, X G. Liang, X Q. Huang, X P.-f.
Yang, X H. Shi, X J. Zhang, X J. Wan,X W. He, X C. Liang, X G. Zhu, X Y. Xu, X B. Hong, X
X. Yang, X W. Bai, X Y. Tian, X H. Zhang, X Z. Li, X Q. Li, X R. Zhao, X Y. Fang, and X K.

Zhao, for the PARAT investigators

American Journal of Neuroradiology May 2018, 39 (5) 807-816

ABSTRACT
BACKGROUND AND PURPOSE: Although flow diverters

have been reported with favorable clinical and angiographic
outcomes in various literatures, randomized trials determining
their true effectiveness and safety are still in lack. The Parent
Artery Reconstruction for Large or Giant Cerebral Aneurysms
Using the Tubridge Flow Diverter (PARAT) trial was designed
to evaluate the safety and efficacy of the Tubridge flow diverter
in the treatment of large or giant aneurysms in comparison with

Enterprise stent-assisted coiling.

MATERIALS AND METHODS:

This prospective, multicenter, randomized trial was conducted
at 12 hospitals throughout China. Enrolled adults with
unruptured large/giant intracranial aneurysms were randomly
assigned (1:1) to receive either Enterprise stent-assisted coiling
or Tubridge flow diverter implantation. The primary end point
was complete occlusion at 6-month follow-up, while secondary
end points included technical success, mortality, target vessel —
related stroke, aneurysm bleeding, in-stent stenosis, parent

artery occlusion, and the frequency of all adverse events.

RESULTS:

Among 185 enrolled subjects, 41 withdrew before procedure
initiation. Overall, 82 subjects underwent Tubridge implantation,
and 62 subjects were primarily treated with stent assisted coiling.
The results of 6-month follow-up imaging included complete
occlusion rates of 75.34% versus 24.53% for the Tubridge and
stent-assisted coiling groups, respectively, with a calculated
common odds ratio of 9.4 (95% confidence interval, 4.14
—21.38; p<.001). There was a higher, nonsignificant frequency
of complications for Tubridge subjects. Multivariate analysis
showed a decreased stroke rate at the primary investigational site,

with a marginal P value (p= .051).

Received January 16, 2018; accepted after revision February 26.
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arge (10 — 25 mm) or giant ( = 25 mm) aneurysms
are a very challenging subtype among intracranial
aneurysms, with much higher risks of rupture and
poorer outcomes compared with small aneurysms."* Despite
recent technical advances, the treatment of large or giant
aneurysms remains technically disappointing, with high

complication and/or recanalization rates.”™

In recent years, various flow diverter (FD) devices,
such as the Pipeline Embolization Device (Covidien,

Irvine, California),the Silk flow diverter (Balt Extrusion,

[HARMEE | CLINICAL OBSERVATION

CONCLUSIONS:

This trial showed an obviously higher rate of large and giant
aneurysm obliteration with the Tubridge FD over Enterprise
stent-assisted coiling. However, this higher obliteration
rate came at the cost of a nonsignificantly higher rate of
complications. Investigational site comparisons suggested
that a learning curve for flow-diverter implantation should be

recognized and factored into trial designs.

ABBREVIATIONS:
FD: flow diverter; LTF: lost-to-follow-up; PARAT: Parent
Artery Reconstruction for Large or Giant Cerebral Aneurysms

Using the Tubridge Flow Diverter; SAC: stent-assisted coiling.
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Montmorency, France), the Flow-Redirection Endoluminal
Device (FRED; MicroVention, Tustin, California), and the
Surpass stent (Stryker Neurovascular,Kalamazoo, Michigan),
have been increasingly used in<?>50 countries. These devices
were believed to improve long-term effectiveness,due to their
capability to alter intrasaccular hemodynamics.” Unfortunately,
reported clinical results have varied significantly,with aneurysm
occlusion rates and periprocedural complication rates
ranging from 49% to 93.4% and 2.8% to 11%, respectively.
On the other hand, there is only 1 randomized controlled trial

reported until now (Flow Diversion in Intracranial Aneurysm
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Treatment [FIAT]), which showed very high complication
rates and below-expectation effectiveness.® These results
confused neurointerventionalists about the true effectiveness
and safety of FDs. The recent publication of Raymond et al®
echoed these sentiments by suggesting that more randomized
trials are needed to determine the role of flow diversion in the

management of aneurysms.

In 2012, a lack of prospective data and reports of significant
adverse outcomes associated with FD use in treating intracranial
aneurysms fueled our interest in leading a multicenter,
prospective,randomized, controlled trial (Parent Artery
Reconstruction for Large or Giant Cerebral Aneurysms Using
the Tubridge Flow Diverter [PARAT]) assessing FD treatment
of large and giant intracranial aneurysms. In contrast to the
FIAT trial, the PARAT trial focused on unruptured large or
giant internal carotid artery or vertebral artery aneurysms, the
traditional indication for FD implantation. By comparing it
with a well-established treatment,stent-assisted coiling (SAC),
we attempted to characterize the safety and effectiveness of the
Tubridge FD (MicroPort Neuro-Tech, Shanghai, China) in

this specific subset of intracranial aneurysms.

MATERIALS AND METHODS
Study Design and Participants

The PARAT trial used a prospective, multicenter, parallel-
group design, with balanced randomization (1:1). The
primary trial purpose was to compare outcomes of subjects
with unruptured large/giant intracranial aneurysms who were
treated with either Enterprise SAC (Codman & Shurtleft,
Raynham, Massachusetts) or Tubridge FD implantation. The
study was conducted in 12 centers throughout China, each of
which was required to have performed>30 stent-assisted coiling
procedures per year during the previous 5 years. The PARAT
trial protocol was approved by all relevant local ethics boards.’
Site investigators generated trial data, with monitoring and data
base maintenance completed by a commercial clinical research
organization. The corresponding author had full access to all
trial data and had final authority for key decisions relevant to
this publication. At each trial center, prospective subjects were
screened for trial eligibility, based on having an unruptured ICA

or vertebral artery saccular aneurysm (including recanalized

aneurysms) measuring = 10mmin maximum diameter
and = 4mmacross the aneurysm neck. Investigators recruited
only those who met all inclusion criteria and none with the
exclusion criteria. Patients with ruptured aneurysms or other
intracranial diseases were excluded. Detailed inclusion and
exclusion criteria are listed in On-line Table 1. Investigational
sites did not record or retain a log of patients who were
screened for eligibility. Written informed consent was obtained

from each participant before enrollment.

Randomization and Masking

After we obtained each prospective subject’ s informed
consent,treatment allocation was initiated by a researcher
contacting a clinical research associate who was independent of
the patientrecruitment procedure. Subject randomization was
accomplished through an interactive Web response system,
which was developed by information technology managers
from an independent clinical research organization under the
instruction of a clinical trial statistician. The randomization
scheme included built-in stratification by the participating
center, aneurysm size ( < 15mm versus >15 mm), and
aneurysm location (anterior circulation versus posterior
circulation). The on-line central randomization ensured that
the allocation sequence was concealed from investigators who
were recruiting patients before the decision to randomize.
Treatment groups were balanced using minimization criteria.
Masking of the randomization results to local investigators or
trial participants was impossible to achieve. However, members
of an independent Core Laboratory and those who followed up
with trial subjects via telephone or face-to-face on-site

interviews were blinded as to treatment allocation.

Interventions, Treatment, and Evaluation
Procedures

For all recruited patients, dual-antiplatelet drugs (300 mg/day
of aspirin plus 75 mg/day of clopidogrel) were prescribed for
at least 3 days before the pivotal procedure. All FD placement
procedures were performed with the patient under general
anesthesia and via a transfemoral approach. After sheath
placement, heparin (100u/kg) was administered to maintain
an activated clotting time of 250 — 350 seconds throughout the

procedure. Next, a suitable guiding catheter (7F for subjects

Table 1: Structural comparison between different FDs

Braided Microfilamentsa
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Radiopaque Flared Metal

FD Type No. Material Microfilaments End Coverage BetiSshle
A 75% cobalt chromium o o
Pipeline 3-5.5mm 48 and 25% platinum NA No 30%—-35% Yesb
Silk 2.5-5mm 48 Nickel-titanium alloy 4 Platinum wires Yes 35%-55% Yes
2.5 mm (36)
Surpass 2.5-5mm 3 and 4 mm (60) Cobalt-chromium 12 Platinum wires No 30% NA
5 mm (84)
Inner layer (48) . . .
FRED 2.5-5.5mm Nickel-titanium alloy 2 Tantalum wires Yes NA Yes
Outer layer (16)
Tubridge | 2.5-6.5mm 3.5 mm (46) Nickel-titanium alloy |2 Platinum-iridium wires Yes 30%—-35% Yes
3.5mm (62)

Note:—NA indicates not applicable.

a Braided microfilaments in this table mean those main wires excluding microfilaments especially for radiopaque usage.

b Pipeline Flex embolization devices are retrievable.

to be treated with Tubridge and coils) was placed in the distal
internal carotid or vertebral artery.Subsequently, treatment
group subjects underwent Tubridge FD implantation alone or
in combination with bare coils, while control group subjects
were treated by Enterprise stent-assisted coiling with bare coils.
The Tubridge Flow Diverter, developed by MicroPort Neuro-
Tech, Shanghai, China, is designed to encourage the formation
of intra-aneurysmal clot, while concurrently repairing
and reconstructing the parent artery. Previously, we have
characterized the Tubridge FD and its structural differences
from the Pipeline and Silk flow diverters, such as the platinum-
iridium material used for the radiopaque microfilaments, more
braided microfilaments for the large-sized FD, and a decreased
incidence of shortening (Tablel).” Deployment of the Tubridge
FD requires a combination “push” and “pull” technique
to ensure full opening of the device and to increase the metal
coverage across the aneurysm neck, as previously described.’
The approach and timing of coil placement and the number of
Tubridge devices implanted were left to the discretion of each
operator. For control subject aneurysms, Enterprise stents were
implanted according to the instructions for use of the product,
and all aneurysms were embolized (coiled) to achieve
maximum packing density. All subject treatments were well-
documented,and details included aneurysm shape and
dimensions, width of the aneurysmal neck, diameter of the
parent artery, and all relevant treatment outcomes. The
postoperative antiplatelet regimen was as follows: <6 weeks: 300
mg of aspirin +75 mg of clopidogrel;6 weeks to 3 months: 100
mg of aspirin +75 mg of clopidogrel;and, = 3 months: 100 mg

of aspirin indefinitely.

Digital copies of angiograms, including 3D rotational
angiography as well as working projection images and other
anteroposterior/lateral angiographic images, were collected by
the clinical research organization — assigned clinical research
associate of each site. These were sent to an independent
Core Laboratory for analyses by up to 3 experienced
neurointerventionalists ( “analysts” ).On the first pass, 2
analysts separately reviewed each subject” s imaging. If the
initial 2 interpretations conflicted, a third analyst provided a
tie-breaking assessment. Follow-up angiographic results were
classified into 4 categories, according to the immediate degree
of embolization: 1) occluded, defined as no contrast filling into
the aneurysm sac; 2) improved, defined as decreased contrast
filling into the aneurysm sac; 3) stable, defined as unchanged
contrast filling into the aneurysm sac; and, 4) recanalized,
defined as increased contrast filling into the aneurysm sac.
Analysts also documented instances of parent artery occlusion

or in-stent stenosis.

At 1, 3, and 6 months postimplantation, experienced site
investigators followed up with each subject by telephone or
by inperson clinical interviews. To provide some level of
objectivity,these interviewers were blinded to the treatment
allocation. If any adverse events were identified, investigators
documented, in full detail, the following information:
symptoms, event duration and severity, possible causes and
associations, actions taken, and event resolution/final outcomes.
A fully independent Clinical Events Committee evaluated all
investigator-documented adverse events and categorized them

according to the most likely causal relationship:procedure-
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related, device-related, disease-related, or unrelated to either

disease, device, or procedure.

Study Outcomes

The primary end point was complete aneurysm occlusion
at the 6-month follow-up. During reviews of 3D rotational
angiography and other angiographic images, members of the
Core Laboratory consistently followed precise analytic criteria
for establishing thefinal effectiveness end point. Only those
aneurysms exhibiting no contrast filling in the aneurysm were
judged as meeting the complete occlusion designation. End
point analysis was expressed as percentage occurrence within

the test and control groups.

Secondary end points included the following:
1) Immediate technical success rate, which included successful
device delivery, exact stent positioning, and full expansion of

the devices.

2) Death or stroke related to target vessel (assessment time
points: 30 days, 90 days, and 1 year postoperation). Stroke
was defined as sudden symptoms and signs of a focal cerebral
function deficit associated with cerebral circulation disorders
and including hemorrhagic or ischemic stroke. Hemorrhagic
stroke was defined as acute extravasation of blood into the
brain parenchyma or subarachnoid space with associated
neurologic symptoms,whereas ischemic stroke was defined as
rapid onset of a new focal neurologic deficit or rapid worsening
of an existing focal neurologic deficit with clinical evidence
of infarction not attributable to a nonischemic etiology (not
associated with brain infection,trauma, tumor, seizure, severe

metabolic disease, or degenerative neurologic disease).

3) Aneurysm bleeding rate (assessment time points: 30 days,
90 days, and 1 year postoperation), including intraoperative

rupture and delayed aneurysm rupture confirmed by CT.

4) The rate of in-stent stenosis (assessment time point: 6

months postoperation).

5) The rate of parent artery occlusion (assessment time point: 6

months postoperation).

6) General adverse events (assessment time points: 30 days, 90

days, and 1 year postoperation).

Statistical Analysis

On the basis of an assumption of a 20% lost-to-follow-up (LTF)
rate, a 124-subject sample size was planned (62 per group) to
obtain a valid result (2-tailed test, significance level of a=.05,
power of 1- 3 0.80). However, because postrandomization
subject withdrawals were higher than anticipated, the
independent Data Monitoring Committee of the trial suggested
a larger sample size to reach the required minimum number
for each group (62 subjects). Differences between the PARAT
trial protocol and afinal report were included in the statistical

analysis plan.

Data analyses included a modified intention-to-treat approach
based on a population of subjects who were recruited and
treated (full analysis set). Those who left the trial immediately
after randomization and who did not undergo the pivotal
procedure were removed from this analysis. Those who
completed treatment and the entire follow-up protocol
constituted the perprotocol set, while those who were treated
and had at least 1 safety evaluation were included in the safety
set. To verify intergroup balance, the statisticians compared the
baseline characteristics of subjects between the 2 study arms.
Proportions were used for categoric variables, and medians
with interquartile ranges were used for continuous variables.
The categoric variables were compared between study arms
using the X* or Fisher exact test. For continuous variables,
the t test or Mann-Whitney rank test, as applicable, was used

according to the distribution of the data.

Analysis of the primary effectiveness end point involved a
comparison of complete occlusion rates at the 6-month follow-
up between the treatment and control groups in the full analysis
set using the X* method in combination with multivariable
logistic regression adjusted for subject age (60 years or younger
versus older than 60 years) and aneurysm size ( < 15 versus>15
mm). A sensitivity analysis was performed to assess the effect of
missing data (e, those who were partially or wholly LTF after
undergoing the pivotal procedure). A per-protocol set analysis
was also performed excluding the following: subjects who
were enrolled in the trial but who did not undergo the index

procedure, those in whom the procedure failed, and those who

did not reach the primary end point because they were deemed
LTF. Secondary outcomes were compared between groups in
the safety set using the X* or Fisher exact test, as applicable. An
additional multivariable logistic regression was performed to
explore factors potentially affecting subject outcomes.

Statistical analyses were conducted by statisticians at the
Instituteof Clinical Evaluation, affiliated with Beijing University,
and the data were analyzed using Statistical Analysis System
software,Version 9.2 (SAS Institute, Cary, North Carolina).
All tests were 2-sided, and a p value < .05 was considered

statistically significant.

An independent Data and Safety Monitoring Committee had
unrestricted access to trial data, to allow periodic monitoring of
trial progress. This trial was registered on the Chinese Clinical

Trial Registry: ChiCTR-TRC-13003127.

RESULTS

Subject Characteristics and Disposition

Between December 18, 2012, and May 9, 2014, one hundred
eighty-five subjects were enrolled and randomized. The
distribution of subjects among the investigational sites is
shown in On-line Table 2. Of considerable surprise and
prompting a midstudy revision of enrollment strategy was
the high proportion of subjects (n=41) exiting the study after
randomization.Details of these LTF subjects are found in the
final part of this article in a discussion of trial limitations as well

as in the Figure.

Pivotal treatments were initiated in the remaining 144 subjects

who formed the full analysis set based on a principle of
modified intention-to-treat. Due to a tortuous parent artery
or a wide aneurysm neck, investigators failed to catheterize the
parent artery or deliver devices across the aneurysm neck in 6
instances (3 per trial group). Of 138 treated subjects, 5 died;
1 withdrew after serious procedure-related complications;
and 6 were defined as LTF without reason. The remaining
126 subjects were included in the per-protocol analysis. There
were no subject crossovers among trial groups. Treatment and

follow-up details are shown in On-line Table 3.

A comparison of baseline characteristics between the 2 groups in

the full analysis set showed similar distributions except for subject

IGRXE2 | CLINICAL OBSERVATION

age (p=.036, Table 2), which was not considered a prognostic
factor for the primary outcome. Because a high proportion
of participants quit after randomization, we also compared
baseline characteristics between the 41 excluded subjects and
the 144 subjects in the full analysis set and determined that the

distributions were comparable (On-line Table 4).

Primary Outcome

As shown in Table 3, in the 6-month angiographic follow-up,
aneurysms treated with Tubridge FDs were associated with a
favorable shift toward a complete occlusion rate. In the per-
protocol analysis of 126 cases for the primary effectiveness
end point,the complete occlusion rate was 75.34% (55/73)
for the Tubridge group and 24.53% (13/53) for the Enterprise
control group, with an adjusted common odds ratio of 9.31
(95% confidence interval,4.00 — 21.66; p<.001). Unadjusted
results and sensitivity analyses also showed superior results for
the Tubridge group. Table 4 lists 6-month 100% aneurysm

occlusion rates in the context of aneurysm location and size.

Secondary Outcomes

Immediate technical success rates did not differ significantly
between the 2 trial groups. Three procedures in each group
failed due to difficulties in advancing a microcatheter into
the distal arteries. The calculated technical success rates were
96.34% (79/82) and 95.16% (59/62) in the Tubridge FD group
and Enterprise control group, respectively, with a common

odds ratio of 1.34 (95% CI, 0.26 — 6.87; p=.726).

Trial statisticians calculated a trend toward an increased but
nonsignificant risk of complications for subjects in the Tubridge
group. Hemorrhagic stroke occurred in 7 subjects, including 5/82
(6.1%) in the Tubridge group and 2/62 (3.23%) in the control
group. Ischemic stroke, related to target vessels,occurred in 8/82
(9.76%) of the Tubridge group and 6/62 (9.68%) of the control
group. These complications resulted in 4 deaths: Three were
Tubridge subjects and 1 was an Enterprise-treated subject. In
addition, 1 subject in each of the 2 trial groups died during follow-
up for reasons unrelated to target vessels. Overall, the rates of death
or stroke related to target vessels in 1-year follow up were 14.52%
and 17.07% in the control and Tubridge groups, respectively.
Statistically, there was no significant difference between the groups

(p= .678).
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Enrolled(n=185)

Randomized(n=185)

v

v

93 randomly assigned to Tubridge group ‘ ‘ 92 randomly assigned to Enterprise stent assister tline

11 Did not receive allocated
intervention

K—— 7 Voluntanly quit
1 Incomplete patient consent

3 Early termination of the process 1 Mistakenly enrolled
based on safety consideration (n=3) 3 Early termination

30 Did not receive allocated
intervention

K—— 25 Voluntanly quit
1 Protocol deviatior

A

82 treatment initiate

3 technique failure

1 Difficulty in catheterizing
aneurysm bearing artenes
2 Difficulty in FD delivery

%
6 Lost to follow-up
1 Lost contact
1 Quit due to complication
4 Death
v :
‘ 73 included in the per-protocol analysis } ——————— 4

62 treatment initiate

3 technique failure
3 Difficulty in catheterizing
aneurysm bearing artenes

K— 6 Lost to follow-up

1 Death

5 Refused follow-up due
to various reasons other
than complication

)/

‘ 53 included in the per-protocol analysis  ------- 4

‘ 82 included in the full analysis set(modifed intention-to-treat) ‘

‘ 62 included in the full analysis set(modifed intention-to-treat)

FIGURE. Flow diagram of the PARAT trial.

The aneurysm bleeding rate was comparable between groups,
with 3.66% versus 1.61% for the Tubridge group and Enterprise
control group, respectively (P.634). Overall, general adverse
events occurred in 46/82 (56.10%) of the Tubridge group and
33/62 (53.23%) of the Enterprise control group; among these,
most were symptoms unrelated to the device, index procedure,
or aneurysmal disease, such as headache, vomiting, or fever and
there was no significant difference between the groups at the
30-day, 90-day, or 1-year follow-up. There was a trend toward
a higher rate of in-stent stenosis or parent artery occlusion
in the Tubridge group, but the difference was not statistically

significant (Table 5).

Additional Complication Details
As shown in On-line Table 5, target vessel — related stroke,both
ischemic and hemorrhagic, occurred in 21 subjects. Eight

occurred during the procedure; 9, within the first 30 days after

the index procedure (procedure-related); and the remaining 4

cases,at 1, 2, 3, and 7 months posttreatment.

Intraoperative bleeding occurred in 3 subjects. One Tubridge
subject had a microwire injury to a distal artery and died,
while the other 2 subjects with intraoperative bleeding (1 per
group/mRS of 1 at follow-up) recovered well after prompt
coil deployment immediately after the onset of rupture. The
Clinical Events Committee concluded that these complications,
though unrelated to the Tubridge and Enterprise devices per se,

were classified as procedure- related complications.

Periprocedural bleeding occurred in 4 cases (3 Tubridge/1
Enterprise).Delayed aneurysm rupture accounted for 2
complications (both large or giant aneurysms treated with FD
alone). Of the remaining 2 cases, 1 Enterprise subject presented

with cerebral hematoma and 1 Tubridge subject presented with

mild subarachnoid hemorrhage in the Sylvian fissure. Both
were thought to be unrelated to aneurysm rupture. The patient
with a cerebralhematomadied due to prehospital delay, while

the other one recovered well.

Overall, there were 14 cases of target vessel — related ischemic
stroke (8 Tubridge/6 Enterprise). Five subjects experienced
intraoperative ischemia; another 5, within the first 30 days; and
the remaining 4, at 1 — 7 months posttreatment.

Among those with intraoperative ischemic events, 3 were
Tubridge subjects. One had a stroke after anterior choroidal
artery occlusiondueto coil introduction; anotherhada
frontoparietal acute infarction due to parent artery occlusion
caused by intrastent thrombosis; and, the other one was
thought to be the result of a thromboembolic event. All of them
resulted in contralateral limb weakness, and symptoms resolved
in 1 case. In the 2 control subjects,patients had ischemic
symptoms after uneventful procedures. Thromboembolic
events were considered after further CT and angiographies, and

both recovered well after medical therapy.

Among 5 subjects with periprocedural thromboembolic
events (2 Tubridge/3 Enterprise), ischemic symptoms were
all identified within 1 week after the procedure. Symptoms
resulting from these periprocedural ischemia events were
characterized as mild and transient, with all events resolving
well after aggressive antiplatelet therapy.

There were no hemorrhagic events after the periprocedural
period. However, delayed ischemic stroke occurred in 4,
including 3 Tubridge subjects and 1 Enterprise subject. For
the 3 Tubridge subjects, 2 strokes were identified with parent
artery occlusion after further examination and the patients were
treated conservatively; and the other 2 patients (1 per group)
had ischemic symptoms 1 and 2 months postprocedure, with
patent parent arteries. All these symptoms improved during the

follow-up period.

Overall, among all these complications, there were 4 deaths
and 2 disabilities identified during the last follow-up. The
procedure- related mortality rate was 3.66% (3/82) in the
Tubridge group versus 1.61% (1/62) in the Enterprise group,
while the procedure-related morbidity rate was 2.4% (2/82) in

the Tubridge group versus zero in the control group in 1-year

IGRXE2 | CLINICAL OBSERVATION

follow-up.

Multivariate Analysis

To further explore the factors affecting angiographic outcomes
and complication occurrences, trial statisticians performed
multivariate analysis, including subject age, aneurysm size,
aneurysm location (anterior circulation versus posterior
circulation), and treatment technique (FD alone; FD +
coils; and Enterprise stent-assisted coiling). The primary
investigational site (Shanghai Changhai hospital) showed a
decreased stroke rate compared with other trial centers, with a

marginal P value (OR= 4.81; 95% CI, 0.991 — 23.335; p=.051).

DISCUSSION

Since the introduction of flow diverters to the global
neurovascular community,many clinical studies were
conducted to evaluate the safety and effectiveness of FDs,
such as the Pipeline for Uncoilable or Failed Aneurysms
(PUFS), Aneurysm Study of Pipeline in an Observational
Registry (ASPIRe), and PITA trials.*'*'® Additional effort to
evaluate the effectiveness and safety of FDs versus conventional
treatments included the Multicenter Randomized Trial on
Selective Endovascular Aneurysm Occlusion with Coils

versus Parent Vessel Reconstruction using the SILK Flow

Table 2: Baseline characteristics of the full analysis seta

Tubridge Group  Enterprise Group

aracteristics

n=82 n =62
Mean age (yr) 52.11(10.31) 55.66 (9.53)
Sex ratio (male/female) 21:61 13:49
Medical history
Cerebrovascular stroke 9(10.98%) 8(12.90%)
Coronary artery disease 1(1.22%) 4 (6.45%)
Hypertension 41 (50.0%) 25 (40.32%)
Hypercholesterolemia 4 (4.88%) 3 (4.84%)
Diabetes 5 (6.10%) 2(3.23%)
Current/previous smoking 12 (14.63%) 7 (11.29%)
Systolic blood pressure 129.50 (120.0— 129.50 (120.0-
(median) (mm Hg) 143.0) 138.0)
Aneurysm locationb
Anterior circulation 77 (96.25%) 59 (98.33%)
Posterior circulation 3(3.75%) 1(1.67%)
Aneurysm size (median) | 18.00 (13.14-26.0) 17'12?;2044_
Aneurysm size classification
Large (10-15 mm) 30 (36.59%) 24 (38.71%)
Very large ;r lﬁ;a”t (<?>15 52 (63.41%) 38 (61.29%)

a Data are No. (%), median (interquartile range), or mean (SD).
b Of the 6 patients with failed procedures, locations of 2 aneurysms were absent.
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Table 3: Sensitivity analyses on the composite primary outcome

Factoring in Subjects Who 6-Mo Occlusion Rate Unadijusted Result Adjusted Resulta
Missed F/U Tubridge Control ]
Group Group 95% Cl Value 95% Cl
Missing F/U excluded (PPS) | 55/73,75.34% | 13/53,24.53% | 9.40 | 4.14-21.38 | <001 | 931 | 4.00-21.66 <.001
M'cfr':rflz S;SC“IS:::S 64/82,78.05% | 22/62,35.48% | 6.47 | 3.09-13.52 | <001 | 6.14 | 2.92-12.91 <.001
M'Sz(')”nf:é ltje?\‘/";:tj: daeSant 55/82,67.07% | 13/62,20.97% | 7.68 | 3.57-16.51 | <001 | 7.34 | 3.36-16.05 <.001
Missing F/U counted as
Eggf;f;gﬁ::;g;lzg 55/82,67.07% | 22/62,35.48% | 3.70 | 1.85-7.42 | <001 | 3.49 | 1.73-7.03 <.001
occlusion for Tubridge

Note:—F/U indicates follow-up; PPS, per-protocol set.
a Adjusted for each subject’s age and aneurysm size (15 versus <?>15 mm).

Diverter (MARCO POLO), FIAT, Flow Diverter Stent for
Endovascular Treatment of Unruptured Saccular Wide-
necked Intracranial Aneurysms (EVIDENCE), and Complete
Occlusion of Coilable Aneurysms (COCOA) trials."”*
However, the number of studies that focused on FD treatment
of large or giant intracranial aneurysms is low. The purpose of
the PARAT trial was to compare the safety and effectiveness
outcomes in the treatment of ICA or vertebral artery large or

giant aneurysms with the Tubridge FD (with and

without coiling) versus a more conventional approach using
Enterprise SAC. The PARAT trial results suggested that in
subjects with ICA or vertebral artery large or giant aneurysms,
Tubridge FD implantation had a significantly higher 6-month
complete occlusion rate compared with conventional stent-
assisted coiling. However, there was a trend toward increased

risk of stroke with FD implantation.

The treatment of large or giant intracranial aneurysms has
evolved significantly during the past few years. Before the
emergence of FDs, parent artery occlusion, coiling alone, and
stentassisted coiling were the major treatment modalities for

intracranial large or giant aneurysms. According to a meta-

analysis by Turfe et al,” parent artery occlusion can result in a
complete occlusion rate of 93.0% (95% CI, 86.0% ~ 97.0%).
However, parent artery occlusion may be a viable treatment
option only when there is sufficient compensating blood flow.
Even when a balloon occlusion test finding is negative, a 4% —
15% complication rate is possible.” In addition, there have been
concerns about de novo aneurysm occurrence after carotid
occlusion.” In a report by Arambepola et al,” 4.3% of patients
developed de novo aneurysms within a mean of 9 years. Bypass
surgery may reduce the incidence of ischemic events, but the
procedure may be too complicated, leading to morbidity and
mortality rates as high as 7% and 13%, respectively.”** In
this trial, parent artery occlusion was not selected as a feasible
control treatment because parent artery sacrifice is considered,
throughout most hospitals in China, a last and somewhat futile
option for treating intracranial aneurysms.Thus, only those
cases posing considerable difficulty or possible failure in parent
artery reconstruction would be treated with this method as a
salvaging effort. Other than with simple and uncomplicated
cases, coiling of large or giant aneurysms without a stent is
undertaken far less frequently because of anticipated high

recanalization rates.”

Table 4: Data correlating aneurysm location and size with aneurysm complete occlusion rate

100% Occlusion Rate at 6-Mo F/U

Proportion of

Aneurysm Location b Aneurysm Size (mm) 3
Giant Aneurysms Tubridge Controls
ICA communicating 19 18.0+7.6 (10.0-33.9) 4/19 76.9%, 10/13 40%, 2/5
ICA ophthalmic 39 15.85.6 (10.0-30.0) 4/39 83.3%, 15/18 33.3%, 6/18
ICA paraclinoid or cavernous 73 21.87.5 (10.0-45) 25/73 75.7%, 28/37 13.8%, 4/29
ICA petrous 3 21.39.3 (15.0-32.0) 1/3 50%, 1/2 0
Vertebral artery 4 14.32.2 (12.0-16.3) 0/4 33.3%, 1/3 100%, 1/1

Note:—F/U indicates follow-up.

Table 5: Secondary outcome evaluation

IGRXE2 | CLINICAL OBSERVATION

Secondary Outcome ENSIDIES LT 0Odds Ratio (95% Cl) P Value
n =62 n=_82

Immediate technique success rate 59/62 (95.16%) 79/82 (96.34%) 1.34 (0.26-6.87) 726
Death or target vessel-related stroke
30 days 7/62 (11.29%) 11/82 (13.41%) 0.821 (0.299-2.258) .703
90 days 8/62 (12.90%) 12/82 (14.63%) 0.864 (0.330-2.263) .766
1lyr 9/62 (14.52%) 14/82 (17.07%) 0.825 (0.332-2.051) .678
Mortality rate
30 days 1/62 (1.61%) 3/82 (3.66%) 0.432 (0.044-4.253) .634
90 days 1/62 (1.61%) 4/82 (4.88%) 0.320 (0.035-2.934) 391
lyra 2/62 (3.23%) 4/82 (4.88%) 0.650 (0.115-3.668) .699
Hemorrhagic stroke related to target vessel
30 days 2/62 (3.23%) 5/82 (6.1%) 0.531 (0.096-2.738) .699
90 days 2/62 (3.23%) 5/82 (6.1%) 0.531 (0.096-2.738) .699
1lyr 2/62 (3.23%) 5/82 (6.1%) 0.531 (0.096-2.738) .699
Ischemic stroke related to target vessel
30 days 4/62 (6.54%) 6/82 (7.32%) 0.874 (0.236-3.239) .874
90 days 5/62 (8.06%) 6/82 (7.32%) 1.111 (0.323-3.822) .867
1yr 6/62 (9.68%) 8/82(9.76%) 0.991 (0.325-3.109) .987
Aneurysm rupture
30 days 1/62 (1.61%) 3/82(3.66%) 0.357 (0.072-1.783) 634
90 days 1/62 (1.61%) 3/82 (3.66%) 0.357 (0.072-1.783) 634
1yr 1/62 (1.61%) 3/82 (3.66%) 0.357 (0.072-1.783) 634
General adverse events
30 days 26/62 (41.94%) 42/82 (51.22%) 0.808 (0.293-2.229) 1269
90 days 26/62 (41.94%) 42/82 (51.22%) 0.808 (0.293-2.229) 1269
1yr 33/62 (53.23%) 46/82 (56.10%) 0.938 (0.644-1.365) 88
Rate of intrastent stenosis 2/53 (3.77%) 4/73 (5.48%) 0.676 (0.119-3.837) 1
Rate of intrastent thrombosis 1/59 (1.69%) 6/79 (7.59%) 0.215 (0.025-1.839) 273

a Two subjects died during follow-up for reasons unrelated to the target vessels (1 each in Tubridge and control groups).

In many prospective multicenter studies, complete occlusion
rates at final follow-up varied from 49% to 93.4%, and 6-month
complete occlusion rates ranged from 55.7% to 93.3% (On-line
Table 6). In the treatment of large or giant aneurysms with FDs,
Becske et al'® reported a complete occlusion rate of 76.4% at
180 days. Chalouhi et al”” reported a complete occlusion rate of
86% at a median angiographic follow-up of 7 months. On the
basis of a meta-analysis of 29 studies, including 1451 patients

1" reported that the complete

with 1654 aneurysms, Brinjikji et a
occlusion rate after FD implantation was 74% (95% CI, 63% —
83%) for large aneurysms and 76% (95% CI, 53% — 90.0%) for

glant aneurysms.

Generally, the complete occlusion rate of 75.3% in the
Tubridge group at 6 months seems comparable with rates
reported in previous publications. The complete occlusion
rate of 24.5% for the control group is lower than that reported
in previously published articles. In 2 relatively large studies

involving large or giant aneurysms,complete occlusion rates of

31% and 41% were reported by Sluzewski et al’ and Chalouhi
et al,” respectively. The discrepancies between the latter reports
and other published results, as noted above, may be related
to variations in patient-selection criteria, study methods, trial
design, aneurysm characteristics, and evaluation specifications
and procedures. Nevertheless, the effectiveness of Tubridge FD
treatment appears to be superior to that of conventional stent-
assisted coiling and comparable with reported effectiveness

outcomes for other FDs.

Other concerns after FD implantation include technical success
rates and overall safety, as well as howFDtreatment compares
with conventional treatment options. The Enterprise stent
is thought to be a safe device for aneurysm treatment, and
hemorrhagic complications are assumed to be uncommon.”!
Although exact causes are not well-understood, delayed
aneurysm rupture or intraparenchymal hemorrhage after FD

implantation has been recognized.
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As shown in On-line Table 6, the hemorrhagic stroke and
aneurysm rupture rates were as high as 6.9% and 5.2%,
respectively, as reported for multicenter prospective studies.
In the International retrospective study of the Pipeline
embolization device (IntrePED) study, capturing data from 793
patients among 17 centers, the intraparenchymal hemorrhage
rate was 2.4%, while the aneurysm rupture rate was 0.6%.” In
a recent meta-analysis of 3125 treated subjects, the calculated
intraparenchymal hemorrhage and aneurysm rupture rates
were 2.9% and 1.8%, respectively. These complications are
customarily thought to be higher in large or giant aneurysms.”
Calculated intraparenchymal hemorrhage and aneurysm
rupture rates were 5.4% and 7.5%, respectively, in giant
aneurysms, and 2.1% and 1.3%, respectively, in small and large
aneurysms. The IntrePED study generated similar results, with
intraparenchymal hemorrhage and aneurysm rupture rates of
5.8% and 5.8%, respectively, in giant ICA aneurysms; 2.6%
and 0.5%, respectively, in large ICA aneurysms; and, 1.9%
and 0%, respectively, in small ICA aneurysms. We observed
an overall hemorrhagic rate of 6.1% (5/82) in the Tubridge
group, of which 2 hemorrhagic occurrences were thought to
be the result of procedural injury. Excluding these 2 cases, 2/82
(2.4%) manifested as aneurysm rupture.Wedid not encounter
intraparenchymal hemorrhage, but we observed 1 (1.2%)
lateral Sylvian fissure SAH, unrelated to aneurysm rupture.
The results of our study are very comparable with those of the

above-described studies.

The prospect of ischemic stroke presents additional concerns.
A complication rate of 9.68% in the Enterprise control group
was consistent with that reported previously by Chalouhi et
al,” as well as our own single-center experience, in the range of
7.58% — 11.4%.* Overall, ischemic rates after FD implantation
vary among multiple publications, with a rate of 0% — 10.3%.
Two recent meta-analyses indicated ischemic rates ranging
from 5.5% to 7.5%.”** However, the occurrence was increased
in large or giant aneurysms due to intra-aneurysmal thrombosis
or a prolonged procedure time, with a rate ranging from 5.2%
to 13.5%.” Ye et al* indicated an ischemic rate of 9.5% for
giant aneurysms. Among Tubridge subjects of the PARAT
trial, ischemic complications occurred in 8 (9.76%) subjects.

Although the PARAT trial rates are comparable with reported

thromboembolic rates in published studies, a 9% — 10%
incidence of ischemic complications should be anticipated
when using FDs for large or giant intracranial aneurysms. In
the FIAT study, 12/75 subjects (16.0%; 95% CI, 8.9% — 26.7%)
treated by flow diversion were dead (n=8) or dependent (n=
4) at = 3 months postimplantation.® These results differ from
those in our previous experience with FDs. We believe this
discrepancy may reflect “real world” early experience with
flow diverters for large or giant aneurysms in multiple centers
with adjudication by an external imaging Core Laboratory.
Similar reports of low procedure-related risks are seen
commonly with single-center or retrospective studies, as best
exemplified by the recent the Stenting vs. Aggressive Medical
Management for Preventing Recurrent Stroke in Intracranial

Stenosis (SAMMPRIS) trial *®

To better understand why these complications occurred, we
undertook a detailed review of the PARAT trial complications.
One possible factor is the role of the learning curve with flow
diversion, and physicians’ experience may still play a role
in determining the relative safety of FD therapy. The prospect
of a learning curve not only encourages a higher skill level in
device handling and stent deployment but also leads to more
appropriate subject selection. After gaining more experience
with a new flow diverter in the treatment of large or giant
aneurysms, physicians can avoid many technical failures, make
more appropriate FDsize selections, better understand the
necessity of appropriate postdeployment balloon dilation to
avoid poor apposition or overdilation, and better identify the
need for simultaneous coil insertion in the treatment of large or
giant aneurysms. As an example, the PARAT trial experienced
high rates of parent artery occlusions, and these contributed to
3 ischemic events in the Tubridge FD group. The possibility of
malapposition may exist when the devices are underdeployed. In
such instances, balloon dilation after initial FD deployment may

protect against in-stent thrombosis and parent artery occlusion.

The concept of a PARAT trial learning curve was also supported
by our multivariate analysis, which showed significantly lower
complication rates in the primary investigational site, where the
leading physicians already had gained considerable experience

with the Tubridge FD in a previous single-center study. We

believe that intensive training of inexperienced physicians on
all flow diverters should be advocated before launching a study
or introducing use in general neurointerventional practice. We
believe that the role that learning curves can play in trials should

be increasingly emphasized.

Several recent studies have suggested that antiplatelet
regimens may play a role in the occurrence of hemorrhagic or
thrombotic complications.”** In the PARAT trial, investigator
management of antiplatelet therapy and subject compliance
with prescribed study medications were not investigated.

We have identified some key limitations of the PARAT trial.
The most obvious one is the high number of postconsent
subject withdrawals (n=41) in both arms, highlighting the
delicate balance between physicians and subjects as to what
treatment might be better suited for optimal outcomes in the
treatment of highly challenging aneurysms. Seven prospective
Tubridge subjects voiced their concerns about the potential
adverse effects of flow-diverter use, while 15 subjects did not
want to undergo stent-assisted coiling because they feared
that the long-term durability was inferior to that anticipated
with flow diverters. These subjects preferred to withdraw from
the trial and wait to be treated with a commercially available
flow diverter. The concept of new or apparently complicated

technology can be intimidating for some patients.

Among the remaining subjects who departed from this trial
prematurely, 1 dropped out after an incomplete subject
consent, 6 had their index procedure terminated early after
angiography examination indicated safety concerns, 1 was
enrolled mistakenly, 1 violated the trial protocol and did not
qualify for the index procedure, and 10 were terminated or
withdrew from the trial for unknown reasons. Incomplete
trial participation by the abovementioned subjects led to
a need to expand the sample size and prevent unbalanced
subject numbers and age. We compared the baseline data of
subjects who were LTF with those from the full analysis set
and determined that their removal had not affected the overall
distribution of characteristics. Moreover, although subject
age was not thought to affect outcomes, we used multivariable
logistic regression, adjusted for subject age, to eliminate the

effect of this imbalance. Second, the results of this study only
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represent the treatment of a specific subtype of aneurysms and
a preliminary application of a novel FD. As discussed above,
increasing familiarity with the Tubridge device is expected to
lower the rate of clinical complications. Finally, although we
included treatment of vertebral artery aneurysms in this trial,
only 4 subjects with these aneurysms were enrolled. Thus,
generalizations about the use of flow diverters in vertebral
arteries should be made with caution. Clearly, additional

vertebral artery aneurysm studies are warranted.

CONCLUSIONS

This trial showed that there was a significantly higher
obliteration rate of aneurysms treated with the Tubridge FD
versus conventional Enterprise SAC treatment in a selected
group of patients with large or giant intracranial aneurysms.
However, this higher obliteration rate comes at a cost of
nonsignificant higher complication rates. For inexperienced
operators who are either entering flow-diverter clinical trials
or preparing for real-world clinical use, the importance of a

learning curve should be emphasized.
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Health Economic Evaluation on Domestic and Imported Devices of Radiofrequency
Ablation in Persistent Atrial Fibrillation
Li Xiang et al
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Abstract  Objective: To analyze cost utility between
Columbus™ and Carto™ 3 from the payer's perspective.
Methods: This study developed a one—year decision model
to compare the health outcome and cost. The cost data
of only medical devices cost was collected from payer's
perspective. The sensitivity analysis was conducted. Results:
The health outcome were 0.7647 QALY and 0.7681 QALY

separately for domestic and imported devices. The cost per

for domestic and imported devices. Compared to domestic
devices, 6989900 RMB would be cost for one more QALY
gained, which was much more than the willingness—to—pay
of 161940 RMB. Conclusion: This research showed that
domestic devices had better cost utility than imported devices
, which is proposed to be preferable considered compared
to imported devices in decision making. Key Words

Radiofrequency Ablation; Persistent Atrial Fibrillation; Cost
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What ‘being happy’ means to me:

Getting up in the morning, and not dreading going to

work, but actually looking forward to the day ahead.

Working for a company like MicroPort whose culture is

the reason I look forward to going to work each day.

It is a great feeling to work with people who care about
their job and their coworkers. People that are proud of
what they do and know their work is valued, recognized

and appreciated!

I work with teams in DC at MPO we are like family.
Everyone treats each other with respect. Team members
are willing to work wherever, whenever to get the job

done.

TETIEZSN, AvBIFFEEEEETENEEFE,
HFEHRETIE, HEMTF “RMeRRE, RER
FE” , SERANTEGHBERE ST LEzdh, H
H— RN LE IR R S FIR —FER IR B A3
& RHREIRE N — BRI R, 2840 F
Bz OB BT BRE, TEA—&HEER
A, OGN EAROIZE, FAHKAE
FEPAFRERR, TRRAEETATRIZSH
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B, A RER S K E E H T X B
KA NFIE A ERCNREN ST G, RIS
I T R LIRS0

Everyone truly cares about those they work with and it is

evident day in and day out.

‘While salaries, bonuses, vacation, are all great things,
knowing that our work contributes to making life better
for someone, is most rewarding! How many people can
say their company/job improves someone’ s life!

Great people, great company, these are the things that

make me happy in my job!
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MicroPPort

Explore
the Boundary Waters

3 | Lucas Wille #4RiF | EF

Going to the Boundary Waters is the perfect trip for those
looking to embrace wilderness and escape society for a few
days. Located on the border (hence the name) of the Canada
and the US state, Minnesota, the Boundary Waters are a
unique landscape in the world. Its passageway of lakes and
ponds were carved by glaciers millions of years ago, creating
a maze of waterways. Paired with Quetico (the Canadian
part of the Waters), the area stretches over 9,000 square

kilometers.
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Because the Boundary Waters are part of the federally
protected Superior National Forest, there is next to no
human activity in the area, save for a limited number of
reserved spaces for campers looking for a pristine wilderness

experience.
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‘What should one expect to do in the Boundary Waters?
Before even entering the area, campers must prepare for
their trek. The remoteness of the area means that prep work
is extremely important, and forgetting even one tool could
severely hinder one’ s stay. A basic check list includes:
camping permit, canoes, pots and pans, utensils, bowls, food,
lighter, camping packs, tent, map, compass, water purifiers,
clothes, flashlight, sleeping bag, sunscreen, and mosquito
repellent (lots of it). Without these items, it is impossible to
camp in the boundary waters. These are necessities. Some
other items I personally recommend bringing are fire—
starters (cotton balls soaked in wax melted in a microwave), a
portable hammock, a book, playing cards, and a pair of extra

comfy socks that should be kept dry at all times!
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Once the above items have been rounded up, you must plan
your route through the maze of lakes. Because there is no
cell coverage, the map and compass are your only tools for
navigation. Camp sites and “portages” are found on the
maps to help guide and orient campers. These portage paths
refer to the spots on lakes where campers de—canoe and
haul their supplies to the next lake on foot. Most of these
are relatively short treks, between 100 and 300 meters, but
others can be up to 3 kilometers long. Imagine carrying 50
kilograms of supplies, including a canoe on your head, for

that long!
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Though the Boundary Waters may not be suitable for
the beginning camper, those who are comfortable in
the wilderness will find serenity and beauty seldom seen

anywhere else.
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My favorite part of each day is setting up camp, cooking
food, and relaxing with friends before another day on the
lakes. Most days we paddle between 10 and 15 kilometers,
and are exhausted and hungry by the time we finish setting up
our tent. A warm meal, followed by hilarious conversations,
fun games we make up on the spot, and cool evening swims
are unforgettable. As is the view of the Milky Way galaxy.
One night I counted over 50 meteors fall on a background of
thousands of bright stars, some exploding before our eyes as

they crashed down to earth hundreds of kilometers away.
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Camping in the Boundary Waters is an eye—opening
experience, as one removes themselves from society and
reflects on life between each stroke of the paddle. There is
much wisdom to be found in the woods and on the lakes.
Just be sure to bring plenty of mosquito repellent. They’ re

called the Minnesota State Bird for a reason!
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