
Volume 4 ISSN 2299-7407December 2015

Official Journal of ISMR

Novel Robo�c System for Remote Ultrasonography

Robin Heart force feedback/control system

Personalised External Aor�c Root Support

Interfejs użytkownika robota

Ro

No

Pe

In

Volume 4 ISSN 2299-7407December 2015

Official Journal of ISMR

Novel Robo�c System for Remote Ultrasonography

Robin Heart force feedback/control system

Personalised External Aor�c Root Support

Interfejs użytkownika robota

Ro

No

Pe

In



2 Medical Robo� cs Reports – 4/2015

Dear Reader,

Medical robots are paving the way by off ering new stand-
ards and diagnos� cs, rehabilita� on and therapy opportun-
ini� es. Surgical telemanipulators are some� mes simply the 
only chance for many pa� ents to carry out the opera� on in 
an extremely precise and safe methods. Today the market is 
dominated by one American company. Lack of compe� � on 
has caused an unjus� fi ed increase in the cost of the off ered 
apparatus and its maintenance. The successes achieved, in-
cluding more than 500 thousand opera� ons a year, convinced 
of the eff ec� veness of the use of robots in surgery. It protects 
only 10% of demand. The robots shall be applied for at least 
6 million pa� ents undergoing a minimally invasive surgery a 
year as it is benefi cial for the pa� ent and the health care sys-
tem (a shorter hospital stay, less postopera� ve complica� ons).

The interest in robots is increasing – with big money and 
big market players like Google, Ethicon and Johnson & John-
son – be� er and be� er robots are appearing. Boston Dynamics 
BigDog-a military transport robot turned in just a year in the 
two-legged Atlas – a humanoid robot with unprecedented au-
tonomy and behavior in a changing environment. We can sym-
bolically say that in 2015 robots got up from their knees! Time 
of entrance of non-military applica� ons, less special but more 
household ones is close, the result is a foregone conclusion – 
do give cope.

Market of surgical robot has revived. The monopoly in the 
fi eld of robo� c surgery has been clearly unlocked.

There has appeared a rival ALF-X which is going to fi ll a gap in 
the fi eld of robo� cs, the cost of which will not exceed $ 1 mil-
lion. This year there are going to be held the fi rst clinical trials 
of a Canadian robot to operate through one port Titan – SPORT 
(Single Port Orifi ce Robo� c Technology) – so we keep our fi n-
gers crossed for the compe� � on: US company Transenterix in 
coali� on with the Italian SOFAR and Canadian Titan Medical. 
Besides, we have to admit honestly that progress of Intui� ve 
Surgical arouses admira� on and respect – the new da Vinci Xi, 
the new console, new tools and systems for individual ports 
largely correspond to the needs reported by surgeons.

Challenges: there is s� ll open an issue of the search for prac-
� cal and economically viable areas of clinical use and op� mi-
za� on of design solu� ons. Robots do not have the right sensor 
technology, they are diffi  cult and expensive to operate. The 
problem of force feedback and fl exible tools– variable rigidity – 
has not been solved effi  ciently yet. It will increase signifi cantly 
the number of benefi ciaries of these robo� c systems.

Polish robot: the Robin Heart prepared for implementa� on 
has a poten� al to bring a lot of innova� ve techniques of min-
imally invasive surgery which are expected by surgeons. The 
experimental studies conducted on animals and teleopera� on 
a� empts proved the eff ec� veness of developed devices and 
the accuracy of applied mechatronic solu� ons. Surgical robots 
are a chance to introduce new standards of service and surgical 
assistance for diffi  cult pa� ents to whom current methods are 
not safe or eff ec� ve.

Thanks to our experience Poland can be at the forefront of 
countries producing medical robots. And there is something to 
fi ght for because the market of robots used in surgery grew/ 
has been growing from $ 3.2 billion in 2014 and will grow to ex-
pected 20 billion in 2021r. Robin Heart is expected by doctors 
and their pa� ents. It is also a chance for our high-tech industry.

I kindly invite you to read the new MRR! In it, among other 
things, the ar� cle of outstanding inventor: Tal Galsworthy has 
developed an innova� ve technology of an external aor� c stent 
which saved his life (the inven� on he fi rst tried on himself) and 
many others. It is a great inspira� on for us who are trying to 
make robots for medical applica� ons. Since the genesis of the 
robot is related to human, crea� ng devices similar to humans 
or replacing them. Also the „spare parts”, for example ar� fi cial 
organs, are the part of medical robo� cs.

To others interested in what a domes� c robot should be like 
I recommend the report on the survey conducted by the stu-
dents of Medical University of Silesia. Full survey is available 
on our website – you can download and distribute. We look 
forward to the collected data, further results will be based on a 
larger group of pa� ents.

With the ISMR Academy this � me we off er a lecture given by 
a philosopher of ethics at the University of Silesia dr. Mariusz 
Wojewoda.

Among the proposed papers you will fi nd the reports on 
hap� c devices (interfaces) used to control telemanipulators 
(and not only), the progress of the team working on the intro-
duc� on of hap� c system for Robin Heart robots, exoskeleton 
project of elbow, innova� on in rehabilita� on and endoscopy 
diagnos� c and also studies on medical robots market in the 
world and ... in China. There is, of course, our report from the 
conference Medical Robots 2015.

Let the robots be with us! Let them be more effi  cient and 
useful for humans!

Therefore, I believe we will meet in early December in Za-
brze at the next specialist Medical Robots 2016 conference, but 
for now I invite you to reading…

Zbigniew Nawrat
President ISMR

Editor of Medical Robo� cs Reports
Zabrze, December, 2015
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Drogi Czytelniku,

Roboty medyczne torują sobie drogę oferując nowe standardy 
i możliwości diagnostyki, rehabilitacji i terapii. Telemanipula-
tory chirurgiczne to po prostu czasem jedyna szansa dla wielu 
pacjentów na przeprowadzenie operacji w sposób niezwykle 
precyzyjny i bezpieczny. Dzisiaj rynek zdominowany jest przez 
jedną, amerykańską fi rmę. Brak konkurencji spowodował 
nieuzasadniony wzrost kosztów oferowanej aparatury i jej 
serwisowania. Osiągnięte sukcesy, w tym ponad 500 tys. ope-
racji rocznie, przekonały o skuteczności stosowania robotów 
w chirurgii. To zabezpiecza tylko 10% zapotrzebowania. Robo-
ty powinny być stosowane co najmniej dla 6 mln pacjentów 
chirurgii małoinwazyjnej rocznie – bo to korzystne dla pacjenta 
i systemu opieki medycznej (krótszy czas hospitalizacji, mniej 
komplikacji pooperacyjnych). 

Zainteresowanie robotami rośnie – za wielkimi pieniędzmi 
wielkich graczy rynkowych jak Google, Ethicon czy Johnson 
& Johnson – pojawiają się już coraz lepsze roboty. Pies trans-
portowy Boston Dynamics zamienił się w ciągu zaledwie roku 
w dwunożnego Atlasa – robota o niespotykanej do tej pory 
autonomii i zachowaniu w zmiennym środowisku. Można by 
symbolicznie powiedzieć, że w 2015 roboty wstały z kolan! Czas 
pojawienia się aplikacji mniej wojskowych i specjalnych a bar-
dziej domowych jest już blisko, wynik jest przesądzony – roboty 
dadzą sobie radę. 

Rynek robotów chirurgicznych się ożywił. Ruszyło wyraźnie 
w sprawie odblokowania monopolu w zakresie robotów chirur-
gicznych. 

Pojawił się rywal ALF-X który zamierza wypełnić lukę w za-
kresie robotów, których koszt nie przekroczy 1 mln dolarów. 
W tym roku mają odbyć się pierwsze próby kliniczne kanadyj-
skiego robota do operowania przez jeden otwór Titan – SPORT 
(Single Port Orifi ce Robo� c Technology) – trzymamy, więc kciu-
ki za konkurencję: fi rmę amerykańską Transenterix w koalicji 
z włoskim SOFAR oraz kanadyjskiego Titan Medical. Zresztą 
uczciwie trzeba przyznać że postępy Intui� ve Surgical wzbudza-
ją szacunek – nowy da Vinci Xi, nowa konsola, nowe narzędzia 
i systemy do pojedynczych portów w znacznej mierze odpowia-
dają na potrzeby zgłaszane przez chirurgów.

Wyzwania: ciągle otwarte jest zagadnienie poszukiwania 
praktycznie i ekonomicznie uzasadnionych obszarów klinicz-
nego stosowania i optymalizacja rozwiązań konstrukcyjnych. 
Roboty nie posiadają właściwej sensoryki, są trudne i drogie 
w eksploatacji. Nie rozwiązano do tej pory problemu efektyw-
nie sprzężenia siłowego i elastycznych narzędzi – zmiennej 
sztywności – co jeszcze powiększy znacznie liczbę benefi cjen-
tów tych systemów robotycznych. 

Polski robot: przygotowywany do wdrożenia Robin Heart ma 
szanse wnieść wiele oczekiwanych przez chirurgów innowacji 
do techniki prowadzenia operacji mało inwazyjnych. Przepro-
wadzone badania eksperymentalne na zwierzętach i próby 
teleoperacji dowiodły skuteczności działania opracowanych 
urządzeń i słuszności przyjętych rozwiązań mechatronicznych. 
Roboty chirurgiczne stanowią szansę na wprowadzenie nowych 
standardów i oferowanie pomocy chirurgicznej pacjentom 
trudnym, dla których obecnie stosowane metody nie są bez-
pieczne i wydajne. Dzięki naszym doświadczeniom Polska może 
być w czołówce krajów produkujących roboty medyczne. A jest 
o co walczyć bo rynek robotów stosowanych w chirurgii rośnie 
od 3,2 mld dolarów w 2014 i będzie rósł do, jak się spodzie-
wamy, 20 miliardów w 2021 r. Robin Heart’a oczekują lekarze 

i ich pacjenci. To też szansa dla naszego przemysłu wysokich 
technologii. 

Zapraszam do lektury nowego MrR! W nim między innymi 
artykuł znakomitego wynalazcy: Tal Galsworthy opracował in-
nowacyjną technologię zewnętrznego stentu aortalnego – ura-
tował życie sobie (wynalazek wypróbował najpierw na sobie) 
i wielu innym. Świetna inspiracja dla nas, którzy próbujemy 
wprowadzić roboty do zastosowań medycznych. Skoro gene-
za robota jest związana z człowiekiem, tworzeniem urządzeń 
podobnych do człowieka lub go zastępujących, również „części 
zamienne” np. sztuczne narządy zaliczamy do działu robotyki 
medycznej. 

Zainteresowanym jaki powinien być robot domowy polecam 
raport z badań ankietowych przeprowadzonych przez studen-
tów Śląskiego Uniwersytetu Medycznego. Pełna ankieta znaj-
duje się na naszej stronie internetowej – można ją pobrać i roz-
powszechnić. Czekamy na zebrane dane, które spowodują, że 
kolejne wyniki będą oparte na większej grupie badanych.

Z naszej Akademii ISMR tym razem proponujemy wykład fi -
lozofa etyka z Uniwersytetu Śląskiego dr. Mariusza Wojewody. 

Wśród proponowanych prac znajdziecie Państwo raporty 
dotyczące zadajników ruchu wykorzystywanych do sterowania 
telemanipulatorami (i nie tylko), postępy zespołu pracującego 
nad wprowadzeniem zadajników haptycznych dla robotów Ro-
bin Heart, projekt egzoszkieletu stawu łokciowego, innowacje 
w rehabilitacji i endoskopii diagnostycznej oraz opracowania 
dotyczące rynku robotów medycznych na świecie i… w Chinach. 
Nie zabrakło oczywiście naszego raportu z konferencji Roboty 
Medyczne 2015.

Niech roboty będą z nami! Niech będą coraz sprawniejsze 
i użyteczne człowiekowi!

Wierzę, że spotkamy się zatem na początku grudnia w Zabrzu 
na kolejnej specjalistycznej konferencji Medical Robots 2016, 
a na razie zapraszam do lektury…

Zbigniew Nawrat
Prezydent ISMR

Redaktor MrR
Zabrze, grudzień 2015
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The Founda� on was established in 1991 and its’ 
main goal has been to support the development of 
Polish cardiac surgery as well as to introduce into 
clinical usage modern technologies of heart treat-
ment, including introduc� on of fi rst Polish me-
chanical heart assist prosthesis. For this purpose, 
Founda� on, in its own Heart Prosthesis Ins� tute 
created in 1993, consistently conducts research 
and development works related to the Polish ar� -
fi cial heart, biological heart valve, cardiac surgery 
robot and quite recently biotechnologies in heart 
prosthesis development. Ins� tute’s laboratory area 
is about 1100 m2 and the researches are carried 
out by  h ighly  qualifi ed personnel (presently 
there are about 50 employees), including scien-
� sts, engineers and technicians of diff erent fi elds. 

Institute’s researches are performed in four 
main laboratories:
• Ar� fi cial Heart Laboratory, focusing on basic, 

prac� cal and implementa� on researches on ex-
tracorporeal heart assist devices and heart pros-
theses, clinical inves� ga� on on heart prostheses 
experimental applica� on, hospitals staff ’s 
trainings in the fi eld of mechanical heart 
assistance usage and new technology 
in extracorporeal heart and lung sup-
port,

• Biological Heart Valve Laboratory, 
focusing on researches on con-
struc� on and technology of bi-
ological heart valve prostheses 
development and produc� on, 
researches on biological � s-
sue preserva� on technology, 
experimental clinical inves-
� ga� ons on new developed 
heart valves and � ssue prod-
ucts, 

• Biocyberne� cs Laboratory, fo-
cusing on cardiac surgery robot-
ic development,  mathema� cal 
modelling for cardiac and vascular 
surgery support,  basic researches 
on various theore� cal subjects con-
cerning the ar� fi cial heart, heart valve 
prostheses’ laboratory tests and equip-
ment,

• Biotechnology Laboratory focusing on research-
es on cells culturing technology in rela� on with 
heart muscle cells treatment, researches on 
technologies of cells and � ssue culturing in rela-
� on with in  v i tro  biological heart components 
growing.
The Founda� on’s ac� vi� es involving funds acqui-

si� on, research and development works and train-
ing comply with ISO 9001:2008 Quality Manage-
ment System.

The Founda� on has obtained the status of  Cen-
tre of Excellence of New Technologies of Heart 
Diseases Treatment “Procordis”.

The Founda� on has been appointed as the coor-
dinator of the Polish Ar� fi cial Heart Program for 
2007-2012 set forth by the Resolu� on of the Polish 
Council of Ministers and the main contractor of all 
construc� on works in a strategic project run under 
the Program.

www.frk.pl

The Founda� on of 
Cardiac Surgery Development  
in Memorial of Zbigniew Religa
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Personalised External 
Aor� c Root Support: 
an Engineering Perspec� ve

Summary
Personalised External Aor� c Root Support (PEARS) surgery is now 
an established surgical approach in the management of aor� c di-
la� on in pa� ents with Marfan Syndrome and related congenital 
condi� ons in which there is asymptoma� c dila� on of the aor� c 
root/ascending aorta [1, 2, 3, 4, 5]. In establishing this new sur-
gical approach, a number of engineering issues were successfully 
addressed by a mul� disciplinary team combining surgeons, ra-
diologists and engineers. This paper discusses some of the princi-
pal engineering challenges facing the team at the feasibility stage 
of the project.

Artykuł recenzowany

T J GOLESWORTHY 
C ENG MEI MRSC, 

TECHNICAL 
DIRECTOR, 

EXSTENT LTD, 
TEWKESBURY, 

UK

I
���������

Dila� on of the proximal aorta is common in several 
congenital condi� ons including Marfan Syndrome, 
Loeys-Dietz Syndrome and Ehlers Danloss Syndrome 
[6]. Exis� ng surgical op� ons involve the removal of 
the aor� c root (including the sinuses and aor� c 
valve and the proximal sec� on of the ascending aor-
ta to a point close to the proximal side of the Bra-
chiocephalic root) and replacement with a tex� le 
tube gra�  with, either the pa� ent’s own aor� c valve 
leafl ets re-implanted (Valve Sparing Root Replace-
ment-VSRR), or with a mechanical valve (Total Root 
Replacement- TRR) [7]. To carry out these exis� ng 
surgeries the pa� ent must endure the risks associ-
ated with Cardio Pulmonary Bypass (CPB) as well as 
total body cooling and cardiac arrest. Post surgery, 
TRR mandates life-long an�  coagula� on therapy, 
normally with Warfarin, and VSRR incurs a rela� vely 
high re-opera� on rate. It was these imperfec� ons 
with exis� ng surgical op� ons that mo� vated the 
author to conceive of, lead the development of Per-
sonalised External Aor� c Root Support (PEARS) [8] 
and volunteer to be the fi rst recipient of an ExoVasc 
implant. This paper discusses some of the engi-

neering problems that required solu� on in realising 
PEARS as a surgical reality.

I����
� ��� �����
The fi rst decision to be made, early in the PEARS 
project, was which image acquisi� on system was 
to be used for the feasibility period of the project. 
Then, as now, the choice was essen� ally between 
Magne� c Resonance Imaging (MRI) and X-ray Com-
puter Tomography (CT). Both systems use Computer 
Aided Tomography to process and present the an-
atomical images, but MRI uses Nuclear Magne� c 
Resonance (with Radio Frequency irradia� on of the 
pa� ent) to acquire the images where CT uses X-ray 
transmission through the pa� ent.

As image resolu� on for MRI and CT was similar 
when the PEARS project began, and knowing that 
some considerable � me was going to be required 
in developing a scanning protocol for PEARS, it was 
decided that MRI would be the safer op� on. In the 
event some 30 pa� ent hours were spent in the 
CAMRIC CMRI scanner at the Royal Brompton Hos-
pital by the author before an appropriate scanning 
protocol was fi nalised [9]. 
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Given that the aor� c root/ascending aorta itself is 
a fairly large structure: typically about 35mm diame-
ter and 100 mm long, the cri� cal imaging resolu� on 
was related to the coronary arteries that emerge 
from the aor� c root. Coronary dimensions range 
widely from about 3mm outside diameter(OD) to 
about 7 mm OD. Correctly iden� fying and placing 
these structures on the aor� c model is a cri� cal 
func� on as it ensures that the fi nished implant will 
not impose pressure on the coronary arteries and 
compromise coronary blood fl ow, and it informs the 
surgeon as to the posi� on of the coronary arteries 
on the aor� c root; a cri� cal step in ensuring the safe 
mobilisa� on of the le�  coronary artery (LCA) prior 
to implanta� on of the ExoVasc device. These con-
sidera� ons required a scanner resolu� on/voxel size 
(a 3 dimensional pixel also known as a voxel) with at 
least one scanning plane giving 1-2 mm resolu� on. 
This was met during the feasibility stage of PEARS 
but is now typically exceeded with most industry 
standard CT scanners in Europe off ering a 1 mm 
x 1 mm x 1 mm (or be� er) voxel size/scanning res-
olu� on.

Scanner resolu� on aside, the challenges faced in 
developing the scanning protocol revolved around 
2 key areas: 

Anatomical movement: – This is a problem facing 
all cardiac image acquisi� on for whatever purpose: 
the heart constantly moves within the pericardi-
um and chest. This can lead to movement artefact 
in the fi nished images which can conceal/distort 
important anatomical/morphological informa� on. 
Then, as now, cardiac ga� ng was used extensively 
to acquire image data at the same point in the car-
diac cycle, thus elimina� ng any diff erences between 
anatomical shape or dimension between Diastole 
and Systole, and reducing cardiac movement (and 
hence movement artefact in the fi nished images). 
For PEARS image acquisi� on, cardiac ga� ng in Ven-
tricular Diastole was se� led upon as the most ap-
propriate phase to collect images of the aorta at its 
“rest” diameter with the aorta relaxed.

Even when cardiac phase correc� ons are made, 
there is s� ll poten� al for a mis-registra� on of ad-
jacent cardiac images due to breathing movement 
of the subject. Thus breath-holding was also used 
in a� empts to maximise image quality and mini-
mise movement-artefact in the images acquired and 
hence a be� er registra� on of the en� re image set. 

Professional perspec� ves: – through the process 
of developing the scanning protocol, it became in-
creasingly obvious that the engineers were failing 
in their a� empts to explain to the radiologists ex-
actly what was being a� empted and exactly what 
was required in terms of the images acquired and 
their orienta� on with respect to the pa� ent. In part, 

this was because the protocol itself was developing 
so the engineers were constantly having to change 
their approach and requirements as the limita� ons 
of the acquisi� on process became apparent. The 
engineers may well have considered that the profes-
sional shortcomings were those of the Radiologists 
but the truth is probably that the two par� es have 
such diff erent perspec� ves and expecta� ons of the 
process that it was diffi  cult for both par� es to have 
a unifi ed understanding of what was required. This 
diffi  culty in communica� on prolonged the process 
of developing the ini� al scanning protocol.

Subsequent to the feasibility stage of the PEARS 
project, developments in scanner technology al-
lowed “off -line” image processing that does not 
require the pa� ent to be in the scanner while an-
atomically orientated images are acquired. Thus 
engineers are now able to re-sample the “standard” 
3D image sets acquired by radiologists using con-
ven� onal cardiac ga� ng and breath-holding CT pro-
tocols. This both simplifi es the process of collec� ng 
anatomically orientated images and reduces stress 
on the pa� ent. 

C������� A���� D����
 (CAD) 
M������
� �� ��� A����

A number of approaches to the conversion of med-
ical images of the aorta into CAD form were inves-
� gated. Given the scanning so� ware available at 
the � me and its limita� ons, simple stacking of to-
mographic slices to form a CAD fi le was possible but 
produced an unacceptable CAD model (Figure 1). 

Figure 1. Early slice-stacked CAD model of the ascending aorta
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The scanner worksta� on available to the PEARS 
team in 2001 had a limited func� onality (compared 
with current scanners) and so the scanning proto-
col and CAD approach moved together itera� vely 
as limita� ons in both CAD rou� nes available and 
the scanner worksta� on func� onality were accom-
modated. The result was a bespoke CAD code that 
relied on anatomically orientated imaging planes 
to reconstruct the aorta in CAD. This approach has 
proved remarkably resilient as it is s� ll used in 2016 
with only minor revisions to date despite the ap-
pearance on the market of “image to CAD” so� ware 
packages such as the Mimics® suite from Material-
ise NV. The reconstruc� on so� ware produces a CAD 
model that is more than fi t for purpose (Figure 2).

Figure 2. Reconstructed CAD model of a Marfanoid Aorta

P������� M������
� �� ��� �����
The physical modelling of the aorta, in order to 
produce a manufacturing former for the fi nished 
(tex� le) implant, simply required the CAD model of 
the aorta to be converted via addi� ve manufacture. 
Be� er known as “Rapid Prototyping” (RP) back in 
2001, Addi� ve Manufacture has developed at an 
increasing pace such that “RP” is now Rapid Man-
ufacture, and be� er known as “3D Prin� ng” [10]. 
A number of diff erent RP techniques were tried dur-
ing the feasibility period of PEARS:

Fused Deposi� on Modelling (FDM): – easy to ac-
cess, fairly fast and cheap, but, at that � me, off ering 
rather poor resolu� on and rough surface-fi nish. The 
machine to which we had access was also limited 
in the number of thermo-plas� c polymers it could 
process.

Stereolithography (SLA): – requires a more spe-
cialist machine, which is less easy to use, slow and 
not par� cularly cheap, but produces very good res-
olu� on and a very smooth surface fi nish. 

As the various steps in the manufacturing pro-
cesses were developed in parallel, it became clear 
that the manufacturing former was going to have 
to remain with the implant right up to the operat-
ing room. This meant the former had to be able to 
withstand the steam sterilisa� on process that the 
ExoVasc® would have to go through before it could 
be safely implanted in a pa� ent. This fact then con-
strained former material and RP technique. 

Selec� ve Laser Sintering (SLS): – like SLA requires 
a specialist machine but is able to use a wide range 
of thermoplas� cs, with a resolu� on/slice thickness 
of 100μm and with a surface fi nish that off ers suf-
fi cient surface fric� on to retain the tex� le implant 
during the manufacturing processes while it con-
forms to the former’s shape.

SLS became the RP method of choice and, when 
combined with a medium temperature Nylon, rug-
ged formers can be manufactured easily and quickly 
with good mechanical and thermal durability allow-
ing them to manage the manufacture and sterilisa-
� on processes. 

 

Figure 3. SLS aor� c former for PEARS manufacture

M�
��������
� ��� S������� 
I����
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The implant manufacturing process ran in parallel 
with the former manufacturing development as 
� me was of the essence. 3 diff erent manufacturing 
approaches were run concurrently un� l a clear lead-
er took over. 

The fi rst method involved 2 dimensional automat-
ed embroidery onto a soluble transparent polymer 
sheet. When the embroidery is complete, the poly-
mer sheet is dissolved away leaving a planar tex� le 
structure that will form and lock into the required 
3 dimensional structure when formed over an ap-
propriate morphological former produced from the 
pa� ent’s aorta. This was inves� gated with a special-
ist contractor though results were inconclusive as to 
the technical viability of this approach for the PEARS 
device.

The second approach was to produce a physical 
model from pa� ent images and CAD that was pro-
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duced with small pores through its wall that would 
allow the vacuum forma� on of a free-fi bre tex� le 
(from a fi bre/liquid suspension) conforming to the 
morphology of the aorta. While this was prac� cal, 
the pre-eminence of the chosen manufacturing 
route caused us to stop work on it

Figure 4. Porous former for vacuum forma� on of fi bre-based 
implant.

The third, and ul� mately self-selec� ng manufac-
turing method of choice was to produce a kni� ed 
tex� le in PolyEthyleneTeraphthalate (PET) and heat-
form it onto the aor� c former. This produces a high 
degree of repeatability and remains the manufac-
turing process that has been used for all PEARS pa-
� ents to date. All the manufacturing is carried out in 
a clean room required to comply with ISO 14644-1 
class 7 but which actually complies with ISO class 4.  

Figure 5. ExoVasc® tex� le implant on manufacturing former

C�
������
�
A range of engineering challenges were presented 
to the PEARS team through the feasibility phase of 
the project, all of which were sa� sfactorily resolved. 
The development and produc� on of the bespoke Ex-
oVasc® implant was required to be “fi t for purpose” 
in terms of anatomical conformity, bio compa� bility, 
sterility and implantability and which is capable of 
being handled and implanted by conven� onal sur-
gery. While the engineers in the team may have as-
pired to a “perfect” implant, this was never going to 
be achieved, but neither was it going to be required. 
The clinical results speak for themselves and the 
engineers “fi t for purpose” requirement may echo 

the cardiac surgeons’ “perfect is the enemy of good” 
mo� o for free hand surgical interven� ons. 

C��
���� R������
The fi rst PEARS surgery was carried out in 2004 by 
John Pepper at the Royal Brompton Hospital, Lon-
don. To date surgery has been completed on 66 pa-
� ents with a collec� ve total of 271 post opera� ve 
pa� ent years (as of March 2016). 7 pa� ents have 
>10 years follow-up, and 24 pa� ents have >5 years 
follow-up. 

PEARS surgery has been used to halt aor� c dila-
� on in pa� ents with: Marfan Syndrome, Loeys-Dietz 
Syndrome, Bicuspid Aor� c Valve Disease, Transpo-
si� on of the Great Arteries (post Aor� c Switch Sur-
gery), Tetralogy of Fallot and non-specifi ed familial 
dila� on, and used to prevent dila� on of the Pulmo-
nary Autogra�  in pa� ents undergoing the Ross pro-
cedure. 

A��
�"������
��
PEARS has been a mul� -disciplinary team project 
including CardioThoracic Surgeons, Radiologists and 
Engineers. The author would like to acknowledge 
the contribu� ons of Prof Tom Treasure, Prof John 
Pepper, Prof Raad Mohiaddin, Dr Michael Rubens, 
Prof Bob Anderson Dr Warren Thornton and Dr Pe-
ter Gibson. 
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