Sources of Innovatlon

Getting an Inside Look Given Imaglng S Camera Pl"a

Gavriel Iddan was an electro-optlcal engmeer at lsrael S Rafael Armament
Development Authorlty the Israeh authonty for development of weapons and
- military technology. One of Iddan'’s projects was to develop the “eye" of a guided

“missile, which leads the missile to its target. In 1981, Iddan traveled to Boston
“on sabbatical to work for a company that produced X-ray tubes and ultrasonlci_;_
probes. While there, he befriended a gastroenteretogist (@ physxcxan who focuses
on digestive diseases) named Eitan Scapa. During long conversations in ‘which each
would discuss his respective field, Scapa taught Iddan about the technolcgtes used

to view the mtenor hnmg of the dlgestwe system Scapa pomted out that the EXISF%”‘

fer from dlsorders an the small mtestlne (lncludlng bleedmg Crohn 56 drsease cehacﬂ
disease, chronic diarrhea, irritable bowel syndrome, and small bowel cancer).©
' Furthermore the nature of the small mtestlne makes lt a dnfﬂcult place to dlag-
dlSOI’ der S

_the physma n to v'l_e.i-'__'jf'*ff_iff_t ?ili'.'
~ attached to Iong thin, ﬂexrb_le poles) can rea‘}f-‘-;__ ;’-:_;‘;;',;??only the f irst thtrd of the small mtes-
tine and can be quite uh};fé:_so;{_;j::_?;_'__jfortable for the patient. The remaining option, surgery,
is very invasive and can be l,_';;-;-jﬂ;{ipra ctical if the physician does not know which part of
the small intestine is affected Scapa thus urged lddan to try to come up with a bet..':ff;f'?
ter way to view the small intestine, but at that time Iddan had no idea how to do it,
~ Ten years later, Iddan visited the United States again, and his old friend Scapa
again rnquured whether there was a technologmal solutlon that wnuld prowde a bet-
ter solution for viewing the small intestine. By this time, very small | image SeNsors—
charge-coupled devices (CCDs)—had been developed in the quest to build small
video cameras. Iddan wondered if perhaps it would be possible to create a very small
missile-like device that could travel through the intestine without a liteline leading
to the outside of the body Like the missiles Iddan developed at Rafael, this devrcg
would have a camera “eye.” If the device were designed well, the body S Natural

peristaltic action would propel the camera ‘through the Iength of the Intestine.




When Iddan returned to Israel he began working on a way to have a very
small CCD camera introduced into the digestive system and transmit images
wirelessly to a receiver outside of the body. Initially unsure whether images
could be transmitted through the body wall, he conducted a very rudimentary
experiment with a store- bought chicken: he placed a transmitting antenna
inside the chlcken and a receiving antenna outside the chicken. The results
“indicated that it was p055|b|e to transmit a clear video image. Encouraged Dy
this, he set about overcoming the battery life problem: the small CCD sensors
consumed so much energy that their batteries were often depleted within 10
minutes. Fortunately advances in semiconductors promised to replace CCD
imagers with a ne;*-*;‘--;f.:f:;:;generat;on of complementary metal oxide semiconductors
(CMOS) that would consume a fraction of the power of CCD imagers. Iddan

jbegan developlng a prqtotype based on CMOS technology and applied for an

-..Apphtec Ltd a compa ny that made small endoscopic

G avrlel I\/Ieron t e

~ cameras. Meron thought the prOJect was a fascinating idea, and founded Given
;-‘-__;__Irnaglng (GI fgr gastrolntestmal

......

. for v;deo and EN for endoscopy) to develop

eron another team of scientists in the United
;:-;_;;;_'iethod for wweless endoscopy. This team

- na f,:%f{"lé’f?ied _; ng i%'f-;-j'{i.:o;ng Swa in, M Is, and Gong were explon ng

appl lcatlons oi?'_ii_j_'jf-?;:ﬁ*;;:d %iﬁferdalI_:-?ff;??j;_!;a;_{f{i;_%a_lélali?l-e mln iature video cameras and processors.

They s;g.;;ofuted out mir mera technology at “spy shops” in London that
. ,_d;éf;}f_transmltters to private detectives and other

__;'_ﬁ_'_su pplled 5 ':}_f;_;;_jaiu vmleo ca ff;?';;,;;éfe;ras a
;;_ge.y, __-::-:_..:ﬁ;f-j.;e-re de-:f;;_le de dewces to see if they could trans-

'_mit movmg |
“they had succeede
prototype de Jevi ce mo
;_pyl.ms' ;_;_jiaé;lél'*}fi;;ea:_ii of the sto mac open an d close Thelr next hurdle was to develop a
rr_-d ewce t__i;;:_éa-t could be alloed instead of surgically inserted.
~Inthefall of 1997, Gavriel Meron met Dr. Swain at a conference in Birmingham,
England, anc concluded that their progress would be much faster if they
ces. Swain’s team had superior expertise in anatomy and the imaging

_ jOIHEd f.__ e in’s team h
'n eeds o}f,_fl;f-dl ag osr ng sall 1_;;;__fte$t|ne dlsorders whlle Iddan S C MOS based Sensors

_?te 3 ms th us ad .p 5_: '_ i" "zf;-fj-:zled ge th at each knew would be crucnai to
producing a successful caps'_f?ffél?e__ endoscope B

In 1999, the team got permission from the ethics committee at the Royal
London Hospltal to conduct their first human trial. Dr. Swain would be the patient,
and Dr. Scapa (whose mttlal urgmgs ‘had motivated Iddan to develop the wireless
endoscope) would be the surgeon who would oversee the procedure. In October
of 1999, in Scapa’s clinic near Tel Aviv, Israel, Dr. Swain swallowed the prototype
capsule. The first images were of poor quality because of the team’s Inexperience at
holding the receiving antenna in an optimal position. The team was not sure how
far the capsule had traveled, so they used a radiograph to find the position of the

capsule. The radlograph revea\ed that the device had reached Swain’s colon, and



thus had successfully traversed the entire length of the small intestine. The team
was thrilled at this victory, and urged Swain to swallow another capsule, which he
did the next morning. Now that the team was more practiced at optimizing the
receiving antennas, they achieved much better quality images. Swain remarked
that he “enjoyed watching the lovely sea view” of his lower intestine. Though
the first capsule had transmitted for only about 2 hours before its battery life was
depleted, the second capsule transmitted for more than 6 hours, and the tearp
knew they had obtained quality images of a substantial length of small intestine.’
Over the next few months the team conducted several animal and human tri-
als, and by April of 2000 they had used the device to find a small intestinal bleed-
INg source in three patients with “obscure recurrent gastrointestinal bleeding”
(a difficult problem to diagnose and treat). An article on the device was published
that year in Nature (a prestigious scientific journal), with a header reading “The
discomfort of internal endoscopy may soon be a thing of the past.”? By August
of 2001 the device had received FDA clearance, and by October of 2001 Given
Imaging had gone public, raising $60 million in its initial public offering.

" Given Imaging marketed its device as a system that included a workstation,
oroprietary software, wearable video recording packs, and the swallowable cap-
sules (called “PillCams”). After swallowing the $450 PillCam, the patient goes
about the day while the PillCam broadcasts images to a video recording pack the
patient wears around the waist. When the patient returns the pack to the physi-
cian, the physician uploads the images and can both view them directly and utilize
Given's computer software, which employs algorithms that examine the pixels in
the images to identify possible locations of bleeding. The PillCam exits the patient |
‘naturally. By February of 2006, more than 300,000 patients had utilized the sys-
~ tem worldwide, and many insurers provided coverage for the treatme nt®
 Until 2005, Given enjoyed the benefits of offering a medical technology with
‘tremendous advantages over existing alternatives, and having no competitors.
" However, in 2005, Japanese optics giant Olympus introdu ced its own camera
pill—the “Endocapsule”—into the European market, and received FDA approval to
" market the drug in the United States in 2007. In 2008, Philips Research announced
" that it too had developed a camera pill called the iPill that incorporated a drug
delivery system, permitting the pill to release medicine directly to multiple locations
within the in testine. Additionally, seve ral teams of scientists around the world were
working on developing capsule endgscopes that would incorporate robotic func-
tions such as small legs and clamps that would enable the capsule to move, attach
technology, and by trying to rapidly build its installed base of Given workstations
n hospitals and diinics. The more Given workstations that were in use, and the
more physicians trained in their use, the greater the switching costs would be for a
hospital or clinic to adopt a _compfetlng technology. It also began work on versions
of the camera pill that would target the esophagus and the colon, respectively. '
By 2011, Given had introduced several generations of PillCam technology, and
had grown to $178 million in annual sales. Its products were marketed and sold
in over 60 countries, and though it still faced formidable competitors such as
Olympus, Given Imaging remained the world leader in capsule endoscopy devices



