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a resu]t ~6f; d1so7r'ﬁeﬁed carbohyd"ate "‘etab“‘sm'f:" '
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' .

opuPat1on and ev1den¢e suggests kts}-

1nsu1 1n-dependent

dlabet 1cs R

.d1agnosed each year (U SA ,and about half of thOSe can expect_f_.

".,'v"i-'_"]ong term comphcatwns, affectmg both the qua'hty and quant1ty of

- }.'-i_ﬁ']‘lfe. » Dtabetes 15 the ]eadmg cause of bhndness. 1' \ youn

--“f“~d1ab‘et1cs are 25 tlmes more prone to fatal k1dney d1segse, 5 t1mes>=:-v"_'

R ',more prone to hmb gangf-ene_ \(that often 1eads to amputatton) and
.~_"jepregnant d1abet1c4 are at\20 t1mes a greate‘r r]sk IOf death than thelr'-;“:?

f,,'_f_.,non-dnabehc counterparts.» Permata] 1nfant mortahty approacnes_-_f"’_'f'_'-:,_"'f:"",

)

20% The average hfe expectancy 1s app.roxmately 1/3 less than tha‘t'.}_f.

o'ﬂ’ the genera] popu1at.1on.v, The above comphcatwns, §ec9ndary toa

,‘-:“'-'__Ialtered arbohydrate metabohsm, are result ,of pathologncal . :

,processes affectmg both 1arge and smaH b]ood vessels w1th1n a]] :
b '3’..“‘ ,organs 1/qc'lud1ng the pempheral vascular system m genera] and the PR

e

N *'nervous system.z, S e R e

"_'Th dlscovery of 1nsuhn by (Bantmg and Best3 m 1922

,-Jdramatmal]y changed the outlook on a- dISease that was otherwise fata]

P A

. .
l;:;'ithm 2 3 years of diagnos1s 4 ._}Howeyer,}expemence has now shown

f the~ standand therapy of once or - tmce daﬂy se1f-administered
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msuhﬂ doeS not prevent comphcat'lons “in the Tong-term survwmg

“§d1abet1c Further research Aattdmpts to more) clear]y understand

s

1nsu11n def1c1ency and d1scover a]ternate therapeut1c technlques of

1nsu11n adm1n1strat1on j'1‘1,'--'?"

‘;;7-_ e Present treatment alterna;1ves are a1med at ache1v1ng bett%r

e -, . . f {

'f{'gfj:surv1v1ng d1abet1c are thought to be ma1n1y a resu1t of dnsordered

: fﬁﬁﬁ'fmetaboT1sm secondary to 1nsu11n def1c1ency,, 33' 0pposed to a- more

’:jﬁgenera11zed defeot. e1ther 1nherent or acqu1red affect1ng not on]yf;u‘" -

ﬁ:"hboth an1mﬁl mode]s5 6 7. and. c11n1ca] tr1a1s or. eXper1ence2 favours_f M

tttf;r‘the former eory | -‘:“ u'[‘_ii*h“ﬁ-t'”;:'ri"

I? Hnsutmn\\dé¥1c1ency 5. the under1y1ng prob]em then 'ff$3177” L

"ff;.'jadm1n1stratlon 1n a manner to cause re]at1ve normog]ycem1a 'should$_

,'rrffda1ly se]f adm1n1s§;at1on of 1nsu11n a1Tows faar]y w1de f]uctuat1ons:f:ﬂﬂjt{

¢~metabol1c contro] w1th adm1n1stered 1nsu]1n Comp11cat1ons 1n the m~7'°

’\‘ o N

T;f;i1nsu11n"£ecret1on but the chrovasculature as‘we1] Ev1dence from3';ﬁ"

Z hqu'retard or even reVerse the comp11cat10ns-of D M But once or tw1cef_'iﬂ?s;

nif“f1n g1ucose 1evels not. normal]y seen in the otherwwse hea]thy person,?:5”“

‘ti'ffProof that '"t1ght contro]" (re]at1ve— normog]ycem1a) of d1abet1cs?ff7[ffif
v'f;;”a1ters the 1ong term prognos1s 1s,not conclus1ve]y ava11ab]e but many;-e;ffiff

R -5an1ma1 exper1ments!hnd extended c]1n1ca1 tr1a]s suggest that it 1s the}ff}:tjlf

- 0 YN

| f;:fgoal to aim for 2,4, 8 :]w 1'>,';-;"1r;?[.3 _.;53,:*”5". Lﬁjif@ttf“"

o }:A]ternatives”to‘Present Insu}in'Therapy\'

..3

!;'. _[»f The current approaches to ma1nta1n1ng normoglycem1a and avo1d1ng} o

e :fthe w1de f]uctuat1ons 1n b]ood g1ucose 1nc1ude._h

a
.

. a c . e . R




rtf%:v ava11ab]e 1n se1ec;ed c11n1cs,9: However, ,the ]ack f?” fff;_ch'f

L year proves more

i
[}

' comp11cat1ons that present]y occur in. sp1te of exogenous 1nsu11n 2,10 -

”'fﬁtfuses of cont1nuous
.~;Jnsu11n lgql;_ v,_~ S L .‘:, I

e t1ssue suspens1on ‘ffrhq e

The method of frequent mu1t1p1e anect1ons depénds on repeated'

""glucose samp11ng wh1ch 1nconven1ent but 1n the we]] m0f1vated_j[
pat1ent 1t ,i-‘a safe n 1rrr§fhate1y avaﬂa?ﬂe technaque e

Cont1nuous 1nfu510n pumps, aga1n for the se1ected pat1ent ho]d”ff

ey . (

prom1se a a therapeut1c alternat1ve and var1ous uprototxpes e_ih

1nfus10n~ pUmps contamnang 1n3ectab1e i

(111) transplantat1on of 1s]et t1ssue as e1thengwhgT$io;gahvor;

8 A R, .
contro$\carr1es the rlsk of 1nadverten 3_; g]ycem1a._ Thns has bee
major and potent1a11y fata] drawback 9 . 'v*f’j,ﬁt:: : '.7;"'79?;“ i

Transp]antatlon of 1sTet t1ssue 15 ga1n1ng 1nterqst and ’hr~ '

R ]

L nd more/feasible The advantages of . transp]ant1ng'i'

autoregu]atory 1nsu an secretwng t1ssue are obv1ous and a]though 1t"-'

":ﬂt’? may not trOV1de an abso1ute cure 1ts obJect1ve 1s to avo1d the'

An1ma1 Mode]s for IsTet Transp]antatwon x\#\

a

't‘SeVéraJ i anima1 ~ models 'have been deve]oped ‘fér 1slet

transp]antat1on but sat1s$actory resu]ts 1n'Qome of these has ]ed tQ

on1y ]1m1ted success when app11ed c11n1ca11y ]1"12

L.:,Jn var1ous : an1ma1 mode]s ‘v1nc1ud1ng ~rodents

pr1mates,]6 7 }% i dog~|9 20 2] dr p1922: 1t has been -shown that,

transp]anted 1slet t1ssue can not on]y norma11ze g]ucose homeostasxs
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but even reverse d1abet1c 1es1ons and comp]1catlons.§']4':_:fif? S
'f¢'f, Most an1ma1 tr1als 1nvo]ve tranSp]antat1on of pureb is]etS};ofﬂ.

}',

d1spersed pancreat1c fragments ronta1n1ng 1s1ets.,: But 1h* hUmans;,?;gri~J

segmenta] gland t.ransp]anah* has been most successfuT 23 .24

, However . so11d organ transni’ntat1on_'f hampered byl techn1ca11ybj_"w

L d1ff1cu]t vascular access and d1spos1ng of gyocrlne secret1ons‘:;I -

add1t1on, segments of pancreas have very 11m1ted storage capab111t1es.r’

Transplantat1on of pure 1s]et t1ssue or 1s1et bear1ng pancreat1C-;d"'

R S e N T T
. Lo

f fragments is attract1ve because of 3h~'

"?‘(i) the1r re]at1ve ease n handllng

B (11)' the potent1a1 ab1T1 / to ! mod1fy 1mmune recogn1tlon and-;-
- therefore decrease requ1red 1mmunosuppress1on S ;F

s-;(i]1) the ‘near or tota] el1m1nat1on of exocr1ne t1ssue and

. (iv) the ab111ty to store t1ssue by cryopreservat1oh 25

The maJor d1sadvantage 1s the 1nab ;1ty to %Eta1n adequate numbers ofhf,r
25 SR -.:_A--.,-tg_h . S : X

L

"ffv1ab1e 1s1ets

Althdaﬁh recorded efforts in. pancre transplantat1on be an: as““’
@é 9an: as

2 early as 1893 not unt11 the 1920 s was 1t rea]ized the exocr1ne5;” B

scomponent threatened the éhab1]1ty of 151ets 27 Th)s 1ed to anl -

‘“ﬁ1ntens1ve searéh to separate one from the other. The f1rst re]at1ve1y o
"pure 1s]et t1ssue obtalned was irom feta1 or- neonata] who]e g]andf:

e :preparat1ons. It was known th1s ‘tissue conta1ned a6jfar greater‘jd

?_:proportlon of developed endocr1ne t1ssue to und1fferent1ated ac1nar-,3:

-~

28 29_' But. rap\d advances in obta1n1ng Iarge numbers. Of"“

30

7_-e1ements

-

; is[ets' were.._ot.‘seen unt11 Moska]ewsk1 ;.'v]965__deve1oped“a -



techn1que us1ng co]]agenase to d1gest chogped gu1nea pag gland that;ﬂ“fi

he]ped to separate 1s]ets from ac1nar t1ssue. 3£urther 1mprovementsp'

.

were made by Lacy and Kost1anovsky3] and 1n 1972 Ba111nger and Lacylyrf,gff

"'_ reported the '1'5t s1gn1f1cant success in. ame11orat1ng d1abetes by the‘m-'“

1ntraper1tone
-

streptozotoc1n-d3abet1c 1‘rats

1ntraper1tonea1 techn1que.33

;;t orﬂrintramusclar 1sotransp1antat1on 'of 1slets 1fnf?““
D ‘ 32_ Reckard ;,soon : conf1rmed the;f
’.%ééx Kemp demonstrated that 1ntraporta1’_;‘
infusion '-tfn pure ’S]Ets f?was supé%1or 1?5"‘1ntraper1tonea1¥c‘.~d”j
transp]antat1on,%§ th1s eﬁa 1ater, conf1rmed by Matas _et_ a],ﬁ_:i” B

.f{f7' Independent]y Feldman35 [ahd‘ Kretschmer36 showed ‘anu*'improvedl yfd:
v response fo]]ow1ng 1ntraporta1 1nfus1on compared to _1ntrasp1en1c,
transp?antat1on,'in rats ;Asnnfp;result d h preferred s1te of
transp1ant1ng pure 1s]et t]Sgbe from mu1t1p1e 1sogene1c donOrs etn

fi.' sma]] mamma]s is the'ﬂ1ver ‘l~- 51_'7_ fﬁfn’

As- nOne of the rodent protoco]s for 1slet 1solat10n could be :
successfu]]y 'e tended to the human pancreas6 26 -an an1ma1 soffw'

7ntermed1ate s1ze w1th a pancreas more: c]ose]y resemb]1ng the humansf?”

was requ1red for exper1mentat1on. Among the monkey, p1g or dog the
L ) latter has recelved the most attent1on because of ava11ab1l1ty and '
o re]at1ve ease in hand11ng '”j | . ,} .
M1rkov1tch and Camp1che d1scovered that when work1ng w1th the‘j'
dog pancreas comp]ete separat1on of 1slet .and exocrine t1ssue was’ not.'°
necessary 3 Incomplete separat1on al]owed recovery of - enough 1slet‘;i3c'
t1ssue from a s1ng1e gland to reverse dlabetes when autotranSplantedur

L 1nto the sp]een of a pancreatectom1zed dog 38 39 N1th 1nd1v1dua1;.

. mod1f1cat1ons to the1r technlgue the method of 1ncomp1ete separationl“*'J



| of endocrlne and exocr1ne twssue has been conf1rmed40 41 and used by;fl‘f'll
o others.4? 45 Th1s technique beg1ns w1th g]and dxstent1on by e1ther¥j’]_f7¢)

';1n3ect1on. Fo]1ow1ng th1s;”ig“:f‘f

retrograde ducta] 1nfus1on or d1rect tr's

the g]and 1s m1nced and then dqgested 1n col]agenase : After r1nswng,;§:»".

U .

the t1ssue 1s ready for transp1antat1on L-T}‘:f;:,'w'fi'_fi~a,}“Vﬁfililzf'_;f-'

_ An a]ternate procedgre was deve]oped by Horoguch1 and Merre] ii:jh'tlh'
1981 46 They emp1oyed ducta] d1stent1on of the g]and but 1nc1uded.7wu,f:,f
col]agenase 1n the ducta] perfusate to a1d dfgestlon,_ fo]]owed bylzo-;;é,i.
m1nc1ng and fragment f11trat10ns and a, further trst1n d1gest1on xt?f':a
They C13Tmed .hi 50% recovery of 1s]et t1ssue fo]low1ng totaTﬁ_;1f>‘

pancreatectomy and a 6 fo]d pur1f1cat1on of endocr1ne to exocr1ne_ﬁ

‘t1ssue T1ssue was autotransp]anted to the IJver by porta] ve1n
1 1nJect1on or to the sp]een and thlS reversed the d1a§- :
- of 7 dogs However, ne1ther the degree of normog]ycem1a or f;“?"

28

surv1ya1 were mentaonedv‘_ _ '
One”f'of ;'the,* more successful models ”for' transp]ant1ng
1s1et-bear1ng pancreat1c fragments was deve]oped by warnock et “al. 19
;;in 1983 w1th severa] modﬁf1cat1ons to Horoguch1 et a] ‘s techn1que,'““
" all lsotransplants to the. spleen were 1mmed1ate1y normoglycemic and 75'“ .“%'
of 9 dogs rema1ned .50 unt1] sacr1f1ce at 5 months. | H1s method'7' |
El;cons1stent1y conserved a suff1c1ent amount of v1ab1e endocr1ne tlssuevh'
}t° 1mmed1ate1y reverse hyperg]ycem1a and _assessment by g]ucosg'f‘
.challenge showed good and pecs1stent graft funct1on Only co]lagenase~ffi
jd1gest10n was emp]oyed and gland m1nc1ng was -more’ un1form uswng’*’

'counter rotat1ng chopp1ng b]ades.6 T1ssue was _1nfused '1nto the .

r:fspleen by retrograde 1nJect1on 1n cannulated h1}ar veins. :'f v



O e v1a the portél ve1n has proven to Qe

1antat1on mode]‘ of

ﬂaquest1on of,

_-:nj‘thoroughly addressed ]] Certa1n1y in the rod nt embollzatlon to the§:ij:’ |

anyfilarge mammal the7:35

optimum transpiantatmon:s1te fone1s1et tassue has not beeno% S

.,e best but extens1on of .

*l;th1s to the dog36 43 47 (or even the hu" n in” some ear1y C11n1caT, R

“tr161524 48,49 50)

\

has produced comp11cat1ons and ralsed quest1onseu‘;.ﬂ;ﬂ;

thiabout 1€s potent1a1 super1or1ty Th advantages of '1ntraporta1;o"'i:7“‘

ot transp]antat1on - 3V3113b111ty and eases secret1on of 1nsu11n andgf';':’:

’thother 1s]et hormones w1th the porta] d1gest1ve ax1s, and the rap1d ;

- ; ; ) _“.» o

".atta1nment of a r1ch vascu]ar supp]y R rema1n to’ be proven.;~ e
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”‘:s1te

‘Nhen autotranspla”t _

"Vsat1sfactor1ly reversed Intraportal 1nfus1on

Cl1n1cal transplantat1on of pancreat1c 1slet t1ssue has been‘, -73-’:
iblproposed as a method to prevent the long term compl1cat1ons of

a 1nsul1n-dependent d1abetes mell1tus (DM) Th1s tranSplantat1onTﬁ o

-

"'follow ]

Ball1nger and'Lacy deVelOPed a successful 1slet 1solat1on and"' B

3

4, § Sxm1lar research protocols were developed 1n the dog 6- ]]

"vv?approach st1ll does not have——a sat1sfactory large mammal model tog;i:v,'“

d '_transplantat1on techn1que in the rat The 1mportance of ma1nta1n1ngf{{vf.i5
o 1nsul1n secretlon w1th1n the portal dlgesp1ve ax1s was showh by; L

and the llver was 1dent1f1ed as the super1or transplantat1on§{

] 7fThe, gland preparat1on of M1rkov1tch and Camp1che f(glandrevjfi;:*

7, 12

to the spleen of the dono[ dog hyperglycem1a 1s:'f

: "d15tent]°"’ m’"C‘"g and collagenase d1gest10n) results 1n pancreatiqhhhf”?l”

'spfragments conta1n1ng 1slets but contam1nated w1th exocr1ne t1ssue.flg""'

has g1ven s1m1lar
,”'Jreghlts B Nhlle Kofb8 found no d1fferencis between hepat1c andjp‘j .
’Splen1c transplantatlon s1tes,. Kretschmer9 . und the latt r to be'_ o ;

superior Lorenz]0 transplanted 1solated pure 1slets 1ntraportally _”

| presults d1ff1cult to evaluate and compare

',;;but h1s part1al pancreatectomy/ streptozotoc1n-d1abet1c dogs make'h1s *ﬁ'fwfff

"A complwcat1on “of 1ntraportal 1nfus1on uslng theiflargerl\

‘pancreatwc fragments (é!hpared to smaller pure 1slets) ts;'porta]'l""

'{‘ hypertenslon ;(.PH).7_.'2 ) Hepar1n haS' been used to ,preventffthe;L 7ffﬂ



c1ott1ng that accompan1ed“PH and the resu1t1ng ven0us stas1s 8 9 ]1 5fﬁ7'ﬁw
Increases in. portal pressure _Occuvp,gé‘ but ysua'l]y were transient.j'-""

D1ssem1nated _q1ntravascu1ar_ 3 'fionta (DIC)]1

System1c:5fff

"of hyperg]ycem1a ':a"d 51m1lar"

| g1ven' unsat1sfactory COgtrol

comp11cat10ns - PH DIC and sys'em1c hypotens1on 11 ]3 19 _‘jﬁ_liﬁ'.;u*

'i An alternate method of pancreat1c fragment preparat1on s ductal-,_;iatﬁ

. d1sten51on fafd perfusuon/d1gest1on ,f w1th co11agenase = Nhent}f'ff_'
:i autptransp]anted to the sp]een An the pancreatectomvzed dog th1s has;ddfiﬁgf
resulted 1n 1mmed1ate contro1 of hYperglycem1a and super1or 1ong term‘fi;fiii
| fo1low L bt?Qf_t Attempts t( 1nfuse the pancreatlc % fragme\!#‘l%dfffd
» \ 1ntraporta11y 1ed to severe, sustained Dorta] hypertens:on and theaﬁfg”ftv?
.iﬂ- dOgS ear]y death 2]_ The purpOSe of th1s study was to deve]op a]vwfnf;r;
$1,~ method of 1ntraporta1 autotransplantat1on us1ng the warnock et a] Zofgﬁ::i*”

pancreat1c fragment preparat1on and to study the comp]icat1ons and

1ong term resu]ts compared to 1ntra5p1en1c autotransplantation._,n;”

\ R _’1 K

tMaterialsgand:Methods t?,'f‘

~-’ Outhred adult mongre] dogs 1 2 years of age welghIng 15 251-§

N k1lograms were stud1ed Cr1ter1a of the Canadlag Counc11 on Anima’a"i,
;’ Carevwere fo]lowed .f:_v,Lﬂff/ "f-f, 't,f.; E e‘ ‘:*'f ff:'i ‘ﬁf”; 'Et’ :
B Per1operat1ve Care f: ininfiﬁf'%d g&;‘}nz'*f“'t"‘:'sz‘td ) }v;.‘jigx\J%t‘i
k{ A41 dogs Junderwent a total pancreatectomy _Egad spe trum
:;_Y: ant1b10t1cs were adm1n1stered pre- and postoperative1y.- Subcutaneous :

N/S supplemented oral intake uﬂti] a ful] d1et was resumed on ‘the

e
il



,_‘.i5dPancreat1c Fragment Pneparatwon'@f,';_lj°535<'"

,ljthird postoperat?ve day._f

e»in w1th meat and dry mea]

During paﬂcreatectme,_the 1350” b]°°d SUWPTy was preserved andﬂ»fﬁ]f

Cotazyme (Organon, Toronto,‘@nt ) was m1xed]f;};fi

o Ei;both pancreat1C‘ ducts were 1nd1v1dua]1y dannulated i s1tu 2

'"f}Immed1ate1y follow1ng exc1s1 )the g]and ‘was. we1ghed and the ducta]'{*uf -
g/ o

=3

"»?.j*system d1stended with 80 m1 /pf ch111ed (4°C) Hanks ba]anced sa]tfﬂ“

o lfso]ut1on (HBSS - G]bco. Grand IS]a"d’ N Y )

;-of Narnock et al. 20 Ten minutes of retrograde ducta] perfu51on w1th :h'v

l:ft,by v190rous shak1ng for 10 minutes 1n a 4°C water bath wh11e suspended*f,‘~ 2
, ff:in HBSS subplemented w1th IOO 000 un1ts/l Penc11}1n G 100 000 ug/l;

‘,d?f11tered thr0ugh a 400u screen The shak1ng/f11ter1ng of rema1n1ngjp

7vﬂuu1f11tered t1ssue was repeated tw1ce 1eav1ng 2 3 m] to be d1scarded.,p;

' .;a?' ‘

-;"autotransplant or exogenousx\ﬁsu11n._- ;;.

ﬁTransp]art Protoco1s 1

The pancreat1c fragment preparat1on was s1m11ar to the protoco]ﬁ;,d;fsf

—r— e

K 1ﬂ_ch111ed HBSS was: fo]lowed by a 28 324§ginute perfus1on w1th 0 4%3d1~”f-1

g;:collagenase (S1gma]Type V St Lou1s, Mo ) at 30°C 11m1t1ng perfus1on[j

>

'ffThe recovered tissue was washed x3 and resuspen?ed in the supplemented”p’

© . HBSS. . ;-'”f ;_.,~¢ U T e oo

_Eancreatic : Cont?ﬁ ;

(Aprot1n1n, M11esu"

;d*r‘pressures to be]ow 300 m Hg A mucoxd conswstency of the g]anq was a[f'"‘ :

'hf?sat1sfactory end po1nt. The giand was chopped for 90 sec]2 fo11o ed; ;_'ff?

hPharmaceut1ca1s, Rexda]e, Ont ) Pancreat1c fragments were then.' 3;’

\'
¢

o

= Six dogs did  not _receive an - -



Y 'TUQ:};jffft.]ge_i;fff,d

Intrasp1en1c Autotransp]ant Contro]s 5' S1x dogs Arece1ved an

"“{t-autotranSPla”t to the sp]een v1a. ref]ux thr igh cannu1ated splenic

-;7~h1]ar velns over a 10 mlrute per1od

‘! . . . o

Intraportal Aytotransp]ant Controls S1x dogs rece}ved an

*”'fgj1ntraporta1 autotransp]ant v1a ‘a. ]6 gauge cannu1a placed with1n the
”ﬂ“the portal ve1n u51ng the pancreat1coduodena1 ve1n ﬁor access A 20'

S 1mﬁnute cont1nuous v‘?ﬁs1on was ‘used Four dogs rece1ved “wash" ’Lfedg'

-S°““°” (2 ’ or:  Hoss infusitns (20 ) prior [

autotransp]antat1on

fJnfus1oh of Enyzme Depleted Graft Two dogs

*;,geq]f, Intraportal,

rece1ved an 1ntraporta1 1nfus1on of graft f1xed 1n 10% forma]in and

-—-.

then thorough]y washed and resuspended G the snpplemented HBSS A 20

"?ff~ m1nute 1nfus1on was emp]oyed S ;7jjiﬂaéxv‘-

e

Intraporta] Autotransp]antat1on Us1ng System1c Ant1coagu1at10n

S e
or S]ow Infus1on - One dog was system1ca11y ant1coagu1ated w1th

hepar1n (100 un1ts/kg) before a 20 m1nute 1nfus1on and another dog 7§{ffj;
'Hi; rece1ved a s]ow, 1nterm1ttent 1nfus1on over 45 m1nutes. - h |
- Intraporta] Autotransplantation Us1ng Slow, Intermittent

Infus1on w1th &ystem1c Ant1coagu1at1on ‘- S1x dogs uere systemica11y

‘fif_ant1coagu1ated w1th hepar1n (100-150 unlts/kg) pr1or to a 60 minute ;,”3”5;
| 1nfus1on per1od F1ve minute 1nfu510n tntervals were each interrupted
for 5 mlnutes w1th no 1nfusion Thirty untts of heparin/m]

recovered twssue was added to the graft suspension ' :dff"?j,ﬁi .

tfon Using T1ssue CaTtured Pancreatic

Intraportal Autotran‘f

'F gggnts - In 9 dogs,:after process1ng the g]and the entire graft

was t1ssue cuTtured us1ng steri]e techanue The media chose& wa§d

,-o'.:_“vf,



N

_RPMI 1640 (G1bco, Grand IsTand N Y. ) us1ng TOO m] of med#a per mT of .

t1ssue The med1a was suppTemented w1th heat 1nact1vated fetaT can'

serum (TO% v/v) (G1bco) pen1c1]" :;streptomyc1n and aprot1n1n were"

{added 1n the same concentrat1ons as they were to the HBSS dur1ng gTand”ff

a".'

preparat1on HEPES (G1bco)&§as added to a concentrat1on of 25 mM/[ .

B . ST N - - -

jas a pH buffer T1ssue wa&l placed euther 1n mu1t1p1e stat1c t1ssueif7

'chulture fTasks or was kept suspended 1n cont1nuous mot1on by a_:,ff

"-meagnet1c sp1nbar assemb]y 1\

na- 2’ Fernbach fTask The cu]tures were”"

: ffp]aced 1n a 5% Cbz/room a1r ham1d1f1ed env1ronment T1ssue was kept e

| ',f1n culture for 2& 48 hrs-. (w1th a med1a qhange at 24 hrs ) and then,"ﬂ
k eTTeted' and resuspended 1n sup?Temented HBSS for transplantat1on &T'
.Medla ;H and bacteriaT cuﬁtures were rout]ne]y checked |
| | The graft obta?ned was~then 1nfused over a 20- 60 min. 1nterva1.h
i'The Tatter 5 dogs were. antlcoagulaﬂed when the vaTue of th1s wagt;rh
‘sffrea11zed | | = " | | _
- A PortaT pressures werevmonltored cont1nuously by a s1mp]e water
: manometer connected to the porta] 1nfus1on catheter by‘IV tub1ng Tne%\
':;dogs m1dax1TTary T1he was chosen as. a zero reference po1nt SR

The d 1Ts of coaguTa‘non parameters measured to eva]uate the

deveTopment of DIC are presented 1n Paper #2. e ,F{_h :
“'\\hFollow p ;- _ '”"" . 3;‘;v” o - IA'@» ‘m',,f T
o /- : o . - _ a ;

‘.J s h\ Dogs were we1ghed week]y and fast1ng pTasma sugars were measured
by the gTucose ox1dase method on’ a Beckman GTucose Ana]yzer ' VaTues

Tess than 150 mg% represent a non d1abet1c 'an1ma1 Intravenous

'

gTucose toTerance test1ng (IVWQJT) was performed freoperat1vely,,] 3ﬂ -

Ced

and 6 months postoperatnvely and at 3 6 month 1ntervals thereafter

- X . “u, L : X =
. o K Y R v - ‘ -, 4 . H

D oar
1 . A S e da . -




-.K“vaTues (the per cent dec11ne 1n plasma gTucose per m1nute‘ were~

‘,ca1cu]ated frOm the 5 10, 15 and 30 mwnute va]ues.23 NOD—diabet1C h'

ﬂh'zk va]ues are > 1%/m1nute

' Dogs that were conS1stent1y hyperg]ycem1c and/or had 1ost >20%

.body we1ght were sacr1f1ced Fo]]ow1ng death all dogs underwent :

L ,'autopsy. T1ssue recovered was f1xed 1n 10% forma31n and underwent B

standard E;eparat1on for 11ght mlcroscopy u51ng H&E Sta1n_ . TS]etsfe L

"trichrome:counterstaln o G

s

'1reagent (Genera] D1agnost1cs, Morr1s P1a1ns, N Y. ) .

“'Stat1st1ca1 Ana]ys1s ':\'v +

‘~un1ess otherw1$e 1nd1oated Compar1son of grou
1 E{'pa1red, or unpa1red Student s t tests.

' ,§S1gn1f1cant when p <0 05 un]ess 1nd1cated otherw1se. -
* Gland Preplara‘tivon‘
o vo]ume of t1ssue recovered were not s1gn1f1cant

- ,re51dua1 pancreat1c twssue."*

‘.

'

Means are expressed w1th the standard error of the mean (SEM)

. f_nv.vReSths S

The mean volume of t1ssue recovered and mean %‘reco ery in é%ch.

‘maJor compar1son group 1s shown in Tab]e L}ls' D1fferences in “the -

e

Apancreat1c Contro]s - A]] dogs 1mmed1ate1y became hyperglycem1c

l

(F1gure 1) and d1ed x. 6 3 +1 days post op.' Ataautopsy there Was no

PTT" s were donehmanually 1n a flbrometer us1ng Automated APTT'

_'were h19h]1ghted us1ng Gomqm s a]dehyd*usc-m; wjth ".M-aTTc’)ry"g-,'_ .

resu]ts was. done wlthfv

' fferences arev s_tated‘,,as



e 'techn1que

.K'-‘

~

Sy
R

Intrasp]en1c Autotransp]aﬁﬁ Contro1s F1ve dogs becamef;”=”

'(

N

24 oaél dog dwed of a bowel obstruction one 'month

1:

"over the 6 month per1od 1nd1cat1ng that graft functton d1d

deter1orate fl _;‘7 : g g,_",'e%'-

PH was not Et v151b1e prob]em Porta] pressures measured 5n 2

dogs dur1ng 1nfus1on sh0wed m1n1ma] e]evataons from base]1ne (] 5 and';

t

2 0 cm: HZO)

Intraporta] Autotransplant Controls - Porta] pressure élevat1onsf

’fnormoglycemﬁc (thure 1) Fa11ure in one dog was pue to poor graft‘

;rfollowtng transp]antat1on (x post-§§ g]ucose 100 mg/d]) The fourr'

irema1n1ng dogs tended to rega1n we1ght 1ost anl thé flrst»Z wmeks ;O o

fwetght 1oss at 6 months was 1% (F1gure 2) K va]ues at 1, 3 and 6“5.nv

"f’f[;than the preoperat1ve va]ues (Tab1e 1 2) ' K va1ues rema1ned stab1e> ;

‘v»d1sperson, c]ump1ng and graft necros1s,_a rec?gn1zed prob]em wnth,the_tf7~

"’months postoperat1ve1y are “not diabetic but are s1gn1f1cant1y ]essgfi._ﬁ o

occurred acutely 1n a]] dogs and were susta1ned 1n 5 (F1gure 3) B

3

Dur1ng the 1nfus1on there was S steady 1ncrease in PrESSure The =

porta] vesse]s and sp]een became engorged thh b]ood and petech1ae

appeared throughout the mesentery The bowel was dusky ' and in spasm ’

A shock ]1ke state deve]oped 1n the ~dog with hypervent11at1on and

tachycard1a Those dogs wlth susta1ned PH tn= 5) died on the same"f

operat1ve day S1m31ar . gross’ f1nd1ngs (seen dur1ng surgery)f were i

present at autopsy. The porta] tree conta1ned no thrombus By light

.

m1croscopy most porta1 venu]es were p]ugged w1th pancreat1c fragments :

(Plates 1-1 and 1= 2) Acute hepatoce11u1ar nec051s was present.g

On 4 occas1ons 1nfus1on of the wash so]ut1o (col]ecf_daat the

comp]et1on of g]and preparat1on) or p1a1n HBSS caused n‘”increase-in



e e B R

S Iabﬂéal;l Vo]ume and Percent Recbvery7fdf ‘Pancreatic Fragments for |
S B Infus1on e St S

R A , Mean Vo]ume Mean %.Recovery' s

' ";Sp]en1c Aufotransplants N fn“g 4 of 6 )8 131.4, . 39 i:5,7 o

. Intraporta1 Autotransp]ant -_"fffjvaf.-'f Clei s R

ﬂ'Autotransplants SR L
ﬁ?ant1coagu1at1on_;»f 6. e+ .00 28 + 2
_ Tota] G1and Preparatlons* . 320 18

Intraporh
'slow infi

2.9%% 32 + 8. 7**’

|+

, , Lo w0 T

S Inc]udlng apan;reat1c contro]s, enzyme. dep]eted grafts slow

: infusion - or anticoagulated . dogs and t1ssue . culture:
-autotransp}ants;_ e e . ’

o

%f'.' S’D‘.nv:. )   ., o i;’._' ) :;Q.

'._Ta&ie 1-2:" Pre- . and Postoperat1ve f'Kdl 'V§1Ué§-”-¢ -.;IntraspTenicf_ o
L ‘Autotransplant Controls : S - '
‘ T

PreOperat1ve1y - PostopenativéTy

. .~ lmonth 3 months " 6 months . -
L I )

ko | o e
(% -decline glu/min.) 2.8+ .16 1.5+ .26 1.4+ .35 - 1.4 +..27-

‘t

"f " .Control (n=6)'and,infraSpIenic{autntransplantation (n=6).dog§.“-

EE R
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P]ate 1- 'I Pancreatm fragments p]uggmg portal vem, 1ess than 24
S hours post -transplant. H&E x 400 : _

4



. : N A .
< N . ‘ . o

. “Plate 1-2: Pancreatic. fragmefits in portal “vein with islet (arrow), %
o " less than 24" hours post-transplant. .A.F. x 400 . -

I : ) : .

&



',:_portal-preSSuresQ,'

f Porta] preSSures returned to base11ne 1n‘one dog and he surv1ved:

L

K. va]ue was '1;7 Hyperg]ycem1a and we1ght 1oss deve10ped short]y '

before a bowe]'obstructwon became eV1dent At operat1on there was no

e
oy ».fh

.’,: ;venules wwth organ1zed thromb1 or pancreat1c ac1n1 trapped w1th1n a;.;"'

’ff1brous sheath (no 1slets) were seen (P]ates 1- 3 and ] 4)

@

Intraporta] Infus1on of Enzyme Dep]eted Graft '-,'As' actlve:

= .
pancreatlc‘gnzymes or pept1des may p]ay a ro]e 1n the deve]opmenﬂ of"

“anH 1nert t1ssue fragments were 1nfused fo]]ow1ng the1r f1xat1on ih;;
forma11n. These 2 dog< a]so deve]oped acute PH and d1ed Autopsy and

: \-,: h1sto]og1c f1nd1ngs were s1m1]ar to the 1ntraporta1 autotransp]ant ;ff‘

.

contgol group... T e
‘) .

lntraporta1 Autotransp]antat1on ' System1c Ant1coagu1at1on .or

S1ow Infus1on - A 100 un1t/kg bo]us of hepar1n 1nfused pr1or to the 20

minute embo]1zat10n or an 1nterm1ttent graft 1nfus10n over 60 mlnutes

:}jn‘two;ﬁndiuﬁduat'dogsicaUSeddthe samefdegree_of”PH'as Seen'inhthehfj}

: ':}j raportal autotransplant -control ‘group. Nhen the 1atter dog was :
Sacr.f1ced 2 hours after transp%antat1on his portal venous tree was ’d

% e 5
}F complete}y thrombosed wtth1n the thrombus c]umps of - pancreatic«v

fragments were seen (P]ate tr ) , ,fa : S e

Vel e el
; intat1on' S]ow, Interm1ttent Infus1on

Ty

' _w1th\System1o Ant1coagu1at1on - Theﬁdegree of anticoagu]ation prob)ded

:'by heparinx durwng the 60 , m1nute 1nfus1on period was examined .

;for 2 months H1s mean postoperat1ve glucose was. 105 mg - % and 1 monthiip,v,

'evadence of PH he ;d1d not surv1ve resect1on of a gangrenous._"

. .
~f;;,1n¢ussuscept1on.. On m1croscop1c exam1nat1on of the 11ver a few porta],' .



Plate 1-3: Pancreahc acini w1th1n thrombosed porta'l vem, at 2 months
: post transp]ant H&E x 630 R o T . ;

» . ." '._'



) waf

P]ate ] 4 Pancreat1c fragments in orgamzed porta] vein thrombus at 2
et months post transplant ’No 1slets 1dent1f1eé A. F X 400

s

ety



h ¥5P1ate 1 5' Puwta] vein thrombus in exper1menta1 dog under901ng S]OWa.
o termittant infusion ovet 60 m1n. Sacr1f1ced at 2 hours

"+ foMowing transplant.
" - g g { :
3 R ‘fyl‘,_'»- * . ’
i



o 9.

'~abéf1n 6 hea]thy dogs of s1m11ar ageJandjsjze;andf1g;hunit5/igfwas?ohosen§‘;t{jjf

» k]

“ "'..(Table 1-3) ) S B T

“~-

Increases 1n porta] pressJ$es were seen,‘ but between the 5

' ;m1nute 1nfu51on 1nterva1s pressures wou]d drOp and by completlon off*"ff‘_"

i

the transp]antat1on,. porta] pressures were return1ng to basel1neil!-;”:h'

" (Figure 4) The' pressures at completmn COmParEd t° the controlf

."1nfu510n pressures were s1gn1f1cant1y d1fferent (29 6 cnl H20 vs 49h’§;-?:7

In1t1a1]y a]l dogs were nOFmOg]ycem1c (X p1asma g?ucose ='100 +Ai'7'“

.5 mg/d]) but 2 grafts, for unknown reasons, fa11ed earTy, 3. and 7 days*f

' postoperat1ve1y - These 2 dogs remained hyperglycem1c for 2 months'gtiafgﬂf

o _unt11 we1ght loss nece551tated sacr1f1ce., 0n l1ght mﬁcroscopy of the_ﬁf;';

f“n_,11ver there was no ev1dence of . the graft or c‘ porta] venulefff.*7‘3r

i :thrombos1s | |
| v ‘f Fastung plasma g1ucoses were-nond1abet1c (F1gure 1) A steaqy;»f
'1oss dféhe1ght OCCurred in the 4 1ong-term su{yxvors (20% at 6 months,;;_
rFlgure 2) K value§ are shoW“ in: Tab]e -4, ; o

At 6 months one . dog w1th a sat1sfactor1]y funct1oning graft (K

B, 6 dog #4, Tab]e 1 4) was sac¥1f1ced to exam1ne the 11ver‘ under'”';“”'

‘:gj]1ght m1croscopy In sp1te of - search1ng many sect10ns no islets cou]d

- be 1dent1f1ed Only a few surv1v1ng aC1nar fragments were seen ‘The-'»'

7'comﬁ1eteness of the prev1ous pancreatectomy was conf1rmed at autopsy.»

"50ne. dog rema1ned a11ve and we11 at- 21 months follow1ngf'

”-jltranSplant (dog 1, a{able 1-4) Two others have been sacrificedh one;d;75: |

:-j with dlStemp?/j dog #3 Table 1 4) and the her with marked weight n_,

DA

ff ‘Jloss in//o1te of normoglycem1a (dog #2 Tab]e 1- 4) '-zls5j;



" Table ]-3;'Aﬁti¢bagu]atﬁ5n ihrResponse'to_Iné¥eaSThg'Doses of;Hepafih ;

o

e

. N

Preinjection: = - Postinjection.

Heparin a0 U 30'min.  60min.
N - PTTin Sec(x) ~ PTT-inSec(x). PTT in Sec(x):

00 kg 3 L1 o3 5
S0ukg Y e e g

2 . Yo s o s
e ' SR

200 u/kg

¢

e
- f“(‘:.“/
4

,';_:_ Table 1-4: K Values Fo]loWing Succéssfu] intrapdrté)’lhfusibn@'ff '

‘ v::;;;Preopefétive1y ‘ ,; ‘ ;Equiopérativ51y  é;";‘

';h¥12*°\. 2_' 1 mo. 3 mq; 6 mo. ]2’mo.’]8va;F21'mo. 

cDog#l b a0 2 300 3.2 IR Y I
CDog# 08 0.8 0.8 <. L o
CDog#3 T Ths N7 od

Dog #4° IR 1.4 1.2 .6 - oL
X 2.8+ .16 - L Y S I

—

‘-*" ,Cbntroi?(n=6) and’infraspfenic‘éufbt?ahsp]ant'cohtrol'(n=6):dog$; 5
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B L BTt B S

'i-Intraportal Autotransp]antat1on T1ssue Cu]tured Pancreat1c-:”

“.JfFragment The vo1ume of graft recovered fo]]ow1ng t1ssue cu1turef

| 'ranged from 3.5 -.9 ml. In dogs not rece1v1ng hepar1n 3. 5 m] or 5 m] f

'of graft was 1ﬂfused w1thout caus1ng\susta1ned PH Max1mum pressures71
4

\ "1

'fﬂreaohed were 13 and 35 cm. HZO respectvve]y but both returned toﬁ“
d;ngrmal However, on another occas1on 5 m] (as wel] as 9 5 m]) caused.
;1etha1 PH (susta1ned portal‘pressures >50 cm H20) | ‘

| S]ow 1nfus1on combIned w1th ant1coagu]at1on in 5 dogs rece1v1ng'

"5 to. 9 ml of graft a]]owed only trans1ent porta1 pressure 1ncreases;'

;and transp]antat1on SUDV1va1 The max1mum pressure reached was 60 cm- ;

H20 but all e]evated pressures returned to base11ne. ‘. f~7

-
»

H1sto]og1ca1 examination * of the liver: in those that 1n1t1a]1y
'-surv1ved (6 days to- 8. months) rare1y showed any v1ab]e ‘exocrine
‘tissue;_ no’ 151ets, and the occas1ona] 1noomp1ete]y,‘or .completely.
: thrombosed’portal venule.. o o S '

Deve]opment of DIC - TherE’ was a s11ght trend towards “the

'development of DIC Ain the non ant1coagu]ated group that was 'not_“t
' present in the ant1coagu1ated group (See Paper #2 ) f |
\. .~

. \\ F.‘ . . . . B : ‘ ‘. ‘.' . .’._ . : \l
v o . D1scuss1on, col

N

. -

Methods to obta1n sat1sfactory numbers of 1s]ets to ma1nta1n:'
- ’normoglycem1a f011ow1ng 1s1et‘autotransplantat1on have been achueved’

in var1ous an1mals ]0 20, 25 34 Stud1es in the rat suggest that

.

=;'transp1antat1on in the portal o1gest1ve venous system- is particularly

v 1mportant3 and-_ thata, the »best transplantat1on, site isz'the

.f-llver 4,5, 9 12 No thronic_tdetrtmental-\eftects' have. been seen,.f
, T < : oo ‘ ' -



fo]]ow1ng pure-1s]et 1ntraporta1 embo'hzat1on.35 35 '7’.

@ e =

In the dog the superlor transp]antat1on s1te 1s not c]ear 7 8 9

'f 12 Comp]1cat1ng the, 1ntrad%rta] 1nfus1on both exper1menta11y (and

33

cl1n1ca1]y) is the deve]opmenf of pmrta] hypertens1on ;. probab]y a: o

' resu]t of an unpur1f1ed m1xture of endocrine and exocr1ne t1ssue and'r

:‘the resu1t1ng Targer volume lnfused 7 ,8,9,1- ]8 ~Even Bant1ng and‘_

B
;Best37‘noted venous thrombosws fo1low1ng 1ntravascular 1nJectlons of

"unpur1f1ed pancreat1c e]uate.v. So not unexpected]y when warnock et»

e G

\,

al. 21 f%.o g

' <§developed portal hypertens

gff$raporta} 1nfuswo& 4%* pancrgat1c fragme s a]l dogs

’°and nogevsurv1ved to compare w1th the-

urgvery successfu] 1nﬁ§asp]enac gbtotranspTant group A method has now

.J

| 'been deve]oped that aﬂ]ows surV1va1 after 1ntraporta1 1nfusfbn of;hi;

3,‘,pancreat1c fragments ' Comparlsons in funct1oh and surv1va1 between .174

,&

L

'1ntraporta1 and 1ntrasp]en1c transp]antat1on can be made . '*7

Th1s g]and preparat1on recovered sat1$factory numbers }of{

:7' 1slet bear1ng pancreat1c fragments SO that r g of 6 dogs rece1v1ng'-

"1ntrasp1en1c transp]ants remalned normog]ycem1c andﬁg essent1al]y'm

;'_ma1nta1ned the1r;%Wehght "K, va1ues over 5, 6 month per\od ‘were

non d1abet1c and showed no ev1dence of deter1orat1on PH was not a.ﬁ’

lcompllcat1on ~of th1s ,1nfus1on du To1t38 ”has; noted EH from

AR T,

I

: gacc1denta1 1ntraportal embo11zat10n bf pancreatlc fragments 1n1t1a11y; .

<

C .

transp]anted to the sp]een.

PR

Intraporta] embo]17at1on of pancreat1c fragments over 20 m1nutesf‘_

caused marked susta1ned 1ncreases 1n- portal pressures fandw proved;

'1etha1 for 5 of 6 dogs. On h1stolog1ca1 exam a]most* al] portal -

<venules ~were occ1uded w1th graft, or graft and surround1ng thrombus -

L]

Es

LR



preparat1on known to ‘be r1ch in thrombop astinsy
o fncrease in. porta] pressures However

- active enzymess

’ fthe pancreat1c fragments and damag

S o3

V“.: that was -1nfused w1th a 51m11ar vo]ume of graft (17 ml)' reached ff
comparab]e porta1 pressure e1evat1ons_(49 cm‘HZO) but this pressure‘

had a]most returned to. base11ne by the t1meaof abdom1na1 c]osure He

;>

'~4rema1ned normoglycem1c for 2 months untll h1s graft fa1led 1n a short
o perlod of t1me. Th]S may have been related to the stress of a chron1c
- but ‘fatal bowel obstructlon when hepat1c tlssue was exam1ned by
1ightrfmicroscopy ~severa1 porta] venules were part1a1]y f111ed w1th‘
organ1zed thrombus conta1n1ng degenerat1ng exocr1ne t1ssue ,In,none‘f
' of the mu1t1p1e sections were 1s]ets v1s1b]e. .- A |

’“ Infus1on _'ofl[ the wash so]ut1on from pancreatic 'fragment

"‘fvolume caused a Comparab]e degree of PH as d1d the 1nfus1on of fresh‘

o graft Porta] pressure e]evat1ons were susta1ned and greater than 50

cni HZO' It seems’ poss1b1e that 2 components of V1rchow s tr1ad ( f

v'venous tﬁ!bmbos1s are present here. (i) stasis as’ a resu]t of

-

'_gphyswcal obstruct1on .caused by the 1arge vo]ume of embo]1zed

‘_'thromboplastms. There may also be a change m the portal venuh{

e n$:«

wal]s 1f acttve exocr1ne enzymes were betng released by the fragments ‘
_ only t0 inJure the vessel wall. Comblntng these factors cou]d cause‘
. the mass1ve 1ntraportal thromb0515 as seen here (Plate 1 5) Becauseg

11tt1e as 5 m] of t1ssue caused the same degree of porta]iujt'

- *
- .

1 d1d not cause an

‘;peptldes fo]low1ng i rma11n f1xat1on but of 51m1}ar__g

; cel]s cou]d act as poteht,

'Changes of hepat1c 1schaem1a were marked For unknown reasons one d09 -

t1ssue that was - devo1d of _‘“

fpancreat1c fragments, (11) a’ loca}1zeg;hypercoagu1ab]e state know1ng .

o



.~

.

‘ .”hypertens1on and was Tefhal it seems the 1nduced hypercoagulab]e state“'

_TTeadlng to thromb051s may be vary potent e TQ';, L ﬂ':;,» ' "f 1¢w

"the development of PH but fa11u of system1c ant1coagu1at10n with a

v,,20 m1nute 1nfu51on was unexpected However, the comb1nat10n of sTow, o
| Jnterm1ttent ’ 1nfus1on ' w1th system1c ant1coagu1at1on‘: allowed'
1ntraporta1 graft 1nfu51on w1thout caus1ng susta1ned PH (F1gure 4).
- S1x of six dogs surv1ved and were 1nnmdiate1y normog]ycem1c.. There is
no - obv1ous expTanat1on for the earTy fa11ure of 2 grafts even though’-.:
.:'these “dogs went on. to T1ve for 2 months suggest1ng m1n1ma] graft' _
v:”funet1on._ Autopsy spec1mens of T1ver exam1ned mascroscop1ca11y qwed“'ll -
_the portal venules to be devo1d of e1ther endocrlne or exocr1ne t13§%%‘. |
VTT':] ATthough fastlng pTasma gTucoses ‘were non d1abet1c and s1m1]ar T
to the 1ntrasp1en1c group, a concern1ng ]oss of °welght (20% by 6
months) occurred ln the 4 surv1v1ng dogs._ One dgg w1th a K vaTue of*'
1. 8 at 21 months has ma1nta1ned his 'we1ght One dog remalned

Y

BER normoglycem}c:vout; never had a"K _vaTue above 1 and he showed'
SO :prpgreSSivevweighthToss‘ In another dog, weight 1055 c01nc1ded ‘with a ’_;'”
evddiagnoSTs_ofﬁdistemperfv H1s 1 and 3 mocth K vaTues were 1 ? and 1. 7ev.

_ respecttveTv Th1s deter1orated t§$9 7 at 6 months wﬁ%n d1stemper was . -
evidentv The fourth dog w1th cons1stent1y sat1sfactory K va]ues was e
sacr1f1ced at 6 months to exam1ne thefﬂlver h1stoTog1ca11y (Dog #4, ‘1-
Table 1 4) ‘His ‘weight Toss was - 6. 3 kg (24%) In Sp1te of scann1ng;th
numerous m1croscop1c sect1ons no . 1ntra- or extraﬂortal4 39 isTets o »%-

' were 1dent1f1ed Only remnants of exocr1ne t1ssue with1n portaT

venuTes were v1s1ble.' The hepat1c parenchyma was. normaT suggesw’ﬁ




i there was no chron1c comp]1cat1on from the graft 1nfu51on -T.. ,h At:';:i

The transp]aqtat1on of t1ssue cu]tured fragments s_ggested that

'?l."When a vo]ume B 3 5 m] was to. be 1nfused th1s shou]d be accompan1ed by

:t'ant1coagu1at1on and slow 1nfus1on M1croscop1ca11y 1t was unusual to:*r_.

' ~ﬂf1nd ev1dence of the 1ntraporta1 graft. _ Most dogs were: sacraflced' :

JUSt a few weeks (2 8) fo]]ow1ng transp]antat1on because of . we1ght '
- 1oss and hyperg]ycem1a.‘5 r Ef’” ' N o '
| Th1s study conf1rmed the - 4ab111ty to transp]ant pancreat1c: :
"..fragments “into. the 11ver w1thout deve]oplng susta1ned PH 'Chron1cl‘

'comp11cat1ons are not ant1c1pated as '~ %ther stud1es have on]y shown_:'

" . minor, : trans1ent ‘ 11ver | enzyme ' changes,_" norma] ,: hepatic -
. _aarch1tecture8 14, 34 35 36 ‘and”-normaI porta] pressures ‘on f0110w>
3 However, 11ke the, exper1ence of Kretschmer,g. th1s graft»v :

o preparat1on may not funct1on as we]] on 1ong-term fol1ow up when.

transp]anted 1nto the 11ver 1nstead of the sp]een. fA:

“-An ‘omunous f1nd1ng the degree of organ1zed ‘thrombust
| surround1ng 1ntraporta1 fragments, and how JUSt a few weeks afterpb‘
-transp]antat1on pancreatlc fragments are often d1ff1cu1t to 1dent1fy |

["Venous thromb1 w1th surround1ng organ1zatvon enve]op1ng the 1s]ets andv:

';»ac1n1 has been" noted by others 16,19 Islet tissue is 1n1t1a11y felt

v'to be kept a11ve by nutr1ent d1ffus1on unt11 neovascu]ar1zat1on

.. occurs., .40, 41 ‘B t:

1f the fragments, and/or egocr1ne -secretlonS'ﬁ
'stimu1ate thrombos1s, organ1zat1on of the clot cou]d lead to 1schem1a
of the 1s]ets and 1nsuf§n productlon mIght fa1] In a 51m11ar manner‘f
ff)t has been proposed that:. fa11ure of ‘islet grafts obta1ned from a

A\ )

u,g]and d1seased w1th chronlc pancreat1tls s part]y due to the fxbros1sﬂ~ ’

—



"’obta1n1ng a more pur1f1ed 1s]et preparat1on

.. ,37:§>

S
e

- and scar1ng 1mmed1ate1y' surround1ng the islets. ,This ¢subsequeh§1y_f”"

';';uf1nterferes w1th the1r : neovascular1zat1on ~ folldwing .f;fansplanteg,_

The future for 1ntrahepat1c transplantatdan probab]y 11es ihs”

}v£V1dence in rats4

>11m1ted exper1ence 1n dogs10

)
RS

“gvolume of t1ssue and smaller fragments are’ .toJerated easily and

B succeed 1n the 1ong term.,"J‘

: ‘ B ‘ -
L :.”Conc]uSionS"_{

Ry

1. 'fPancreatie-.fragméhts"iransp]anteda intraportally wiﬁl'fteuse'*

portal hypertension.

;uvé.:' _withffsysfemic'”ahtiedagulation~‘éndv'sIdw intermittent _1nfu51onu>l

'pancreat1c fragments «can be transp]anted 1ntraporta11y w1th 1ong

term surv1vors.

T3 -Autotransplanted pancreaticle 7frégments;' ~Aeither ovia® an.

| 1ntra5p1en1c Cor 1ntraporta] : route, : wi]] 'ma1nta1n ‘ fasping;'

g2

"tfansp1éhtatiqn.l, S -CQ'Vu

1_us1ng pure 1s]ets suggests the smaller -

. normog]ycem1a and to1erance to 1ntraVenous glucose. However{

_*‘we1ght ]osss s more. - of . a.,ﬂprobjem ;1W1th E 1ntrapdrtaf f

ande.”;.“‘
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”. ‘INTRAPOR?AL AUTOTRANSPLANTATION oF PANCREATIC FRAGMENTS'
- LOCAWRSA | PROBLEM?

oy g Introductmn =

L - LT

fcompHcatwns of d1abetes me]htus 1s an attractwe concept] It,

‘has' been “more t)han a decade s1nce Ba]hnger and Lac_y2 successfully

-

: 1solﬂed suff1c1ent numbers of pure 1s]ets to reverse hyperg]ycema'

The transpﬂantgtmn of 1slet t1ssue to prevent the 1ong'¢term"

.'foHowmg transp]antatlon in the d1abet1c rodent Short]y afterwards.'- -

transplantatlon w1th1n the hepatoporta1 cwrcu1at1on was shown to be-"' "

3

B ’advantageous w1th the 11ver bemg the best graft rec1p1ent s1te 4

A ma\]onr advance was a s1mp]1f1ed 1so]at1on procedure that._f

aﬂohed one pancreas to act as a smg]e 1slet donor Th‘lS techmque--

L sacr1f1ced 1s]et purlty for a m1xture of 1s1ets and exocrme t1ssue‘ o

v,that was . both tolerated and successfu] when tranSp]anted to - the‘-"‘

. ,spleens 5-Bu‘t~ 1ntra-porta-l 1nfus1on of m1xed ‘endocrme/exocrme

&

_',vfragments m e1ther exper1menta1 8r chmcal tr1a]s has led to the',

-deve]opment of porta] hypertenswon (PH) 6 ]6 Th1s comphcatwn has _"'

A‘not been seen mth relatwe]y pure 1s1et grafts ]7 ].8 Another jnaJorv

'-comphcatlon is the deve]opment _'of d1ssem1nated 1nt\ravascu]arh""', IR

'coagulatmn (DIC) 10 13 14 S e, o |

DIC deve'lobs as an eﬁ:es@we reactmn in-the normal equ1hbr1um_.u" .

'between coagulatwn and f1brinolys1s Nhen these two mechamsms are

| _"over st1mu1ated there is a consumptwn of coagu]atmn factors and] B

'p'Iatelets- microvascu1ar f1br1n depos1t1on damage to red ceHs.

) diffuse organ maur_y and excesswe b]eedmg It can range - frpm a | g

nosﬂ to severe chmcal mamfestatwns and death ]9

'i"'

: l-aborator__y_ diy

a2

-

Ry



Us1ng a standard preparat1on of m1xed endocr1ne and exocr1ne

5

'1fragemehts Meh1gan@ et al ]9 neted severe PH and DIC follow1ng

*1ntraportal transplantat1on 1n ar pat1ent and subsequently 1n a ser1es
of - exper1ments in - dogs. There were marked changes 1n the platelet
'ncount and. f1br1nogen level, a prolonged Pii development of FDP s. and’
,{51gn1f1cant hemorrhage,,' Thxs was subsequently prevented by~ the
‘uadd1t1on of hepar1n and aprot1n1n to the graft pr1or to 1nfusion ;It B
;was demonstrated that t1ssue thromboplastans released from the. gland

~
Others have not &oted 5}

-

o fdur1ng preparatlon were probablygyespons1ble

to be such’ a problem when us1ng a

_s1m1lar 1slet 1solat1on techn1que 6 8 9 ]] ]2 15, ]6 we reported
"f exper1ence us1ng a gland preparat1on that was s1m1lar to that of
warnock et ‘al. 20 wh1ch also. ﬂocumented PH | a maJor problem
follow1ng 1ntraportal 1nfu51on of m1xed pancreatwc fragments glitlheg"

development of DIC was not ev1dent

”'.fMaterialsiand“Methods'

;j, Outbred, adult mongrel dogs, l 2 years of age we1gh1ng lS 25 kg

were stud1ed Crlter1a of the Canadlan Counc1l on An1mal Care were |
followed | o | N IR . ;”v , L .”f“ | S
) All :EEB‘ underwenbﬁa total pancreatectomy and autotransplanta- e”
,t1on to the spleen (n 2) or l1ver (n 24) follow1ng SQE_J/Z hours of
_npancreatwc fragment preparatlon 20 \~E1ght of the dogs rece1ving an
h1ntraportal 1nfus1on had grafts rema:n 1n t1ssue culture for 24 48
',>hours to reduce both the exocr1ne component and total graft volume

The preparat1on of m1xed endocrﬂne and exocr1ne pancreatlc

S
" . . . T . A I

. e . )

3 . — .
o - P



fragments began w1th dwssect1ng out the gﬂand wh11e ma1nta1n1ng
| ; maJor vaSCular supp]y The maJor and m1nor pancreat1c ducts were_

' --fﬁ#: cannu]ated u{ s1tu and fo]low;ng exc151on the g]and was we1ghed It* -

s

' »Pf#:‘l solut1on (HBSS G1bco, Grand Is]and N, Y. ) A = 30 m1nute perfus1on

: ’-'w1th 0 4% co]]agenase followed and when the gland appeared muco1d,1t_l

was then d1stended and perfused w1th ch11]ed (4°C) Hanks ba]anced sa]t’af'

e bwas chopped for 90 sec In supp]emented HBSS (pen1c11]1n 6 ]00 OOOf"

'1un1tsAl, streptomyc1n ]OO OOO ug/l , aprot1n1n 200 ,000 KIU/I 1t wasw_

o ;vagor0us1y shaken in an 1ced water bath and passed through a 400u;1:'

. ( A
fscreen x3 After wash1ng x3 1t was resuspended 1n the suppTemented
\

d.HBSS for 1mmed1ate 1nfus1on or transferred to t1ssue cu]ture flasks

o TN -

In 8 dogs g]and process1ng was - fo1lowed by plac1ng the ent1ref_f'

,;‘graft 1n t1ssue cu]ture Ster11e techn1que was used RPMI 1640- ?j{

‘(G1bco Grand Is]and N Y. ) was chosen as tlssue cu]ture med1a, 100 mT“a

: media per ml of t1ssue Th1s was supp]emented w1th heat 1nact1vated;

'i;fetaJ calf serum 10% v/v (G1bco) , Pen1c1]]1n Streptomyc1n dH{:f

j;aprot1n1n were added in the same concentrat1ons as. they were to the o

ot HBSS dur1ng g]and preparat1on. HEPES (G1bco) fwasi added to 'a:e'

S : G
-_,concentrat1on of 25 mM/l as,a pH buffer. T1ssue was p]aced e1ther in o

'"iT’mu]t1p1e stat1c tissue culture flasks or was kept suspended

Tt

»

& .
:a1r hum1d1f1ed envwronmént T1ssue was kept in. cu1ture for 24 48 hrs s

'-'contlnuous m°t‘°” by a magnet1c spmbar in a 2 Fernbach f]ask drwen' -

'*by ~an externa] Sp1nner The cultures were placed 1r1 a 5% C02/room fi"

FL(W1th a "Ed‘a change at 24 hrs ). and then pe11eted and resuspended 1n.;75“'

,?;supplemented HBSS for transp]antat1on vMedja, pH ~and ;bacteraalﬁ

._4_

RS cu]tures were routtnely checked



"tlmes pr1or to 1nfUS1on In try1ng to f1nd a method of 1nfu51on that i

o porta] ve1n thrombosws) two other techniques were trted ( ) system1c'-

- . . . i e R
. L R . " [ :

Porta1 pressures and hemato]ogtcal tests to evaluate DIC were

‘%exam1ned 1n a]l groups Two dogs recelved tlssue embol1zed over 10

'.V¢'m1nutes v1a sma11 h11ar ve1ns to the sp]een. S1x Sontrol dogs

ra
-7

'7hgfant1coagu1at1on with 100 un1ts/kg heparin us1ng a 20 m1n 1nfus1on

‘h(ii) a s]ow, 1nterm1ttent 60 m1n. 1nfus1on ' Qo/p1nat1on of these two
»techn1ques a]]ev1ated the ]ethal susta1ned PH and ‘a ser1es of 6 dogs 4

"anh1coagu1ated w1th ]OO 150 unlts/kg of hepar1n rece1ved grafts

:v1nfused over a 60 m1nute per1od Pr1or to deve]op1ng th1s techntque 3 :

' -,&nderwent contmuous 1ntraporta1 graft mfuswn over 20 mmutec Two .
R ddgs rece1ved an 4ntraporta1 1nfus1on of 9raft f1xed 1n formalln to_'°'

B remove any actlve enzyme or peptxde component It was washed severalfc~'f‘

/;i d1d not cause death secondary to portal hypertens1on (and somet1mes V'

, dogs rece1ved cu]tured fragments w1thout antlcoagulat1on and then a

& .

"exocr1ne fragments ‘ gi v:n_" S h; 1;."

further "5' dogs fo]lowed 'th67 successfu] hepar1n1zat10n/1nfus1on

protoco1~' In the ant1coagu1ated groups 30 un1ts of hepar1n/m] of

0

'recovered tlssue was added to the suspens1on of m1xed endocr1ne/

P I

Porta] pressures were cont1nuous]y measured by a 51mp1e water"

manometer zeroed w1th the dogs m1dax111ary ]1ne._ The manometer was

- the 1ntraporta1 graft 1nfus1onf.

The laboratory d1agnos1s of DIC was based on mon1tor1ng changes )

"f1br1n degradat1on products (FDP s) 22 ~Samples. - were drawn after

",_;connected by v tub1ng to the same - 16 gauge 511ast1c catheter used for

7f'1n the PT PTT platelet count f1br1nogen 1eve1 and the detectlon of J'



t)ﬂdUCtIOﬂ of anesthes1a, 1mmed1ate]y before and at the comp]et1on of;r_w ‘
::7 _graft 1nfus1on (about 6 hours after anesthet1c 1nduct1eh) and f1na]1y‘:ff'7
’i,”after c1051ng the 1nc1s1on§ 1/2 h0ur after comp]et1ng the 1hfus1on)
i 'gM1n1ma1 changes were noted from the t1me/ft anesthet1c 1nduct1on to
.:.Just prlor to graft 1nfus1on S0 on]y the pre 1nJect10n and 30 mlnute:._
‘apost transplant va]ues are . reported g There was 11tt1e d1fference 1n‘”""

' 'the comp]et1onaof 1nfu51on and 30 m1nutes 1ater;e Per1phera1

. values
' ¥ re exam1ned for sch1stocytes. , Note was made of petechtavi'ft |
‘d; abnormal c]ott1ng or hemorrhage at the time. of‘operatton orfp
‘ 1§aotopsj; , Rena] g}omeru11 were exam1ned m1croscop1ca11y for *f1br1nn:'
Norma;_ va]ues—-;or' the hemato]og1c. tests were estab]1shed
: 35¢hea]thy mongre] dogs of s1m1]ar age and we1ght (n 10 to ]6) dl
J,*a__eiEI's and PTT‘s were done manua]ly on a. F1brometer (F1brotek Co )i

! Ve
":us1ng S1mp1ast1n and Automated APTT reagents »(Genera] D1agnost1cs,__f

-

: Morr1s Plalns N.J. )17 P]ate]et counts were done on ‘a- TOA Automatic

‘g.P1ate1et Counter-Mode : PL 100 (TOA Med1ca1 E]ectronlcs Co.,. Kobe;f;

"‘Japan) w1th adJustmentjfor the swze of dog p]ate]ets F1br1nogen was’

: ;determ1ned by the method of Ratnof? and Menz1e€5r us1ng a .Turner“‘U
| ;Mode] 350 Spectrophotometeﬁ’ (Turner ’Palo Alto, fC-;); FDP ts wereiH:A
Fv;tf““\\n@asured_ usxng :thed Thrombo wellcd }est Wel]come D1agnost1cs,h

: Dartford Eng ) ' o - h o

AT dogs that dxd not surv1ve underwent aJtopsy T1ssuefmasj;7f

f1xed in 10% forma11n, embedded processed and. sta1ned WIIH H&E 1n the;;l.j;p

standard fash1on *>'~




v'f ]Statlst1ca] Ana}ys1s _':1, 7'f 'h* f'-l R ';-“; ‘1;; ;g'~‘f'

o hparameters from th1s dog popu1a§1on and the norma]s as reported 1n the,»

“ ]1terature.- -:' :“‘ _f_"ﬁ" v ’;; h‘4. ”* N 'g.jgﬁf'f “:*ff"

: contro] dogs wa'f?letha1 for 5

.: .

A]] va]ues are expressed as means w1th the standard error of the

Pl

'1;1' 5“11“"f f_,dZ'

o ?;, mean (SEM) Compar1son of group resu]ts was: done w1th pa1red ori‘“

Qunpa1red °tudents t- tests Dmfferences are stated as s1gn1f1cant wheq f”fi

-.'.p < 0. 05 un?ess 1nd1cated otherw1se.v ~24' 3 -~f :5;543’72t""
e D R8501ts ‘11 ."°4'f}_fgg.'_g":;;'li},5§;; -

“The . volume of t1ssue obta1ned from graft preparatloh that Wﬂs:if»

'fhepar1n1zed groups “s, also 1nc1uded There were no s1gn1f1cant

't1ssue recovered after t]ssue culture for the non:hepar1nized and:'

Inc]uded 1n Tab]e 2 2 are the norma] ranges for. the coagu]at1on,;

22

. v
P

No comp11cat1ons had been encountered 1n prev1ous 1ntra§p1en1c_

- .

"¢,1nfu51ons so“ on3§ 2, dogs " had hemato]oglc stud1es pegformed-’

"”‘D1fferences were m1n1ma1 between pre- and post1nfus1on va]ues..

v

- lnfu51on of pancreat1c frag"

susta1ned21 (49+ 'cm H20 Vs 4 cm H20 base]1ne) Petech1ae were_,g v(ﬁ

d"jseen in the mesentery but b]eed1ng from ‘the wound edge, venwpuncture

-

tr nto the porta] ve1n of thej

k:
R

SItes, suture ho]es or a1rway (endotrachea] tube) was not noted A_ff

‘ autopsy on]y a sma]] amount of sl1ght]y sangu1nous '1ntraber1toneai -

- subsequent]y transplanted 1s out11ned Ane Tab]e 1 The vo]ume of};'4

'gd1fferences between the non t1ssue cu]ture groups 1n the vo]ume ofpf :

o tlssue culture groups the vo]ume of tlssue 1nfu$ed was sim11ar. ,fr'f;?ﬁ. E

~"t1ssue recovered pr1or to 1mmed1ate 1nfu51on. , A]so, between thei:;% ‘

dogs BH was sefere and,

. ._.‘;&



ag

~ Table.2-1: Volume and Percent Recovery of Tissue Fragments '

: T’_grcup:;g S e Rvel (mis)

5%‘ReCDvery,fAl'

| Intrasp]en1c Infus1on f'

R Intraporta] Infus1on o

B antrols‘f,

r.

; .M&diffed“Technique-”x;{: PR

. o o v ., . ’ ' __.' ‘ . = B B .‘,.’ _. &

s f.fT1ssue Culture -"No hepar1n 73 5 "' \;§_+';5 TR i

"”Ant1coagu1at1on/60 m1n S - e e

1nfus1on ', __._ ) ;_'j»,ﬁ¢n;:5. LR, 32 8

;"T1ssue Culture - Hepar1n/ iE w8+ .8 o
fes s]ow 1nfus1on S g Sl , S

o g T
.' [ ﬂ’

‘-3Tab1e 2- 2 Norma] Values fOr Coagu]at1on Tests
Co oo E % . ‘4" I .
B {" . . R ) ) i ] : ‘ 4“

sk o . i ) A -t

CoHL R R BT

e

R ) . B

v

T e T T
ooGreup Ty, .
et f-vj R _f,._ n=16 _. =16 n=10_

e

. o “#;7‘ : R
PT (sec) PTT (sec) ~ x 103

.‘.,,,?

P]ate]ets’

: Fibrinogen - -

mg/d1) . -
(mg=]4)

7'7~Mongre] dogs '"x ‘j 8 7 + ',?j

"fQuoted L1terature :

15 e +
| 6 4 - 7.%.
.

- . 5

4 239 + 2
9 .5 - 10 5 200 - 500,[

260 + 23

200.- 400




v

\

no Tonger s1gn1f1cant (203 OOO to T6T 000 P —T,_O) OnTy one dog had

.»'shortTy foTTow1ng complet1on of the 1nfus1on CT1n1caTTy there was no\

per1phera] smears showed OCCas1onaT schfstocytes. ""'

BN .

- hepatic 1schaem1a (PTate 2 T) but no f1br1n thromb1 were found

not sagn1f1cant nor was the drop 1n f1gr1nogen The drop 1n pTateTet“

oL a . '
L 3AFDP s between TO and 40 ug/ml aTT others were negat1ve Study of

7 The - 1nd1v1dua] resu]ts us1ng graft f1xed 1n fnrma11n,, sTowi

')

1nc1uded in TabTe 2 4 The d1fferences between pre- and post1nfus1on;_r

" vaTues were s1m11ar to the 1ntraportaT contro] group excegt the drop |

TTatter 2 dogs (slow 1nfus1on onTy/system1c *nt1coagu1athﬁp on]y) were '
| sacr1f1ed 2 hours foT]ow1ng transp]antat1on ‘when it ggeame appafent7

'%they woqu not surv1ve The portaT tree was comp]etely thrombosed 1n.

both dogs -

Infus1on of smaTTer;,pTumes of t1ssue cuTtured fragments (x voT.

5 +. 5 mT) a]]owed 2 of 3 dogs to surv1ve& One dog d1ed of acute PH[~

post1nfus1on the pTateTet count had rtsen and the d1fference was

AR o

5f1uid'wasvfound On T1ght m1croscopy there was ev1dence of severe..l

nfrena] glomberu11 (PTate 2- 2) . Changes in cgag,lat1on tests weref-'_'.-
A ”*eVident (TabTe 2- 3) Thé sT1ght proTongat1ons of the Bﬂ and PTT were."

) count &t post1nfu510n was s1gn1f1cant (203 000 to 140 000) but by 30

. 71nfus1on or systemwc ant1coagu]at1on w1th a 20 m1nute 1nfus1on are’

"31n pTateTet count was T1tt1e greater A(average drop of 8] OOO.T' B
";compared to 63 000) The degree of PH appearance of petech1ae and"

’ Aother f1nd1ngs were s1m1Tar to the 1ntpaporta] controT group The e

i ,suggest1on of DIC CoaguTat1on resuTts are g1ven in. TabTe 2-5 : The‘ -

".,changes 1n PT PTT platelet count and f1br1nogen level were not‘~



P

- - Plate 2-1: Severe hepatic ischaemia . seen -following intraportal . - -
e s embo]i;ation of graft leading to sustained PH. H&E x 400 - SR



P R B . ] REEL

Plate 2 2 Rena‘l g]omeruh w1thout f1br1n thromb1.. Autopsy sectwns
fo]]owmg death from severe, sustamed PH.- H&E »200
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Ll e Ly e D e T
- Table 2-3: Coagulation Studies:of Intraportal Infusion-Control Group.

CGrowp - PT (sec)  PIT.

N

Plate1et - Ail'v; ~»,;
o Count ,f1br1nogen “FDP's.
(iec) % 1037 i (mg/d1y (ugém]
=6 - n=4%% . s gk
: ; o,*'-

n=.6‘ C

L3

~ Pre-Infusion 10, 141.7.16.8 118 203 + 457 252+ 85 vnégm">v“

)

, Post1nfus1on”,,fl ' 7 ;' e 140 + 3g ’:";" ;,.fj7 

- 4 = : . . : -
L 30 min Post- . “"- .
- 1nfus1on :"»; }2 7 + 5 4 ]7 3 + 1, 5 161 + 38 159 + 82 neg . .

N

’ Va]u& r%gorted as mean + S D '*f. 1ab er?or negated 2 va1ues '

"t .one value prolonged . ~ ~$ . one value: ]O <40
Rt two va]ues pro]onged :.‘ : LT -

A

,Tab]e 2-4: Coagu]at10n Stud1es of ;1ntrap8rté]‘fInfuéjoh.'-'JModified

L Grdqp ~n PT (sec) - PTIT (sec) x?xj’ X 103

: Enzyme I

Techn1ques , e e

e

F1br1no

. émg/dl)
Pre Post Diff Pre Post Diff. Pre ﬂost Diff. Pre Qﬁt D1

P]ate1ets

.

1:§ ' - — - ',, -
A - , . v::_~‘ o ' \&

R
»:‘ NS

AN )

g 7 ! O ' -
o Depleted 1* 8.9 9 2 +o 3 22&' 24 +2° 341255 -86 . 421 08 21§* v

CUSlow o SRR o T | L '
_ Infusion 1 10.7 11;4.+o;7 16 .16 0232 144 -88 . 218 157 -61 -

'|  / »":v_‘

 Anti-

~ coagula- SR S

~tion 1 11.2:12.6 +1.8 16 25% +9% 2567186 -70 = 156 88 -68

_— o ' \
A Samp]es.on one dog not shown

o

* hepar1n1zed R P N~i"'



) Tab]e 2 5: Coagu]at1on Stud1es of Intraporta] Infdéibhv - Tissue.
, Cu]tured Pancreat1c Fragments N T PR R

e Dlatelets  Fibrinogen
Group - PT(sec)  PTT(sec) . x.103.  (mg/d])
o . =3 n=3 g on=3. - on=3

Pre-Infusion 9.5+ 0.6 20+1.0 276+ 55 3424104

Postinfusion' ' 9.9+0.4 2112 220+ 27 2% + 167

Difference . +o04 41 86 g N




deirb -
‘,fs1gn1f1cant : | ; _ S e T
L Comb1n1ng system1c ant1coa§u1at10n w1th an 1nterm1ttent 1nfu5/ontf;

b':l‘over 60: mln.aavo1ded the development of marked or susta1ned e]evat1onsg- -
:‘T1n %Lrtal pressures (29 6 vs 49 cm HZO) 21 C11n1ca11y DIC was notrﬁ
'-va probTem Coagulat1on resu]ts are presented 1n TabTe 2- 6 . There
f‘were no- s1gn1f1cant changes 1n the PT pTateTet count or f1gr1nogeno.

Th d1fferences in the coagulatlon changes pre- and 30 min.
post1nfu§}£nh between lhgsb 1ntraporta1 contro] group 'and3v’ther'
- _hepar1n1zat1on/1nterm1ttent 1nfus1on group were exam1ned Changes in7
-p’the PT betweeh the 2 grqups were s1m11ar There was a s1gn1f1cant5

:.vdhfference between the 2 groups in. the change An the pTatelet cOunts_:-»

“There was a s1gn1f1cant1y smaTTer change in the hepar1n1zat1on/l-

o f;1nterm1tteht 1nfus1on group (a decrease 1n p]ateTet count of T4 OOO vs'

'ﬂ ‘*’!,900) :‘ The d1fference between the 2 groups in. the change

@f1br1nogen was aTmost s1gn1flgant (p= 10), agaln a sma]]er change was ,.h |

lseen in the hepar1nlzat1on/1nterm1ttent 1nfus1on group (a,decrease.an o

: f1br1nogen of 2 mg/d] vs 93'mg/d1y.

X o v _ . Lo
The successful 1nfus1on techn1que was then app11ed to add1t1ona1_t

3

.transplantatwdhs u51ng t1ssue cultured fragments These dogs - had

' :'trans1ent 1ncreases \1n portaJ pressures, no c11n1ca] ev1dence of a',;l' ;

4coagu10pathy and a]l surV1ved leferences in. coaguTat1on tests pre-'t.‘

'aand postinfus1on rTabTE 2= 7) are not sign1f1cant

—



R

’f”ff‘Tébie€é‘Gitcgagulat1on Stud1es of Intraportal Infu51on - UGOl"mid. .:'ﬁf}

‘gﬁgen w1th Ant1coagu1atlon

) _+ Platelet
g -7 Lount
PR (sec) PTT (sec) Geox K03

PR __,'1-.;‘ . n=6 " . i __n;‘5_ S \ n 6 »

- ;u :" -
_ Group

-

5Pte-1nfusioth

,PoStﬁnfusiOn‘
] . e p

~ Difference

;ui,féff{'~J’ ‘fi4.;“'5_;<gj3~ ¥ T .

T ' Hépaﬁinﬁzed

187 -‘+.- 27 gk 39
173 £ % W2

‘“'ﬁ'5TaQJe72?7:*Coagﬁlatﬁon"Stud1és;'of Intraportal Infus1on - T1ssuegif -

~Culgured , Pancreatic ”Fragments - 60 “min. Infus1on w1th
s ‘.'Antlcoag.iat1on;5 S n : oo

Platelgts ‘F:br1nogen ;
o x 10 (mg/dl) B

"-'Gfdup
L s s

- Pre-Infusion . o + 0%k 17, 233 + 54 '349 4158
| Postinfusion ., 9.840.8 23.64 7% fzzs + 57 s a7

o

o difference T 0 sgas B _7 s

v,_ValheS répdrted1§$-mgén iis;b. o *,j H§pa;ini;éd7>

s .
Dot e T —



v‘«transplant or 1n pat1ents undergOIng 2. 95% pancreatectomy for chron1cl A,

"~;3 pancreat1t1s is a]ready a rea]]ty

s

\ _ : 3

. Transplantat1on of 1slet tlSSue 1n d1abet1cs rece1v1n\\a k1dneyf'.n“”

26

o jof 1s]ets 1nto the 11ver gu1ded by favourab]e resu]ts in- rodents,éh"'b.‘r
:h;:'ihaéjtl d to ﬁgy1ous compl1cat1ons that somet1mes have beenlf’ -

'*',‘fatal 14 ]s The cr1t1ca1 d1fference 1s pure 1s]ets were used

‘vqi; rats whereas 1n c11n1ca1 tr1als an unpur1f1ed m1xture of 1slet and_: _
3'¢'exocr1ne t1ssue 1s a]l that' 1s current1y ava1lab]e The “Yack of'_¥'

o pur1f1cat1on resu]ts 1n a much ]arger vo]ume of t1ssue to be 1nfused R

As a resu1t of transp]ant1ng a m1xture of endocr1ne and exocr1ne,

”‘-n't1ssue 1nto the Tiver. both PH and DIC. have oocurred as comp]1cat1ons

tr1als *fdfn ; 1ntraportal Ah 1nfus1on us1ng pancreat1c t1ssueff, L

'ﬂffragments,G,JB but” DIC 1s fortuhate]y less common DIC 1s not newf-'

“. ﬁ‘to the f1e1d of transp]antatwon ]7 DI£ is. baa1ca11y an excess of

‘the coagu]at1on and f1br1no]xt3c mechan1sms, both of wh1ch modqéateﬂf;

i the other 24$’ It usua]ly fo1lows faf st1mu1us to the extr1ns1c'“h t

o coagulat1on pathway and can be acute or chron1c : The resu]t is a:'h

.f"consumpt1on of c]ott1ng prote1ns, thrombocytopen1a, FDP product1on and_

"’m1crovascuiar fﬁbr1n depositlon wh1ch may damage red blood ce]]s orff

‘icause d1ffuse end organ damage.,_ .

DIC m1ght be ant1c1pated :an a comp11catlon, know1ng thejh

,re]at1vely 1arge volume of t1ssue be1ng 1nfused and 1n Part1cular the'f‘f"tf

‘blocat1on - the portal venous tree The 11ver pJays ‘a maJor role 1n1‘

Unfortunately, transpiantatwn

?H has occunred in. almost a?l an1ma1 exper1ments and c11n1ca11rﬁ iR



i

= ':mamtammg a norma1 11qu1d state of blood and hemostat1c capabﬂity:?j:‘v1-,‘:7_?-"151-:
LIt s respons1b1e for synthesmng SeVera] of the clottmg factors and_‘j'v-,-i'.."}v

rif'ﬁbrmogen It a]so c1ears from the blood t1ssue actwatOrs of
._-ic;clottmg and f1br1nq1yt1c enyzmes._'_ In. the presence of hepatwc,.',h-',y.v*""

.schaema, .aclottmg prote).n‘levels may drop and- t})se products that .

]yse b]ood may ctrcu’late 1n excess,zs_ 1ead1ng to a h)/pOCoaguab]e : )
KhypercoagulaMe m1'|1eu 29 h~ E ’ T :

A comprehenswe study of DIC foﬂowmg pancreat1c fragment%_‘.‘-"f':“ i
transplantatlon was performed by Mehlgan et a] ]0 after notmg th1s‘f
comphcatwn m a pattent,t Observatwns from a camne model 1ed to“

the suggestaon that t1ssue thromboplastms were released durmg the

>

g]and preparatwn and upon 1nfuswn they were a trtgger for the -

_' dev?ﬂopment of DIC Tf heparm and Trasy]ol (aprotmm ;'-»_f_,a“_'
nonspec1f1c protemaae 1nh1b1tor) were added to the graft suspenswn-i";" o
\

. pr1or to mfués'non DIC was no l.onger aev1dent Th1s was fo]lowed b_y -
successfu] chmcal apphcatwn Most other groups have now gone on y
;t:o"_”._us‘e_' heparm, ;'b“t " Sz_)'stem'ncally8 9 1, 1'5 r‘ather than '.'i the'_ o
graft ]3 “In. _.some c1rcumstances hepar1mzat1on has not been found:f 0

,,necessary 12. The extensmn of 1nformat1on gamed f‘rom 1ntraporta1
tnfusmn of pancreat1c fragments "i dogs ma_y not be entlrely{-:»_‘-?j--' |
ap_phcab]e to humans becaqse of the dogs' : extremely sens1t1ve -

| sp1anchmc vascu1ar bd ©.and - the ' gresence of hepat1c : Vﬁnous'v'%i
s§h1ncters 28 s | B Lk -
, In th]S study the 1ack of conswtent deve]opment of s1gn1f1cant
changes m the PT PTT platelet count, fibrmogen 1eve1 and m'igima'l

fO",



, to absent generatton of*’FﬁP"s suggests that DIC 1s not OCCurrmg .

_ There are no absoTute crtter1a to d1agnose the presence or absence of .

. 1'DIC Rehance is’ pTaced on a combmatmn of appropmate changes under*;‘-g .
the correct c1rcumstances 23 30 (Common]y there is’ an eTevatwn of4
{. one ‘,or both of the PT PTTT';:v a drop m the pTateTet count and-j

D 5
f1br1nogen TeveT and cT1n1caT occurrence of abnorma] c10ttmg or

d’uffuse hemorrhage) However most woqu agree that FDP s shou]d be S
. present and usuaTTy greater than 40 ug/mT 22 23 :The presence of N
petecmae,’ hemorrhage or organ dysfun&t.z.on 1s nnt aTways 'esentzb a
aTthough more common in: the acute form of DIC In the controT oroup,; -
i'_.gthe re]atweTy mmor changes 1n the PT or PTT combmed w1th the
v1rtua1 absence of FDP s and Tack of chmcaT prob]ems or f1br1n
thromb1 in renaT gTomeruh argues agamst DJ,C bemg a comphcatwn Of,.“
th1s pancreatw “l'ragment transplantahon modeT .'Th dechne 1%
ﬁbrmogen (252 - 159 mg/d]) : a]though not s1gn1f1cant ns notab]e.
c0ns1der1ng 1n the usuaT postoperatwe state 1t shoqu r1se 29 .'
‘ . Interestmg]y the p]ateTet count was cons1stent1y Towest at the end of
| the 1nfus1on but qu1ck1y began to rise JUSt 30 m1nutes Tater '
4

e Another po1rt negatmg DIC as “an expTanatlon for the coagu]atwa L

L

changes was the presence of porta] ve1n thrombos1s, as seen on two L

o occaswns If autops1es had been done 1mmed1ate1y after death th1s v:-*?.f -

observanon may haven been made more frequentTy.— Major - vesseT .
thrombos1s 1s xﬁstmct]y uncommon in DIC ]9 3 |
whEn systemc ant1coagu1at1on rwvas__. combmed w1th 'a sTow,
1nterm1ttent mfusmn the s1gn1f1cant dxfference was. an absence of

E sustamed PH and subsequentTy aTT dogs surv1ved. This .d1ff,erence_was.



s

j;»ref]ected in the coagu]at1on tests = the changes 1n the PT, p]atetgt;;“"

":count and f1br1nogen ]eve] were Tess ’Fah]e 2- 6) and none reachedwf5

’“-.stat1st1ca1 s1gn1f1cance. ! Petech1ae were :not apparent iin fthe.r-757

";mesentery but the1r abSence 1s’vmore 11ke1y a refleCtlon of theﬂfj.f”

S

decrease 1” porta] Dfessure.i 7he one - dog that survwved in the,}'?dt'

':1ntraporta1 1nfuswon contto] group also had on]y a trans1ent/1ncrease."*

in’ portal pressures (and coagulat1on changes that were m1n1ma1) :?»‘

\

The comp11cat1on of thlS 1ntraporta1 1nfusmon of pancreaticla

".:_ffragments isz ma1n1y itge deve]opm@nt of PH. 21 Any coagulat1on(

”gchanges are probab]y more a resu]t of 1oca1 porta? ve1n thrombosws andd

o :the accompany1ng 1schaem1a to the 11ver. The emboT1zat1on of such a'

'v,1arge vo]ume of t1ssue fragments 1ead$ to porta] venule obstructlon{:jl

".stas1s and when comb1ned w1th the t1ssue thromobop]ast1ns in ~the S

"suspens1on leads ;t" 1ntravascu1ar c]ott1ng ‘_It; seems enzymesti_“

";iassoc1ated w1th the exocr1ne component of the graft cou1d contr1buteg

C .to clott1ng by caus1ng endothe]1a1 1nJury or d1rect convers1on ofdﬁ

.ft prothromb1n to thrombin 32 but the same 1etha1 resu]ts from 1nfus1ngnf'7 )

’~7forma11n treated t1ssue'suggests 1n the acute phase enzymes ‘are not an_?75' ’

"_fessent1a1 cause of c]ott1ng A]so, the 1nfus1on of t1ssue decreasedf_‘-’

v1n enzyme content fo]]ow1ng t1ssue cu]ture (our observat1on) was st111fggif.f

g ]etha] un]ess the vo]ume of t1ssue was great]y reduced (3 5 5 Of:

oml). Matas et al 7 had a s1m11awz)exper1ence w1th tissue cu]tured T

'.hﬂfragments 1n that system1c ant1coagu]at1on was st111 requ1red and not

.a]l of the graft cou]d be 1nfused intraporta11y

"l

It appears as, 1f any coagu]at1on changes n here are notf

a

_wrepresentat1ve of DIC A plau31b1e explanatton 1s the changes are ap-*

.o

Do



'“7iF]1ver»"u;:thé portal Veln, cause mqnor coagu]at1on changes.; ;‘”

suta1ned1ﬂ+ anﬁ 1n 1ts absence are 1ess appanent

.'Heparln

t-coagu]at1on changes suggesf1vé of a coagulopathy w1]1 be seen.v"

lflslet contalnung Qpancreatlc fragments when 1nfused 1nto tne

S

.,’a
Weini

W

caw»be useﬁ as a system1c ant%ceagu]ant to a1Tow safe

1nfus1on.mf ;he ¢ancreat1c fragments anJ ne1ther susta1ned PH orr’
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Although transpl&htat1on remalns the def1n1t1ve techn1que tofbfsft

| v"-l“replace the funct1on of a: fa11ed organ on]y k1dney or cornea]

f_‘al]ografts (and b]ood transfu51ons) are rouf1ne 4The tethn1ques off :

! _transp]ant1ng the heart heart/lungs, 11ver or bone marrow have been ff,ﬂ’

-~

.:estab11shed 1n several research centers.; However, the transp]antat1onh_'h
’:~of pancreatic endocr1ne t1ssue to prevent the 1ong term comp11cat1ons_v:
chof dlabetes me111tus 1s st111 very'much an. exper1menta1 method ] '
' Current]y, the papcreas 1s usua]]y transp1anted as :a segmenta]v'
‘7;-gland 2 but the accompany1ng exocr1ne t1ssue is undes1rab1e,; and _‘;
efforts to 1so1ate pure 1slets for transp]antat]on cont1nue.3 _-" L

4

Ba111nger and Lacy showed 1so]ated 1s]ets cou]d be retr1eved

: 1n suff1c1ent numbers, transp]anted,_and return the dxabet1c rat to a -
1
’-'normoglycem1c state., The 1mpbrtance -of the 11ver as the rec1p1ent i

E Q_S1te for transo]antwng 1s1ets was shown by Kemp,S. Fe]dman6 'and

C Brown

7

"'251zed an1ma1 to advance techn1ques was requ1red and usua]]y ‘a dsgu'

As human tr1als began 1t was rea11zed -an- 1ntermed1ate .

mode was chosen> In an. attempt to 1solate suff1c1ent 1s]ets from a}‘.ﬂ

hs1ng1e g]and it was rea]1zed that comp]ete separat1on of endocr1neﬂ
' ;'and exocr1ne tlssue was “not - necessary.8v Th1s a]]owed sat1sf§ctory; N

embolizat1on of t1ssue to the sp]een but when 1nfused into the - 11ver;§'

":bfportal hypertenswon (PH) and somet1mes system1c» hypotens1on

.?dssem1nated \ntravascular coagu]atwon (DIC) were seen.9 =12

-PH, an 1ncrease in pressure WIthln the venous tree dra1n1ng thevz""

' digest1ve tract to the ]1ver ' be ant1c1pated know1ng that?n o

':'_frequently 10 20. ml of t1ssue fragments were be1ng 1nfused ‘into the}}g
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5,-; products or FDP s - 1n excess further 1nterfere w1th the format1on of;vn

: ~dogs”, | por“af)
'thsens1t1ve sp]anchnxc
'”,;wh1ch cou]d respond

'g}and preparat1on c0u1d eas11y ra1se venous pressure..~ s

»,' .

‘Y'

vein;”;'This large volume comblned w1th the dogs :

;\'scu1ar bed and hepattc venous sph1ncters]3A

fogvasoact1ve am1nes poss1b1y re]eased from the‘fi

DIC 1s an exaggerated response to a coagu]atton st1mu1us. Therep,

"f1s‘ an overwhe1m1ng reactton 1ead1ng to the consumpt1on of c]ottlhg
. bfactors and platelets 1ead1ng to mlcrovascular ftbr1n dep051t10n |
chroducts of _the"coagulat1on cascade st1mu1ate the-.f1br1nolytrcjt

frmechan1sm . whith norma1]y he]ps : prevent ' W1despread K uncheckedf'fv

c]otting The breakdown products of f1br1no1ys1s < f1br1n degradat1on)f, 8

"f'clot Th1s resu]ts in' : paradox' of -m1crovascu]ar thromb051sv“ |
’v_1nterfer1ng w1th organ funct1on and a hypocoagulab]e state 1ead1ng tol

' i,i_d1ffuse hemorrhage.]4 -

It was determ1ned that both of these prob]ems cou]d be avo1ded*

ﬂ

' f»by the adm1n1strat1on of hepar1n as an ant1coagu?aat ]] e1ther 'jn
'*i*the graft suspenS]on or ngen system1ca]]y. The technq1ues havef

,fﬁ;%been adopted by most researchers"5 =18 and have met w1th ‘some.

Cp

‘"l: c]1h1ca1 success, especvally 1n the autotransp]ant pattent fol]owlng a’_1

% Ve

oF &95% pancreatectomy for the pa1n of chronlc pancreat1t1s.]7

T ™

ﬂﬁ,t*,* {5 the dog modeT most grdups haVe fo]1owed a g]and preparat1on

ts&hﬁ1que & outktned'by M1rkovitch & Camp1che8ﬁ- essent1a11y ductalii'"

1stent¢on,§m1nc1ng and then collagenase dtgestion 9, ]2 75 19 There}

15 1utt1e 10ng-term fo]lbw up data to compare W1th the experience of a

: model deve]oped by warnock et a] 20 andx 7. of 9 ‘Jong-term.*
survivors at 5 monthsﬂ,w1th K va]ues (% dec11ne ALE g]ucose/mtnh
N S . “;.r .
o ’%»_ i O
“. .. i 5 < o .



e

- 'f011owing°°a#'glucoseﬂ“CHalienge)' of 14 to 1.5, Several' dogs have

o rema1ned normog]ycem1c at 2 3 years and appear healthy 2]

_‘others.

-

Harnock(s exper1ence was conf1rmed here, as 1t has been byl_T

22 F1ve of s1x dogs rece1v1ng 1ntrasp1en1c autotransp]antsf

*j'wehe 1mmed1ate1y normoglycem1c .and rema1ned wel] w1th K va]ues of -

H‘H] 4 at 6. months., But the deve10pment of PH upon 1ntraporta] graftu

-

4j. 1nfus1on was s1m11ar to the exper1ence of others 9, ]0 ]] 15, ]6 A]]y'

'dogs deve]oped acute PH wh1ch was systa1ned 1n 5 ‘and they all d1ed

“"HOne dog wath transxent PH went on | to T1ve for 2 months, for the most

part normog]ycem1c prwor to deve]op1ng a 1etha1 bowe1 obstructlon In |

'the dogs that d1d not surv1ve changes ‘in the coagu1at1on tests

“1Hoccurred but were not bf S1gn1f1cance B]eed1ng was, not a prob]em and

: forma11n1zed gra t. suggestlng that the phys1ca1 presenc””

) o at autopsy P1br1n thromb1 were not seen w1th1n rena] g]omeru]1 Acute‘
f_hepat1c 1schaem1a was ev1dent In the 1one surv1yor ncoagu]at1on
t changes were: m1n1ma1 ' o

The(;hme results occurred fo]]ow1ng 1nfus1on of enzyme dep]eted/':,?"w

'“f;the tissue

'*fragments and not so much 1ts act1ve enzyme or peptgdgt bmponents was'»

respons1b1e for the deve]opment of PH when smal] vo1umes of t1ssue

az_were 1nfused fo]]ow1ng tissue. cu]ture (wh1ch wou]d decrease the enzyme.'-_b'“

'o=content 3 4 fo]d)23 aga1n fata1 PH wou]d develop if 5 0 m] of t1ssueh"

vf'or more was infused

v
i

If the 1nfus1on was pro]onged over. 1 hour or the dog was ’

‘~ant1coagu1ated dur1ng a 10 to 20 minute 1nfus1on the resu]ts were

* One dog died of a bowel Obstruction. . .. .

Ly
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- unchanged and in- 1nd1v1dua1 experaments nelther dog surv1ved But the At |

v"*“ comb1nat1on of ant1coagu1at1on w1th s1ow 1nterm1ttent 1nfus1on caused

. ‘normoglycemfc) had d1abet1c K »va]ues and was sacr1f1ced atl”a coe

i

on]y trans1ent PH n‘ 6 of 6 dogs.al Coagulatlon changes were

neg11gfb1e All dogs surv1ved and ~‘were 1mmed1ate1y normog]ycem1c.

For: unknown reasons, the graft funct1on‘fa1]ed qu1ck1y in: 2 rec1p1ents
T and they surv1ved for on]y 60 days The rema1n1ng 4 dogs as a groupn

d1d we]] but we1ght 1oss was a- prob]em, 1os1ng an average of 4 6 kg or:

20% body we1ght. Ind1v1dua11y one dog has done véry We’H w1th a K,-" |

. va]ue at 21 months of 1.8 and no we1ght 1oss.. Another dog (alwaysff

cummu]at1ve steady we1ght ]oss of 25% Another dog deve]oped"

T dittemper and subsequent]y hyperg1ycem1a. The Iast~

=was;sacr1£1ced"'

e.

't at 6 months (K va]ue h 1 6) to exam1ne the 11ver h;?n
sblte of exam1n1ng mu1t1ple sectxons of the hepabhc i ;
ev1dence ,of 1s1ets, e1ther w1th1n porta] venuies or*;' |
jepatlc 1obu1es cou]d be found 0n1y agifew, fragmenfgﬂcdaﬁ'
t;ssue were present ot i o X

v'{/.

N /transplants may 11e 1n the 1nterpretat1on of mfscroscop1c f1nd1ngs in

]

5 venules, often w1th a few elements of degenerat1ng exocrine t1ssue 1n'

t1me)from the.transp]ant the 1ess t1ssue or thrombus would be seen .
within 'venulesg Th1s suggests that the embo]1ze__ tlssue qu1ckly

becomes enve]oped in thrombus wh1ch over. a per1od of t1me becomesv

the liver. It ‘Was not uncommon to flnd part1al1y thrombdsed porta1.'

the center of the thrombus. Is]ets were rarely seen. The ]onger thev .



'V0r§>PIZEC flbrous t1ssue (almost devoi"bf vascu]ar1ty) Is]ets, wheni.-“

"b“transplanted as t1ssue fragments 1n1t1a11y depend f°” nutr1ent'

5 n-d1ffus1on for the1r survival and Qy 10 14 days neovascu]ar1zat1on has:"

. occurred. 24 25 If thrombus and 1ts subsequent ftbrous organ1zat1on”. R

iﬂ~1nterfers w1th the v1ab111ty of the 1s]et then over a. perlod of t1meffg f{}

‘ﬂthe 1s1ets wou]d become 1schaem1c and the1r functlon wou]d fa11s,f{” Gl

. -

Hyperg]ycemta, we1ght 1oss and the compIex of d1abetes me1]1tus wou]d‘v_;

- soon deve]op Heavy thrombus format1on and f1brous scar1ng cou]d alsO"f

'-1nterfere with 1slet mtgrat1on beyond the porta1 venu]e to the hepattc;v

'f‘parenchyma, R process recogntzed .in‘ the _r t transp]anat]on; _

~model. 25 26

'~_ The exocrtne t1ssue certalnly appears to be V 11ab111ty =

w1thout 1t PH ‘or DIC s not a prob]em when emp]oy1ng an 1ntraportaT‘f

1nfu51on techntque 4 27 28 w1th exocr1ne tissue as part of the -

o graft there appears to be a stlmu]us to thrombus format1on wh1ch cou]d,“

o Tnterfere w1th both neovascularlzatwon or islet m1grat1on A]so, . |

tryps1n (found 1n exocr1ne tissue) 1s known to convert prothromb1n to

29

bthromban,. and thlS cou]d prov1de ‘an add1t10na1 cont1nuous st1mu1usb_f'

to the c]ott1ng mechantsm and subsequent thrombus format1on

If the 11ver 1s to be shown to be the opttmum site of 1s]et éf'h

' -transp]antat1on,v 1t appears that further efforts must be made i

developtng 1slet 1so1at1on techn1ques that prov1de a more pure 1s]et

graft ~Only “then c'an‘.‘ the resu]ts obtamed Vii %the rat , 1s'|et

'transp]antatlon model be ant1c1pated 1n 1arge mammals 1nc1ud1ng humanh'

-
.- LI
- . -ty
B N g

"t11n1ca1 tr1als f,‘ L 'ii



g In conc]us1on'7 o
. }_The warnock et a] method-bf{'.
‘1;f1ntrasp1en1c 1nfus1on

”fnchanges 1n coagu]at1on

~?ncreat1c fragment preparat1on fonr °
: -4 ‘ _
orta] hypertens1on and m11d»
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