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SUMHALRY

The role of intravascular coegulation in the pathogenesis and
natural history of many humen renal diseases hes been studied with
the use of sivenced tecimiques in cosgulation snd fibrinclysis and

the ezamination of vensl biopsy material, Fhancvsr possible, oppor-
tupity wms tsken to study patients daily for long periods often far
beyond say pericd of hosnitalization. Infomation of usat value was
obtained from tho use of Tanned ied Cell laemsggiutination Inhibitdon
Immnosseay (TeisCeifcled,) for the messurensnt of fibrin/fibrinsgm
dogradation products (F.0.7.) ip the serum and urisme. Its routine
application %o urine samples in ell long-tern studies was particularly
orotitable,

ip conditions such ss ncute ischeemic venel faijure, the hasmolytic
weasnic syndrome, many forms of proliferative Zlomerulonephritis, and
in rejecting rensl homotranspianta, cosgulation dats soourately reflected
intrue-renal svents, wiich vere evaluated by mnslysis of clinisal details
and histological, eleetron aiorossopical and in some cases impuno-
fiuorescent exsmination of remsl bicpey neterial, Thus in acute
ischoonic remal failure a movel hypothesis uss proyosed to explain
the pathogenesis of the oliguria based on the findings, during ithe vhase
of oliguris, of simificant simomalities of ocagulstion and fibrinoliysina,
and electron microscopic evidence of glomerular cosgulation. The



coagulation changes in the hasmolytiec urasmic syndrome were often more
narked then in acute ischaenis remal fellure snd imtraremal thrombosis
was nore prosinant and widespresd. The prognosies in these cases seened
to dermnd om the degres of damapge foumd in the kidney st the time of
initial scsessuent, end whether the atimilus to coagulation wss shorte
lived, persistent or resurrent, /nticosgulants d4id nst influence the
outoone.

Thg serial measurement of urinary F.l.7. excretion provided a
mliieble and semsitive index of disease setivity, rrogression sad
natural history in proliforative forms of glomerulonephwritis., doreover,
in certain instancee of glogerulomephiritis it wns of diagnostic value.
It aisc yprovided & useful monitor of the eoffects of cortain antie-
inflamatory drugs on some patients with Flomervlonephritis as it wes
found that theee drugs cazused sn aeute reduction in urinesry FubuP.
content. Similar observations were nade on patisnts with renal homow
grafta, In this situation elevated urinary #.D.F. concoentrations
were found im all spisvdas of clinieal mjou&:\.én. Purtherumore, serial
studies revealed cther slevations which wére considered to represent
oceult apountaneously revexrsible rejection,

The significance of these findinse is d¢iscuseed,



This Thesie contains no material which has been accepted for
the award of any other degree or diplema in wuny University and, to the
best of ny imowledge and belief, the Thesis cant-ins ro materisnl
pveviously published or written by another nerson, except when due
relerence is mode in the toxt of the Thesis.
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The work presented in tiis thesis im considered to advance
medieal knowledge and practice by:
fo Defining in detail many of tis remal diseases in which intravaseular
goagulation plays a roleg
2. Froposing & mew spproach to study the pathogenasis of ncute remal
failures
%« Troviding a method for studying

the natural hiatory of proliferative
glomerulonophritis and renal homotransplant rejection, ond

4, iroviding a potential means whereby patients with proiiferative
glomeyulcnephritis and renal hometranaplant rejection may be irvated

on a sound scientific banis,



During the past 20 yesrs a fundamental alteration has taken jlace
in the approach of clinicimms and ressarch workers %o the atudy of
rensl disease. This has been brought about by the widespread ageaptance
of nev technigues used for the investigation and managemsnt of patients
with kidney disorders, and the subsoquent stimulup given %5 the slready
@rowing subjects of remal physiology and patholo;v. %The advent of
dislysie sexved %o conoentrate paticate with remal failure in confined
aroas, because the expenss and logistics of providing treatoent cther
than in single centres were too dawmting ¢o contenmpla®s. For these
sane ressons attention has been redirected from ithe eadeatages of
renal disease 0 its beginnings and vast mmownis of time have been
spent in the exasting tesk of solving the problems of eetiology, pathoe
genesis and natural history of the disese»n which may terminate in
ehronie remal failure. Despite sdvances alons these lines there still
remaing uuch confusion, wad it is becoming increasingly clear #iat as
nephrology besouss zore soniracted as a speeislty, simificant new
sdvance will not escur unless knowledye cbtained from other disoinlines,
wiiich aro undergoing the same growth, can be imetilled into the study
of ranal diseane.

Percutaneous remal bicpsy 48 now regarded as o gimple and safe
taohnique in the investigatiocn of patienis with diffuse rensl disesng,
and 1ts develonsant in 1950 by Peves opened & new era of elintose
pathological correlaticn hitherto wrswailable durdng life, with its
use, definition and claseification of many renal diseuses hee been



possible. Morecver, the application of electron microscopy and immuno-
fluorescence misroseccpy while adding a degree of sophistication to
renal pathology has added information of velue in the interpretation
of pathogenesis and natural history. On the other hand the results
obtained using these specialized techniques have posed as many problens
as have been answered. The work in this thesis is presented as an
integrated study of the problems of two diseiplines; that of nephrology
and that of cosgulation and fibrinolysis. 1Use has been made of
advanced techniques in the study of renal biopsy material, coagulation
and fibrinolysis and attempts have been made to determine the physio-
logicel and pathophysiological role of the coagulation-fibrinolytic

process in renal diseases,
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Section 1.

BISTORICAL DEVELOPMENT OF THE CUNCZFT OF
IHTRAVASCULAR COAGULATION IN RENAL DISEASE
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Intravascular cosgulation may be o disseminated or localised
phenomenon and affects the structuro and funetion of organs by causing
obatruction to ihe microcirculation., it should be differentiated from
dee; vencus thrombosis and the focal thrombosis which ccours in rele-
tion to atheroma in ssjor arteries such ns the coronaries, aorts,
ferorals and ceredrals, in that it simultanecusly involves many vessels
and the site of coagulation is at the microvasoular level.

it is generally assumed, although not proven, that blood ia
naintained in a fluid atate by a continucus and dyanaric balance between
oosguliation and fibrinclysis, thet is botween the forsation and removil
of fibrin. Originally proposed by Nolf (1908} and renawed by Cenley
(1954) this hypothesis was extended by istwup (1956), In its broadest
fors, i1t envisages ihe deposition of fibris on %o vascular eudothelium
as a continuous process which is matohed by its continuing removsl
by the fibrimolytic aystex, in order to maintain wascular patency.
4ny upset in the delicate balancs way lead on the one hand t0 excessive
bleeding and on the other o excessive ooagulation, ihile many
argumssnts have been proposed for and sgainet this theory, it remaing
sttractive, even though Hjort (1966) admits that the cosgulatione
fibrinolytic equilibrium may be essentially designed for local mather
than systemic gction, The comcept of dissealnated or local intra-
vascular coagulation may be regsrded us & logipnl extensiocn of this
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equilibrius hypothesis for any shift in the brisnce towards coagulae
tion may result in excessive fibrin Jormation with its consequences
of fibrinolytie sctivation ond tissue damanes
Intravascuar coagnlation is casier to describe than to define
and involves much more than the ginvle formation of a thrombus, Sven
jts description, howevers, is complicated by the pany interrlaying
yaricbles associated vith its causation, componen?t paris, manifestations
and indeed its veoognition. It is & diological process invoiving
many chenical substances end shysiological responses. #1¢ begine
with the entry of & procoagulant material or activity into the circu-
jating blood; progresass to the atage of latelet ageregation snd
£ibrin formation which pay or may not rasult in thromboais of capillaries,
arterioles snd venules of various organsi it is associated with activa=
tion of the pibrinolytic systom, with dissolution of #ibrinogen and
¢ibrin and the release af £ibrin split products into the serum, and i
not complete until the haespatatic mechanism and vasomotor apparatus
nave returned to mormal coee” (HoKAY and Hller-Borghsus, 1367)e
ittention has rosently been drawm o the goncept of disseminated
intravascular coagulation as @i internodiary mschanism of disease.
(MoKay, 1965; fardavay, 1966}, Following the observation of four
cases with the clinicsl featuves of shock, & bleeding sendency and
acute renal failure {Hardaway, YoXay and v4114oms, 1954), interest
furned to the paﬂmph:rstological mnechanisms involved in the production
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of this ayndrome., Incompatible blood iransfusion, septicsenia and
preguancy, ihe aetiologicsl factors asscciated with the described
cases vere singied out for closer study in mem and snimale, 43 a
rasult, there has been & grodual realismstion tha¢ intravascular coague
Jation may play an integral part in the dovelopment ¢f wany humen
diseasss., lOreover, 2 wider waderstanding of the coagulation-fibrince
1ytic mechanism in heaith and disease has beon achieved. ©f importance
in this evolution hay been ihe recognition of the part played by
intravascular coagnliation in th3 loeal and senersiised Shwarézsan
resctions., Classically this rosetion is produced in young rabbits
by two intravemous injeetions of gram zegative endotozin spuced 24
aours apart, and leads %o rapdd death of the animal, ifter the first
(preparing) injection a few fidrin thrombi mey be found in the cape
illariss of the liver, lungs and spleen, but the sscond ("provoking®)
injestion cmuses wideaprecd dlockngw of capillaries, arterioles sud
venuies by thrombi. Ilschsenic davage to the adrenals, liver, iungs,
bewel, pmcreas, brain and pituitary occura but the idneye are often
most severely sifected and bilateral rensz] cortical noorosis is come
monly produced. If the "provoking" injection is given into the akin
& similar hasmorrhagic neorotic lesion develops which is confimed to
the area of injeotion {localized Shwartssan resction).{Shwarteman,
1931 ). Various permutations of the classival gemerzlized reaction
have been studied which are of interest to the umderstanding of
husen diseases in which intravascular coagulation iz of psthogenetic
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significance, Tor example, 1o “prepuring” dese is required during
pregoaney (Apits, 19343 Hokey, st «l, 1940). ‘urthermore, the
"provoking” injection may be reriaced hv thrombin {Lee, 1962) snd
antigen~antidody reactions (Leg, 1963), The consumption of cosgulae
tion factors cbserved in 'uman #isesars (Yodrigues-ivduarn, 1965)
has aleo beon noted, albeit sometimes transitorily, in the @moralie
sed Shwartzman reaction. Corrigan ei al (1967) found s cuantitative
reduotion in fibrinogen, sctors IX, V and VIIY, increased protirembin
tive snd decreased platelet cound within the first 24 houss of the
"provoicing” injection after ubich there was s yrogressive yeturn 4o
nornal viilues, In parallel with the coagulation changes =i0roe
angiopathic hacmolytic snaenia develops {Bradn ot al, 1962}, fThis is
characterised by excessive haemolysis of nhnormal red cslis uhich are
distoried and fragnented by fibrin deposits in the sicrowwasculature.
The generselised Shwortmman reaction therefore, has provided &
conveniant experizental tool whwreby disseminatsd intravascular coagu-
lation has beon sludied, ek of the samo sequence of eventa ocours
after jufusion of throcbin, tissue sxtracts or pewticulats material,
intravasculsr haemolysis, hsenorrhage, anoxia, viral and bacterial
infections in aninals shere hypotensiom, s bleeding diathesis, spd
infaret necrosis ocre promizemt. After the intrasaortic injection of
throzhin in dogs, Hardaway, “atson and Veiss (1960) acted pressure
shanges which may contributs to functional and pathological chengus
in various organs, Despite eysteaic hypotension, tiere was pewtal,
puleenary aad renal hypertension shich e attriduted to ohstruction
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Ly special staining techniques fibrimedd could be seer in acute
glonerulonephritis, toxsemia of preguency, glomeralonephritis asmos
ciated with gyatenmic lupue erythouatosus, pelyerteritis snodosa,
thrombotic thro:bogytopenic purpurs snd experiventally induced
hGypersmsitivity atates in suimals, 28 it wse nlse frequontly present
iz a large variety of pyogesic md ether inflammatory and degsnerative
lesicns, much comtiroversy existed ss to its nature and origin within
the vascular tree of the kidmey. In purs, this confumion reeulfed
iron the differing tineteris) properties of this vaterisl when sibe
Jected two specislized steining procedures which were unsble v disorime
lnats botween degensrating collagen, sltered ground substance, sné
depoaited fibrinme The devalopmemt by Coons and Faplan [1950) of o
sethod for the deteniion of autigen by means of fiuorescent sntibodies

provided the basiz for more scouratz assesmaent of the nature of

fibrinaid, Fluorescein labslled humsn antiefibrinogen semm prepared
,An rebbits was used by Citlin, Uraly and Janewsy (1997) to study
fidbrinoid in biopsy and autopsy spacimens fyom patiemtes with reumatoid
nrthritis, systesic lupus erytliematcsus, dematonyositis, glomeruiow
nephritis, polyarieritis nodesa and thrombotic thremboeyiopeanic
purpura (Craig and GStldn, 1957). Thedr findings indicated that in
these logions the fibrinoid 2nd hyaline msterial wan eonpoped, at

- least in port, of fidbrin, Yoreover, using thie immmmological tochnique
the extant of fibrin deposition was found % bo smeh greater then
revealed by conventionsl staining methods which proved very wvavisble
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variation in extent and severity of the lesions produced in different
aiimals by similer stimuli. The Lesst soverely sffected iidnews
showed only siuer fovsl slowerulosr ayperceliularity wereas in others
osaplete remal cortical mstrosie cocurred. llore severe shnoraaiities
were consistently seon in anlasls sigul taneously infused with the
tibrinoiytic iphibitor, epuilon amine caprodc scid (D.ieCeie)s
inder the electiun micromcepe, distinction wae aleo poagible betweern
naterial with the fibrillsy sppeavance of ibrin, and the smawrphous,
granuler, jensely vsmiophilic fitrimuid, Their close physical proxime
- 4ty between end bemeuth endothelial cells and withixn the enpillavy
lunina led i the aseumption that in this experimental situsiion the
fibrincid was derived like the Zibrim Mon fibrinosun md probably
represented incompletely pelyuerised £idrin or producte of the degrada-
tion of fibrimspen and fibrin,

These observations, which are the basis of the work presented in
this thesis, vere sztended bu othur sxperinental sodels which more
closely approximated Luman iz

mologiesl rens) discases, Using a

forn of Masugl clemerulonephritis (Kasugl, 19%4) induces by the
injection of rabbit anti-kidney serus produced in Bhiwap, Vasenlli

and HeCluskey (1964) demcnstrated by isswnoflusrescent nicvoscopy,
glomerulsr lealoss very similar f¢ thcee seen sfter intravascular
coagulation. Duving the latent phase of five deys only ninsr glovermalsy
endotielinl cell awolling wut observed sscocinted with the dexaition
of sheep J-clobulin slong the basement membrime, Tor 4he mext 10w15
doyy an inflammatory reaction of inareasing severity wus soen in the
glomeruli, Severe prolifsrative changes Yniformly distriduted
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through 21l glomeruli oftem with crescent fornation and pelymorph
infiltration gave wey alter 15 deys w progressive glomeruler sclerosisa,
Rabdbbit X-@laﬁul:an sud fibrin wers present alemg the basesent nenbrane
in the scuts phase. Fibrin vas aleo seen in the ceplliecy Tumines

i Sowaon's ospece. (o & further group of enimals treated with the
_oral antiovegnlemt werforin many of these himtological ond immunoe
fluoregoant sbnormalities <id not develops In moet, the depesition

of fidrin was jrevented, the swelling and preliferailcn of Zioperular
eolls wez mild or sbseat and progressive selevosis ¢4d not emsue. 1%
was concluded that:

1. The Loune recction within the glomerulus initioted the
coagulation process and vesulied in the formstion of fibrin
and fibrinoid,

2, The fibrimcid centsined ) -giobulin {and presumably cazplenent)
ae woll ne Librin,

3. The pbhagoeytosis of 4his material by endotheliel, mesangial
and spitheliel colls was responsible for thelr swelling md
piciiferation,

4s Tae cosgulation process was an essential factor in the
dgvelopnont of progrossive sclarosis,

Mueh of ihis work has subnecusntly boen confirmed by other workers.

Humair, rotter and Kwaan {(196%a, 1969b) vroduced similar ehnormalities
in rate by intravascular coaguiation and with = form of lMasugl nephritis,

Using @ £ibrin slide technioue (Todd, 1959} they fownd that the
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plagminoge. activator content of the almormal glowmeruiar endothelial
. celin wos maviedly redwesd, On this basis they ceed urobinase, o
plasainogen aotivator sosurring sstbarally in the urine, for tresizent
ené found it o be suporicr % mticosgulstion in preventing ihe
inflesmaiory sicommuler lesionn,

The nicros~circilatory chonges after the infusion and “opical
gdmindstration of liquid and thromboplaptin were studied in the =ubbit
ear~chzmber end haustor cheek-pouch by “talier ot mi {195%), Their
findingy which preswsebly reprosentod sindlar sitevations in e
nierovasculavare slosiwre in the tody, illustruted the ~arly dynanic
chenges accompraying intrevesculsr ocagulation, Riood flov initdaily
igereused butl soon became sluggish and leukocytes beemxe sibopent
to the vessel walls, Vhitoegmboli which sometizes contsinsd leulkos
eytes, red cells and platslets, bui which were sften wore scellular,
soon became detached from the wall swd oivenlated freely nr attached
w siniler elveuisting structures, The embold were compoged pree
dominenily of £ibrin and were derived from aress of vascular =ndce
thelial oells which wore ewdllen snd prolifersting in response to the
abmormal coaguiation, imorphous materisl with staining nruporties of
fibrin began to acoumulate in the eapillaries of the lung and kidneys
within five uinuica. Lewimeytos bocane adherent and round demsely
haematoxylimophilic muclear satorial derived from the endetislial
nells way elao seen silached, or lying free within e capiliary lumen

(Srewn, “talker snd Hall, 1969), Zimilsr emboli were seen iu tho



vessels draining the placental bed of pregoent golden hansters
(Brown and Stnlker, 1569)e ihe glomeruli and intrawaiveoliar capillaries
of %he lumg in boih sother anc fostus showed changes comparable o
Lhose seen siter lotrevasculsr wagulstione
Thus, in these experimeniul wodels, lesicns wvire ppoduced in

the kidneys which nlosely resenble zeuis Yon nd failure, glomeralow

nephritis, aud pre-gclenpsis 68 sect in humans, sach experinents in
pen are not possibie, mo tlat deductions 18 o the sinilexity of
~ethogenetic pechaniang are 4 this tine WYTOVON.

. sinee imeumcfluorescence techniques have been uore rautinely
applied to humen venal viopey naterial, ihe pressuce of £itrin in
aineased glomeruli sud lsrgey renal vessels huo begone incroasingly
ocognized, 1ts significance in specific disease sfates is act, however,
widely appreciated, IFollowing the indtiz) ndaptaticm of the method of
coons snd Eaplan (1950 to remnsl tissue {Nellors =nd Urtogo, 1956
perhaps the wcst provecaiive gheervations hawe congerned the role of
immnoclobuline mnd compiement components I the pethogonosis of
glomerulonephritia, I particzlar tw generally accepted theories

as 4o its causation have been propesed by Dixon {1968} on the baals

of eximal cxporimentatien., The fuorescence pritern of § -g;i»:a—bumn

and comvlement talms ome of two forms. In the firag there iz a unifornm
1inesr disteibution slong the glemerular eaplllaxy basement nembrone
whisch iz sttributed io the Winding, at thdis site of antlxdies against

glomsrulsr basement membrexe {(mnti-C.B.M. miibodies) with the



specific antigen, In the second type lodging of freely circulating
antigen-antibody cemplexes within the basement membrane gives rise to
a charncteristic granular or luspy appeirsnce which onn sisoe bo
distinguished by electron micrsacoyy. hile disorete sspmples of eagh
type of glomerulonepiritic have been deseribed im lumons, €ege
Gepdpasture®s eyndrowe (anti=i.d.i) postestieptococsal, eystenic
lupus erythematosus, malorial =nd sixed eryoglotnlinaeuic gloverulo-
nephritis {imume complex diseese), in the large majerity of vnses

no such distinet pathegenetic mechanism is discernsble, The thera-
veutic implications of these siudies srve sppurent povided e antie
gn(s) involved can be identified, tut o dute nosuch adwanee bas been
voda, ner bhave the Meotore invelved in rendering normsl lasuic antigenic
boen clesxly defined. Immunosuppressive therapy has been widely vesd
againat rany presumed immunglogical renal discases with, azart from
the noinble exception of minimal lesion end 5,.5.5, glomerulonephritie,
dissppointing resuits.

Mbrin has boen found consistently by immmno-fluorescence in beth
types of humen glomerulomephritis (Sturgil) and vesterwelt, 1 9653
iichael et al, 1966) in »ejeoting human renmal hooo tranaplants | Buseh
et a1, 1967; NeKensie and Whdttinghas, 1968), 4m other prosumed
lmwmological disorders such ag Henoch-Sehomledn purpurs (Uriger and
lierdman, 1970} and in conditions where no imumoglobuline =ro yrosent:
aouis rénsl feilure (Xoffler and Tmronetto) 1866}, - the haemolyide

urgenic syndrome (Rosenmann ot al; %?6‘3}. prewgelannuis (Vessalii et 8y,
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~1363) and diabetes (Davisom et al, 1371). lereover, the varied dis-
teiketion of fibrin within the glomerulaer capillsries, mesanginl oulle,
LBowean' o spoce snd sifersnt arterioles, suzgests that it is & aone
specific component i many types of glenervliar damage,
In electron wisroscopit studies, fibriliar, gramular and amorphous

material #ith e ajpoarance of fiwrie or its degredetion producte

has often boen desoribed within fie glomerulus in seencistion with
wany specific resal dlsesscs. There as bserisgeneral reluctance on

the part of jathologisis, however, v nseign the term Fibrin to this
navericl even though it occupies a corresponding intragicavruiar
pesdition o Jluorescing Jibrin. Fezbaya e leck of the cluracteristico
perdodiedty (== 30 1) hes been & deterrent, alfhough im the iight

of available svideuce it is diflicult B offer au aldermstive explenae
tiomy especially since w ulivastruotural sppearances of plasain
digests of {ibrin forwed iy 3itge are now kmown (leam, Howiger and
Gollina, 1963; Stewsrt, 1371

Thus T4brin or soue clesely related substumpe ip pr6uent within

glomerulsr sapillaries in meny of the commonly cecurving buman remal
diseasus., Although s mie ‘n the pathogosesis of twose condidtioun
pust remain & matier of conjecture, some clinicel mephrelogists have
been impeessed with this posaibllity end used anii~scsguiation o
combat its local lormotion, This form of therspy wiichlms abundant
precodent in laboratory ssimale (Silverskjoid, 1940; Kieimeswsmu, 19543

Vasealli and HeCluskey, 1964, haa usually taken the form of heperin
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infusion, orsl dicoumarol or warfarin administration. “acouraging
wegalis have heen obtained, and in man WincaldwSnith, Saker and Pairley
{1968} nave used anticcagulstion in glomeruisr disesses whioh of ten
give rise %o repld »nd poresnent losr of remal fumetion. The sase
group (Ziueaid-dnith, Laver aud Paivley, 1570) are alee sathusisstic
about the benefit devived Dyvon sueh Lherepy in other forma of 2103if-
erative glomeruloneshiritis, snd in wwop remal aomotrasarlant rejection
j (Bincaid-imith, 1970).  ravention of fibrin~tiromiua foreation is
cledzed tc diminieh the prolifurntive vasquisr leaions, md gradual
but sosetises rapid daprovenent of vensl Panction cecurs, infortunately,
nuch of ihis work has bean dome in an uncontrolied fashion wid where
e pigidly controllsd atudies have boen reported, the results asg
ot as impressive althovgh in nce.sionsl nages draaatie TORDONSY coens
te seour {(Jsrdmen ot al, 1970, Vhile lasger controlled trisls ave
nocesssry $¢ confirm the improvement in mansl histolegy svd Cunetdon

fellowing snticeasulatisn, s nore Tundnmental apnragoh to the »roblom
of coagalation and fibrinclvsis in human renal disesses iz egually
appropriate,

" major impetus to the study of coagulation nnd fibrinalysis ro-
salted from three impariant observations made between 1955.1962. The
firat of these derived from the independent wark of Triantaphyllonoulos
{19%3) and “lewiarowaki and Yownlmki (1958) who sbsowwved that in vite
vroteclyais of fibrinogsn by plasnin rives rige o vroducte wileh

ponsess powerful suticcamlisnt propertios, Tecondly, the rratool vols
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of fibrinoper 4f nllowed to proceed minpededailinately leadns to the
foraation of two large polypertide fragments {now kuown us Tragoents
N oard U) which epch contodue o mingle ntigenic dotersimont in contrest
#n 2he cowent Tibrincren selscule vhich contains ettinle antigenic
satorminapte (Pusgenswelr ot al, 1061 Nussensvelg el 2i, 1962},
Troge etudies, bepides Inftisting work on he systematie chursolorisae
tion of Fibrinmesen snd fibriz deprsfation preducts {(P.DaT.) slse
dewonctrated thet immnclosicsl technisues could bo anvlied to the
study of eliniesd Almoriers of fibrinclvsie, The third isportant
ébmws.ﬂm ecncerned the reeording of high ceneentrations of Faloels
in the plassa of patiente uith fibrinelytic discrders {*1etcher =t
&1, 1062) and that the pracence of these fragments, similer o those
produced by pluain in ¥yityo vlaved z signiffesnt role in the patho-
genosis of the <linfcally smevmtered hsexorvhesic tendenoy.

The way wag thus opened for the firs® ftme to cludy in close
gocuentisl dotsil the mle wf Fikrinelvais and inkrevagsenlar coague

1ation 4m ¢he natural histery of mony human renzl disorders,

e Ll s d =

—
-
-

|

injury to blood wessels evokes & complex respomse which, although
1t is provective in maiure LY faciiitative repair, nuy aleo be damaging
by imoeding blood supply tWw arsas dimtal to the imjury. iV is

perhaps wost resdily studicé by observing the -rocess of nseacatanis,



Haemostanis in an importact protective mechanisa in the bedy
for 1t controls bleeding st the site of injury. ~vents leading te
affecsive hasnostasis may be divided into several distinct phases
which occur simultaneously or in sequence,

1o Tmmediately after injury theore is intense vaso-constriction,
which initially permits ohly a small amcunt of blood o0 emerge {rom
the wound, Injury stimilates an axon reflaex so that contraction
and retraction of the vessel ocours lasting for 15-30 seconds,
Intersuption of tho nerve supply to the injured area renders this
stage of hacmoatasis ineffective (Cruz and Oliveire, 1958),

2e After this time blood flows freely out of s severed vessael
and as 1t doea 8o, platelets become attached to the dannged veassel
wall and to the surrounding peri-wvascular connective tissue. Thia
process is called plaielet adhesicn.

Je The initially adherent platelets seem to atiract other platclets
which aggregate (Glatelet sgeresation) so that within a short tise of
injury (bleeding tine) the rent in the vessel wall is £{lled by »
platelet plug and blood flow is stopped,

4s L pecond vasovconatrictive episode ensues which complements
the plug of nggregated platolets in securing haemostasia,

S5« In manll vessels of the akin the platelet plug and veso-
constriction are aften sufficlent to prevent further bleedins as
ndditional support from surrounding comnective tissue is enough %o
withstand the blood presmure, ‘here this support is not -vnilable,
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or if the vessel is of larger calibre, an additional haemostatic
meghanism, dne formetion ol o Librin clet is of ieportance. 1is
iermaticvn invoives the throwbin-induced conversion of {ibrimogen
to fibuin and vesulis iz ap letecleecing structure of firm bonsile
strength: in shidek cliculsting blovd elements become enmesbed, - Lis
procecs is cadied gogmulsfion end resulis in the formstion of e
Suronbus or biewd clots

Ge The thrombus them ziowly comtracie in size (glet xetraction)
and over the couree cof dags %W weeks may by e pivcess of lLysis,
spunlonetusldy reselve, by an lngrowth of endothelium become recanalised,
or bocume ¢rganiasd by wolid cpuneciive tissue o present a permsnent
obsiruction to the flow of blocd through the injured vessel,

Thus heemostasis and thrombosis are achieved by sn integration
of pisielet adbesion and aggregation, coagulation, and accumulation
of wiite cells and red cellas, It is perhaps important to differenmtizte
these processes. Laewostasisc is a process of great importance inm the
maintenance of vasgular integrity, whose physiological usefulness
oxtends far beyond the arrest of bloed flow, Thrombosie is an s¢gi-
dental expression of hasmostasis.

itudy of platelet funection during haemostasis has led to a
wider understanding of platelet physiology, the role of the platelet

in t.e nurture of vessel walls, as a defence mechanisa against invading
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unicro-organiens, in phagooytosis, and in the inflammatory ;roccess.
Viscous metanorplosis, a term ordginelly used to descride changes in
single platelets (iberth and Schimmeélbusch, 1836) was later applied
to the fusion of platelets during clotting (.right and Nimot, 1217).
later it was suggested (Kjeerhoim and Hovig, 1962) that the term
should be revised because membranes of clumped platolets wero seen
~under the electron uicroseope t remaln intact during aggregation,

Yore recently it has been Interpreted as the whole soguance of zorThoe

logicul and biochenical changes In platelets during coagulation, svem
tough it is still sometimes used in reference to cnly cme or other
aspect of these changes.

Under normal circumstances, the blood vessels are open tubes
with no obatructions, and circulating platelets are 2ot att-acted
to each other, to other blood cells or the ondothelium 1ining the
veseular tree. The phenonenon of platelet adhesion occurs only if
this enviromment is changed, if ‘he endothelial cells are injured,
or if the platelets come into contact with foreigm stmoctures such
as bosement nembrane, clastin and collagen within the vessel wall or
surrounding conne¢tive tissue. 'hile it iz possiblc in certain cases
that hypereoagulable states brought about by increased concenirations
of circulating congulation factors or a decrease in the fibrinolytic
potential mey initiate thrombus formation, this seems unilik-ly in
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and thrombin is of unknmowr but notamtially fwportant significance to
platelet adhssion. Their role in the ensuing platelet agoreogation is

nore clearly defined,

Platelet aggregation has besn extensively studied since Born
{1962) developsd simple means of weasuring the response to agsregating
cgents in yitro. By using such techniques aggregetion induced by
feTeFe und thrombin is seen to be a biphasic process with distinet
prinary and pecondary conponentis. The prime moversof platelet
» sggregation 4 YA¥Q are thought % bo A.0.P., thrombin and collagen,
AuUeTe 48 relems:d from injured endothelium and vaseulrr smooth
musole, vhonce it diffuses towards the luminal surface (Homour and
yitohell, 1964), sud alse from damaged srylhrecytes. Once aggragation

under this satimulus has comnenced, fu?ther aggrozation goours st a

platelets, & eimilar response ia thought to ocour after thrombin
activation, but wheress Jp ¥itrs studies of 4.0.F, induesd sgpregs

suggest that it is s reversible yrocess {Johmson, 1970), %:at caused

by thro~bin may bes irreversiltle, Thue dimagiregation possidbly does

rot play aa isportant part in in yivp hasmontasis as sepregation is
sim.ltaneously induced by /.D.P. and throubin. Oritical to this concept
is the consentration of thrombin at the site of eorregation, If it

is low the process may Lo reversible, However, when onl- minmor mdo-.



thelial cell damage ocours, plateiet aggregation may be induced almost
polely by A.U.F. in shich case disaggregation may tske plece. Larger
dogreos of vasoulsr dsomge not only dncite thrombin activation, ut

aleo expose sirculsating platelots to the other powerful agzregating

agents present in connoctive tissue and vessel wiis, ¢f these
-collagen is the wost powerfule 7Tho ability of collagm & ceuse
aggrogation resides in the ronibively charged epsilon-aming svo:pc
of lyaine (Vilner et 21, 1968) and cen be differentisted from the
Bagomwn foctor (Factor XII) activeting property which resides in the
negatively o

ged carboxyl groups of glutamic end sapartic acids,
Reloass of endogwnous A.i.T'. vompletes the sap:

started by exposure to oollagen,

Other physiologicslly active substances slso osuse Bgoregation,
during the second phase of witichk 1, 0.F. plays a vitel rele. Those
inciude adremalinc, noreadremaline, and serotonine (S-hydrexytryyb-
anine)s ‘idrenalineproduces a primary snd neeondary respomee and the
rlatelets develoy pseudopodia (Kammucol end sharp, 1967), Nor-
adrenaline is approximetely one tenth as potent. ‘hentolanmine will
inhidbit the prissry response (Nacillam, 9966} vherees f ~2érenergic
blockers inhibit ihe sccondery response to adreraline | Thomes, 1967),
It is gsnerelly accepted that ihe larmer, younger, more notabolically
active plntelets nra xore rzapomaive io adrensline than the smailer
clder cells. Jerotomineis prefevemtislly fshem ur by rlatelets and
is alwost exclusively contained within circulatinz rlatelets. It
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initiates platelet aggregation but there is no secondary phase,

nlike aggregution caused by A.0.F. and thronbin, that rroduced by
serotonin is not dose dependent and indeed,platelets beoone refractory
to it as further aggregation does not ccour on subdsequent addition,
The nrecise roles of sdronnling msr-cdrensline and serotonivein aggre-
gation in yivg sare wimown, but they nay bs wore important than
sraviously recognised,

For gome tine it has been kmown that antigonw-antibody comnlexes
couse platelet sgrremation (Robbine and Stetson, 19593 Siquiera and
Helson, 19615 ustard 10643 Hovat et al, 1965) socompunied by degranue
lation and release sf L.0.Is and serotonine. “latelets have alsc bsen
obrerved to rhameviose thoss somplezes (Mustard snd lackham, 1968},

Fatty acids cause caleium dependent platelet aggregation, .8
froe fatty scids (P.F.).) are readily taken up by platelet merbrasnies
in an uvnesterified formm, the agmregaiiom may be due to changes in the
nombrane caused by large amouats of F.F.i. The platelet aggrogeting
affest of fibrin/fikrincsen degradation products is thought o

b’

reside in the smeller noleeulrr weisht, late stage proteciysis

fragnents, whereas the higher molecular velght carly products and

‘complexes have an inhibitory effect on asgregation (lowalski, 1963),
Efeotron microseery of platelets asgregating spontzaeously in

tubes hos revealed structursl changes of importance to the understending

of hao-~mtasis (Rodmen et ai, 1062 Castaldi et =1, 1962; “hite ot al,

1962)e 1n the normal situntion platelets may be simply described

ar round or ovoid bodies contained by & distinet menbrane syszten
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ingide which there are rendomly ddstridutcd mitochendris, zranules,
vacuoles and glveogen., Just prior o aggrysgation, grevules nove
towards the centre of the plutelet and projections (pseudopudia)

Jut frou the surface., In the early phases »f agglutimation these
?eatures bocome mere prodounced, fibrin strands sppear at the periphery
of the mase of cells, aithoush not botween individual platsiete, and
the nembrane remaine intact, o soon as sgeregites form, graniles
and mitochondria disappear, the nembranes of ulatelets in the centre
of the mass disintegrate {at the periphery they remsin intact), axd
£ibrin becomes wore  géminent, later, no intuct platelets are seen,
bt there im sn sbundance of gramular debris, senbrane revcants snd
Librin, Similsr slterations in plateleot structure hove bien chbmerved
in plateiet pluge obaerwed in yive with the exeeption that mendranes
are preserved for long poriode (Kjserhainm ard Hovig, 1962; terr st al,
1265).

mirdng the phase of aggregntion, agents with powerful chemical
properties aye roleasod inte the surrounding medium shich poteniinte
the haocmostatic process [Gretts, 1962). The mechenisms of this
release are the subjeot of mueh rescarch in the Cielde of bioghemieel,
niorovescular snd ultrastruck:ral endeswour, Alresdy it = apparent
that frreveraible platelet sgcregation with stwictural dimintegration
is nct necessary for mslease to fake plare, mné it is now somumed that

tie platelet has s secretary nethanism sualagous to thet responsidle
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for the relesase of adrenaline from ite storage granmules in the adrenal
medullary ceils. Secretion 1s cssential for the secondary phese of
agzropntion as studied by pephelometiry and is a physiological process
not necessarily resulting from injury % the cells., 1t resultis

from stimulation of the contractile ummchanioms and leads %o the

rolease via the opsn canaliculsr syotem, of endogenous chemical products
whaich are nomally confined © the storage organelles inside the

cells (White, 1970).

Froducte of the platelet rolesse reaction include the adenine
mcleotides ATY and iDP, servtoning,catechoiamines, poisssium,caleium,
piatelet factors J and 4, hydrelytic ensymes, mucorolyssscharides,
amine acide and fidrinogen (lelmsen et al, 1965). Hot all appear
sizultaneously =& adenine nuclieotides, serotoming and catecholamines
are released more repddly than other products., Ilatelet factor 3,

& strongly procosgulant lipoprotein {platelet thromboplastin) is
aimilar to the lipoprotsine of the intrinsic and extrinsie (tissue
throrboplastin) congulation systens 50 necesssry for prothronbin
activation. rlatslet facgor 4, or platelet antiheparin subatance, is
a platelet specific protein and presumebly a granule constituent. 1t
neutralises the snticoagulant effects of heparin and fibrinogon
dogradation producis, csuses paracosgulaiion of soluble fibrin
monomey couplexes wnd may function in the adherence of platelots to
“fibrin threads to consolidate the rlatelet plug. . pormenbility
faotor of cationic protein nature has been isclated from platelet
granules {Hachman et al, 1970) and uay =180 be secroted during the

rglease rpaction,



The release reaction is an energy-dependemt process and rpossibly
conpists in the activation of a contractile tubuler ayeion of which
.thrombosthenin iz an imporiant element, Thrombosihenin is e contrace
tile protein which alec may act as an ATi<5plitting enzyme giving
rise to ADP formation. Its asctivation may be dependent om the loecal
concamtzation of prostaslandins which ave known toc facilitate the
influs end relesse of platelet bound calcium {“mmons et al, 1967).
Little ia mown about intraplatelet celeium and its state during
p;aulet aggrsgation and how it affects platelet contraction. Aggre-
gation is a higheenergy rsquiring process for which high concentrations
of caloium are necessary and it ia sessible ¢that any substance regue-
lating calejuz flux ney be important in ite sctivation. Thyonme
bosthenin plays a direct role in clst retrsction which is important
to the stabllity of the final product of the harmostatic proceas =

the blood clot. Imtricatsly linked with the foxrmation of the blood
clot is the cosgulation system,

2 iyLe {2 gmrg

Lvents leading %c tho formation of fibrin from fibrinogen

constitute the coapulstion system, 1t is 2 complex, dynanic process
dependent on the activation of a succesaion of cunzyme syotema, whose
sequence hss been reasonably well documented in vitip. 'The relevence
of this series of events occurring in glass tubes, %o jin yive coague
lation must however remain conjectural. & description of the coague
latiop mystem is perhaps facilitated by & brief synopsis of the his-
torical develomment ~f the modern concept of coasulation,
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Howson {1771) was the first to demonstrate hat the cosgulating
portion of bloed resided in the plasne rather than in the red cells,
In 1856, Virchow postulated the existence of fibrimcgen which was
isolated 3 years later by lenis. 14 wam ston rspogaised, however,
thet 8 further fector was nocessary: this active coagulant was
called thrombin by “ohmidt {1872) and shown by Camgee {1873) to be
o protein of the globulin variety. In n series of cleasiosl osbserw
vations iorawits (1905) moticed thst tissue exiracts aceelersted
clotting and thet serur contained a eongulent of fibrinogen not presmnt
in plasms, e was therefore zble t6 pronose a theory why the bloed
ronained fluid within wessels, but coagulation ccourred cm its re-
lease, Un exposure to tissue sEtract » precureor substance,prothrombin,
wvas converted %o aa enzyme, thrombim,whioh altered fibrinogen in some
way io make it clot. ie blocd did mot contain tiesue extracts, it
remained fluld until oxposed o damaged tlsswes. The validity of
this sinple theory has maver been seriously questioned although
further developmenies revealed it to be loo facile an explanation of
the clotting process. [le one-siage prothrombin time test Jevised
by ‘uick (1935) wam the first such development 1o stimulats further
thought, 4is it had been previously demonstrated that ihe conversion
of prothrombin i» thrombin wse 2 quentitative reaction, and the olotting
time of fibrinogen was Girectly related %o the concentration of thrombin,
tuick argued that the clotting time of a system inciuding plasws,
¢ptimur concentrations of calcium and tlesue extract =nd exceas
£ibrinogen, should represent the rrothrombin concemiration o the
vlasms, Fatients were soon found winse piasse had prolomged clotting
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times by this assay, but who wvere believed for other reasons not %
be deficient in prothrombin. is o result o great dsal of discussion
and eonfusion ezisted in the literaturs for some time before the
existence of three further clotting factors (V, V11, snd Z) were
recognised. Thus the extirinaic cosgulation syuten wns defined,

in his originel paper, Guick {1935) recorded that tho one-atage
prothrosbin time we normal in patients with haemophilia, by far the
commonest of the congenital cosgulation defects, Yzemophilic blood,
however, was known to have aiong whole blood clotting time snd it wue
sstumed that haemophilic patients wust eifther be deficimmt in thromboe
plastin or s alternstive nathway for the sotivation of yrethrombin
sust axist, The finding between 1937 and 1954 of four further clotting
factors vhich did not require tissue extract ¢v make s clot satablished
the sxistence of the alternative psthway or "intrinaic™ clotting
system,  These included Pactor VII (anti~haesophiliec zlobuiin),
Feotor 11 {Christmes Factor) und Facters ZII and XJ 4he contact factors.
¥uch effort hns gome inte wurking out the sequemon of events in which
these factors react. 7The genersl deduction from this work is that
Pactor & rather then thromboplastin is the central factor which svene
tually activates prothrombin % thrombin. It has aleo become apparent
that the process of coagulation consists of s series of stages in a
chain reaction in which covagulatién factors act as yro-engymes for
other factors, Such & scheme ne cutlined in Fig, ¥ was nroposed by
¥mncFarlane in 1964 and is nov referred v az the “cascade thesry ',
Thrombin has an sutowcabalytic effect on eerlier rosctions, and thia,
together with the zequential enzyme nature of the total resctiom
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g#ives rise to progressive soceleration of the reaction speed as it
proceeds (FacFurlane, 1964), 7This emplification of a long chain
reaction leads to an initial delay and sudden explosive [insle of
suchk power that it is surprising how bdlood remains fluid., 7luldity
is favoured by several factors, however: fLirstly, inftistion requires
an active surface which is usually lacking; secondly,ell of the
active coagulants are normally countered by naturslly occurring
anticoagulante; and thirdly, activation of the fibrinclytic enzyre
systex probadly occurs simuiitansously with that of the coszulation
systos.

4 further factory, Factor XIII,; or Iibrin stabilising factor is
easential for the polyuerisation of flbrin t¢ form inscluble fibrin
80 necessary ior integrity of clot structure,

, Bo o B 5 ewm S
EH S S R RN

Pactor XI1 (Hageman Factor) is presenmt in the plasma in trace
amounts and hao o molecular woight between 100-200,000, 3Biochemical
analyses indlcate that it is posaidly s gZlycoprotein. ratients with
Factor X1 deficiency have no haemorrhagic diathesis tut present
booause of a greatly prelonged clotting time, due to & deficit cone
fined to the initlal atages of activaticon of the intrinsic pathway.
“hile contact activation can be achieved by yany substances ig yitre,
the stimulus for sctivation ip yive is not fully understecd, although
gollagen fibrils are known 40 be one poseidle source {Niewiarowski et
al, 1964), TMactor XII is thought tc be adsorPed sn to the activating
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gurface wheres it conplexes with Fpoter X1 end converts it to its
activated form (iatneff et al, 1961)., Faeter XY 18 ;vesent in plasma
ané szerun and its absence causes 2 mild haemorrhagic disorder, 'n its
activated form 1t zotivates Factor iX {Christmas Feoter) (Ratnof?

and Davie, 1962).

It bas been recognized for some time that the enzymes involved in
contact zotivatiop muy have several substratss of varying specificity.
For ezemple N¥iewlarowski and | rou=iartslle, (19%9) and latridis and
vexguson (1961) have demonstrated incressing fibrinolytic sctivity of
suglobulin fractions from normel plasma incubsted in glaess, or in the
presence of kselin, viersas plasma from a Hapeman factor deficient
patient 414 mci show wiseh mebivity, loreover, pelylresne {Hexndime-

' thrine bromide}, which imhibite Hagemen fector ulse inhidits the
fibrinolytic activity in these cireumstsnces {Eisen, 1964), Cenflicting
reports gbout the Tibrimolytic activity of patiemis with Psotor 11
deficioncy indicate thet fibrinolysis is not medinted molely through

the contart feotors, but it does ssem that fibrimelytic sctivity in
dependent in some manver on setivated Hapsman factor,

It is implied from meveral obeervations that contact factors aleo
vley a role in inflammatory rosctione, Following exposure to glass,
plasca 4develops the 2bility o produce pain and increase viacular
sermeability in ezperimental animsls (Hargelis, $953) ard wan (Ratuoff
and Fielm, 1964). rolvbrens imhibits this phenomemon, ‘etivated
Tagemay factor aleo induces in xlasrs the formation of agents capable
of contracting smooth muscles, 4ilading blood vessele snd causing

7

leukocytes to sdhere €0 and migrate throush vascular welle (Crahss
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et al, 1965}, Responsidility for these actions secms %o rest with
the kinins end it 13 now assumed thot Sageman feclor amciivates kalliw
kreinogen ‘o form kallilerein which in turn sctivates prokinin to the
sctive kinino.

‘n alternative pathwey for the generation of kinins and perresbie
iity factor by Factor %11, vie the complenment systen has rscently been
provosed (Fondmam, $269). fdsgeman fasctor is capadle of trunsforming
the firet¢ component of complement {C1) inte its notivated form (e,
ssterase). (noe sotivated the other components respond im & chain
reaction giving rise to permeebility factors (fros ﬂ’ and 05} and
kining due €0 the wiivation of kellikrein by c‘ oatoi;nao.

Activaticn of Factor XIT muy give vise in furp, therefors, to
sctivation of the cvagulstion, fibrinmolytic,kinin and complenent
gystens,

In the intrinsic coagulstion syzten notivated Faoctor IY is necee~
sary togesther with Factor VIIl, calcium ions and phospholipid, for the
eonversion of Factor ¥ o ite active form, Tactor 1X is a B -globulin
synthesiged iz the liver and its defieiency leads %o 2 severs bleeding
disease (Chrisimas disemse). Pactor VIIT {antihsemophilic zlobulin)
is present in trace amounts in vorpal blood, and is very susceptible
to the action of both thrombin and plaamin {Priantaphylloponloes and
Triantaphyllepoulos, 1967), as thore is an apparert reistion between
fibrinogon degradation rroducts and Factor YIII concentrations, fecent
work sugrests et Fretor VIIT is produced in the spleem emd other
reticulo-endothelial seils {%ebeter ot al, 1367).
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The eztrineic coegulation system vrovidos an eltermative vethway
for the activation of Tnector ¥ and ray scrwe us a vapld sesns of
generating sncll amounts of Quombin necessary for sctivation of the
slower intrinsic sysien. The veaction izzitiating thie pathway is the
rctivation of Pactor VII by tissue thromboplesiin (Pectewr 111),

Tissue thromborisstin ip a rroteinephosphelipdd conplex scrpected

with the endoplescie reticulum which can be eplit inte its two £onpo-
nents (Dentsch ot al, 1964), It her o meubreme-iike strusturs which is
belisved importent in ite pvecoapulent setivity. Current thinking is
thet tissue thrcrboplestin binds saicfum fone end Fector 7YY %o fomm

e complex which hoe enzymetie notivity towards Faotor ¥, TFeetor VIT

in & glycovretsin vhich has ¢ remerkabie affinity for Pinding “dvalent
cations, and hoo been rurified from serum (Pryds, 1965)., Bewides
being of iwmportance in the extrinsic system, ‘¢ may, with iismue
throrboplestin, setivate ¥sotor IX in the sare wvay as the comtast

factors d¢ in the inirinsie oystem. In this war, it 4o rossidle o

oxplein vhy patients with Hageman Factor deficiency d¢ wot blaod,

two cosgulation Yactors, sotivated Factor ¥ and Vacter ¥ me vell sg bie
valent cations and rheevholirid, ‘etiveied Puotor ¥ fe derived From
the intersctior of comronents of both extrinsiec end intrinsie sysbens

and a6 such iz the cornerstone of the coagulation capoads, ¢ etivatad



footor T is an engyme with a moleoular weight of approximately

24,000 a-d pocsesses eaterolyiic 2a well as prooceasulant propertice.

T4 w111 slowly convert prothrorbin to thrembic in the absencs of
ealejum ions, Wt this resction le groatly accelerated by calcium
fons, Factor ¥ and nhospholipid, Faglor V is probably = high =olegue
jar weight compound whose siability is devendent on caleium lons,
Feither Fantor ¥V nor shespholivids ean activate nrothevorbin however
{Barton et al, 1967), ond it is now proposed (Henahan et al, 19569) that
nrothrombin ia adsorbed on %o phosvholipid 2nd Pactor ¥ by vhieh rrocess
tts configusation 18 changed randering it rore musveptible to the
engywic action of adsorbad setiveted Pactor U, The mdsorption ie
ecalciur depmndent,

Ingitiation of the rrocess lesding ultimatsly to the formation
ef £ibrin is through the proteolyiic ensyme thrombin wrich eauses 2
1imited degradstion of the {ibrinogen molecule. Fibrinogen is cone
posed of three chains of ywodides X o B amd Y, vhich are liked at the
Tetorninal end by @ sizong disulphide knet, The molecule is & dinmeric
wnit as shown ia Fige 20 By using & reppent, oyauogen YWronlde,
which cleaves reptide bonds imvolving nethionine, the Heisvainal
disulfide kmots have been chtained in a relatively sure forn, Thronbia
scts by splitting fibrino-peptides (A =nd B) from the & and § chaine
at the Netermingl ends. It has a narrov specificity of antion and
hydrolyses arginylgiycine bonds linking the fibrinopeptides tc the
rest of the fibrinogen molecule. Blomback and Hlombask. (1370) have
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Fig. 2. A schematic model of the fibrinogen molecule.
The sites of action of thrombin are indicated by
arrows.
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proposed hiat the confimration of the fibrino-ventides is imvertant
for the subsirate specificity of thromdin, md that @:ds abnowmelity
=ay be respenzible for the bloeding tendencien of nersons sossessing
such 2 molecule,

1t 1a possible that the fibrinopentides heve specific vhyninio-
gleal roles, for fiey may set sa homeastatic inhibitors in e sletting
mockanisr (34lver and Yureny, 1966}, Moreowsr, their welease may he
of some 4oportonice !m the “zzgmﬁwdmmic control of Hie nicrociroue
- lation =3 thoy notemtiats the notions oFf bradyiinin md histosine
(Osdahr gt al, 1967} and offeet shanses in blood fievw of hoart, lung
and uterus vhen in'ected in ~inuie smwounts {Bayiey ot &1, 1987),

Cnece fibrinopentidan & w4 ¥ are split from fibwincien the £ibein
monopers agrrogate md fome a three dimensional naturddr of Pihpin
nelymers, This £Ahrin in umstsdbls, 4s woluble in sves nd onte
chloracetic acid, tmt may bo stabilized W the setion of Tactor 71
o» fibrin stabllising factor which converts 4t to mn insoluble mlynor
#ith nornel hawmosisztie fmeéion, Thrembin f= thousht 4o play a dual
role fn this rrocese for besides nreparins fidrincgen €o- the rasction
with Paetor XITT, 4t netivetes ssetor TIIT 18self, by limited weotecs
lysis and mmeevaring new sulphydryl sroups (Buluk et 21, 1961), Tor
its activation and function Factor YITI niecds caloium domm, Reemnt
findings are in agroement coneeraing the rsle of Tacter TI11. Following
the work of lorand at s, (1962), vho Cound thnt eoriein amines inhi.
bited £ibrin formation loewy (1963) ascriked the setion of "motor
XII1 to & tremsanidation nrocess, Turther wori (Lorand and Jacobsen,
1964) euggested that it was s glutaninase ensyse wiich catalysed
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a reaction resulting in the formation ) =glutamyl ;lyeine peptide bands
Yetweon the [ -carbonyl of the ziutazine residuen of the fibrinogen
molecules This coveient bonding converts unatshble ssiuble fibwin
polymer inte ghyeiologleal fibrin. The soquente of rsaotions rosulie
ing in the fomzation of Iibrin from fidrinogen are represented
achomatically in ig. 3.

SRYNE AEARECS T g

The norsal polymerlszation of fibrimdgen mey de interrupted by the
complexing of {ibrin monomers with fibrinogon.and other fidrinsges
derivativos. Uxistence of such complexes was Tirst suspected aftor
vorriscn [1946) dezomstratod the presenee of a fype of fibrinogsn in
riaena of Tatiente with hisk ervihivooyie sadimentotion rates shish
preeinitated in the cold (Cryefibrinsgen). Weparin {Swith and von
TorPf, 1957) protamine {Idpimeld et al, 1967) amd slcohel {Rodal mnd
\bildzamrd, 1966) almo presipitate the complexes from plases, Ultras
cantrifugation atudiss demormtrated twe poeks of sedizemtation in
parified cryofidrinossn [Koret snd Eemtochwil, 1955} and vn $:is basis
the proteln was thought %s be a form of partdally relymerised fibrinogen
sroduced by the zetion of thvembin in ¥ive, in combination with
fibeinogen mmd othar proteins. ‘oespding o Thaineff smd ‘age (1960,
1962) spounts of thyopbin, inoufficient to omuse fibrin formation,
#14% Tlbrinopsyiide A from Pibrinogan snd the altersd fibrinogen them
complayes with wmelfared Pibrinegen, 7These conjugates werv fhus of
g molgeular welpht higher than fidrinogesn. Mowewer, cryefibrinogen
is not aimply a oomrlex of altered fibteinogm: with fidrinogss as
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Fig. 3. A scheme of the conversion of fibrinogen to
fibrin,




Lipinaxi et a1 {1964) demonstrated that fibrinogen degradation products,
rroduced by the mction of plammin on the fibrirmogon molecule, were

/ alse eapable of cemplexing with fibrin nonomers, The same group of
workers (Lntallo et ), 1970} demonstrated thet f£idrinogen nllered
by removal of cither fibrinopepilde 1, or & ané ¥, wer comsble of
comnlexing with fibeincamn and frogment ¥ of fidrinogen protesiveie
and 8til]l retatning its clottsbility, ‘¢ vresent it eav bo assumed
%hat nuludle comnlexos may ke formed 28 2 reeult of interscticn
betweer fibrinogen and its other deriwatives, These complexzes are
in the =alin not clotiable with thrombin and resmult in the formstion

~

of defectivy fibrin polymers, Onee formed, solubdle £id»in wonomer
complesen {5,7,H.0.) nve wery 1nbile, and shanges in lonic etrensth,
temperature or pH are capable of precdpdteting them, 7T¢ ie rossidle
that in certain elinies) sitvations these physieal factors may bs of
some imporfance, o,g. agidosis snd hyrothermia, However, matusl
interaction hwetween plateleds and 3.F.M.C. may be of greater inportance
{vegraynowies &% o), 1970), Cerduin types uf £ibrin nonomor complexes
sare potant slntelet agrregnting agents, ™ release resction
fellowing agrregation seems in furn 4o affoct the solubility of f4brin,
due t5 release of piateied factor 4 {mﬁ@fi@wﬁamwskﬁ ot al, 1360),
The precipitation of fibrin complever hnz econsiderable practiesd
interest, for enly by the wnderatending of thie rrocess will the causes

of fibrin deponition within the Body be szplicable.



“37-

6 FARAGUGLATION

‘he procest vhereby fivvinogen, altered by the action of throwbin,

is yrecipiieble {or rendered insoiuble] is called paracOeguiniions
there suen to be three taportant pre-requisites for peracoagulation
to ccourt

. Alteration of fibrinogen molecules to form derivatives

capable of aponianeous assceintion.
opevention of thess derivatives {ron undergeing spontanecus

e
olpuerigation.
| “ %, Induction of apontanecus malymerigation by paracoagulating
apents,-

There seens mo doubt that the sgent most likely % altor the
£ibrinogen molecule Jn viye is thrombin, Py splitting off fibrinc-

septides L and Ty thropbin alters the electrical charge of fibrinogmn

sYlswing not ouly spenianecus polymerization but also complexing
with other proteins which if 1%t oceurs inhibits spontaneous o3 S
merization, Paracosgulating agents also possess etrong eleciriecal
chargs and preeipilate fibrin by dissoeiating complexes and allowing
“ nnres) spontanecus polymerization to ocours T¢ has been suggested
by “tewart {1970) after electron sieroscopie study of the pelymerizas
siom of Pibrinpgen mad its derivatives, ihat the paracoagulaiion
phencmenon consists primarily of spontanecus polymerization of the 4
Progwent devived Yom lyeis af £ivvin (as sgoainst Fibrinogen) ané alse

fbrin monomer, upen thelr relgase Trom complexes with frogrents I,
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D and possibly fibrinogen, T“ragment I derived from the plasmin
digestion of fibrinogen retains its fibrinopeptides : and B and is

prevonted from undergoing cpontaneous polymerizaticn by the excess
negetive charge imparted to it by their retention.

Thrombin induced fibrinogen gonversion results in the formation
of jnterlacing fibrin fibres cun isting of relaltively short broad
strande in which e characteristic cross-striation of periodicity
e R ¢ is seen, :leetron micresecopy of the elyserizetion of
fivrinogen and its derivatives lLas been recently studied (Tiewlarswskd
ot &1, 197C; md offers some insight into the extent to vhich e
fibrinogen molecule may be altered before derivatives lose the ability
to polymerize. Unly fragment ¥ is capable of ferming highly orgeniged
rolymers, but retention of fibrinopeptides inhibitas this, Of consid-
ereble cliniesl significance was the obse vation that fibrin/fibrinogen
fragments ¥, D and I, if precivitated with paracoagulating agenis,
formed only smorphous precipitates, glodbules or rudizmentery Fibrils
with no periodicity (Stewsrt, 1970).

Fibrinolysis, the physiologicsl antithecis of eoagulation, is
the process whereby a blood cr fibrin clot undergoes liguefsction,
For meny ressons it has been customary to think ¢f fibrizolysis us a
syaten isclated from its cownterpart, but it is verters most instrmuce

tive to look on coagulation and Tibrinolyois =z two csyeets of o



o single daystem concermod with the deposition and removal of fibrin.
‘nterest in the fibrinelytic mechanion is comparatively recent, deapite
fundnnental observatlons zade as long 2gp es 1761 by Morgamsi who
noticed that the bleed of perocne dving swddeniy, remained fluid,

and 18%2 by Denis who deserided lysis of whole Mood alets, The
diacovery of strevtokinase, the produet of atraptosocci which produces
lyaie of Tidbrin, by Tillet and Zarner (1933} atisulnted the defintition
af components of the fibrinolmtlc engme sysism by Milstone [1741)

and Christensen snd Hachesd (1245}, mmd orovided = bssis for modewn
research ints fibrinolysis. 1¢ has become spraremt that fibrinolysis
ig o basie rhysloloclesl nrocess concermad ant omly with maintaining
wagsenlar and sxeretory duet pobeney but alen with Inflecmaiien and
wound healing. But the atody seems only to be in its infancy, 1f

the hypothoeis that cosgulation and fidbrinelysic ere continuous and
intesrated processes in dynamie equilibrium is correet, it suet he
snsumed thet the vressnt concents ef the fibrinelyiic srster represent
enly thoe skeleton o which the body «ill bs sdded ip the Maiure. 1

sinplified schere of the fibrinolyiic system 15 ghown in Piz, 4,

TLASHIN

& ho " e

Flasmip is @ relatively brosdespectrus proteame which hyirolyses
meny preteins including coagulatiocn factors iI, ¥, V1II and 1X,
cozplement components and other blood proteins, slthough in blologieal
situstions it hae a fairly epceific fibrinolytic action, In pure

systeps Tibrinogem and fibrin sre equally suseeptible 4o plasmin but
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Fig. 4. A simplified scheme of fibrinolysis.
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A xivp fibrin is split more readily presumably bocause ihe presence

of inhibifers iz plasma inhibiis the resntion with fibrinogen. The
sdsorption of fibrinolytic compements on to £ibrin during clotting
protably accounte for lts relative specifieity towards fibein. Plescdn
ie known to citack bonds conisining srginine or iysine carbonyl
{Troll and Therry, 1995; fomvin, 19563 Deek and Jackson, 1966}, I
kus o nojecular weight of approximately 107,200 (Shulman et s1, 1958)
but its precise structure is net kmown. The proteciyiic digestion
of fibrin and fibrinogen by ;lasmin will be conslideored in dotail
lgter,
PLASMINOGEN

The insetive precursor of plasmin 43 n Fz-g:’.&buiin contained in
the euglebnlén fraction of plaswa. Yt has o astrong affinity for
fibrinogen, 80 that most purdfied fidbrinogen preparations are
conteminated with it. Towever, separation cam be achieved by gel
Tiltration, snd purification procedures €ollewing thism rowvesl o rrotein
vith neleculer welght of epveorinmstely 90,000, Desides being present
in the bleed i1t is widely distriduted throughout thé %o {1y tissues,
excrotions and secvetions. The 1tver 43 probably roaponsidls for
ite produetion {Sherry, 19€5) although imsmnofluorescent siudies
suggest that hone marrow celle =nd pariienlarly secinephils nay contribe
ute {Barmmhart snd 4ddle, 1963),

The conversion of plasmivogen to plaosmin remires the presence
ef setivators, for plasminogen in viaoma exhibits = ability over
& Lairly wide range of pit end tempersture, whilse after fsolation it

soows no iose of metivity after acddifiestion to 3 below 4, after



hoating to 100°0, and sfter storage at -30° for as long as B

T2 SRINGGEY ACTIVA

——a

74 viasmmivoptn to plasmin conversion involves removal of part
of ihe viesminogen molecule by the eplitiing of srginine and lysine
bonde { \llizsrsiz et nl, 1998z). In this wey "setive cites® arve
exposed, fofivators exieh ip three forms, O“rontaneous or complete
astiyntors awe substances whieh nct dirvectly cm the plassinogen
moleeum snd are proseat im blood, flseues amd body fluids, secrelicas
smv!; seevetions, Trosactivators ave mbatances @ich first must be
tranaformed %o their effectiva form by lysokinsees rosent in tissues,
vasoulsr sndothelium ond bsoteris such as streptococei and staphylo=
conct, After removal of imkibitore plasmin itself may also sctivate
rlasminegen by s process of sutncatalysie (Aikdsersic ot al, 1953},

o] ASEA PLASHINCAEN LCTIVATOR

&

Then ga?ficiantly sensitive setiods are used, plasminogen sctive-
taw ean bo deteeted 4n nlssme under normal conditions, Increased
1evels ave PTound under ¢ircumsiances of stress, mxiety, after eweriion
aw following advenaline infusion. Flute {1660} was able to dine
tinguish two types of plagms activetor by @lentrophoresin of rlasna.
one 42 temperature gtable and ressmbles tnmue sotivator, the other
s tomperatore lobile, The natare o® those activators is unslear,

"up 1abile feasdien is rapldly dastroyed by hesting and acid >l
rapt of 4% ia preeipitated in the eurlotmlin fraction of plasma and
advantars 1z taken of this in the commenly perforcsd assay for plasma

setivasor, the sugiebalin 1yeis time, Wepligible amounts nre found



in serum euglobulin (MacParlane and PAlling, 1946) cs it is adsorbed
on to fibrin during clotting (lLassen, 1952),

There now seems 1itfle Soubt that the blood vessel walls are the
major source of plasma setivetor as eriginelly suzgested by Tolf (1904),
Vaseular connective tissue was noticed to rave high netdvator content
by istrup (1961) and Ywaan and istrup (1964}, It use of the tectmicue
of fibrinolysis autography devsloped by Todd {1952) has demonsirated
that the fntimal surfaces of veins, vemules snd capilleries are
izrgely responsible for its production {Tedd, 19%0, 1961y Hayman,
1964). It is possible that the especially large somtridution of
activator to the clrculation by such organs sa the kidney !Iuiuk and
Purman, 1962; Wiewlaroubl! et ), 1964) and uterus (Makd et al, 9965)
is attributable %@ their vascularity,

The rhyeiologieal contrel of plasma setivatsr release has reemntly
attracted much attentlon. lowever, ms vet, 1itdle %s Ymowm obo ¢ tha
factors controlling the rolease and maintenmsnoe of eireulating levels,
There is @iurnal variation in plasma sctivator concentration with
the peak during the day end trough at night (Pearmley et al, 1957).

It ie probably degraded by the liver md mey be excreted in the urine,
“any physiologicel cnd pharmacologieal stimuli promote an 4incresse in
¢lrculating ectivator content but Ywaan and Meradsean {1956, 1957}
were the first to suggest that its relesse may be under neurologisnal
control, Following this postulste numerous attempts were made 4o
study this neurological mechanism, Tlowever, comtroversinl and contyse

dictery observations were made as it was found there was marked
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variability from individusl to individusl both of resting lovels and
response to siimulation, Uoreover, reproducible "stressing events”
were not umed, | new approach to this subject was {ntroduced by Cash
£4766) and Cash and Voodfisld, (1962) who by using standardised
oxercise procedures demonstrated that the fibrinolytic reactivity in
(ERy one individunl wes reproducidle, but was varisble between indi-
vidualsz. In psrticular, a group of "poor responders” was isolated.
roreover, standardised adrenaline infusions in the same subjects
revealed similer reproducitle results (Cash and 111zn, 1267). These
uitm:*s coneluded thnt "when rapid dynamic changes of fibrinclysis
are required the ability of the inddvitunl %o sugment the concentration
of plasninogon ectivator ceuld be the single nos$ important factor
in medntsining homeostasis” (Cash and ‘oodfield, 1967}, Turther study
of the sdrenergic mechanisms in the systemic plasminogen aativator
response revealed that 1% fs probably derived fron two separate com-
noments (Cagh, Voodfield and (1lan, 1970) vhich may share the sane
advenergic receptor site, \ relstively minor one may be secondaxry
to vasosctive chenges vhereas the second major component is quite
indepenient of this phenomenon, Using selestive K and Q ~adrensrgic
agoniste it has bean found that metivator relesse follows & i
roceptor stimlation (Cader ot al, 1971). The roles of prostaglandine
and sdenyl cyelese in activator release are as yet uncertain,

Jeveral theories have been sdvanced to explain the mechanism of
throwbs lysis by plesma activator. Uach has taken into account the

£ néomental observation that the dissolution of fibrin can ocour
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without the appearance of free plasmin in the circulating blood,

f.0, fibrin is attacked but fibrinogen ie pretected. Deposition of
fibrin provides a focus for fidrinolysis, and Pearmiey (1953) and
Therry et al (1959) have proposed that activator @4ffuses into the
interstices of the alot, is actively sdsorbed om to fibrin, and converts
plasuinogen, entrapped with its olosely associsted fibrinogen, intc
rlesmin. local lysis thus ensues end any free plesmin menaging to
escape is neutralized by circulating anti-plasmins. o different view
wes put forward by /‘mbrus and 'avkus (1960) who suggested thet filkein
is able to dissociate plasnin from & plasnin-entiplesnin conplex,

ok (1968) postulated that plasainogen activator and anti-activates
exist as & loosely formed compl x which dissooiates during ihe diffusion
of plasma through a thrombus, As anti-plasmins and antie-cctivators
diffuse less rapidly due to their large sisze and asymetrical shape,
activator is freed and plasminogen activation cccurs uniapeded,

hile ecach theory is attractive they are somewhat irreconcilable but
not necessarily mutually exelusive, However, furthor work is noges-
sary for firm conclusions to be dramn, Strikingly, each theory pro=
poses a key rle for plasma activator in the physiological control

of fibrin lysis,

TISSUE ACTIVATORS

Host tissues of the body contain a spontaneous plasuinogen
y activator which is loealized in the microsomes of cell cytopiess, It
poosesses marked stability to heat, drying, acidiffcation and o
chloroform and is bound fircly to structural proteins. Ixtraction
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significantly to its préduction, Interesting relations with veristions
in biond activator levels are compatible with the tresis that urge

Alinase is derived at least 4n verd from excroted dlesd sctivator
(Cugst and Colsnder, 1961}, Fur exanple, uroRimese over-etion is
inereased after physiesl exercise and curdise surgery, and im low in
renal insufficiency, sardiao faflure, md carcinomaiosis, 0Of intorest
is the obsorvation thnt persons on 2 hfisgh-@elt 210% swevate lass

than those on a restricted salt regime (Celander and Gusst, 1960).

On the other hand, increased levals of plasma mctivetor indused oy
exauple by nicotinic acid injeetion are not sccompmnied by changes

in urokinase exeretion (Molemanns et »l, 1966), Thus there may de
gsovorul verdants of urolinase. 74 soems that oms of thase 4 rreduced
in the kidaey &s Fucinski ot al (1968) using immmologicnl methods
could detect no uwrokinase zctivity 4n romal md perirharal venous
blood, Mor d4d urinary urghkinase exhibit immunolosiesl fdontity with
piasna, nilk or tiooue aetivators. The site of production (4thin

Alo kidnoy is not clesy, Using fibednolyais sbogravhy, nativsier
activity can he detocted im glomesular and peritnbular capilliarien

of the renal eortex, hut 1ts grestest concendvabden ic in the

-medulla vhere presumably it is concentraiad. Tecemt wrk with tissne
cultures has sucgestod that o soluble netivator proba¥ly originatos

P Pu— 1“"‘:; ay

in the juxta-medullary arparstue {Painter et ml, 9062; Frokopowies

ot 51, 1964). hile these observations oxeite eonjecture ns ts sous
relation between salt homeostenis, réenin nroMetisn and fibrinolynin,
until more rafined echnoleszy iz svailahle i1t ie pavhare wise %o

ascribe no phyalpleosical fumedion to vrokinase anart from maintenance
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of the patency of remal tubules and lowor uriaary tract,

PLASNINOGEN ACTIVATOR 1N OTH.R BODY PLUIDD

‘otivators of plesminogen are present in tears, salivs, milk,
geninal fluid, cere fluid, but their physlological imporiance
iz uninown,

N HeFHE3I0LAGICAL ACTIVATOAS

Streptokinase identified in 1933 has been purified for use ia

thronbolytic therapy, “lasminogen is not activaied by streptokinase

unless pinteins fxom the globulin series are also present (htillerts

and Tassest, 1953). Prom this was inferred the presence of = pro=

activator in human blood,

0 ther non-specific substances which may eause activation i yikro

_inelude peptones, urea, heparin and protamine while 1iquid cultures

of ispergillus aryuse and cell free filtrates of staphyloecocai

gontain plasminogen activators,

IHHIRITORS OF FIBRINOLYDIS

™he £idrinolytic system is kept in check by a mechanism comprised
of inhibitors against the formation end action of activators and
plasmin, Tn additi n a great number of inhibitors of exogenous
origin are kmown,
PEEIIOINGICAL ANTIACTIVATORS

Tnhibitors of sctivator seem esuential for fibrinolysis regulation,
but their separate identity from anti-plasmins is questioned, as
although some evidence exists for itheir presence it im not conelusive.
he formation of an amti-activator during incubation of blood in
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gless wvao deseribed by Mute (1960) snd found to be emhanced by caloium
ions, lowever, it has no influence on pro-formed activator.

“eleoctive impalrment of urokinase induced lysis is found in pregnsat
women during the second and third trimeasters, but ihers is no evidence
of inhibition of streptokinase induced activity (Brakman ot al,

1963,

PHYSTOLOGICAL ANTIPLASMING

- There are at least four antiplasamins in blood, The oC -1 and

oK =2 antiplasmine in the globulin fraction are the beat charecterised.
Alpha=2 antiplasnin is an immediately effective coupetitive imhibiter
of plasmin action, while -y antiplasnin reacts slowly by forming

a stable complex with plammin, The °C=! antitrypsin which accounts
for 907 of the trypein inhibiting capscity of plasme has only
negligible sctivity against plasmin, inother antieplesein nay exist
in the Y «fraction of plasma proteins (Morisn et al, 1964). rlatelets
also possess antiplasnin activity and this may be of importance i

An yive resistance to clot lyeis, especially as a retracted clot iz
/mch more resistant to lysis than one not yet retracted,

VISCELLANSOUS SXOGENOUS ANTIJTBRINOLYJINS

Jeveral unrelated substances are kmown to inhibit plasmin action
directly or indirectly by virtue of anti-sctivator activity. ZThese
include soya-bean trypsin inhibitor, besic amino aeids, heparin,
heavy metals, traaylol, epsilon auino carpoic acid (LACA), anino-
mothyl cyclohexane carboxylic acid (A.11.C.iA,) and para~amino
mothyl bensodic acid (FaAJM.B.A.)



puring the degredation of £ibrinogen and fibrin by the fibrinolytic
copyne plassin, the subsirate molocule is split up inte seversl scluble
polypep tide fraguents kmown & £1bria/ fibrinogen degradaticn prodwcis
(Folefule The nature of the products forsed AN YALINe and pressmebly
in yivgs by this veacticn depenie on the time it is silowed to preceed,
Larly lysis products are of high molacular weight, remcin clotiable
with thrombin, possess poveriul anticoagulant properties and are
ptill svscepiibie to further iyeis by plasmine. Continued lysis results
in smaller molecular weight non-clottable fragments, with negligibie

antigoagulant action and resistance to further lysis.

rive distinct fractions labelled A, B, C, B and I were obtained
by Fussensweig et al (1961) after subjecting fibrinogen digests to
D.5.A.E, cellulose, Two of these, D and E precipitated with pErliem
fibrinogen serum but the remainder appecred to have loet antigemic
simdlarity during digestion. Fletcher ot a1 (1962, 1966) found that
only 7 and & fragments could be reliably produced with prolonged
digestion and there wrkers vere sble to estimate the molecular weight
of these plas=zin resigtant fragaents at 88,000 ané 33,000 respectivelye.
on the other hand Jamieson and “ert (1963) using starch gel electro-
phoresis found 10 different bands.

Trom observations based on the biologieal and rhysical properties
of FuDuDs, Marder “hulman and Carrcll (1963) claim that the lysis of

fidrinogen and fibrin is a sequential process in which three phases are
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distinguishable. Ly using immune-electrophoreais, ultracentrifugetisn
and gel filtration techniques it has been able to chersctarize the
nature of the products formed at eech stege of digestion. lio reover,
using pevikin-block electrophoresis these have boen eeparated in
guantities lexge spough for purificetion, concentration and subsequent
immnologicel o tudies (Marder, Jawes and Sherry, 1969). In the

first stege, a number of small molecular weight peptides ave rapidly
8plit from the fibrinogen molecule (MeWs  J0C,000) leaving & single,
large clottable fragument oi M,us 240-270,000, which has been termed X,
'he second stage is slower and the sequence of events less clear than
in the first phases The clottability of the products ie lost and the
anticoagulant propertiss increased as measured by prolongation of

the thrombin time. 1t is Harder's view that during the second slage,
fragment * is cleaved into 2 further parts of molecular wedzhts
155,000 and 90,000 which represent fragments Y and D respectivoly.

The third stage is the slowest and results in the formation of the
plaszin resistant fragmeats U and = (M.Ve 30=50,000).

There still remains some disagreement concerning this proteniytie
reaction, especially the second and thisd stages, Jor exzaunple Fletcher
et al (1966) proposed that further lysis of frageent X resulted in &
large number of products of progreesively smaller molecular welights,
Howewer, subsequent work with G=200 Sephadex column chrozatography
provided substantial evidence for the existence of two distinct
internediate degradation products (Marder, “hulmen and Carroll,

1267, 1963) and does not lend support to the view that nuncrous
intermediate producte other than fragment I appear during plagain
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digestion, It thus seems that plasmin causes sn asymmetrical
{ragmentation of the fibrinogen molecule as represented in Fige 5e
Fibrinogen is firet converted into frageent 7 with the releage of the
winor fragments A, B and C. Tragment X them splite asymmetricelly to
fragrent ¥ end fregment D, and fragment I in turn is spiit wnevenly
to & second fragment ! and the fragment . Tiis scheme is conparable
wiil the known information regarding the antigemic detemminants
{(ussensweig et al, 19(4), the molecular weights of the [ragments,
+ha concentrations of fragments D snd T in "end-siage"” digesis where
the coneentration of O has been found by several workers to be double

g that of §, and the changes in the electrophoretic pattemns of digests
during progressive enzyme action,

‘ocently it has been shown that there is strong immunological
1dentity botwsen the "Neterminal di-sulphide knot" and fragment B
(¥arder, 1970)s As the Mg¥. of I is double that ofthe lmot, there is
some conjecture mov that both knot moleties may be contained in the
contre of the fibrinogen uolecule rather than at either end. This
hypothesis would de in agreement with the data of Tall et al (1550) who
depicted a 3-sphere astructure for fibrinogen, as fragment would then
represent the central sphere, It also concurs with the biochenical
data of vallem (1970) who proposed n molecular scheme with the lmot
roieties joined in the contre of the Tibrinogen molecule by fibrin
tonda,



FIBRINOGEN
300,000

FRAGMENT X l

240,000 +FRAGMENTS  A,B,C.
FRAGMENT Y /\ FRAGMENT D
155,000 + 83,000

FRAGMENT D FRAGMENT E
85,000 |+| 50,000

¥ige 5. Scuematic representation of the asymmetrical

fragmentation of fibrinogen by plasmin (after Marder,
VJe, 1970).



Froduots formed in the early stages of [fibrinogen degradation
sre strongly anticoasulant, a property originally attributed teo inhie
bition of the action of thrembin (Triantsphylloroules, 1958;
Riewiarowski and Kewalaki, 1958), However, with incressed undor-
standing of the Iibrinogen to fibrin converaicm, it is uew roesible
{0 sttritute other anticoagulant properties to first and second
stage 7.5.0s Tolymerization of Pibrin 48 inhibited (Alkjaersig ot

/ai, 19623 Latalle et 51, 1962) as F.0.F. complex with mormslly
formed fibrin polymers t0 form abnormal polymers of diminished tensile
strength (Bang et s}, 19623 Hirsh ot al, 1965) which may themselvos
be incoarulable (lLipinski et el, 1967). They also complex with fibrine
ogen, fibrin zonomer snd activated coagulation factors (Kowalaki,
1260; iiller and Smucheg-ivalos, 1968), and may inhibit plateled

e aggregation (Kowalski et al, 1964, Larrisu et nl, 1966} as previously
nwentioned, This anticosgulent action is of abvic.s importence in
clinieal situations of excessive fibrinolysis sccondary to intra-
vascular coagulation, vhere n lifesthrestening bleeding Bndency
sonetines develops,

PeleFs almo possess sctions of pharmacological imporiance in that

»~ tiey potentiate the hypotensive effect of bradykinin, and hypertensive
effect of sngiotensin inm the rat, enhance ihe permesability of CApw
illaries, and the action of adrenaline on the rat myometrium (Malofiejew,
1970). It is unot s® yet clear whether these properties sre due to
Tallel's alone, as pharmscologically sctive F.0.7. were vrobably small

moleculer weight polypeptides similar in sise 4 those otentisting
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or inducing platelst agzragation.

F.leFs vcan be detected bY noasurement of their snticoagulant
efrect {orowski et aly 1964) but this wothod is non apecific. The
introduction ef jrmmunological pathode 1o noaBuIe PelleFs has created
great intorest, as for the First time guantitation of sctunl in YAVO
£ibrinolysis has beern made possible. snti-fibrinogen seTUR hos been

.-,am;:lq_yad in all irpuno-a288ays $or FeleDe as the FeleFe rotain common

d ént;micity~ o fibrinogen. guch nsthods as precipitation by
'flocculstion {verreira snd marat, 1963, iz&@ma@ﬁlwm;:homm

(¥ilehn and Nileson, 1064) and redio-imeuno-assay {catt et &ly 1963)
nave been used,but the tansed red ocll haensgglutination 4nhibition
{mmuno-a8say (T.54Colalels) (Horskey ot als 1966) has geined widest
popularitye 4t the TeReTedelels acoursie sasessment of Pulelo
concentrations previously mattainable have becone available., More
recently & non~izmunological mpethod has bees eroived based on the
ability of fibrinogen and FaleFe to clump cortain straing of staphylo=
coced (Aliimgton, 19673 Haviger st a1, 1970}« THis method nlso provides
a sensitive guantitative assey for Telera und it has besn compared with
the ToieCellalele Y gevorsl groupe (Thomss et 1, 19703 Thuot and
Larrieu, 19T1)e Both tosts aveenually ssnsitive to fidbrinogen and
Yiigher polecular weight sarly derivatives. Powever, the T. Halafalale

4 far more sensitive o the iower molecular weight products D and L.
rne of the drawbacks of the ToiaCoHalale therefors is iin inability

%o distinguish belweon avd thelgfore provide a method for
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quantitation of the individual fragments in biologlcal fluids as each
fragsent rossesses sone sutigen(e) in comon with f£idrinogen and
£ibrin. For those purposes zore laborious methods such as chrona-
tograchy with various media have % be employed.

The mechanigms avallable for clearing the products of fibrinolyais
include the reticulo-endotielial system, neutrophil loukocytos and
the kidney., On the basis of immunofluorescent studies in rabbits
after infusion of endotoxin or thrombin (Lee and HeCluskey, 1962),
\tm reticulo-ondothelial cells of the liver nnd spleen were implicated
in the removal of fibrin., In states of iov grade intravascular
cogguiation it wes suggested thet the 8 systen remowed the Bulk of
Zidrin. Under certain circusstences however, meutrophils cemtridbute
to this removal (Barnhart and Cress, 1967), It aleo scems that when
renal damage is preseni, urinary exeretion also takes place,

-ersonal interest in e role of imtravascular coagulation in
the pathogenesis and patural history of certa:n human rensl diseasss
was initiated by 2 close clinieal study of cases of the Hasmolytic
Uraemic Syndrome, In this umcommon condition features of intraw
vaosoular cosgulation predeminete and in cur experience almost
invariably led to remal failure of acute onset nnd poor prognosis.

4 aoet siriking histological abnormelity consisted of occiusive
thpombus formation within the interlobulsr arteriss, afferent



arterioles and glomeruli of the kidneysj and a histological pieture
which resexbled certain features of malignant hypertension, soute
tubular necrosis, rensl cortical necrosis, pre-cclsepsis end certain
types of glomerulomephritis. I1f, zs wes postulated (Clarkson,Sage
and Lawrence, 1969; Clarksen; leadows sud Lawrence, 1%6G; Clarkson
et a1, 1970} intrsvesculsr cvaguiation caused these gross shncrmulities
in the haenolytic ursemic syndrome, it zight play & siganificant role
in the production o similar but less prenounced hisitologicel losicns
in other rennl diseases.
dueh 0f the evidence for the cecurrence of iniravescular coague
iation im hwmap renal dieense has been baped onm histological, ultroe
structhural and hLmamolluvorescent identifiecation of Librin in venad
blepmy ¢r antopey maberisl, and the sequence of paihoephiysiclogical
changes cccurkring in supevimeniel wimalse. This has been sufficient
%c convince several groups of workers of the possible benefit o
patients of entieccogguiant therapy despite its yrotentinl heszards
and the luck of firm evidence for & dysssde eoagulation sboermality in
these cases, Horgover, the cledms of suctess with thin form of freate
* nent by some authore, perhaps provides indiroet svidence of the role
of poagulstion In the evolution of these diseases,
Ungd’ recently, the sensitivity of coagulsiion methods in ruvutine
use hag been such ihat lntrevescnlar cosgaletion can only be detected
vien coagulation ls severe md dispeningiod., /. larger susber of

cases may be sssoeinted wiih either lower grades of disseninsted



intravascular cosgulation or coagulation looalised to a partiocular
orgen cuck apg the kidoey,

The primary sizs of this study were:

e To Investigaie the relationshir botween the results of
gengitive soaguletion apd fibrinelytic ssseye with clisnicel, haonge
tologicul and blochewmicel features of patients suffering from & wide
variety of asoute snd shyonic renal diseasss, in erder to estebliuh
in ubich of these conditions abmormal cosgulation lays a significant
rule,

2¢ o sorrelats theso findings with electrun wierceoepie,
immunefivorescent ond histopathologicel sprasrences of remal biopaies
and pest-sortesn tissuoc,

3¢ Te ues appropriate techniques to study the velue of appro-

rriate therapoutic regirmes,
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L for fractionation studies
wps prepered by adding egual verts of CeSH (60,53 litre) “twrim®

(tris (hydroxymethyl; swincnethene)(fres buse), UeUZiH HebdTeds

{(free acid) (6.06/1itre; umd CuUTSH boric aclc {4.66/1itre; and
zjusting the pi o0 G.9e 7or elution wne part of thie buifer was
mixed with 19 parts jihyulological saline and sodiuzm agide {200mg/
iitre).

Ze  NYorepal Jcotnte DufXer nil Teds 967146 of sodium acctate
trihydrate and 1447845 of sodium dietuylibarbiturate are dissolved in
Fulml distilled wgter, diais stock sviution is stored si 4 Cy A
working soiution is made by niving 25 ml of stock and 252) 0f Uel
5 oGk ana the volume wmade wp to S00 ml with C.9 sesiine, The pi
is sdjusted 1© T4 with elther Uil HCY or Got I Haolie

S ZArds buffer pii a8, T34 of tris (hydroxymethyl, amino methene,
are dissoived in 2 iitres of distilled water and the pii sdjusted to
746 with § ECl, The solution is then made up o 4 Litwes with
distiliod wuber md the pd cheched.

Ge

Sodium barbitone {5,71G)
and sodium chloride (2,93 are dissolved in distilied waber (== 96Cml)},
the pii is sdjusted o T2 with ':if" HOL (2= 29pls; and the volume

made up %0 1 litre with distilled water,



5 sedius berbitone (506}

and sodiws acetste (500) are aigonived in approximately 4 litres of
aistilled weter and O o7 adjusted o 8.6 using kw1, volue i3
then nade up 0 5 iitros with aiptilled wwtere

e M This buffer ie nedie bY
aiwing ¢ volwses of 0.45 ¥ell (ia.'rsfmfmn), one wolune of Ce13
enkyirous 43 podiun Rydregen puosphate (21.29%/ 14tre) and 5 volwies
of aintilled waleT. The T 18 adjusted &5 Ba0 with gither % NalH or
% el

7. citxate Inffend . 2 1itre volume of this puffor is

@romrw% by wixing B0l of o nydrated aigodium hydrogen shosphate
26,707/ 1180, £50m). of Qo4 Bk potassiun gihydrogen ;;xh@apmw ¢ 2@.%15'563
14¢re) and 1 1ibre of 0ot trimsodium citrate i.zg.wm/utm} end

ad juating the i o Ged with either citric pcdd or Kalle

7¢ each 1itre af citrete

e idsls
puffer pii Ged WoE Aded 1.06 sodium sside a8 & sreservabive onét hovine

porun sibunin 1o a £inal concentration of ' s ® atnbiliser.

7ibrinogsat praparation of rumen fibrinogen of g7/ clottability
(kabi Pharmaceutisel P gyadon) wos used on il
pcoapions.

hrpebint pppien). thronbin (varke Devis and COer natredty
vichigrte N Sehe) wes male into verying gtrengthe for gifferent

sgapyet 9 wnite/ml du tris puffer for £ibrin platest 5 units
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v sl in veronsl scetzte Wuffer £t englobulin lysis $ime; and 900
wits per wd in G0 saline for fibrincgen sséixation and preparo.
ticn of the oerns for Pol.l. sussy. Aliquois weore storsd at 20,

Lepaxin: (Evans lediesl, Ltd,, Liverpocl, Usf.) in 2 concentrs-
ticnm gf S,000 I.Ue por mie

Irokdpage: (Leo Pharmscenticals, Denmark) 5,000 wnite por visl
were usad. Solullome ol 3 wsiie per ml in twis tuifor and oiuored atd
mf:u}"{: in plastic seolsinere sore uveel oo standerds in assaye for
vluspa setivator and wrinary wokinase.

Sreavieds (Bayew, Cermemy, containing 25,000 Ksllikzein Inhibitor

units in 9 uls wal uoed W inkdiblt ibrinciyois.

g e ey

; (ioche Izoducts Lid., doris, Usle; was used

in soncentraticn of 4, 2, 7 end 4 in selive (weight for wvolume) in
e

®

>

the nmesey for scluble {ibrin sonomer aomplexws,

te Sodiup Citrate DeF. 3.4 (Buets Pure Drug Coey L, )
be damendun Uxslate Coll,
Toldn ond Clocalten's lcapal (British Drug Houses, Lvda,
Frglend)e

The prejareiion ueed for the F.l.7.
asoay wee et of Sohringuerks (Germsmy) prepaved in rubblts sgsinst
bumen £ibrinogen,

Zlutarsldelade: was obtained from AochwLight isboratories, Ltd.,

Buekinghuuehire, Uef., I8 257 solutdon Su water.

was® chbtained from inion
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2.2 METHODS

1 IBRINOGENR

Two methods were used.

~ This method was used as the standard reference assay with which other

fibrinogen assay results could be compared. The test specimen is diluted
in B.4.C.4, solution to prevent proteolysis, and clotted with thrombin,
The resultant fibrin is precipitated, separated and hydrolysed with
sodium hydroxide and boiling. The amount of tyrosine released by
hydrolysis is estimated with Folin Ciocalteu's reagent and the
fibrinogen concentration calculated from a standard tyrosine curve,

Into each of four 5' x ¥' non-siliconized test tubes is added
6.0m1 £,A.C.4e saline and 0.2 ml of 2.5% caloium chloride solution.
Out ml of thrombin (100 units/ml in 0.9% saline) is then added to 3
tubes (the fourth remaining as the blank) after which 0.2 uml of the
test solution is added to each tube and thoroughly mixed. To ensure
complete coagulation, the tubes are incubated at 4°C for 12 hours
before the addition of constant amounis of well-washed glassbeads
(diameter 0.15mm) which aids the subsequent precipitation of the
£ibrin by centrifugation at 3,400 r.p.m. at 4°C for 5 mimutes. After
removal of the supernatant, the glass beads and entrapped fibrin are
washed 3 times with 0,9% saline and then hydrolysed by the addition
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of O.4ml of 107 sodium hydroxide, Hyirclysis is eonpletud by
boiling the tubes in o water bath lox 20 minutes, The tabes eve
cooled, 2al of Co5¥ sodium hydroxide and then U.fml Fulin und
tocaiteu's reagent (diluted 132 in distilled water) are 2dded in
ssquence .und mixed, sud the tules centrifuged at 4,000 Tepene 2t
room temperature for 2 mimates. Ihe trrosise released Ly hydrolysis
is sssessed by measuring eptical density im o Tndcam S5.F.600

at 650u. using the zed filter, the noa=clotted tube neting zo the
wlank, The tyrosine relessed is saloulated from o provicusly prepured
standard tyrosine surve, and convorted to Tidrinogen concentration
by multipdying by V1.7, This tochnioue iz time consuning and tedious
and not easily sdapied for mutlne wazis

his provided s supid reproducible acsay sasy 4 erforn ayd was
used for routine yurpeses., The ingrease in opticel sensdty resul ting
from the formation of fibwin ie measured, in sitrated plesy PHRSLe
cified ond clotted with thirewbin., By ecmpsrison with aprevieusly
rrepered stundard fidrivogen curve, the fibrinopen content of the
test plagme con be celoulsted,

C.%nt of 4ust plasme Sa added to S.5n) barbitone saline buffer
(pif 7.22) 4n & gless test tobs, aud wixed by dnversien, J.0wl aliquots
of this soiutdon La sdded to Unfwam celle one of which is wesd for
the ostimntion, ths other for the blenk. OG.5ml af eslejus-thrombin
eolutics ia then sdded o the test cell and nixed by inversion,

:eter imoubation zt poom temperature for 20 mimutes, e ortinal
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density of the test cell is compured with the bdlmmk c2il in » Uniomn
Gete G0, set at 4TOmu with the dlue £ilter,

The technicue of Lipinski and Yorowski (1968) has been used
for detecting soluble fibrin monomer complexes in ;lasma, 3lood
samples are placed in oxalated tubse {1 pard Avmongum Oxelate ¢
9 parts blood) and the plasma separated after oentrifugation at
55000 Yopems at room temporature for 15 mimites, .ssay mey bo
parformed irmmedistely cr after storage at «40°C., 0,25m1 of test
tlasna is placed in each of 2 cuvsttes snd diluted with 0.7%1 end
Ue85ml of saline respestively. To the test cuvette O.iml of protanine
sulphate is added snd nixed. /fter 5 minutes, ihe optical density of
the test is rend in a Unlcam 3.7, 600 et 619u4 with the cuvette
to vhich no protamine sulphate has been sdded sorving ss the Llank,
iesults are expressed in optdosnl demsity (U.i.) unita, During the
preliminary investigations of tils tschnique, the optima)l concen~
trations and different %ypos of protmuine sulphats cormereially
available wore nugemsed cn a series of individual plasmes, &3 can
be seen from Fig. § comperable results were obtained uaing & aspa-
rate sources of protanine suiphtate. The relationsbip held if the
precipitation was perfopmed with i, 2, 3’ or 4/ protamine wulphate,
but e studiss rovealed that thers wee an ivorsesing rrecipitation
with incressing protamine sulphate concentration {Mg. Tle It uss
soncluded itherefore that it wuld be more sypropriste to work su the



Sample N
Protamine 504 Plasma Sample No,

Fish
Preparation
(17) 123} ajs5 6] 18 |9 |
Roche S (0.61] 0,72{0,5310.53/0.51|0.75]0.65 | 0.65 | 0.43{ 0.55
B-D S |0,59| 0.7¢§ 0.520.52{0,.55]0.82{0,72] 0,68| 0.45] 0.57

Koch-Light | ® |0.72] 0.74}0.59 | 0,53/0.52 | 0.8d 0.75| 0.72] 0.45 0.59

Sigma I s lo.63] 0,741 0,62 {0.57{0.58} 0.77 0.67] 0.€8] ©0.41] 0.57
Sigma IIT Bl - N = e - | 0.71 0.60] 0.61{0.42 | 0.51
B.D.H. s | - - - - - | - ]o.674 0.68]0.44 | 0.57
B.D.H. ]| - = = & - 0.77] 0.65| 0.62{0.44 | 0.52
K.K. Lab. gl -1 -]-1 - |o.77}0.65 0.550.42 ] 0.54

Fig. 6. Optical densities obtained after the addition
of 1% protamine sulphate from different sources to
a series of individual plasmas.
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more stable part of the curve snd uge a 57 protamine sulphate solution
in the test rather thas the 1% recommended by IApinaki and Jorowski

(1968). Subsecuent wori cn this technique has demonstrated that only
/ fibrin ond fragesnt I are preeipitated after protanine sulphate

addition ¢ tzet plasma, co that it seeme that the pelor action of

thronbin on fibrinogen iz nsgessary o cause signifiosnt incresass

in opiical density (TalestoxeChletowosyk et =1, 1970},

in the carly stages of this iuwvestigation 2 separate sssays were

run in pareilel for theneasurement of plasma setivator content,
These were the ouglebulin lyuis time (Z.L.7.) and ¢he £ibrin nlate
assay, whiioh gsave comparable resuits, Later, for routine work, the

< BelaTe was used becauss of its greatur sensitivity snd ease of
handling in ihe face of muitiple apecinens,

The lytic activity of the
suglobulin {raciion of plasms, in which fibrinolytic inhiditors

: are virtually sbsent, ie regnrded as boing & measure of plasms plase
ninogen agtivator concentration provided free plaesin iz not present,

During the preparation of euslobulin by dilutien snd seldification

of rlasma, fibrinelytic inkibitors ere discarded in th- superaatant,
leaving plasminogsn sctivator, plasminogesn; fibrinopen mnd other
plasms groteinmn, After preeipitation of suglobulin, it is resuspended,
clotted with thrembin snd the time ftalsn for lysis {0 ceeur observed
and reccrded, The wethod iz as described by Cash {(1367), Venous
blood is coilested, if possible without stasis end placed in citrated



= 56 -

tubes (1 zart 3.8% soddum citrate to 9 parts blood) kept on ice to
prevent the deterioration of activator wiich occurs at higher tempe~
ratures, 48 short a tiwe as poseible {lezs than 10 minutes) should
be token in transportation o o ~frigerateld (-rﬁa: } centrifuse where
1t ia spum for 20 uinutes 8% 3,400 repeus Ome nl of the supsrnatant
plasma is placed in a silioconised centrifuge tube eontaining 19.0md
of dilute scetic scid., The M ie sdjusted o 6.0 with C.2% acetic
wodd and euglobulin preeipitation contimwed st 4°C for 10 wimutes.
ifter further centrifugation at 3,400 repeme for 10 minutes qud
decanting of the supernatent, {he suglobulinm prscipitate is resuspended
in 1,0nl veronsl scetste buffer (pil 7.4)s The sesay is performed in
triplicate by placing (.24ml of the euglobulin suspsmsicn in esch of
three 3" x §° siliconized tubes and sdddng O.24ml thrombin (5 units
per nl)s Lyeis time at 37°C is reserded by eye or sufomatically in
2 clct lysis recorder (Cnsh snd leask, 1967). In all studies, lysis
timos wore converted to gotivator units by using the formila of
Jamuesko sud Dubinsks (1984), %W vhere T is the euglobulin lyais
time irn aisutes, This sdjusiment is prebably walid in physiological
“ situations, Lut some doubts muat arise concerning this concept in
circunstarces wiere the presance of free plasmin cannot be excluded.

Ze Bikxin L Al ibis assay provides eonfirmation of
euglebulin iysis time assay but should bs regarded as cemfequantits-
tive at beat and relatively inssnsitive,

Fibrin plates are prepared on a lovel tsble by the addition of
Co2m) thrombin (50 units yer ml in tris buffer pd T.8) %5 10l of
Ce1565 human fibrinogen (Kabi) iz a plastic dispoaable pstri dish,
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vhen clotting is complete { ==20 mimates}, ,02%5a) of resuspendsd
englotulin nrevivitate is dropped in triplicate on te the fibrin
£ilms, iPier incubatlon at 37°C for 20 howrs, the perpsndicular
diameters of the lyssd areas sro noasured :nd compared with the

area of lysis prodused by wrekinese (3,0 unite por ml in trie bduffer

Bl 7.8) or a ssparate £ibrin plate,

Urckinase was measured op fibrin plates prepared by methods

ginllar %o those desoribed for plesms activater. in aliquot of the
urine specimen ¢ be tested is dinmlymod ageinel far water for
hours and diluted 1 in 5 jectrie buffer ol 7.9 before assay. Lepay
is verformed in tripiicete by dropping G025 sl of the diluted sample
om %5 the plate which is tiem incubntsd ut 37°C for 20 bours.
The ares of lysis is compured with that neoduced by Gu0282) of
urokinase (% Ploug unite por md in tris twifer pi 7.8), ad the
results expressed in terme cf congentration or as an excretion
rate denepdiry on the nature of the study,.

The method used for sstimation of FuD.¥. in thie atudy was the
“anzed red sell hesmsgslutination inhidition fmmmonssay {TeieCeiaI.T.)
aa demeribed ordginally by Hsrskey ot al (1966) and shich has boun
£4lly investigatef in ithese lsboratoriss (Das, 1968). In the

early vevt of the present study sensitised sheep red celie were used
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which nocessitated a time-consuming shsorpiion procedure of 211
bumen sigples prior & thedr nssay. Iowever, when it became possible
%o prepare stable and sensitive human red cells (lieq snd Das, 1970)
this absorption stage wue eliminated for serum sawploes, and human
reé colls were used in the routine assay. Those cells provide the
ond-point or indicator for the assay, for shen comjuzated with
fibrinogen they can be zzmluidnated by fibrinogen antiserunm,.

Hegmeoolutination con be inhibited bty the presance of substances

wiich earry sntigens capable of combining with the sntiservm, mnd

this degree of iuhidition can therefore b fiteated for uantitation
of such gubstances ss fibrimossn, fibrin or thedr degredution products.
The assay which is specific has been inereassd in sensitivity Ly the
uge of humen cells,

Eixisgr The prepavation of sensitised shwap cells has bewm

fully decumented by bas (1970) msd will not be discusssd here,
Buman group U Ahosus negative celle are washed three times im 20

¢timos the voiume of C,18 sofium chloride %o render the cells plasce
feos. & 20 suspension of cells im rphosphate buffored sgline pH &
(FoBois 8) 48 then mimed with an ogual wslume of 17 glutaraldchyde
solution in FoBele 8. The fixing cells are kept in iced waisr for
% 40 60 mimntes end mived frequently. /a extensive washing pro=
cedure fn 0,4 saline (3 timen), distilled water (3 times) and

P.B.5. 8 {3 times) ia then upiertsken 1o remove resldusl
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glutaraldehyde and provide the optimun conditions for tamning,
Jepmiv:  sgqual pavis of wn & cell suspension in F.E.E.
8 szve mixe’ with a 1310,000 {woight:volume) solution of tanuic

aoid du P.l.%. 8 st ;*}’7‘:%% for &0 minutes. The colles sre then washed

throe Hoes in Pul.d. & 0 remove froe tamnie said from the mee
penglon prior o coating.

Cogting: After w further wash with citrate tuffer pi 6.4
@nich provides the optimus pii for cvating, sn & suspession of cells
in citrate Wuffer is incubated at 37°C for 30 minutes wit: an equal
volune of human Fibrinogen solution (3Cug/ml}e The c2lle are
woshed throe times in citrate uffer pH 6.4 aml resuspended in
Adluting fiuid in a 100 concomtratisn. The cells ure otored in
piastic tbes at 4%C and afluted to 257 suppension pricr to use in
the wssay. Just before use further wnshing with citrate Waffer and
diiuting fiuid is necessary io ansure hai any 1L dnogom sluted
from the cells on storsss is not present in ¢the aemay gysisnm,
Jenupt TeSusl of blepd iz collecisd inte plastic tubes

sontaining 0.1m1 Trasylel (5,000 Z,I, unite/ml) ae o fibrinclytic
inbibiter, axd thoroughly mixeds These lubes 2re incubsted for at
least 4 hours at 3770 to allovw ot retraction wnd the sonmm
geparated by centrifuzetion sad atored at 4070 in small nheatic
tuben,

Prior to mssay of serum swmples, thrombinm (100 units per mi

in ealine}, 1in & volume one-oleventh ihat of sample vElume



iz added to eack and incubated for 1 hour at 37@%;’., This procedure
is erucisl as incomplete vemovel of Libwrimogen from the test sample
invalidaina the resmults of the assay.

tliguota of 24 hour urive or early soming wrine

syocimens sro colleoted in umiversal containers with no fidrinolytic
iphibitor added. It was felt that asny inhibitor incertsd intc e
aolliection bottle would be superfiuous a2 mximum lyais probably
ccours in the urinery trmct, After the wolume of the specimen is
measured 1t is dislysed egninst rumning tap-water in Visking dislysie
tubing for between G2 houre to establish u relatively constant vil
erd fonle strenpih. It is then concentrated in polyethyieme giysel
(Carbowex}., This matericl wae chomen Lecause of its sbility to
concentrate many specimens olmltaneously at s cest much lower then
other availisble congentration precedures, It ia, howsver, comparaw
tively inefficient in terms of time, szpd usually epecimens are left
for batween 12«56 hours defore adequate (1 4n 20 %o 1 in 40 times)
eoncentration of protein is achieved, .he concentration factor isg
ealoulated after recording the wolume of the coneentrated specimen,
which 15 stored at «40°C in mael) plastic tubes, Tie conceatration
factor wan deternined on 20 specivmns by both uiret determination
of urinsry protein and Ly voiume measuresents, /s there wes a
hiehly slgnificant degree of sgrosncat betwoen the 2 pethods

(#4ge 8); the moro simple and lese time consuming yrocedure of

volune measurenent wias adopled for routine use,
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Pelyethylene giyeel 4s known to pase through dinlyeis fubding
md theoretienlly thorefors, might interfeve with the sgglutinstion
reaction in the Fi.laleisle In 20 sBsuplos %o which minute concens
tretions of poiyvihylene giyool wors pdded there was no difference
in haemagglutincetion fmhibition titre whem compared witk the
uneonteminsted speoinet.

neopite the use of hwman vells, sdaorptior of concentration urine
se=ples was found o be pecessary besause in HUF of 80 sauples
aseayed without prior absorpifom, the fitre of nimespecific sgglut-
inine vos sufficientély hish o interfere with reserdiir of the
asreoific hnesspglutinetion Inhibditice sudwepoint,. To each 2 volumes
of specinesn is sdded one wolume of pocked, Plutsrsldehyds Iixed
amen greur C, Ak negative cells znd e nixture incubated overnight
at %5, The seepersion iz then centrifuped, the absorded urdne
soperated snd sameynd, or stored ot «46%C,
st semvioas Doubling (1121413, ete) or

alterante doubling (2131416, ete.) dilutlons of the Pest smaple in
diluting fluld ore prepared in nicrotitsr plates zalng the iy
titer =mitiple diluting gun (Fig, 7). s 4o facllitated by the
nae of 2 uicrotiter pipette Hiich is denigned o deliver Q,02%5m1
por drop, and the hesde of the g which dalivers the saus volume.
Te sach cup of the cloroiiter piade is then nided 0,020nml of
Fibrinogen antiserun of rredeternined strength, The plates aye
pixed and facubsted for 4 hLours of voom tepproratures Lfler ingue
bation, 0.02%%1 of thriceevasted, 2,5 fibrinogsnecosted ved cell
sugrension is aided to sach cup. The plates are nixed and left at



Fig. 9, Equipment used in the Tanned Red Cell
Haemagglutination Inhibition Immunoassay
for P.D.P.



moor tecoorature overndghi,

7ibrinogen stondards (1,25, 2¢5 and S.0mg/ml) and s control
gerun @snple are iucluded with sach susay end are troated identieally
% the sasples bolng asssysd, he Cibrincgsn content of these
astandards is cheeked regulariy using thc veferense method sf
iatnoll and Monwies (1951, rvaitdve and negative vomtrols are

inoluded in ench aBsSaAy.

The aoan senaltivity of the systen is ealoulsted Trom the
fibrinogen stundnrds after recording the hoeospslutinetion Lnhibition

titre in each, Thus, diviamion of the Pibrincgen coutent (4n ag/nl)

by the inhibition titre, givesthe guantity of fibrinogen causing
oesnegrivtinatiop Leddbition in the temt system. The wenn of the
5 stendards ia teken e the sensitivity for that day, s0d Peieb.
sontont of woch wilmows is caleuladed Ly mltipiying the sensitivity
by the innfbition titre of the nmkpowm. | contwwl servn ssmple i
inciuded with each aesey se n furiher cheok sgninet gross errors
in technicucse,

for urine samples, the F.7.F, contemt derived from the assay
is that of the covcentvated specimem, and aceordingly has % be
divided by ihe concemtrntion fmetor inm order 4o asesrteir the

FadeTs concentration of the ardging urine specinem,



e ) =2t 0N O 0t @ ¢}
St viy - tion inhdbition wg/md
¢f that standad
Fallal's content _ Sensitivity x leessagglutinaticn izhiditlon
of unknewm titre of the unkacw:

fz.:}o?ca %&’iwt ‘ Y. _‘Mu A bt b) Vids j’
af urine = Comcentrution fuetor -5 O3

lthough the sensitivity of e zossy syatem varied from day ¥ day
the reproducibility wae vecmexkubly consistents Por exurpie the mean
value and standerd deviation of (e conirol aserum in 160 separste
assaye syor the conroe of 12 vonthe was Told 3 CeBf«g/ml. Tensitivity
vag influenged by several fsetors ifzmcluding the sdmeentration of
aauple

gntiserum used in the essay =nd the tise of inoubstion of

with the sntisoyuse

™he optimur concentration of antiserum to be usad in the sseay
was anlowlated frou an mtlesrus dQluiion test, The fibrincewm
satiserae use stored $n small aliquots of ¥:500 dilutdon in
iluting findd at 470, In tnis test & ghs ddlution of entiverus
{0 Autsd prosresnivaly in & sioretifer olate and fbrinoson sosted
colls ndded to sach well. The comcentyation of cntiserus nost zeitable
for npscy with those cells was npproximately dwice that of the
pinizam concentratior seusing haemsgrlutination $n thic teet,
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latelet amtishuparin sudbstance is assayed by virtue of its
Nheparin neutralising properides. The nseay, although speeific, is
insonaitive wd unreliable and itn poor roproducibility =1lowe enly
srude chenges in itu eoncentraticr % Yo meswured. 1n thizs wegand
it is porhaps sdgnificent to roficst that 15 yeare passod between
the ordginal desoripiion of 77, by Yon Crovold and Femlssen (1961}
and the Tiret successful assay procedure {Farbiszowsid et o1, 1995),
S3ince then several wuthbors have deserided its use in neasurement of
T, relecse after platelet sagpregntion Jn witge (C'Brion, 1969
Niewiareweki ot al, 1968; Youscof mud Baridhan, 19693 "iowiorowsicd

end Phomssm, 1362)e Tu this dey Yowover, no socurate and smadtive
asaay oticts for the nessurenent of nlasna F% concentrations, Iif
this wom pocaible veluabls Infornetion mey bs cbiained concorming
Platalet Dumetion In viwn. 7The mothod vesd in this otuldy in =
nodification {Muster, 1971) of the mothod deserided by Parbissewskd
et al {1966), in which the antieheparin sotivity of the test nlassa
is czesayed in 2 wodified heparinethrombir tine systen,

TN A FREPARATON OF SPECTN:NG

By clees wemeruacture, Sele hlood is withdrawn, placed in

gitrated fubsne (9 ports bleed t0 1 part %.87 sodiun sitrats) and
thoroughly mized., Flatolet poor lasme is separsted by centrifugse
tlon 2t 5,400 ropems for 15 mbmbos and then hested oo 07 4n o
water bath for 10 adnutes %o dennturs £ibrimdssn mid smtlethronbin

ugteriala present, These sre removed after further centrifugeison
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8% 39400 Tepete fOF 10 minutes and the supernatant plassa in

reaty for aasay or i sioped si <4070 4n small aliquots.

test plesat (Celull, poslod unheated human plateiet peor plaska
(Geymd)y hoporsn (Uetui of 1.8 waid/ml in vezenal scedate buffer pi
5.4} sud woabin (Guisd of 30 snite/ad in voronal zcetate mfler
P Toh) sve pluced tegethsy 18 & silicomised glese ke kept b
}7% and the subbeguens slotting thve noind s oonpared wiin the
sletting time of & suntzel in which alstirled weber Uef ul 58 sub=
stituted for the iest plasute Tht reewlle &0 eaprossnd LB e XNerse
parcaategs of the controls &0 that low clotking times (high ¥,
contept) are empresssi ns sorcentagss isgber aw tae oontmwle. The
elotting assay lo serforned in A% sutomntic coagulomoter thermostat-
tosily sontrelled ts 31°C in which fowr sisal baneous assays oould
o performed, The mean result of 100 healthy gubjectn wes

106 2 8¢

Colum Chromatography wod serforned with both (=200 Swphedex
ani 67 igavese in a colwm 100 X 2. 56me Trior to nse, the ol
was Suoreughly washed in agide saline, saé then powved OR w the
colwm, racking was achioved Ly contimmous Plow of ‘ropsson and
arenall (1957} Wffer, sftex which e eoivem was roady for use.
semples wore inscried on %o the top of the celums wite u constanb

fiov infagion pump and elntion was achieved in ‘ronison and Gronwall
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buffer by a similar yump inserted into $he outflow system of the
goluste “luntes were collsoted into tubes pluced on an subomsticwlly
tined fraction swllegtor,

Sontrcls Hudld into the chruvaabographic preucrdure inciuded:

te 4 usrker dye {(Dextros Slwe) introduced into ensh cesay
spocimon in such quaaiidty as to render its peak concentration in the
eluntss empy G Jotsredne by eye. The twbe ir which ithle sopur-d
wan teles es the vold wolume (V fgﬁ}. euch subsaquent tube comteining
elvatos of the samnle,

2« Tlucoese added to the specimen before elution so that the
tube containing maximum glucose coneentration as measurcd by slendard
reduction remctiion was recdily ideniificd, Thic marked the fercinge
tion of the ssaple elutdcn {'vw}.

%+ Tregueat chocks were made to ensure that the fraction
volume remained constant, $he column Jengih wae stetic, there were no

bacteris groving withiz fhe gol, and that the pump tubing in

vartienlar was not leaking,

Ten ml of dissolved 1.5 agar is poured on to 3 nicroscope
slides held In ¢ 6lat pleced on a level table. Once the sger hws set
the slate are stored in o modst chanber following whiech troughs and
vells are out, Semples 0 be electrophoresed ave pleced in the
wells avd the 2lidem rlaced in position in the apparatus so that
elogtrienl contact iz mede between the gel and buffer soluiion in
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the electrophoresis tauk. Jleetzephoresis is varried out at Teo
p.amps per section or (Sml.enpe pO¥ siat for 2 hours after which antie
gerum iz piaced in tha troughe and the recks pleced in & selet Wex
for 2 Quye, boen covered vith ssido saline for & Awriims 2 ABySe
ity drying with {3%er peper and vesidng wilsk tepewaier ke glides
are picced in Fonodmis stain fer 10 minutes. ofter the siwin i
poured off, the slide ls washed in 20 soetie aoid wAtil sl excess

stain is removed, sndthen dried in alre

Bl sEY PROTILE
he Buiret metheé of Hiller et al (1948) wes used io deternine

ghe ecnpentration and thus the f5tel 24 hour protein lose in the
urine, These estinations were ail rexfornmed in the pepartuent of
ClAnseal (hesigtery, niversity of tdinburgh, Urinary protein in
first precipitated with sn equal velume of 10’ w/'y trichloracetic
sedd, the precipitate dizsclved in 307 meve NEdl, snd the bulvet
colour developed By 9 w/v CuiC,o  Tho concentration of protein i

deterpined by » lovibond comparztors

e metiod used in this study was that of immmo-diffusion as
deveribed by Blainey et al (1960) and was performed in the labor-
atorios of the Hodfesl femal Init, Departwment of Hedicine, The

foyul Infireary, “dinburgh, ae modified by Maclean (1966). A
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solution of 17 w'v agar iz 0,2 chosphate bufferad saline i 7,C
prepered by hosting over & Boiling water bath and sudescuent
filtering, is rouved inty flasb-botbtomed Petrl dishes, ! mtitem
of & lurge holes each smrrounded by 6§ emell hojes is cut in the
egar with e speuial tezvlate., Lilntions of serum ave placed 4n
4 of the largs hwles and urine (often vrevicusly concesmtrated) in
the remaining 2 lares holes, Dilutione are made ur in the .29
vhosvhate buffore

sslire. In sarly work ifsmunclogiesl studios
using & satiesers.albunin, transferrin, Xeglobulin, X ;~BCTO=
glotulin and B ~lipovrotein were parformed, tut lstterly only

. trensferrin and o emaororl

obulin were used (Maclean mnd obson,
1967},  2fter 2448 kours the smtismeantidody precinitation iinvs
were seon as Lexagons surrounding sach large hole, Iy comparing the
tuickness, intensity and positicn of the rrecinitation lines in
relation to the sntibody diintionr it = vossible %o mateh the urine
and serum haxsgone, and o>htain a urinstserum ratis for the protedn
under study. The clesrance of all Bpproteins sould then be expressad
as a rercentege of the albumin urineiserum ratic.and the relative
slearanses from serun and wrine saplen of different pretoin
conoentrations could ba conpareds Yhem only Srensferpin sud
ocgmmalumm were used, the clearsnce of {le latter wie eompered
with that of transforrin vhich wes teken as 1000, Using » lewtlog
scale the relative elesrances of the individusl proteins are
rlotted agringt the molocular weight and o appreximately linesr
ralationshiip is found, The sleps of this linme (k) is s index of
the salectivity of protedmuria snd is ealowlated by estinsting the



- TG -

regression line by the nethod of least squares,

% selective protelmuria contains a smsll proportion of high
molecular weight protein nd the slope of the line (k) is very
stoep. lonversely whan urine eontaine a large proporticn of hiph
molecular weight protein the slope of the line (k) 8 £latbor ms
the protefmuria is said ¢5 de unselective, Iesides refleciing the
permeability of the glemerulus to mecromolocules, ine msiectivity
of protelsuria has been showm €9 W of clinical walue in the
differential dinguceis of patiemds with mephrptic syndrewe, snd in
predieting whieh of these paticnts are ilikely o underge remission

whin corticostorold Gerepye The vormal glos

arvulus is thought to

be sighly seleotive (letrie &t wl, 1970).

ith Jew eweepiione oll the patients otudied hod a variety of
renel diseases whlch were disgnosed on e basds of clinieal mmé
patiwlogiesl evidapge. . onsl hi.nﬁlosy Wl evelvaled in aoet
inptences on biepsy epecimene oblained with 2 wedifded Vim “ilverman
neodis. U7 bippay wes not procured during life, sutopey specimens
vere obtained,

Jegtione for 1ight nicromeopy were routinasly stedned with
nacneloxyiiu and eosin and pericdic neidelchilf siuins. In celected
cased Feoeds and plero-fallery stains were sise cuployed, Seterial
ifor slectron uicreseopy wos Dimed in 1 Wlfersd csnlun leotrozide and

ombadded in iraldite, oeticns were out on a Jerter 3lum plerotony
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vith glnes kmives, etained with lead sitrate and alcoholie uranyl

Tar {immumofiuzorescsnt studise freosen seetlons ware oul at 2
thickness, Pized in 957 ethmnel for 10 uimates, rehylrated with
phosphate Wiffernd malina (57 7.4} md then exposad Lo
Pusronseein sonfupsis? irpen Pibrinosen anticsesur far 30
rimmges nd Tenm tamwvaraturss, The mbieaesm wny prepared o

rabbhits ol obdnined eormersiaily fron Delreingwerie, rlor W uso

Aw sndleneins was absorbed with rat liver nowder and its apotis
Picity confirned by immmo~electrorhomesis. Throughout Has stuldys
blocking teskmimues vere earried out wandomly to confirm wniformity.
seations ware viowed with & leits Ortholux nicroscope employing
ineident 147kt Twom o “dbsn HN0 200 ¥/4 lamy with §0 78 and UG 2
excitation £1l¢ars zn2 a T530 bhersler £ilter, Thotograrhs were
taken widh = Lei%z Ovihonz? comeran usins Kedak tktachrows doylight
£ilm,



Jection S

ACUTE RENAL DISEABE
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in acute decrease in renal fHunction may arise in a large number
of ciinical chrwumstances and results in 2 sudden breskiown of the
kidneys' contribution to body meisbolism, The couplexities of the
underlying causes sfton cioud the clinical featuree of acute rensl
failure, 00 that recognition of ihe ovent ia zsunetimes delayed, Since
the introduction of & more physiologicsl avproach to the menagement of
mu m&i failure, (Bull ot al, 1950) and the move recent advemt of
dinlysis, the escential unity of the giinicsl syndrome has, however,
been vare widely recognised, The sxeretion of ures and other #nd products
of protein metabolism does not keep pace with thaliy rate of produstion
and they scoumulate; the agencies responsible for weter, sodium and
potassivm belence o longer operate, and ia the face of unrestrictsd
intake cedesa snd hyperkalasmds ave inevitables the remal contritution
% soidebsse balance is deficient and matabolic scidoeis dovedopa.
These m tabalic atnormalities which are the universal sscompsniment of
scute renal failure ave supplemented by ihe elindcsl Jeatures of
ursenin, and if not rvelieved may result in the death of the patient,
“4th mucgessful iveatnent, bowever, gradual recovery of remsl fumction
ususlly cocurs after = variable pariod of oliguris or even =nuris end is
sccompanied Ly massive diuresis., In autopsy specimens of patients dying
during such an Ldinean, or in renal blorsies taleon during the phase
of olipuria the light microseopy reveals lesicns of patchy and variable
distribution throughout the cortex inwvelving the renal iwles, The
whular iining cells are seirotic and there is disruption of the tuimlar
bassment membrans o that free communicetion betwess adliecent ceapdlilariee
and the tubular lwmen may be seen. Uftcm the tubular lumen appears



blocked by cellular debris and sasda. [arly wrkers coined the phrese
iowor nephron nephresis, btui zere recently the tern acute Sabyl ar
necrosis has been used to desoribe these lesions which have besn held
rosponsible for thie loss of remal function, The lack of obtwious zlomerus
lar atnormelity ead the regeneration of remsl Iubular cells demons-

irable during resovery seez o support this thesis,

“hile olinical recovery ccours in the majority it is not a
wmiversal feature of such £ases. Uncommonly yemal failure persiate or
anly partial recovery of function occurs, nerhaps after a protracted

gourse of treatment. In these cireumstances histological sxeiunation

. wenally discloses obvious infismmatory lesicne of the glomerulus, or

wore vrezimal remal vaseular teee in association with the tubuisayr

1esions which may Yde 3o diffuse thai they ccalesce,

in this section, the more commom form of scute remal failure will be
discuased 1n the first part, aad the socomd part deals with = conditiom
wiich tends to caume irrecoversdle renal fellure, vis, the haemolytic
yraemic gmdrome. Glomorulonephritis will be discussed in = later
chapler,

The pechgniss of the prolonged depression of r-msl fumotion in
acute iechaemic venms)l failure hae boen the subject of spsoulation since
e origissl descriptions of e syndrome by Baker end Dodds (1925)
and Bywaters aund Zcall,(1941), snd a number »f theories have boen
proposed to scommt for it, The welght of clinieal evidence »ather than
the divect measurement of remal blood fiow Las led te the hypfthesis



K d

-84 =

that rensl ischeemiz is the commen precipitating factor in the human
digease (wan 5iyke, 1948; Simeone et 21, 19505 Frum and Funok, 1957 )
cp the basis of =0 holomical observations in mem, Tevore (1943

cliver ef sl (1951) amd Kerrill (1960; hsve suggented that the resultant
oliguria is due o conprassion of vessels and tabuice by intsretitial
ootems, which when it recolves allows nore=l function %o resume.
Howewar, seversl Linas of evideace do nod wunmord 4d view, Renal
deeapaulation fovs not encourags diuresis | eiors, $724%) and introe
ransl pressure nessurements dvtermined by Ghe lassrtion of noedles
(peubi, 1956,)cor by cathotors wedged into the reral veln {Brun, st al,
$0%8s Munck, 1958) do noi differ from mormals Cbstruction of tubules
vy cellular debrls and casts bao aleo been putb forwsrd by sevaral
vorkers (Daker and Dodds, 19253 Bywaters snd Seall, 19413 Neromey and
wabind, 1959) but tue inconstancy of thils histelgsical finding wa
rendored t:ln theory insomelusive, [he other classical viow Based on
histological mnd microdissection sboervations is that silguris remilte
from passive voabsorpilon of novaslly for=ad glosorular £iltrats through
the damaged tubules {lLumn et al, 19413 Covaerta, 13403 Oliver et al,
1251},

Theories advanced to explain the loss of renal function oa changes
in blood flow & the kidney have beea based, vntil recantly,en
gomewhat controweraisl evidence. Mor exsnrle, ihe marked reduction of
rengl blood Flow during the oliguric vhase dotormined by clearsuce
teetmigues (Jull otual, 1950) mst nov be regn~ded as s congiderable

wmderestimnte since these mstinds sve not valid at low arterio-venous
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extraction ratios, NHowever, moasurements besed on the diffusion of
krypton and other inmert gasee indicate that ¢he venal blood flow is
roduced to between cne~third and one-half of normal values during
sliguris (Munck, 1958 heubi ot al, 1962; ialker ot al, 19633 emord,
1964), Using Xemon washout techniques Hollemburg et al, (1968 =nd
1970) have confirmed ihe suppomition of Tinokh et al (1962) that
there is preferentisl rensl corticsl ischaemia, and by selective renal
artoriography have demonairated fallure of £111ing in cortical arterial
veosels. Jhus glomerular filtration rate is negligible.

3imilar conciusions have been drawn by Uken and his colleagies
(Flanigen and Okem, 19653 Oken et ml, 13663 Vilson et al, 1069} after
gtudying rats in vhich rensl failure w=s induced by mercury poisoning
or glyceroleinduced haemoglobinuria. Dy nicropuncture techuniques

ihese wrkers confirmed that glemerular filtration rate wus reduced
during the oliguric phase mnd suggested, on the bagis of presumedly
normal glomerular struciure, that alterations in the tone of giemerular

‘ efferent-affepent arterdoles msy be responsible, Thedr expsriments also
indicated that pussive reabsorption of glomerular filtrate did not play
a vole in experimsntslly induced oliguria. The ainilarity of the
hasmodynamic and functional psttern in patients with acute renal
failure of widely different sstiologles sugzsats o nathogenetic final
eonmon pathway inwolving medistors that induce aevere, sustained
preglomerular vasoconstirictions From & study of the redistribution of
intra-renal blood flow following hasmorrhagic hypotension in dogs, it

» uam boea concluded that syspathoeadrenergic factors ave mainly responsible
(Grandchanp, Ayer and Truniger, 1971). furthermore, tils cortisel
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hypo=perfusion does not depend cn intact imnervation of the kidney,
\but rather io zefnly nedigted via cireulstisg ontocholanines

{Teuniger ot al, 197V)e It 4o alsc poseible that the elevated ciroulsting
tevels o renin in ecute remal failure contribute to the intense vaso-
conatriction by stimiating the conversion of amgictensin I %0
angiotensin 11 within the kidney (Browm et &, 1970), liowover, ihe
question of mediators is unrceclved mmd it is poesible that other
factors way play an important vole in the gonesls of ihis prolonged
1088 of remal fumction,

toute venal fallure zay bs produced in animals by inducing intraw
yaseular coaguliation (Nardrwsy and Yeisy, 1998) und it hae been
suggeoted that such » mechanims might contridute %o ihe rensal failure
in 2am, but there has besn 1ittle direet evidence %o support this
wlew, Deesuse of t-is, studies of o~oagulation and {ibrinciysis Wgether
with elesirsn =icyoseopy of remsl biopsies obteined during the illness
were serrisd cut with snecific referense o the scourrence of intra-

vasoular coegiistion in the syndrome cogurring n man,

Srief clinioa) details of the 47 pationts studied are shown in
Pable 1. The esuses of ihe ramal failure were sizilsr to other reported
sories nd although infection, drug overdoge, mnd poetesperative
rypotension predoninate, nmmy of the less frequently soen CASES were
encountersi, Twelve patienta diod, umually a6 the result cfthe pre-
dlsposing canse of the remel faflure, 211 vere treated by interalttent

haemodis vais wntil recovery of remel fumedlon or death,



Patient
Ho.

VOO0 UVILWN =

ok g R R

Sex

g g g g R

TABLE 1.

Clinical and Investigative Data in the 47 Patients Studied.

T 26

Stomach

Age Outconme Cause of Renal Failure " Coagulation - Phase when
Study Biopsy Performed

47T s Hepato-renal syndrome — Recovery

18 s Alcoholic poisoning. — Recovery

35. S . Barbiturate overdose - Failure

33 S Ruptured ectopic: hypotension o Failure

S Caesarian Section: . — Failure

Hypotension i e

238 S ! Alcoholic poisoning — Failure

29 S Incomplete abortion - Recovery .

47 S Carbon monoxide poisoning — ‘Failure

51 S Morphine poisoning - — Failure -

ST S Septicaemia. Esch. Colli - Recovery

62 s Barbiturate overdose — Failure

47 S Barbiturate overdose + Failure

47 S Barbiturate overdose ¥ Failure

48 S Barbiturate, paracetamol + Recovery
Overdoss .

47 S Barbiturate overdose + Failure

62 S Post-op. ruptured iliac + .
aneurysm .

63 D Septicaenia. Esch. Coli + —_

62 S Post-op. mesenteric thrombosis + Failure

66 D Septicaemia. Esch, Cold + —

60 S Post-op. Ca. Colon- - + —

57 S Rh. Arthritis: septicaemia + —

48 S Post-op: Ca. Cerviz . + —

59° D Post-op: hypotension + —

61 S Post-op: hypotension: Ca. + —

Time Between

Onset and -

Biopsy (days)
W

-9
42

16



TABLE. 1. (Continued)

Patient Sex Age Outcome Cause of Renal Failure  Coagulation Phase. vhen Time Between
No. . A . ' - Study Biopsy Performed  Onset and -
' : ' o _Biopsy (days) -

25 F 45 D Paraquat ingestion + = —

26 M 16 D Fultiple trauma + — -

27 M 75 D Pneumonia, pneumococcal + —— .

- gepticaemia K

28 M 72 - S Septicaemia: Esch. cold +- — e

29 M 62 s  Septicaemia: Esch.icoli + - —_—
30 M 35 - S " Septicaemia: Esch, coli + L= = —

31 M 42 S Fultiple trauma . + Failure 18 & 32
.32 K 37 S Paraquat ingestion’ + Failure 12

33 F 70 S Pneumonias septicaemia. H, + B —

influenzae . .

34 M 20 S Septicaenia: Esch. coll + - —

35 M 22 S Fultiple trauma ' + - —

36 F 50 D Septicaemia: Esch. coli + - —

37 M 52 S Kultiple trauma - + - -

38 M 29 D Septicaemia: Esch. coli + —— s —

39 M 35 S Cardiomyopathy + - — —

40 M 63 D tultiple myeloma + Failure 8

41 .4 53 S Lysol poisoning + Failure 11
42 M 53 D Acute pancreatitis - + = =

43 M 68. S Pneumonia: dehydration + T e —

44 F 30° S Septic abortion + Failure 12

45 F 40 S Post partum haemorrhage + Failure 14

46 F 57 D S.B.E. staphylococcus aureus + Failure 8

47 F 28 D Paracetamol overdose + - —_—

S = Survived

D = Died
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Coagulation and fibrinclytic studies were undertaken dsily in
st instsnces in 36 petietes Iredialysis smmples of blooé were
assnyed % swedd contemination witk snti-coogulent. Henal biopsioa
were carried out im 13 of this group of 36 and in & further 11 patienta
in whoz cosgulatior siudlec were unot rfornad, TFlopples were taien
at intervals sfter the cmoet of renol fei uve and in both the oliguric

and diurctic phases of ihe illoves.

For the purposes of control and coaperisenm, deily studies of
conmlation :nd fibrimclysis were performed in four zroups 5f setionts.

1, “erum M.0.7, concenirations were meagured Iu 20 patients during
uneventfizl convelescence fron cbdominel sSurgerye

2, Serum and urinary F.0.7. and plasme solvble ibrin monomer
comslexes (3PHC) were measured in 11 women during the yusi-partum veriod.
men of these mffored from pro-cclmmptic toxeemis of gufficlent neverity
5o novossitate ssrly induction of Labour

2. in 99 gatients with coma following drug overdoSage, serum and
urdnary #.seley plasus fibrinogmm, 5.7dM.0., Flatelet Tactior 4 {1’2‘4}
and plasminogen sctivator concentrations vere serislly measured, In
this latter group the atudy was extonded %o include the gerisl measure-~
sont of cortain serum onzymes: croatine phosphekinase, lactic dehydro-
sensse, bhydroxpiutyric dehydropmase, glutawic ryruvic and oxslie
sransseinases and snylese. Orossly elevated levels of sorum creatine
phcaphokinane and hydroxy-butyric dehydrogenase have been reported in

goute ronsl fallurs {Zemp ot o3, 1964) and this part of the aiudy was
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inoluded to determine the co-relation of enzyme changes vith those of
congulation and fibrinolysis,

These groups were chosen for study bacause of the reletive frequency
with whieh pationts in this eategory develop acute ranel failure, lemal
biopay was not performed.

1, serum ond vrimery F.U.7. concentrations were moasured in {ive
pationty with urinary iroct chotriction «= one with calculus smuris,
three with wailateral caleulvs uwreteric sbatruction md ene with
urinavy retandion duc to prostatic bypertrovhye. Uare vas tukon %0
erclude from this group patismis with evidemse of urinery or sratenie

infoetion or haenaturiz,

“he course of the illness wne divided arbitrarily inte 2 rhasent
a phase of oligric remsl failure In which haemodislynis wng negessary

to sapport life, ond a phase of recovering vimel funetion ia which no .

s ther haewncinlysis wse needed and during vhich » progressive fall in
sm¢ pomgentration of bleod ures ccpurred, i1 patiemts uore studied
quring the phase of vennl failure and those surviving wers followed

2 night be vegarded ps the enset phase,



The ooscentrations of plagss Fibvinogem, TaTeMCey P, and soTuUR
2.0.F. were elevaded in each satient during the early olimrie rhast.
= jazlobulin lysis tices were wmnifornly prolenged dnddcating a dininished
lammn conecentratien sf plssninogen aetivitor. s1thougs Individunl
matients ghoved varisble degrecs af skmormality in aach index studled,
a reparkedly consisient pattorn ¢f chumge emergod uwhich wes indeyondent
of sause 6f the rone) fallure.

. sewyum F.)sF. attained peak concentrations etveern 2 and 8 days
after smset of renal failure and thevenfter although gradually falling,
ropained above the normal range Suring the oligurie phase and rotarned
¥o control lovels ot or about the spset of diuvesis (Pig. 1Ck,
ozparison between the concentration of serum F.U.7. in %he %0 patients
studled during the two phases wnd the values fian §08 healthy comntrel
sybisete im shown in Fige 11 There was &a nighiy eignificant difforence
botweer the mean concentration in the ghues of remal failure md the
nesn concentration fn the rocovery phase (o < 0.001) end the moan
concentration of e heslthy controls {rn 0,001, Fe significant
2ifference was found between the momn value during the recovary phase
and the mesm of the controle.

7 namr: 2ibeinogen concentrations wore often im emoess of 100G:g
10001 eoriy in the olfgurde phun, Bt P31 4o wvithin the normal rangs
«t n somevhat early stage ihen the sorum P07 (Thee 10 and 120,

Values for TFend T.F.LC. rencined elevated throughout the

oliguria phass (Mg, 1%
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Fig. 10. Case 12. Serial plasma fibrinogen
and serum F.D.P. concentrations are shown
in relation to urinary cutput. Onset of
the recovery phase is indicated by the
arrow., Plasme fibrinogen and seruw F.D.P.
concentrations are elevated during renal
failure but return to normal with the
onset of diuresis.
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Fig. 11. Serum F.D.P. concentrations in
%6 patients in the phases of renal
failure and recovery are compared with
those from 106 healthy controls. There
is a significant difference between
the mean concentration in the phase of
renal failure and the mean concentration
in the recovery phase (p > 0.001) and
the mean concentration of the controls
(p > 0.001).
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Fig. 12, Case 13, Serum F.D.P. and plasma
fibrinogen concentrations in relation to
urinary output and daily blood urea
concentrations, Plasma fibrinogen
concentration fell to within the normal
range at an earlier stage than serum
F.D .P.
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Fig. 13. Case 15, Serial values for
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factor 4, are shown in relation to both
phases of the disease. The observations
were similar to those made in other
patients. Normal ranges are cross-—
hatched.



PeleTe were found in the urine {vhen avallable) throughout the

{11mess, dud there vas a promounced incresse in exeretion during the
dduretie thape nt the time of recovery of remnl funciion vhen the
concentrution of bleod ures begun v 21}, Fige 14 illustrates the
progrese in petient 15, = 47 year-old lsbeurcr whao, following an
overdnge of Nitragepam and barbiturate, becave hypotensive and developed
acute vonal fedlurs, . striking relatior iz shoun batwesn the fall of
serum TolU.lo to control wvalues snd the cnset of susiained dinresis

{geec nlse Fige 10s)s The sppoarances of lergs smounts of uriusry

F.0cF. soimeidad with the opset of spontaneous resovery. [Jes also
#4p, 151, Oisnificwmt excretion of P.U.7. continued well into the
recovery vhage,

risses clagsineger activator eontent rensined depressed during
slimarte ¢ vose during recevery {Pig. 16).

Hmilar sementizl changes in serunm and urdne F.7,7 were noted
in -atients with $pre-emel” venal failure, "polyarie” ssute ronal
fFadluve and "aeute on cheanie” renel failure, Mg, 17 demonstrates
these changes in & patient wvhose remal fellv:ow responded to conser=—
vative nmmagrmant,

in only one patfent with the fully developed syndrome of acute
renal feldlwre way thowvs a deviatien from this patéorm, This wee In
Caap 31, & 42 yosr-old reilvay foreman who became spuvic zfter boing
nocked fnwm by & braln, Jesum P.0.F. did not return o baso-line
pftor 7 woeks of constant dianlysis, during which diuresis 244 not coturs

"M oamee sotivator resained denvesssd end scluble fibrin monomer complezes
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Fig. 14. (Case 15. The relation between
abnormal elevation of serum F.D.P.
concentration and the oliguric phase of
acute renal failure., Serum F.D.P.
concentration fell to the normal range
with the onset of sustained diuresis
which is accompanied by a release of
large amounts of F,D.P. into the urine.



M.W. PARACETAMOL & BARBITURATE
o ’ OVERDOSE.

150

1004

BLOOD UREA (mg./100ml.)

1501

100+

URINE F.D.P {mg./24hrs.)

w
o
1

)
o

URINE
OUTPUT (Lts.

Fig., 195, Case 14. A further illustration
of the sharp increase in urinary F.D.P.
excretion coinciding with the onset of
renal recovery., This may be some time
af ter diuresis has commenced.
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Fig. 16. Case 37. Serial studies in a
52 year-old man who developed acute
renal failure following a traffic
accident. Plasma plasminogen activator
concentration remained depressed during
oliguria but rose during recovery.
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Fig. 17. Case 33, Changes in blood urea
and serum F.D.P. concentrations and
urinary F.D.P. excretion in a patient
who presented in a dehydrated state
because of Haemophilus influenzae
mneumonia. She responded to conservative
manasgement,
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remadned olevated, ‘emal biopsy c& the 18th and 72nd duy following
injury conflrmed the climfcal susplolon of dllatersl renal cordieal
neerenis, =3 he underwent renal howctransplantation on the 50tk day,
The data are showm 2n Tig. 18,

in 2 satients both mffering from self-poisening with druge, btlood
and uprine collected in the oeriy stages of development of ransd
foilure wng syailblle for retroapootive sty due to the courdesy of a
group of workera studying drug netsbolims in thess patients. ilthough
blood zpecimena, %ized to coineide with the onmet of slimardo wore not
available, thers asppeared % be s significamt »isze in serum P,D.7.
" eoncentration at about the tine oligurda developed, Iowever, consecutive
urine samvles were avnilnble for assay and It wass observed (hefgliguria
wns vreceded hy or coinecided with e lurge incrsase in exersted F.l.T,
{Firs. 19 and 20).

” e

matinotive pattems were seen in three of the four control groups
ef patiemts, snd prodadly refiect = nonespecific response o the streass
of surgery, child«birth onf polsoning recpestively, “imilar chenges
have Been rejorted after severe trauma and burns {Ymmes mmd “evits,
1964) and ngoeardis) izfavetion (Chaleradartd o al, 1969),

ST TEN AT ¥

At
‘lli"i ‘-»“.

In the post-operative patients thers was prompt elevation of

gerun T, 0.7, 4 a mean walue of 21,77 4

4
R

8, 1%/ /nl on the hird poate
gperative day, and the -levatisn isgted detween 5 and 14 daye, Tn no
instance, however, ‘ncindizs four patdents vhe underwent coleonilc snd

rectal resection for onvelipoma 23¢ the peak value resch the mesn of
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Pig. 18, Case 31. Renal cortical necrosis., Serum
#»,D.P. concentrations at no time fell to the levels
seen in the recovery phase of acute renal failure.
Plasma S.F.M.C. and plasma activator activities
also remained at abnormal levels during the period
of study.
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Fig., 19. Case 47. Serum and urinary F.D.Pe
values recorded during the onset phase
of acute renal failure in a 28 year-old
woman who took an overdose of paracetamol.
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the renal failure group and the difference between the mean of the pealk
values in each groupswes highly significamt (p ¢ 0w0C1)s The changes
in serum T.lele during the initial 8 days of study for 211 patients in
both groups is ghown in iz, Zle

oy we AT PIETRY  SYTRONVITS
g e B AR &’5{,1,1 [ AR

legulta of serum yDefe 4dn the firet 8 days pest partun mre
ghown i ‘able 2 snd ¢t ose for urine FaleVs In Table 3, Voluaw for
riammn DeleFele Commonly vose posteparium resching a peak on the thied
and fourth dsym, end often remaining cbove noremal values for the period
¢ observatioen. Jespite the fact thet sre-sclespsis iz associated
with depesition of fibrin within glomeruli, md elevated serun cone
sentrations of ¥.0.0 (Uenderson ot 21, 1970; the mean pesk value for

~ ommren Yool {22.&%%/ ul on dny 4 rostevsriwa) wes slenificantly

diflerent (v <C.i3{3‘i:l fron the mean penk walue in acute renal fallure
(6%e8 g /m1 oo day % after adnission to Leesodislysis unii), Horeover,
n nont cases the rise in serun Y.lel'e was short lived in conizsat to
tho -ergistent ¢levetion seen in amcute rensl fallure, lihough it is
perheps unwise to compare the excessive urine 7,0.7s excretion scen
in some of these wmen with that cheerved in acute renal failure, the

e

finding ie of particular interest in that it may represent clearance

R
il Radad it

Tineteon patients who developed grade IV coma (Matbhew and

Lawson, 1070) after sverdossge with a varlety of hymmotic and trieyelic
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Fig. 21. The means and standard deviations of serum
F.D.P. concentrations during the first 8 days of
study for all patients with acute renal failure
(4) is compared with that of the post-operative
patients (B) studied before and after surgery.



TABLE 2.

Serial changes in Serum F.D.P. (»g/ml) in the post partum period in 9 women with

‘pre-ecIAmPSia, one with eclampsia and one after normal delivery

:Days Post Partum

Patient

W O 4 AWV & W N -

‘o b

Severe Pre-eclampsia

Severe Pre-eclampsia

Severe Pre-eclampsia .

-Moderate Pre—eclampsia

Moderate Pre-eclampsia
¥oderate Pre-eclampsié
Moderate Pre-eclampsia
Moderate Pre-eclampsia
Moderate Pre—eclempsia
Eclanptic '
Normal Delivery

30.7
13.4

22,4

9.8
44,6
16,3

T.4

15.4

3.7

21,8

7.4
17.7

2

23.0
16.1

22,3

29.8
21,8
14.7

5.6
10.9

Tod
15,0

22,0

23,0
46.1

v.29-‘8

44,6
10.9
29.4

8.9.-
: 809

21.8

Ted

4

23.0

- 46,1

33.6
29.8

22,9

14,7

16.6

22,8

22,9

15.4

61.4.
44.8

22.3

10,9

10.9

16.6

10.9
T.4

22,3

6

- 15.4

44.8

19.8

29.8

12,0

22.1

1544
14.9

' 706

20.9

11.5
30,7

33.6

29.8

10.9

22.1

15.5
7.6
T.4

18.8

_ 14 .1
15.4

20.6
29.8
18.8

745

3.7
9.4
7.0

144



TABLE 3.

Serial changes in urinary F.D.P. concentration (ng/ml of urine) in the post partum period.

_Days Post Partum

Patient

v R I N I

- O

ESévere:Ere-eclampsia

Severe Pre%éclampsia
Severe Pre—ecl#mpaia
Hdderate”Pfe-edlaﬁpsia
Moderate Pre-eclampsia
Moderate Pre-eclampéia

Moderate Pre-eclampsia
‘ Hodarate‘Préfeclampsia

'Hbderaté'Pre-eclampsia
Eclamptic -

" Normal Delivery

0.06

0.20

1.12

0.57

025
.1.47'
2.09

2,25
'0.08
338

1,21
. 0.23,
1,57
0.45

2.48
0.17
0.15

1.70.

0.14

0.39

00'25 .
24,68

1.13

3.62

0.23

0.24
3,62

6.80

0.03
Nil

1.69

-0.11

6.77
1.82
2.38
0.52
9.04

2.88
0,66

0.20
1,76

0.02
0.22

0.82

0.48
0.14
8.64.

Nil-
0.49

0.1

Nil

0.09
14,81

Ni1
1.0

0.15.

3.53
0.43

0.15

0.58
Nil

il

S 0010

11,55

0.42

0.10

2.21

Nil
0.54
0.17

0,14
Nil

14.44

0.15

. 0024 .

3.68

0.44
0.10
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antiede:ressant drugs wers studicd end the length of comn determined
as the period between tie ingestion and the tine when the patient
responded to loud vocal commands, i nOne wns there evidence o renal
insufficiency. In 5 patiente in whom the length of coma was leas than
74 hours, no simmificent changes in coagulation and {ibrdneiyiic
jndices were cheserved, In thoe remaining 14, all of whon were uneonscious
for lonpger than 24 hourgg simnificant abnoraalities wore found il
yere similar in dogree nnd sequence to those seen in the posf=ornerntive
and postepertun groupse The sequence of the wean conguleticn md Cibwde
nolytie values for these 14 patients for 5 days fellewing overdosage
1a shown in Table 4, Theve was a sigmificant difference wotwoen the
peak mean of the serum Telsl'e im this group and that of the vennl failure
groupe he ghanges in other lndicer wars slso shord=lived and dissindlor
to the rrolonged periods of shmcrunlity seen during the eliguric rhese
of moute ramal fsilure.

of interest and nerhape of some bearing on the pathogenenis and
clinienl manifestaticne of tute renal failure, affe the results of a
atady of changes in sorun ensyme sctivities performed in con junction
i gh those of cosgmlstion and Fidbrinclysis in these patlente. The
saguencs of chenges in serim enz Mes was ptrikingly siniler %o those
of cosgulaticn snd fibrinclrysis, In purticplar, those natients who
showed noccoazulation abnormality also showed no change in ensyne
activitiss, whilst in the 14 putlents with coagulal Hon=fiorincivais
changes sg described above,similarly timed changes in serun oroatine

winase, and alanine and aspurtato spausardnaces scourred, oot signie-

Pipant wos the relation between serum creatine-iinase end serun Follst s
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{rig. 22)s The cverall pattorn of ensyme and cosgulation changes for
a typieal patient in i.s latter group is shown in Fige &l
SRCUP WIRE SRIRARY TRACT ORSTEUICION
In the five putients with urdnary trect obstruction no
gignificsnt change in serum or urinary F.i.7. was observed,

In 211 csscs fecal tubular ohwnges characteristic of acuts tubulax
necropis wore geen. These included tubulorrhexis, intersiitial cedema
with nflamatory csll infiltration asd coossiomal tutvic-sapillary
commnications. The Plomeruli appesred histologically normel with the
exception of one case in whick x fov glomerular capillaries wers

\ plugesd vith & pals gramlar meterial shich, however, did mot sive
positive resulta for £ibrin with Pleresdiallory or HeS.5. stains, and
anothor in vhich glomeruli showed wmsaal congsstion,

LUBULGS: Some tubular cells siowed mitochondrial lesioms, & ese
structures being swellen with illwdefined and of tan disruptod cristae,
in oihor tulules, rupture of the bassment membraue ovourred and
cell oytoplass and organslles wers cbserved to spill inte the intere
stitial tissuss (Figs. 24s and b)s These findings were noted in the
cortex and zedulls, in both conwvolutsed and collepting twbudes, and
soselbly in ascending iimhs of the loep of lemle, and are consistent
with the changes often described in acude tubular necrosis.
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Fig. 22. Daily values for the activity

of serum creatine kinase snd for the
concentration of serum F.D.P. in 5
patients unconscious for less than

24 hours (closed circles), and 14
patients unconscious for longer periods
(open cireles). The daily means for
the two groups are indicated by squares
(A-short duration of coma, B-long
duration of coma). The normal range
for serum creatine kinase activity is
10-100 I.U. per litre,
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GIOERULLs “xamination of Gie glemsrull by electron microscopy
revesied lesicos wnsespected on light nicroseopy. Some glemerull were
normal, bui on average almost half of the glomerulli examined in any cne
case showed pathologleal chsnges,

The post iupressive almermality consiated of ocelusive intra-

‘ cepdilary fibrin deposition end thrombus formetion, iho affected
cepiilavies wore usually narrower thean pormal and the lining andotha)ivs
eppeared swollon, Lven on lowspower exaninstion it wes epparent that
ptrande of dark fibrillar material were presont in these narrowsd
espillaries (Pig. 25). Hore detailed exsnination reveoled this
mabtordal oheraoteristicelly situated botween the endothellum exd
beemment membtwans often apparently 1ifting the endothelium from the
latter (Tize 26)s Fot wncomuonly, the fibrils secmed €0 Ve in continudty
with h. Desement membrane (Pize 27). ‘hen the feagmnted lumina of
these capillarien were wisible they were seen o be filled with dark
patepial which wae moatly £ibriller but sosatires gramior or

amorvhous {Pigee 25, 20 and 30), Ceonsionslly, irreguisy sitends of
bapement oerbrane-iike mstorial passed boblween islends of what appesved
t0 be endoihelis)l cyboplusn, ond evewied in the Jumen with the fibrillar
or gramuisr neberial wore nuperous rounded cytopiasmic bodses (Fige 51)e
roat of those prodably rervesented rrojecting rertions of endethelial
cytoplase, but it 1o poesidie that in cone cames the indraluminal bodies
sere dogeemmlated platelets (Pige 32). Such chinges in platslet
ultrastructure bave been deasribed for example by Jergensen ot al
{1967}, Some of hose intralumina) bdodies would be betior desoribed as



Fig. 24a. Electronmicrograph of a tubule in a case of acute
tubular necrosis. The tubular lining cells are in the upper
part of the field and the intertubular tissue in the lower,

The basement membrane of the tubule can be seen running

across the picture from both lateral margins as a dense line,
but there is a complete break in its continuity in the centre,
Through this break the cytoplasm of a tubular cell is streaming
into the interstitial tissue. (Case 6;x 8,000)




Fig. 24b. Acute tubular necrosis, The intracellular processes

of a tubular cell can be seen bursting through a rent in the
basement membrane. (Case 11; x 12,000)




Fig. 25, The glomerular capillary in this micrograph is
considerably narrowed and the endothelium is relatively
thick., Groups of dark fibrils are seen in the capillary

between portions of endothelial cytoplasm, (case 14;

x 5,000)



Fig. 26, At higher magnification, fibrillar material is seen in
the interstices between cytoplasmic structures, and often
between the basement membrane and cndothelium (Case 13; x 32,000)



Figo 27,

The fibrin fibres are seen lying between basement
membrane and endothelium, as well as between islands of
endothelial cytoplasm, and in many places there seems to be

continuity between fibrin and basement membrane (Case 11;
x 16,000)




FPig. 28, Definitely fibrillar material is present just deep
to the basement membrane, while rounded masses of a more
granular material are also visible (Case 9; x 32,000)



Fig. 29. In the lumen of this glomerular capillary are elong-
ated masses of granular or structureless material, filling
the spaces between cytoplasmic bodies (Case 15; x 8,750)



Pig. 30. In this narrowed capillary lumen fibrillar material
is distinetly seen in the lumen in the upper part of the field,
while in the lower half, the dark material is granular and
amorphous. (Case 14; x 26,000).



Fig. 31. Well defined rounded cytoplasmic masses in a capillary
lumen, some possessing rough-surfaced endoplasmic reticulum,
are separated by dark, granular material. (Case 15; x 20,000)



Fig. 32, This capillary lumen contains rounded vacuoles or
cytoplasmic structures; they may be endothelial in origin,
but some may be degranulated platelets. (Case 9; x 30,000)
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vacuoles, and these occasionally exhibited amall dark grenules or fibrils
at their poriphery, producing an appearance similar to that reported
by Deevn, Stalker and Hall (1969) in rabdits injected intra~venously
with 14quoid, with resultent deposition of fibrin in glomeruler capilé
laries (Pige 33)e

In some cases where the fully developed ocelusive condition was
not seen, occasional capillaries contained groups of dark fibrils or
short strands of fibrin (Pigs 34)s In others no significant fibrin
deposition was demonstrated, but in these the capillaries showdd comsid-
orable narrowing and sometimes disappearance of their lumina, usually
associated with some endothelial cell swelling (Fig. 35)s Occasionally
red blood cells were seem embodded in the narrowed lumen and closely
surrounded by thickened endothelium (Pige 36)s These appearances -
were thought to be compatible with obestruction to the lumen either
JProximel or distal to the site of the examined glousrular capillary,
with subsequent impairment of filling or stagnation of dlood flow in
thete Fessels, n all canses some glomerular capillaries were filled
with & gramular material which, although unremarkable structurally,
woo dense end ~bundsnt, Hounded vacuoles, some of which had a peripheral
thin membrane, were sometines seen in the midst of this material and
occasionally red blood cells were also present,

In addition, in most cases, tiough not all, platelets were seen
more commonly snd ia greater musmbers than usual within the capillary
lumine (Pig, 37) often in associaticn with red blood cells, 7his
estinate of almormal numbers of platelets is entirely subjective but



Fig, 33. Several rounded vacuoles are seen lying in the granular
material within the lumen of this capillary; small dark particles
adhere to their peripheral limiting membranes. (Case 10; x 16,000)



Fig. 34. This capillary shows some endothelial swelling and
several intraluminal masses of fibrin, (Case 9; x 32,000)



Pig. 3%, This field shows marked narrowing of the capillaries
with, however, only minor fibrin deposition., One rounded
body which may be a platelet is seen about the middle of the
picture, (Case 9; x 5,625)



Fig, 36, This glomerular capillary exhibits endothelial
swelling, with some subendothelial fibrin deposition, and
a red blood cell embedded in the narrow lumen., (Case 9;
x 18,000)



Fig. 37. Several platelets are seen in the lumen of this
capillary. (Case 7; x 20,000)
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the point seemed sc dafinite as % be unequivecals Capillaries
were often distended with red blood cells and again the degres of red
gell 'acking seemed excesaive,

The epitheliel foot processes wers on tho thole, well preseywad,
although foci of podissl loas wora seen., Feny opithelisl cell bodies
= showed chanes suggestive of an ischaemic state, poseibly amountinmg to

neevosis (Pig, %8).

In several cases filwrillsr maserisl reserbling fidein was seen in
[P — spase (Fige 39).

In renal biopeies taken fron patients during the recovery phane,
these lrsions wars lees jrumdnent and seemed %o fvweive o mmller
peroentage of glemoruler capillardes, lLater bispsies wers normsl,

inderatanding of the vathogeneais of asute remal failuie has not
iapt upy with e sdvances achiewed in ife management. Althoush

Bany
cages follow shock, ¢his iz not a universzl acvompaniment, vhilst the
majority of shocked patients do nol develoy asute rmmal Pfallure,
Taedowpy €% a7 {1954) dvow attention o defeats in soagulation in four
patimis with coude renal failwre, and later desaribod alterations in
blood soagulation in minals after ingospatidie Dlood transfusion
(Rardeway and MeKay, 1955), ths injeetion of throwbin {Hardmmy et al,
1960) and the sxpevimental ecrush syndrome (Foisy and Mirdawey, 1959).
Teschnn #f al (1995) after a study of acute remal fallure devaloping
in Korean war casualtiss, cormemnted that sone Tactor In addition to
hypotension and & fall in renal Blood flow was necessary to axplain the

o r———_



Fig. 38. The vacuolated structure is a degenerated epithelial

cell; such appearances were seen fairly frequently. (Case 9;
x 12,000)



Fig. 39. This micrograph demonstrates the presence of fibrin
in Bowman's space. (Case 8; x 7,000)
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saquence of events in acute remal failure and Hardaway (1566 concluded
that intravasoular coagulation may be this additionsl factor,

However, lack of morphologicsl svidence snd of uinormality in coague
iaticy es determinad by routine methods in patients d4id not support this
viow, Furthermore, valgaard (1959, 1960; and Dolden et 51 (1965)
found nu structural shengss in the glomerdli by 1dsht or clectron
wmicroseorny, although itesn-Ulmen snd Skjeldborg (1967} reperted siight
svelling of the cpithelial celis in 2 patients and endothelisl cell

h swelling in one ¢f thess, dznde (1970) concluded tint "glomerular
chnorssifities in acute tubuler necrosis remein vegue and inadecusztely
wderstoed®,

The 47 patients in this study s1]1 suffored from zouts rensl fuflure
of wint iz oresumed ischaemiec origin. Om light sicrossopy of rmal
biopnles, e glomerull wure foud %o be norssl and histeloglieal lesicns
in the tubules characteristic of acute tubulir neerosis were seen in
wll cuzen.

ihen the dectron micruscopic, coagulation smd fibrinclyiic studies
are considered fogeiher, howevsr, gsme nev light is casd on the pathoe
gonenis end netural history of thie condition., Glectron micruscopie

s examination of the glomeruli revealed abnomalitios hitherin wndesoribed,
Thess consiéted of the presence in espillary loops of abnormal emounts
of gremuisy uaberisl, sxcees plateiets wnd red Llsed cells and evidence
in many caspa of £ibrin end ceotablished thrombosis, Pilrdn uwas siso
soen in Dowman'as upste. loupurabtive stulies of the slectron nicroseeple

and imamo-fluorescent features of glomerular fibrin deposition |Veseaill
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ot 81, 196%; Vasealdd end eCluskey, 1964) and seenning alectron
nicrographe of ribedn poeedpitated in the wresence of ite degradation
products {Itawart, 1970) inddente that ‘he chavactevistic puriodicity is
not always found in pequivoes) Fibrin fibrils. Moraovar, the grapailsy
and emorshous csterial sees in ¥ho cneos studied aluost certainly
ropresent products of Hie anysuatic breciiow of fiurin and/or
Frinoeen, the findings of Cibein snd FeieFe dn Shome glensrular
capilleries ot exhibiting complete blockses, wiather with abnormal
pumbara of slatelets avd Pof celle, ave oonsiatent with eoaguiation
%:s-“»mug slece at theat piten, md ouggest gtasis snd lmeirdent or resolving
fronbosis within the oapillery lumind. cuch ehmges, demmsstreble in
a large numbar of casos of vagled setliology in plopnies talvm ab
sifferent poviode in fthe cturso of the process,includiig that of »eROVe
ering remnl fonction, «nd Faflure to observa adniler abpormalitiag
gither after recovery or in rexual lomerall, indigeto that the findings
are likely to have Puretionel simmilicmce.

hese nitrestrustural findings are eubstantiatod by the obmervaticns
of ohances in coagulation and fibrinolysis durdng the phane of Tenal
foilure sfzich revert to noroal Juring recOVery. Conwsanpbion of
coagulstion factors, shyorbgorbapmis and evidence of migroanglopathie
haewelytie aunexnia reflett 6 severe & s of intra-vaseular coagulation
and very high concentrations of asyur Tole¥. are found in thess
ciroumgtonces (Mevakey ot al, 1967}, Mevetion in serum Fl.Te W &
jnsoer extemi wee found in el ceses examined Juring the shase af remal

falluse ond was followed by o fell W contro) values with the onset
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of diuresis, The abnormal clevation of plasma fibriacgeu during the
early phage is aleo of interest and although it possibly represenis a
non-specific rise in response o the uirsss of the illness, aay alse in
part reflect the stimulatory effeei ui prolonged elevation of sezun
T 0T on £ibrinogen synthesis (Yowng and Yolemas, 197C). 7The products
of fibrin degradation are normsily removed frow the circulailon by
the reticulo-cndothelial systen and under certsin circumstances in the
urdne., Tr the Light of the prosenze of Jibrdn in Soumen's space, 1t
was not aurprising thet F.D.i. wore detocteble in the urine, High
concentrations were found in %the wrine secreted during the oliguric
peviod, bub the sharp increase in cxcretion coinciding with the snaet
ef ithe vecovery phase is of relevance in that i% may indicate ihat biood
flow is restored to many glomeruli et thls tine. Uontinuwed cucredion
of Folini'e wall after clizicel ingrovement suggeste thet full recovery
in gredual, In support of this contention is the nersistence of sone
cf e typleal ultrastructurel lesicns during this peried, g wwo
s3milicant chonges wero obeerved ir the onell grouy of patients with
renal failure follewing uripary tract obastruction, i1t is assumed ikat
the abnormelities sre gpecific for the intrinsie rens) discase,

The simultansous eleveiion of 2”3?‘; and Jefeiebe in the thuse of
rennl feilure provides further evidente of & continuous enegulation
process durding thie perled, aréd mey ¢ffer » clue o the intenss

vasosoratriction veparted in the aftferent artorioles of the zlomaruld.

T iotent vascactive choemicals zre libornted alome with ! °F, during platelet

aggregation =ed thalr astion, loceiized to the site of vslonse, may be
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\
sufficient to cause cessation of glomerular perfusion., The perni‘:&ut

elevation of plasma ... .M.Ce indicutes the presence of {ree ¢irculszting
$hrombin,as the formation of these complexes only occurs after the
removal of fibrinopeptides Irom thoe parent fibrinogen moleoule, Hypure
thrombinaemis causes ;latelet aggregetion, peripheral wasodilatation
and selective ulmoncry and ranal vasoconstriction in amimaloa, This
increaved tome in the rensl vaseulsture can be prevented by drugs
which block either platelet aggregation, o.g. aspiriz (Olsson et al,
1970) or K ~adrenergic receptor sites, Sez. phencxybensanine
(Grandehamp et a1, 1971). ‘1latelet factor 4 also is a powerful paree
coagulating agant end ito presence in high concentration may in pert
expladn the derosition within the glomeruldi of fibrin and its degradation
rroducts.

‘he abmormal depression of plasma plasminogem sctiwmtor content
hroughout the oliguric phase is difficult to explain, aithough a
fibrinoiytic "shut-down" is lmown to ocour following many situations
of scute stress, 7w possibilities exist, however, The decrease
perhaps refleets inercased utilisation in the lysis of extensive fibrin
deroeits, or it may indieate deercased release fron the usual source,
the endothelium of emall veseels end veins,

hile these abnormalities of cosgulation and fibrimolysis in acute
igchaenic rensl failure are wnequivoenl, the mechanism of tholr activation
renains chscure, The question also arises concomming the specificity
of these disturbances to the kidney, as it seons wnlikely that they
reflect a procees which is confined to this organ, The netivities of
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cortain serun ensymes aro elevated thrcughout the oliiguric phase of
agute renal fallure and zeturn t¢ normal 5% or ghout the cmeet of diuresis
(Fartin ot 51, 1971)s These inciude serun hydroxybutyric dehydrogenase
{BeBuB. ), lactic dehydrcgenase {L.T.4s), ceeatine shosphokinese (C.i.Z.}
and adanine (G.7.%.) end napartate transaninsves (G.0.T.)e The origine
of these cnsymes is diverse, and slthough the hich soncentrations of
HeBelw and L.D.He may in cort de due @0 intrinsic venmal damage, the
elevatlons of other ensymss would seen to indicate dawsee to other
organs, pertieularly the liver snd akeletal muscles In the poisoned
patients etudied ne sontrols the striking parallel ietussn the timing
of enzyme snd coagulation chenges may indicate o cause and effeot
relationsbiy wiich may slse ezist in acute remal fmilure,  1thoush
{further vork is neoessary t0 doternine whother orgens spart fon the
kidney ere donuged in zoute remal Tailure, daty fror ene of the
subsequently described scasvs is suggestive,

“he ovidenoe avalisble fron the stuldy ef twp satisnts Guring the
onset phsso suggesied thet almormal coagulation may alse play o part
in the development of the cliguxis. Jerum Felels s during the onset
of oliguris and {thore was = suvdden increase in urine 7,0.70. content at
this stage (Figse 19 and 20)s ixtonded study «f ome of these patients
(case 4T)y o 28 yoar-old wonsn whose rons) fallure was prooipitated
by sslf sedsoning with jeracetamol, disclesed that sorun ensyms
setivitios also rose preeipiteusly st this ctage;indisating, perhavs,
that e kidney wae nct ihe only crgen involved in this ;rocess {7ig.
40)e Cf odditional intercst in this cese was the observation thas
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Fig. 40. Relation between rise in serum
activities and F.D.P. concentration and
the onset and course of acute renal
failure in Case 47. The onset of hepatic
coma was associated with further abnor-
malities in serum F.D.P., and liver enzymes.
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the onset of hepatio comn was sssociated with & paried rise in serum
FelaFe conoetration to lewels muck hidher $han ooumonly obssrwed during
the cliguric yhase, thereby implicating the esagulntion »voessa in the
‘develoruent of scute hepatic neerosis of whish this woman dded,

tads from each of the groups of control netienis shuiied after a
streasiul ovent, suggost that changes in coaguletion and fibrinclytic
indicen cocur Wilok rossibly render the blood hypercoagulable. These
changes, which includée elovailom of plasus fibrinogun, S.H.Cefs, E-‘:?“‘,
genm: Feidel. and depression of plasmnsctivator content, are maximal
_ bebwesn: the seoond and £ifth days after the streas, snd iast ss loug
ks Uinilar chanpos have bDeen dsecribed in ether situntions
of acute stress such wr pyvoendial infocation, sovere froums, burns

aud elestropexy, and probebly represent o nonespecific rusponse, the
extont of which depends partly en e degree of stress and yartly on
the individual's abdlity to cope with it. It is in precSssly these
circumstancea et soute rensl fallure most commonly develope, :nd it is
tempting w0 postulate that ihe additiom of & furiher factor favowring
saguiation or desreaming fibrinelysis nay rrecinitate scute rensl

fallure. fuch fostors include infection, hymotenmion, haemorrhage,
hypovolsemis, husuolysis and hypoxda,

o8 propoped o explaln the oliguris of scute lechacis
. reoal fallure in non need o be revised o bie account of the wWitre-
strusturel snd bWiochemigal findings desoribed, lniregiomerular

Tue theo

soagulation mey be on important factor which coniributes to the prolonged
depression of zlomerular filtration rate in experimmmisl podels of soute
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renal failure and for the continued modest devression in remal blood
fiov which in man extends far boyond the itie vhen restomtion of

tlood volume mnd blood pressurs have been achieved, Uf course, such a
visy does net preglude the rossibdlity that tubular neswosis (tself also
contributes to the remal dysfunction os has heen suggested In the puat
b seversl workexs. Indeod glomorular thrombosis nay be partly respons
mible for this ise

gonic leaicm, bocmmse much of the tulmlsr blood

gupply iz derived from jpeteglomeruler sources., In view of e rortal
nature of the cortisal tulmlar Weod mupply, md the variability of

_ anaatonotie ohannele betugsn afferent arterioles and the tubuler
sapdllary notwerk, it is not ssrprising to find €nt the tubular
tonione axe polohy, The degroe of darage anight be determinod, on the
eno hand, % the sumber of glomerulf involved, sid on the other by the
extent and patensy of sasstomotic vessels bypassing the glomoruius,
Boreover, beeause of the froe compmmications of pont=glonerular vessels
with adjscent nephvons, blockage of one glomerulus may affeet more them
cne tubule, & similar mechanism may nlso agpledn stmicturel chongss of

scute fubular neerosie often present in sovere acute proliferative
glomerulonephritis and the haerslyiic ursenic syndrone. In fhose
atates, gomeruiar demages in often sufficiently sovere t¢ caune total
eoclusion of glomsrulsr Lleod fiow Uy either extensive cellulsy
proiiforation ¢r throstosis,

lor do these findin:s necesmars

1y invalidate other thooriee as
to the causation or main‘enanse of the oliguris. At the prosent tine,
it iz vrobably wise % rognrd chpornal coagulgiion and Librinolysie
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as conitrituting factora in the pathogenesis of a condition in whish many
other physiclogical and poibologlcal seoshaniems play o :wle. 1t is
portinent 4% point out, however, the integrel jart piayed by
poaguiction and fibrinoiyeis in ithe onset, tligurvic and respvary

phases of soute ischaemic remzl failure. Yhile intsegioscrular coagus
lation may have serious consequances i the shord tern, It may slse
ropresent & yrocess whdeh iz eseential t¢ the recovery of full remal
funetion. If glomerulsr filtration ocowryed wniupsded aftsr rusel
sitdown, the tubular colls =muld be wiable %o lhawdle the vast amount of

Slomerular filtrats, and licnwostasis wuld be desiroyed within hours.
Thus the otestion suppliied by nhywdeal blochsgw of the glomexull
by Hhirosbl allows regemmeratics of tubul » colls shich ere eapable of
nesr nomal funetion on recovery o¢f the glomwrular lesicns. ~hai the
dudng of glemerular wmd tubular ressvery does not aluvays coincide iz
avident {ros e meassive eclute snd woter diuresis wiieh sunutines

ooccurs during the eariy rusivery phusg.

48 a couse of sgute romal disesse, the hoemolytis wraemic ayndrome
is uncommon, i its presentstion, usszily as acuty recal fallure,is
dramatie, and suffielimnily diatinotive for it 4w Lo sonsidsred sepurately
frou claspiesl zeuie ischuenic rensd fadlure., slthoush Hemsley recosnised
the assooistion between severe haemplytic wneonia and souts remal
failure in 1952, L.¢ origingl descriptivn of the Laemolyitlic uraenie
syndronme a3 a distinet clinicel entity is attributed to Casser ot al
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{1995}, Oince this time thore have boen many reports of the syndrome
as o disease sffecting iufants and yomp ohfidron and enly recsntly
nas its ccourrenoe in ndulte Leen widely recognionds It is chorace
terized by remal failure of acute onsot, micreangiopathic bhaemelytic
anaeniz, ond iypicel rensl histovathologiosnl changea, The synivos
Las moaquernded under asveral titles of cenfusing divereity wnd the
evouping of those cases under . singls Béuding “the haewlyile wraemle
ayaivone® (H.ls2.) 46 puzbape controversial, os many possess featurus

in coumon with Humbotie tlwvnbooyivpwssie purpurs (Voscheowt €z, 1925).

The invarishle involvement of the Lidneys ourves, huvever, v ioolate thooe
pabionts, and 0.0, o opt ot sod & comprehenalively descrirtive

Berne Aeviow of the swelflable ldterature dndicates that wll caces have
wsifern renal histopstielegical changes characfarissd by teculoesis of
afferent arturiples ond glsmervlar capillacdcs wd vardsble degrees of
ischasnic ¢oridcal duuage. Ixtemsive study of the hammolytic naemia

bas showm that the red eell damege io caused Ly sechanical distortion

and fregmentetisn in mmall blood weeaels Marizowed by the deposition of
~thwombotic materisl (Praim ot al, 19605 Hubesberg ot ul, 1966}, The
pathogenesis of the .U.0e hao not bees established and indeed all

caswr may 2ot arise frow the sane paihogenetie mechunismu, The

ocowrrence together of wicroangiopatidec hosuwlytic wanessds et throwe
Botie lesious within the Kidney otrougly suggest, however, tint intra-
vagcular coagulation may plsy s Dunday

sutal rolee Jor this ruason thore
foliows & deteiled descr. ciicy of {he slinicel avd pathelogicsl features

“ pf ¢ cusos personslly voccuntored. in oseven ol these, detalled studles
of scagulation and fibringysis have been periormed,
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311 podlente yresemied with a relatively rarvid oneet of renal
#ailure sceompanied by severe nicroangisvathic humemolyiic ansends and
tiopsy or sutopsy vovealed characteristic renel vatholegy. Simtemn
of the 72 rotients yere femelon mmd of ihoes € hed recestly been

S peeprant and aothar three mre taling the contrecertive "pill”,
The ages of the patiants renged fren 12 %o 65 yesrs. Tecovery
ocourred in omiy five patients mnd in esch the eneet of the illnesa
wat obrupk =nd the process shovi-lived (Table 51,

PRODROME
Thore was a rrodromal period of 431 health in cach subject 'asting

fron ppe %o spororimetely 100 days [Tsble £), Swmiptons of upper
respirntory bmuet infoction inftisted the prodrome in 12 coves ond in
a4 abdondnal pedn, veaiding mmd diervhoes wove §he firet simms of 411
henith, lPoterioration of henltk occourred at vorisble spend, & calasitous
course develovins in cawesz 7, 10, 12, 18, 16 snd 22, md & vore gredual
decline in e othern, Turing 4his %ime a bleeding disorder becanme

~
srporect 4u Piftemn ontionts, In the postepordun potionts mnd those
on the "pdll" inmepessod voginel blood loss, mmd ‘n Cnenm €, memorrhagia
ooourred, wWiile mubaractnodd hasmorrhape developed in Case 1%. A
someralized hwalsing tondency often with petechisn]) hoasmorrhoges waa
noted in Csees 6, O, 11, 17, 14, 18, 20 and 32, Vedght loen, anorexia,

and nslio» wore common, Jevere dysmnoea, progreccive sedesa, and



Table Se

ietails of ige, Sex, ‘rewious iintory and Outcome in the Fationts tudled

Case No. 1§ 2 3 4 5 6 7 8 9 10 11 12 13 14 %5 16 17 18 19 20 21 2
Age 21 23 24 61 59 12 26 38 24 5 32 25 33 59 16 48 56 4&7 65 g 29 25
Sex F ] ¥ I S S A X P P K F ¥ P P ¥ F F F P
Past Tpst Cateo~ Jost Tonsile ‘ost  SiL.E. Septiec Fortal "Fi11* "Pill"™ Test "Pill" Tost
iiistory partus myelitis partunm lectomy partur éderoids abortion  vein partum migraine partum
thrombosis

t 3 E # # E ] » * * % # #

Cutcome D D D A D B 4 P D D D A D D D & D B D D D A

* Eepavin therapy
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olizueia heralded heospital adnission, by whick time ageh patient wae

sericusly 111 »ith acute remsl failure and sovere anaemis.

Frouinent foaturea on shysical axanination ~re shown in Talle 7.
Initial wrinalysis revealod heawy rrotelmurds =nd the urinary sedlsent
ammteined meny wad colla and red coll easta, Althoush rrlor hyportansion
wag not rosorded in ony petdant, hyretonaive hoarany was nosded In
T 11 enson.  “etinal chenges emaisted of “rash hasworrhages and @Dt
arudates susresting o recent rise in blood nrecmure, Tulnenary cedema
rrogent on adpission in 9 jotiontz dimeppeared ith correetion of fludd
overlond, dut miler rhydthn ? wnrisdle cordige varmurs persisted in
sovorel, Hapatorogely wne o conpistent £10d% » :ed 495 mpleen wos
paivable In 2, Sevm petients suffored opiler iifern convulsions
mnroloted ¢o arotemis or to rondd fluid ond eleetrolyie ahift durirg
ddntvais, Ta 5 cesen episodos of ventrfewler tachycordis occurred
and in Casn 9 there wes elecirsoowdiofrantic ovidence of anterior
nyorrdis] infarefimm, 4 peenlinr loenlized, tendor 8%%ing cedern
1ngting ceversl doym vas seon In Tapzs 6 and T, In the forser & awlling
over the right shoulder we sspireted boormuns of cuspocted sbavess
formation but no fleid vas obleined A nsolle culture wvas sterile.

Pyrezir up ta AC° wee present in 16 cases,
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The ramults of blood«film examination on admiasion to hoepital
are ghown in Table 8, | haemolytic ssusonia wms present in sach patient,
fnitial heemoglobin volues varying from %,1 to 11,56/100s1 and the
~ reticulocyin eount from % to 187, Norsoblasts were frenumtly seen,
In mo vetient ware L.7e ¢ells found or the Cocmbe' toat woaitive,
< Cireulating fvoe hasmoglobin wne detected syoutvoasnviesily in 12 sases,
vhitew0oll coumte varied from normal to high welues, nyelocytes and
wotusyslocytons vere ofben found, while in snch ease there weve numorous
Pregmentsd ond Yurr eslle (sehistooytes) tosether withk snicrosrherooybes.
Severe oligurie renal fnilure was present in cach case and agotenia
persisfed desoite dianlywis in 17 ratimmts with no simifieoant tum
of a2l fanmotior before death, Tn 5§, mrosgressive imerowveront to nomal
funetior coturred after oligurie vericds raagine between § mmd 21 daym.
< “wrordilivudinaemia waz pressmt in 12 of the 22 matients, the zrecter
wronertion deinr dus ‘0 comfugated bHilirubin in each case, ‘laning
and aspeptate transaminase activitios wore elevated in the amite phases
of the illness ind{enting herntic damaze, dut serus aliknline chosphotase

was raised only in Case 7, =nd serum saylsse 4n Mames €, T =md 17,
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fmemaiological data in potients with Lasmolytic urassic syadrome on adzission to hespitales Towvers micreangioratihie hoemelytic
mnezis with & varieble lewkwoytosds and a leudveoryihroblastic nioturs,
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Galad  COMSULATION STUDIS,

moutine study of coagulation was porformed at least once 4n 20 of
the 22 patimts. Results vere varisble depending om the timing of the
gonts in relation to the previous length of illness, JIn gmeoral, the
mtammim“hmm.mymmmotmtum
and ineluded thromboeytopenis, hypofibrinogenaemiz, prolonged pro-
{hrombin Sime, olevated ssrum 7.D.7P. concentration, md decrensed
soncentrations of Factors ¥ snd VIII, Screening teots for intrinsie
systen abnormality were, however, nomnl, aad only in 4 gnses was the
tleeding time (DUE:) prolonged, shile the clotting tise in glass was
langthened in three, Ilzter in the illness, plateleot somad, plasma
fibrinogen and Faotors V and VIII concentrations aften rose to levels
for in exceas of nomal, MNore dotailed studica fn the later cases
revealed abnomalities which sre of significance in the understanding
of the naturzl history of the process,

Semun PeDePe conoentrations were grossly elevated %o over 2,000 Mg
‘por mi early in the disease in 4 of the 7 cases exanined serially. in
the 2 patients who recovered (Cases 16 and 22 a progressive fall in
concentration occurred until nommal values wore attainsd at the time
of cnset of diuresis., The sinmilarity in this pattern with that ocowrring
4n acute ischaemic remal failure is striking, although maximsl values
are significantly higher, 3Both ef these patienta were treatad with
heparin {Fig. 21), ‘hen recovery did not take place, serum F.D.Fs
concentrations fluctuate! throughout the illness suggesting that, dy
contrast to the patiemts who recovered, the process was a recurring



10,000- HEPARIN 7

1,000

J1g./mi.

100+

SERUM F.D.P.

URINE OUTPUT
Lts.
~n

1000
o
CE
=S 100
22
Wl
w
10-
o_
a
2 4
£
=3 3
g 2
o
—1 I.
0 5 0 15 20 25 30 35

DAYS

Fig. 41, Serum F.D.P. concentration
(logarithmic scale) in relation to
urinary output in 2 patients who com-
pletely recovered from the haemolytic
uraemic syndrome. Case 16 (lower
and Case 22 (upper). There is a
striking similarity between the pattern
observed and that seen in acute
ischaemic renal failure.
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one, This rattern was proment in patients trented (Pig, 22 with
reperin a8 well ms thowe :mirested {Pig, 43), altheugh generslly scrum
M. levels foll during heparin fherany. 7.0uY. were found in very
high concenitratione in aevailable urine throughout the 1llness, and
theae levels ageln 4id not sean %o be infiuvenced by heperin therapy
(Pig. 42 snd Pig, 44).

“lasma Tibrinogen levels were elevaied at verdedic interwals
throughent the Illness (Plg, 43} and these vlevaiions sppeared to coine
gide with abuoraslities in other peramters studied. Similar changes
were obaerved iu plasma 3.7.M.0, in all cases emamined. Fuglobulin
lysiz time s prolomsed indicsting deereased nlamme sctivetor sontent
sarly in the illness snd then zyadusily rose only to fall ssein at =
tine ooinelding with incrsssed smormalities of ather festors. I one
closscly studied pntient (Case 18) m morked decresse in sotivator
zotivity vos found 5 few hours »ricr %0 cardise arvest (Tig. 4%).

Tlasne W{; amuld be neasuved snly in those setients not treoated
with heparin, Three distinet veaks of ingressed concentration were
oheopred in one fuch retient (Mg, 47) snd were sesociated with a signie
fieantly dininished vlatelet count, indicating o congumutioe v uaping
up ¢f vlatelete in themse eplsades of ecamulation, Seris] rlatelet
ecunts in trested patients revealed ainilar fluetuntion=, srd thronbo
aytopenis of less then 50,000 por euble wr were found in 211 patients
yhese piatelet coumt was memsgured leily, “her snly random measurenents
sry nede, normel, or hish platelet counts ony be fouméd snd provide no

elue ¥ the underlying illnass,
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Fig. 42. Continued elevation of serum
and urinary F.D.P. concentrations
despite heparin therapy in Case 20, a
woman with post partum renal failure
who died from chronic renal failure.
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Pig. 43. Casge 18. Serial studies of
coagulation and fibrinolysis in this
untreated patient demonstrate uneguivoecal
evidence of periodic episodes of
coagulation. She remained anuric during
hospitalization,
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F.D.P. and decrease in activator
occurred just prior to an episode of
cardiac arrest.
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Kidneys were of normal size or oven enlarged in those who dled
parly in the illness, but reduction in size in others corresponded to
the length of meintenmnce of life, The externmal surfaces of ten exhils-

- bited n "fles bitten' appeerance whilst ihe cut cortical surfaces were
mottled and hasporrhagics Fatchy cortiecsl infarets seen in four
coalesced into bilatersl rensl cortical neorosis in Cases 10 and 15,

The most typieal feature of the remal histology was ccclumive
thrombus formation in afferent artericles and glomemiler eapdllaries
{74z, 46 and Figs 4T )e Often, direct contimuity of the thrombue could
be treced from afferent arterioles to zlomerular capillariss (Fig. 49)e
“he visible thrvomhosis was confined to the glomeruler canillsries in
Ceses 16 mmd 22, both of whor recovered, but in =l) patients where the
cutcoms wus fatal, extension of thrombosis to afferemt arberioles and
ofton interlobular arteries waus = festure. The thrombus itself most
commemly srosented z bland appesrsnce by convemtionsl staining, tut
red cells sud platelets wore seen entrapped in several. Speclial stains

~confirmed the presence of fibrin both in the lumen and fncorporated in
the vall of afferent arterioles and interlobular arteries (Fig. 49, U
and 51}, There was no inflammatory reaction in the vascular cells wideh
was of sufficlent degree to cause ceclusion of the lumen in long-
standing cases (Fig, 52 and 53)s The internal elastie lsuine was
¢isrupiod in several cuses and the asppearances were similar o those seen

% 4n the malignant phass of hypertension. OUceasionally » pletuve eonsistent
with recanslisation of thrombus wes seen im sfferent urterivles {Fiz. ).



Pig. 46, Case 9. A thrombotic
lesion is demonstrated at the
glomerular hilum, (H and E;
x 360)



Fig. 47. Case 1. Afferent arteriolar
thrombosis affecting adjacent
glomeruli (H and E; x 360)



Pige. 48. A low power view
demonstrating the continuity
of thrombogis from afferent
arteriole to glomerular capillary.
(Case 13 H and B; x 150)



Fige. 49. Thrombosis of afferent
arteriole and glomerular capillary
in case 8, An adjacent inter-
lobular artery shows the typical
hyperplastic intimal changes.

(H and E; x 360)



N

Interlobular artery from
Case 3 showing "fibrinoid" deposited

between a hyperpvlastic intima and
the internal elastic lamina,

(P.AH.; x 360)

Fig. 50,



-~ - ‘._
tl.o.-... “..-_
L-uiuo.! " &

(Phloxine Tartrazine;

A further example of

fibrinoid deposition within the
wall of an interlobular artery.
The arterial lumen is markedly

narrowed.
x 360)

Fige 51
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Interlobular artery

obtained at autopsy from case i1.

The marked intimal proliferation
has caused complete obliteration

of the wascular lumen.
E; x 360)

Fig. 52.



Autopsy specimen,
ypertension,
)

Case
Fig. 52 are illustrated, which

Changes similar to those seen in
are identical to those observed

(H and B; x 36

in malignant h

Figo 53@
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Glomeruler appearances vere varisbile, 'hen afferent arteriocles
wore cecluded, the tuft appearsi bloodless, snd relatively hypeceliular

{Mige 55) vlthough occasicnel glome

suggesiing & form of vecent infaretion {Figz. 58)}s In olhwrs endotleliial
“eell proliferation,lenkocyie infiltration md sometimes epithelial cell

“poactivity” enlarged the glomeruluz in a sinilar fachion to tat esen

rull were £illed with rsd cells,

in soute proliferative forms of glowerulonephritis (Tige 57)e 'Tidow
S gholfel esll proliferatiom wns more commonrly nresent in local areas of
the tuft end surrounded deposits of Tibrin (Fig.&j. ‘arely, cells
~with large foamy cytoplass were promimsat {(Flz, 53)s “uch appearances
have been attriluted to heparin therapy (Hsll et al, 197V). which
activates the lipopretein lipuse systen, releasing free fatty scids inte
the plasszz. Iin the presence of vescular damage this free fatty seld
may be incorporated inte the vessel walls in czcessive amgunta., However,
ginilar hintological changes were obssrved in treated and untrested
canes.

Lisotron nicroscopic sprearances of the gloperuli differed from
those seen in acute rensi failure only $u thedr sztemt, severity and
uniformity, There wes marked reduction in the calibre of it glomerular
capililary lumins lesving only very smail chamele through whieh blood
right flow {(Mg. 59)s he bazsement membrane appeared in gemeral %o be
of normal density and thickness, but betwoen it and the proliferating

\me&mm velle, vas an irreguler often ravefied layer sufficiently
thick %o cause much of the cpplllary obstruetisn, Islands of
endothelis) cytoplase and pintelets {(Pig. 60) often appeared iselsted
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Fig., 54. Case 6. The appearance
of the interlobular artery is
similar to that observed after
recanalization of a luminal
thrombus. (H and BE; x 360)



Fig. 55, As a consequence of
afferent arteriolar thrombosis,
this glomerular tuft appears
bloodless and hypocellular,
(Case 9; H and B3 x 360)



Fig. 56. The filling of the cap~
illaries in this glomerulus with
red blood cells, suggests recent
infaret necrosis (Case 1; H and EB;
x 360)
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Fig. 58. In this glomerulus, cells
with large foamy cytoplasm are seen,
Although this appearance has been
attributed to heparin therapy it
was equally common in both treated
and untreated patients., (Case 9;

H and E; x 360



Fig. 59. This electron micrograph shows a low power view of
an affected glomerulus. Capillary lumina are severely
narrowed, and this can be seen to be due to endothelial
thickening and the presence of a pale zone of varying
thickness between the basement membrane and endothelium,
(X 1’500)



Pig. 60, This electron micrograph shows the narrowing of the
capillary lumina by enlargement of endothelial cells and the
presence of a pale zone of granular material between the
basement membrane and endothelium, Islands of endothelial
cytoplasm and on the right of the picture a platelet, appear
caught within the lumen. (x 8,000
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in this material which sometimes occluded the entire eapillary lumen,

In meny places this material had a fidrillar structure, dut rore commonly
~was amorvhous or granular, and althouzh no perdedicity wes cbeerved,

the appearances were those of fibrin and its degradatlon producis

{#go 61)e ‘The epithelial foot processcs wers fused, 2nd the epithelial

cell eytorlasm isy in a continwous layer over the basement penbrane

{rig. 62),

Immuno-fluorescence studies revsaled the sresencs 0f large amounts

\ of £ibrin within the glomerular capillaries, afferent arterioles and

interiobular arteries {Pige.68). Complement and X -globulin were not

detected,

Interstiticsl oodema and irregular sreas of tubulaxr necrosis were
seen in bdiopsy and sarly sutopsy specimens, Peritubular sapillaries
were often thrombomed. 1u those xith a prolonged clinical course,
interstitial fibroeis, subular atrophy and dilatation were prominent.
LIVER

Liver biopsy was performed in Cases 5 and 11, and autopsy materisl
was availadle in 11 others. The liver uwzs sederately enlarged dut
genevally showed 8o distinotive gross changes. In cne patient there
vere many small shrunken red areas and the liver was soff. The major
vessels snd extrehepatiz biliary tres were nomaal, [icrosocopic hepatie
eoll necrosis zas resent in all cases, tic extent of neorosins warying
fron individusl cells and azmell grouse of cells %o large vortions of
t:e lobule, Some amall foei esontained polymorphs or meunomucloar sells,
but thore was usually minimal inflammatory infiltratiom in portal tracts



Fig. 61. An affected glomerular capillary with a very narrow
lumen. Endothelial cells seem to have grown over the large
rarefied area which in this case contains distinet fibrillar

material, Epithelial foot processes are fused. (x 8,000)



Fig. 62, This picture shows part of a glomerular capillary
wall exhibiting a thick layer of rarefied material between
the basement membrane and endothelium: in it are seen
several small islands of cytoplasm, Loss of epithelial
pedicel structure is apparent. (x 16,000)



Fig. 63, Immunofluorescence micrograph of an inter-
lobular artery in Case 19, Positive fluorescence
is seen within the lumen and between proliferating
intimal cells. Antifibrinogen serum. (x 960)
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er lobules, Binucleate liver cells were frequent and nuclear plede
sorphise invariable, but mitoses were vare, Tibrin thrombi xere present
< in sizsupcide in wost patients and yrominent intimal thickening of
portal artericles were seen in two sutopsy specimens.
Changes were seen in the hsert in 5 cases. In three there was
verrucous endocarditis, with fibrin throumbi attasched e the free wuflaces
“of the mitral end/or sortic vaives (Fig. 64). OSmall wedge-shiaped
infarcts were present in the myoeardium in one of these (Case 9) and
in Cmses 6 snd 18 mypcardial neerosis was associated with thyombosis of
coronary arterioles and venules,
L
Hyaline membrane was apparent in many siveoli of Case 1 while
pulmopary infaretion was seen in 6 including § eases on eonstant
antiocoaguiation prrisr to death,
BN
Small areas of hasmorrhagic infaretion of the brain wers seen in
Cases iy 3, 9, 19, 17T snd 18, and subarschnodd hesworrhage was also

present in Cases 5 awl 17.

Teorosis was present in the pencreas (Cases 6, 11, 15, 17 and 18)
sdrenal {Casen 11 and 15/, saterior pitultary (Case 15) and beth amall
and lsvge towel (Case Z). Careful sesrch revealed veccasional @malle

veasel thiosbosis in m)ation %o these aress of necrosis,



Pig, 64, Vegetation on a heart
valve found at autopsy of Case 9.
The appearancesare of organizing
fibrin without apparent bacteria.
(H and E; x 50)
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3,2.6 PROGRESS 4D MANAGEIENT
vialyeis was undertaken in most patients as treatment for the acute

uraenis, Chronic haencdislysis wns meintained for 7 monthe pricr to
renal homotransplentation in Case 8, Drug therapy is detsiled in
Table 2 In the 3 patisnts receiving corticosiercids and 2 sznthioprine,
no bonefit wos derived from this therapys In 12 patients, snticoagulse
tion with intravenous heparin was used for pericode rangiug between ong
and 6 weeks (Table 10j, 'ranetic improvesent in urinary outpui and
renal function as described by Linogid-Smith et sl (1960) in 2 patients
vith throzbotic throsbooyiorernic surruras, occurrsd in only one of e
patients so trested (Cese 12}, In this petient, clinical recovery,
restoretion of rewsl snd hepatie function, {mprovement of nicroangioe
pathic heemelytic mmmemis end in elotting ntudies (Pig. 65 and 66) were
shuerved soon after comsencing hepoerin one day safter commonsemont of
the disease. f interest, noreover, wae the mudden out-back in urinary
sutrut associcted with treatnemt of wsssive voaginal dleeding with

N epsilon amine cepvede sodd (E.teCoke) despite concurrsnt snticoagulation
{Pig. 67)e The diuresis and fu31 recovery of remal function which
cormamced botweon 2 and ¥ wesks after the initiation of heperin in
Cages 6 and 22 may have bheen relaisd ¥ treatument, bui as similar
resovery oscourred in Ceges 4 snd 7 who were wireated, this deduetion
may be fnvalid, liesovery, rather than being related to hepnyin therapy

wae associsted with a short prodrome,; rupid disgnosis and confinement

of the histologicel evidence of thrombesis te the glomeruler eapillaries,

Ir thia porics, ne seident with thrombosis of zfferent srtericles or
interlobular sréeries recovered renal fumetion, and ull 4died. Incliuded
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Case Yo,
Heparin

length of illness
before therapy

Length of
treatment {days)

Complications
of therapy

Outconme

Death

Table 10,

Dotails of inticoagulant Therapy and Comrlications in the 72 Patients Vhio Received it

Haemorrhage Haenorrhage haomr:hags Haemorrhage Haemorrhage

42

a, Diopsy Intra~

site
b Intrae
peritoneal

Death

Death

>

Intra=-
peritoneal poritoneal

Jeath

12

+

iz

Vaginal

ilive

14

+

100

12

Biopsy site

Death

16

ilive

7

10

&

Death

fnsmorrhage Zsesorrhage

be Corabral

Hladder

Death

16

seath

21

Hagmorrhase
ROSTO
peritoneal

Usath

22



Pig. 65. Red cell morphology as shown by examination
of the peripheral blood in Case 12,

A Day i There is marked red cell distortion and
fragmentation., Spherocytes are seen and
thrombocytopaenia is apparent.

B Day 4. There is diminution in the number of
distorted cells but thrombocytopaenia
persists.

C Day 9. Normal red cell morphology with a slight
thrombocytosis,

Al11 slides stained with Leishman X 1,07C,
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Pig. 66, Case 12. Serial changes in haemoglobin,
white cell count, platelet count, plasma fibrinogen
and F.D.P. (measured in this case with the Fi
Test, Hyland Laboratories) in relation to therapy.
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Pig. 67, Case 12. Urinary output during day 2.
Progressive oliguria was associated with epsilon
amino caproic acid therapy (E.A.C.A.), but urinary
output was re-established with mannitol and frusemide,
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in this group with a fatal outcome are 9 who were treated with heparin
and 8 untrested, There seemed i bw wo advantage gainsd by treating
these patients as there was nc¢ lengthening of life, no {mprovement of
renal function and a efignificant increase in worbidity wion compered
with untreated patlents. Jerious snd sigmificant haemorringe cocourred
in 8 of the 12 patients anticosnsnlnted and way have contributed o death
in “ases 14 sud 17, /A sordevs hasmorrhagic complication cceurred in
only one untreated patient {subarachnoid haemorrhage in Case 5) snd the
deaths in the others vosulted frow cardisc feiluwre in 2, intercurrent
infection in ¥ und untreated renal failure in 2,

Blooé culture grevw imch, Coli in Cases 1, 1%, 12 and 19 but were
sterile despite repeated routine testing in the remainder, A variety
of pathogenic organisms were cultured from the nose, throat, smitaw
and urine, Viral agglutinin studies were wnrewarding apuri from in

Cape 8 where there was a high titre to mumps sntigem,

Saial DISCUSSION
Although the precise aetioclogy in these cases is not apparent and

may be maltifactorial, ovidence derived from pathological, congulation
and haematological studies suggests that a common pathogemetic and

. pathological process ogcurs in all cases and that this process is
disseminated intravaseular cosgulation, Demonstration of fibrin
thrombi in kidrey, liver, lung, heart, brain, pancreas, sdrenal and
bowel proves the disseminated nature of the patholegy and canfirms
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the observations of Habib et al (1967} and Fargaretten {1967 who
roported o wide varisty ¢f seemingly unrclated lesicns in patients coming
t¢ sutopsy fellewing the syadroue of disseminated intrsvasouier oongule~
tion, dowewer, it iz in contradistinction to the findings of Gilehrist
at &3 (1969) who suggsstsd that the syndrmome in children mey be an
sxampie of loesalised intravesenlar coagulation, Kargaretten {1967)
desoribed lesiofs having the appearance of “infarct pecrosis” casused
by an obstruction te Blood flow by fibrin thrombl snd suegosted thet
the typo and distribusion of the lemions ware nffected by the sctivity
of the reticulowendothelial svséce, loeal vascular fuctors and sctivae
tiom of fibrinclysis, The reason for the severe selegtive @enal damage
ecaused in the hsemolytic ursemic oyndvome is wnimowr, but may be due
to the natuve of ithe ransl civeulation, to deereased {ibrinclysis
egraoinlly in pregnant cases {loodfield, Cole and Cash, 1963) smd
perhaps o rapid overwhelning intravascular ooagulstion in wvhich
renal dassge is known o predominate,

vhatever the causos, the kidney is the asite of lesions uideh are
charactoristis, and congiet of thoomboais of offerent artericles and
glemeruler mopillisvies, The extent of the lesions ie probably unders
ostimated by light niercesony, whereas electiron microscopy and
impunoflucrescence demonstrates £ibrin in sost glomswyuiar capilliaries,
The result in most cases iz dostruetion of large but wvariable smounts
af renal cortical tissue which, dune 40 its nature and sxtent iz umlikely
to hesn} with vestoration of mermal vrens)l function vhatever therapy is
eapleved, COsreful snalysis by Lsmmofluorescence reveala ixi X..
plobuiin snd complemsnt do not play a role in the semesis of these



- 119 =

lesions, a finding in koeping with those of hopemmann ot al (1969},
Koffler and Pavonetto (1966) and Churg et al {1963) which further

™ gugrests that intrevascular coagnlstion plays a key mole in the genesis
of the ranal lesions, ‘speets € the remal pathelogical lssiocas ghow
cortadn similarities to the zemal lesions in other conditions and raiss
the question of e wle of intrawascular congulation in thoss conditions,
Fop sxample the gross lesions in H.U.%. are skin to ose seen in
acuto rejection of remal lLomobrmoplmts, Qe vasculor lesions are
ssimi}m* $o thoss of malignant hyperitension and seleroderms, and the
gloperular changes resemble thome seen in many varieties of proliferative
glonerulonephritis.

Unequiwocal evidence of & severe coagulation abnormality has heun
demonstrated in oanch patient in whom tests were performed, The changes
vore most marked early in the course of the illness and consioted of
elovation of serum I".D.P, concentration, plasma 17?4 and S.7.MeCey
thronmbocytopenia, hypofibrinogensenis, diminished plasna plasminogen
activatos and Pactors V amd ¥IXI, These data are conpistent with
consumption of coagulation fagtors snd the defibrination syndrome 8
describod by Yerskey et al {1967) amd indicate that the abnommalities
ave the consequence of massive intravascular clotting., Ia patients
who recovered, the episode seemed short~lived and 4i€ not secur, but
where the cutcome was fatal, periodic recwrrence of these almormalities

. ¥as noted which seemed independent of antdcosgulant therapy and muggested
n persistent or recurring stimulus to coagulation, ‘hile the caunses
of these recurring episodes ase unimown it ic rossible hat they omy
result from thromboplastic metericl roleased from red cells during
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haemolysie. /. vielous cycle could thus be setf up shereby intravascular
coagulation causes miorcangiopathy which in twm Zamages rnd cells
rendering them susceptible (o heemolysis and release of thromboplastins,
Hany of the clinical featuros of H.B.5. may do attrilmted to
disseminated intravasoular esamlsiion. Thus, bweides the haemolysis
and ascute remal feilure, coagulation may csuse parenchymal neerveis of
the liver and consequent abnormaifty of liver funotion, nicvoseopic
arens of infaretion of the bradn often somociated with trancient
neurelogical defieits =nd epileptiforn seisures, acute pansrestic
necroais with elevated serun eaylese setivity, :nd infaretion of
adrenals, pituitsry amd bowel. Tnvolvemsnt of myvcerdivm znd hemrd
valves may in port ezpladn the sevore resistant cardise fallure whioh
we 2 feature of several cases in this series snd in the four satients
described by inohsen et al, (1968}, The overt bloedins temiensy
nanifest in moat cases ovem before anticoagulation is explicable on the
bonis of throobocytopenia, cormumntion of coapulation fectors and the
eirenlation of high concemtrations of high moleenlar weight P,0.0. and

= 153
FeFo¥ele

The striking sinilarity betweon the N,U.5, end the sxperimental
generalized Shwartzmsn reaction {G.7.%.) in animals iz readily anparent,
and pay provide some clue as to the zetiolozy of the human condition,

Ip the U.9,%. the primdne dose of grem negntive endotoxin »roduces
minor intravascular elotting, but csuses the animal ne harm unless
previously “rrerayed”. If the reticulo-endothelial system is ineapable

of clesring further mmdstoxin, the second or prowoking injection emuses
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videspread intravaseulsr coagulatisn which is wost prominent in e
Kkidneys wuere cortical necrosis developss sceompanying the firin
dgpondtivn, & bleeding tendency with fealnres ginilar to Shot of feliade
{Corrigen et als 1967) end the red cell chuges of wicremgiopethic
nasmolytis muesais develoy {Brain et al, 1962)¢ Tissue damage is due
to ischaesis ewased by vieapread pmallevesssl thooniosis. Tho Gelele
nny be produced wiis s a singdle injection under the preparative

circunstances of ratimilo—on jotheiial blocksde (Thouas, 15571 Leds 1962)

pregaency (apits, 19340 Voay and Jalten, 1963) immatarity {smith smd
Thonas, 1954) corticostoreid taerapy (Thomas md Goody 1952) and
antigen-antibody reaction (Lea, 19635

The most common “proparation” in this series was progoency or &

- paeudo=;regaaney state induced by the contraceptive ikl in G of e

16 female patieis. This siviking ssseciation Lotvesn Heliats and
pregaancy is nost coumonly sanifent in e poslepartun poriod and has
boen zsported by several euthors (acheer and Joued, 19675 obson et al,
16664 ‘agomer et al, 1363} clarkmon et al, 10633 Churg o% als 19697,
Grau-negstive septicasaia due % sschs Coli was cbperved in four cascs
(capes &, i1y 12y amd 15) while corticostercid herapy {Coacm 8, 10
and 11) end antigen-antibody reactions (Coses & and $%) say also heve
contributed. 4paxt fiom a vising titre W mumps antigen in Case &
oo ebaorasl virelegionl tests were obtained snd the preciss astiology
in othsr cases romains wiacliear,

The analogy between H.l... and the G.S.R. can be garried fw-iher

in terms of treatment. inticoagulation prevents disseminated intravasoular
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coagula tion caused by the srovoking injection in the %.5.%. (Ceod and
Thomas, 19525 Shapdro end lioKay, 1958) and more recent reports suggest
itn efficacy in H.oU.S5. {Bfain et sl, 19685 Cilehrist et al, 1960;
Timer=Tritech ¢t al, 19707 Luke ot al, 1070}, lowever, anticoasulation
is valuelesy in the G.5.5, after the provoking dose hme casused dismeminated
intravasculer coapulation and end-organ negrosis. Tz the H.U.S.,
herarin adminictered sfter s lonz period of 1llehenlth d4i4 not sliter
rencl funetior or histological cheanzos in 9 esves, and cnly in Case 12
where prompt recognition of the natwre of the illneas allowed early
therapy 414 a convincing response coccur. In Tases 16 and 22 where
recovery alse cceurred; there was no convincing evidenve that hepsrin
was responsible. lore likely, natural resolution of a short-lived

and single spiscde of intravascular cosgulation took pince smd diuresis
agimilar to that sewn in unireated Jases 4 and 7, and in scute ischaenie
rensl failure eventuated., There was no significant differemce in the
elinicel csurses of the Y treated and 8 untreatsd ratimts who died,
apart from ihe lroreased wmorbidity of bleeding in e treated natienis,
“hile this was usually cesily recognised it msy bhave contributed to the
death of 2 vatients,

Thus, although theoretically anticoasulation should be of vemefit,
in practice it hms proved no nors useful than elnplie conmservative
managenent iz ihe majority of emses. rerhéps an sntirely different
spproack to tresiment sueh sz bilatersl nevirectomy and traneplantation
as suggested by Ciresini snd Laperrouss (1969) should be sntortained once
the Listological dlagnoeis i confirmed snd cstablisied thrombosis 4o
denonstrated in sfferent arterioles or interiobular artories.



GLOMERULONEPHRITIS
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el _LURORUCTION

The texn glomervlenerhritis 12 ite strictest sense dencotes glomerular
inflammstion. is gmerally umed, howswer, it encompassas many distinet
disense entities in vhich glomerular involvenment is rrimavy or second=-
ary to sone systemic discrder, and the features of glomerular inflame
mation may or =ay not be present, Host tynes of sxperisental glomeruloe
nephritis bave an immunmological basis (Dixon, 1958} and such an nssocia-
tion, although not proven in all is ftacitly sssumed in the majority
of human ceses. For years this conoept was based on clinical experience
but over the last 20 years ilzburatory expsrimentatior hss helpod o
dofine tw distinet mechsniame whsreby the aniibody response of ihe host
may cause glomerulonsphritie.

are operative in the human diseases nnd may acooumt for mosé cases.
in both srocesses sniigen-antidedy reactions sre concentrated within
the glomeruli in vhieh inflimmation ocours mediated by such factore

a8 complement sctivation, leukocyde infiltraifon, platelet aggregation,
noagulation initiation and oeilular hypersensitivity.

The oritical antigen in Hasugl nephritis has been shown by Eralower
and Greenspom {1951) to reside in the glomerular basema
~ In §962 Steblay demonstrabed that glomerulonerhritis dewelored in

¢t membrane (GBI},

aninels immunised with GBH deriwed frum other animsis of the same

species or from the contralateral kidney of the pame smimml. later,
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CBE antigens extracted from the urine of normal animels were found to
cause glomorulonephritis siailar to that obmerved after injection of
oB¥ (Dixon, 1968}, Yore rocemtly anti-GDN antibodies have been isolated
frvon the serum of humsn petients with plomerulonephritis (Lerner,
Glassock =nd Dixon, 19€7) apd weve demonstrated Ly elution studies 4o
be present in the kidney, Thus, there seems no doubt, that this
mehanism is operative in husan glomerulonephritis and perhaps the
clearest demonstration of it is by immmofluorescent staining of

rensl blopsles taken early in the course of the diaamm RS e N
globulin and complement are seen in o distinet linear patterm along

the basement membrame, /A similar pattern may also be observed under the
electron microseope. lowever, it probably accounts for only a mmall
porcentage of cases of glomerulonephritis much as Goodpasture’s symdrone,

and pone forms of rapidly progressive disease,

Antigen-antibody complexes are now Jmown to be the "toxie compound"
described by von Pirquet (191G} reaponsible for the clinical manifesta-
tions of serun sicknesa, In this discasc antigen disappears from the
eirculation just before the appearance of free antibedy., The comple-
mont systen is activated and the complexed antigen and antibody interact
with oirculating cells, UTependent on the sise of the complemes aud,
perhaps, the mediatoreinduced damage to capillary walls, deposition of
complexes concentrates the inflammatory reaction within glomerular
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eapillaries although vessels throughout the body are not uncommonly
involved during sueh experimental and human diseases, ™n man, the
"toxic complex” mechanimm of nathogonesis is readily established by
demonstration of the churactugistic "lunpy-bunpy" pattern of imamoe
fluorescence which is also seen by eleotron nicroscopy vhere discrato
mntigen-antibody couplexes are deposited within or on the epimembranong

aspect of the glomerular c¢apillary bnsement membrane, The glomerulo=
nephritides ocourring in systemic lupua erythematosus, malaria, after
streptococeal infeetion and nasocloted with miwed eryoglobulinaenia
display such amormalities,

The human complement systen comsiota of nine plasma protein
components terned C'1-7 and ot lenst two inhibitors, those of CYY
enteragse and C'3, ‘ntigeneantibody complexes bind th: first component
(¢%1) of complement which comprises three subunits C*1q, C'1r and
0%, C%1q binde on to immme aggrogates while the C'1g portion is a
proesterase which is converted by the complexes to an active esterase
which acts on C'4 and C'2 which in turm splita C'3 into fraguents of
analler size. \fter completion of thia step complexes react in $mmme
adherence, undergn enhanced phagocytosis and are associated with the
generation of anaphylotoxia, o potent histamine liberator, and
inoreased vascular permenbility, ‘otivation of the further factors,
the soquemee of which is not characterised, promotos the chemotazis of
rolymorphs, lysiz of red cells and bacteria,
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Total haesoclytic complement concentrations are deprossed in
pationts with iaame conplex digeases such a8 Jilede, poat-oireplococeal,
mixed cryoglobulinasmic, wnd subscute bacterial endocarditic forms
of glomeralonephritis.s -Lis depressicnymost conveniantly measured by

\ deteruining _81:1 {the stable product of ('3) concentrations of JCE
has boen shown $0 parallel the severity and activily of these diseuses
and ip thought to be due to utilisation in the Lmnme rasction,
llowever, in seabranoproliferative glomeo:sulonephriiis thwoe .o a continued

| Jepresaien of C') which 1o uarelated o discase activity, complement
utilisation in imaune reactions and urinary excretion (Cameron ot al,
1970)e The role of the properdin systes espesially in relation e C'3
innctivetion is as yet wnknown although it is deposited with coaplement

in acute poste-streptococcal and mesbrancproliferative glowerulonephrities
(Vestberg ot al, 1971),

Chemotaxie of polymorphs plays an important role in influmation
by bringing to the locality scavenger cells which phagocytose and
rencve offending material, | cowplex of C'S, C'6, C'7 induces
chemotaxis by sctivation of a cell=bound serine esterase (Becker,
1969) and 1t is probable thet 'kallikrein, lymph node permeability
faotor and the clow reacting substance of maphyloxis are either
serine esteornses or involve the activation of it, Mibrin alsc possesses
loukotaxic properties (Barnhart and Uress, 1967). Involveueat of
solymorphs iz potentially denaging «s they releave lysozymes and
hydrolizing enzymos capable of tissue proteclyais,
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During the last J=4 years, it has become possible to confirm

the role of cellular immmity in various disesses by in wito
testing «here rrevicusly it had been only suspected becmuse of the
pregence ol iympliceyies and plasoa cells in histolopicsl sections,
Sensitisation of the small lymphocyte can be demonatrated by tests
such as Iymphocyte-tranaformation to blast-gell forms, =nd the inhibition
of macrophage migration when the msnsitised lymphoeyte is exposed to
the specific antigen. Por exasple locklin et al {197C) demonstratod
sensitised lymphocytes by macrophage migration inhibition in 79

! ot patients with anti-0W{ type glomerulonephritis, but not in petients
with other forms of glomerulenevhritis, Considerabdle cbjection may be
raiged to the suggestion that glomerulonephritis results solely from
a delayed-hypersensitivity rcaction .@ the inflamuatory exudate in the
glomerulus is different from that seen iz the tuberculin response in
which mononuclear cells predominate. !lumoral wmechenisms must therefore

play an important role.

T YOVAYIT A O A ohimians
pitl Cal)ilathd B 0 fijm o § DIt
R o s, e ~

!meh of the discussion in the early part of this thesis dealt with

nmechanisms by which immune resctions nmight activate coapulation,
fibrinolyeis snd slatelet ammegaiicn., Interrelstion hotweon these
systens wns emphasized and attention was drawm to the possible interplay
between them and the complement snd kisin syetens, The role of
coagulation, Tibrinclysis and platelet ngpregation in the pathogenezis
of glomerulonephritis has attracted much attention escently, but has



been assumed secondary, for endothelial and basement menbrane damage
are thougzht to be preremuisite, (vidence is accuwmulating, however,
that in certain circumstances platelet agrregation may be induced withe
out prior complement nctivation (Henson and Cochrane, 1971) and in
ti ose situstions cosgulation may play a primary olee

In this seetion = descrivticn followe of a largo-scale investigne
tion of many forms of human glomeruloneprritis, The primary aim of this
work was to elucidate the disorders in which amormalities of coagula-
tion and fibrinolysio existeds !t was soon appayent, however, that
the iecimology used was insufficiently sensitive % detect changes in
the systemic circulation which could be reliably interpreted as re-
flecting remal evenise In paviicular, changes in plasna fibrinogen,
SelulleCos 1"}‘4 and plasninoges sctivator, and in many cases serun
7.0.7. could not be regarded =& specific for the renal diseases under

atudy. Horeover, the 3upse population of patients with glomerulome-
shritie yrecluded investigation with these time consunming techniquea,
particularly when serial study was deemed necessary. Thers rennined

2 poss ble ziternatives, The first of these, the examination of

penal arterio-venous differences of congulation and fibrinoclytic factors
vos impractical on 2 large scale and therefore not considered,
ixamination of the umine, however, previded sensitive and apecific
information with little inconvenience to the patient, and allowed tho
investigntion %o be carried out om a iarge scale both on an iapatient
and outpatient basis, ‘he basic investigative tool used was the

tonned red cell haemagglutination inhibition imramo-assiy for measuring
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Folsls concentrations in serun and urine and correlation of these
findings with clinical, pathiclogical and therapeutic data wus performed
in all cases,

- o

lodern classifications of glomerulonephritis have been derived
from cilnico-patiwlogical correlations based oz light nicroseopy of
renal biopsies, and usually differentiate between primary and secondary
glomerular lesions. In the light of current concepts of pathogenesis,
hovever, this distinction ie arbitrary end has been disregasded in the
formulation of Table 11,

Proliferative forms of glomerulonephritis were disgnosed when
histologieal exanination showed diffuse or focal proliferation of
endothelial and mesangial cells, Murther evidence of this diagnosis
vas obtained by electron microscopy under which minor proliferative
changes were magnified, and materiel with the appearance of fidrin or
its dogradation products wes identified, In our experiemce, varisble
degrees of endothelial and mesangial cell proliferation were almost
always seen vhen fibrin was preseat, fpithelis)l orescents were
observed in 2 swall number of acute and rapidly progreassive cases
(scute necrotizing glomerulonephritis), Other subgroupe identified
histologieally included polyarteritis nodosa affecting medium sised
arteries and mmaller ("microscopic”) vessels, and membranoproliferative
glomerulonephritis (Cameron et al, 19703 Rariety ot al, 1971). Om
cliniecal grounds, further subdivision is possible into acute post



Table 11,

CLASSIPICATION OF CLOMERULONEFHRITIS

¥inizal Lesion Glomerulonephritis
vembranous Glomerulenephritis
Membrano-Fm liferative Slomerulonsphritin

Meoliferative Glomerulonsphritis:
- Loute posi~strepiococcal glomorulonephritis
- Nosangial proliferative glonsrulonephritis
- Syeteuic lupus erythesatosus
- Pplyarteritin nodosa
- Jogener's granulomstosis
- Hemooh Sohiniein {amephylsctcid) purpura
- Systenic selerosie (sclercderna)
- wbagute bucterianl endocarditis
- Cryogiobulinssaic glomerulonerhritis
- Halaria

« icute nesrotising (rapidly progressive)
glomerulonephritin

~ Benign foozl glowerulonephritis
- Pocal solerosing glowerulonerhritia
- ilport's cynérone

« Pabreyts diseass (angiokeratoms corpords
A1LEvsum )

- Potal spd partial lipodystrophy
- (thers
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streptococcnl glomerulonephritis, glomerwlomephritis ssmoeiated with
lenceh Schfnlein purpura, Goodpasture's syndrouse, egener's granulo-
natosis, nmalaria, cryoglobulinsemia, subascute bacterial endocerditis,
“lport's syndrome (hereditary glomerulonephritis associsted with

nerve deafness), Fabrey's disease, and the lipodystrophdes, There
remain a large proportion of cases diagnosed histologleally as prolife
erative glomerulonephritis in vhich no definite clinical association
is obvious, Fositive antinuclear factor and the presenco of L.il.
cells, tegether with the typical histological and wltrastructural
abtnormalities (Meulweke ot al, 1957; Daldwin et al, 1970) distinguished
systenic lupus erythematosus (Z.L.0.) glomerulonephritis from other
rroliferative forms.

The diagnosis of membranous asnd minimal lesion glomerulonephritis
was based on their histological and ultrastructursl appesrances, In
nembrenous glomerulonophritis glomerular abnormalities are largely
confined to the basement membrane which is diffusely thickened and
containe deposits of immne materizl in ite substance or projecting
from ite epitheliel (epimembrencus) mspeet, It io very wmsual to
obperve cellular proliferation and fibrin in these cases, The glomeruli
in minimal) leeion appear normal under the comventional microscope, Tlecw
tron microscopy, however, reveals fusion of epithelial foot processes
whick is present as o result of the proteimuria, In our experieace the
presence of platelets and f£idrin as observed by Duffy et al (197¢)
has not been confimmed,
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Two hundred and elevean patients with glomeruionepiritis have
becn studied and in each case the diagnosis wes made on the basis of
clinical, haematological and biochemical findings und on the light and
electron microscopic appearances of paterial obtained by needle remal
biopsy. The musber of paitlenis in each group is shown in Teble 12

. Serum and urisary F.0.Ps were sstiuated in &li patients by the
T lebololele Cerus specinens Were obtained daily during hospital
admth-:l.m snd periodically during outpatient clinics., Dhenever
posaible, consecutive dally urine samples were obtained which were
eitiier in the fumm of aliquots of 24 hour urine sasples (inpationts)
or early sorning specimens posted o the lsboratory (outpatienta).
Jor inelusion in this study the miniaum period of serum snd urine
colleotion wae fixed at three days, and urine FeleT. in the najority
of patients were studied much longers Seventy patients were atudied
for between 3 and 7 consecutive days and 140 patiente for T-250 daye.
Tn this latter group, a contimuous study of urine F.llels wusd porformed
in 41 patients comprising all histologlcal types of glomerulonephritis,
for periods greater than 60 days (2 wonths),

Por purposes of conpﬁriaon. urine F.U.l. concentrations were
seasured daily for T=-2J days in five patiente vhose polycystic kidney
disesse was discovered by routine investigation of affected familles,
and in whom no complication was prevent; and in 15 with acute pyelo-
nephritis or infection of the lower urinary tract during the period



Table 12a

Fatients Studied

¥inimal Lesion Clomerulonephritis (8)
¥embrencus Glomerulomerhritis (22)

Proliferativs Clomervionephritis (181). Thim category
includest S.l.E. glomerulonephritis (28), membranoproliferative
glomerulonephritis (13), posi-streptoeseoal glomerulonephritis
(10), focal sclercvsing giomerulonephritis {4), scute neerotising
glomerulonephritis (13)*, glomerulonephiritis essoeiated with
Henoch Sehfinlefn puryura {9), polysrtoritis nodosa (12)*,
(oodpasture's syndrome (2), subasute bsctorisl emdocarditis (1),
éryogicbulinaenis (1), egener's gramulomatosis (1), systemie
scleronis (1), ilport's ayndrome (3), Falrey®s disease (1),
partial lipodyatrophy (1), eareinomatosis (1), others (86),

* Seven petients with polyarteritis nodosa have alsc been
included in the category of acute necroiising glomerulonephritis.
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of aetive infection,

Tor control purposes urine F.CU.T. concentrstion wne masured in
63 healthy, normotensive subjects of both sexes aged 15 to 65 yeoarn,
foreover, serial deternination for 14 consecutive days wes perfomed
on 2% of these, F.D.. could be detected in minute concentrations in
38/ of samples, but the higheat recorded value was 0,25 ue/mle Care

wan taken to avoid vaginal contamination in memstruating fenslos,

43 RESNLIS
mhe mapimum concentrations of serus and urine F.D.F. recorded in

the Pirst 172 patients studied are shown in Tig, 68 where a1l prolife
eretive for=za of glomerulonephritis apert from T.L.T. and mewbrnaie
proliferative glomerulonephritis are considered together (uncpecified).
The results in the remaining 39 cases 4o not differ fron these which
ape d4scussed below, OSerum T.D.D. soncentrations were commonly elevated
in proliferative forms of glomerulonephritis, Towever, nronounced
daily variations were recorded in $ndividusl patientz, so that an

- individual measurement may have bosn mistesding, / rise in serum
».D.P. above the unper 1imit of mormal (20ug/ml) was also seen in
minimal lesion and membranous glomerulonephritis although this
ocourred much less frequantly thsn in the _?rolifmtive forms,

Despite massive proteimuria (2-250/day) and prolonzed periods 6f
tosting {ur to TO days) urinssy P.D.7. soncenteation was never greater
than 24g/ml in patisnts with minimel lesion or nembranous glomarulo-
nophritis, Iufusion of human albumin molution which 4s lmowm to increass

the rensl clearance of plassa proteins (Mardwicke snd Seudva, 1955)
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recorded in the first 172 cases of glomerulonephritis
studied. Normal ranges are shaded and urinary F.D.P.
are plotted on a logarithmic scale.
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was performed on five oocagions in two patienta with nininsd leaion.
and om four occasions in two petients with menbranous glommlmphriti.&
11though wvalid clearsnce data cannot be obtained for fibrinogen or
?,04Ts, the concentraticn of urine ¥.D.P, 4id not rise with this
snfusion and remained balow 2,0.4g/ul in each inatances

Py contrast, wide ranges of urinary F.D.Ts concentration were
found 4n proiiferative forms of glorerulonephritis, Dally poasurencnt
often showed pronounced fluctuations even in the presence of consistenily
normal serum F.l.7. concentrations.

23pumin infusion performed on at lesst 2 occasiens in each of
6 patients with proliferative #1omerulonephritin resulted in s 2 %0 8
£014 incwense in urine F.D.7. concentration often to levels excoeding
50 wpt/mls Such high levels were not recorded in other ¢ircumstances.

ro significant sbnormality wns detected in the petients with un-
complicated polycystic disease, and in those with pyelonerhritis or

towsr urinery troct infection the valuea nevex oxceec®l 0.5 wit/nle

a3a)  ACTIVITE OF DISEASE

Tn each patient with glomerulonerhritis, the activity of diseane
wns agpessed in the 1isht of information ayailable at the tize of the
P.0.7, study. Cases were sonsidered to be in an active phase if any
one or more of the following clinical or rathological features wore
present: Decreasing ereatinine clearsnces, progressive rise in the
eoneentration of serunm creatinine, proteinuria in excess of I9 per
54 hours, red Wlood cell caste in tho urine, foesl or A4?fuse prolife
eration of sadethelial or pesnnglal cells, or fibrin within the




glomerular capillary as detoeted by electrom microscopy. The disease
was considered inactive or resolving if none of these elimical foatures
wore present, or if histelogy showed only foci of glomorular solerosis
with or without eapsular pdhesions, In 114 patients concurrent ciinical
and histological data were analymed, in 83 only clinical material was
considered because $he _renal blopsy was performed before one month of
the urinary mmalysis, and in 12 only biopsy and incomsiete clinfcal
evidencs was assessed, 'hile objection may be maised to sone of the
criterin for activity in this study, in practice their umse has provided
consiatent resulfs, in particular the arbitruyy decision to use 10
per day or greater of proteinuris may in some ingtances have led %o the
inclugion in the "active" discase list of some patients whose isease
was resolving at the time of atudy e.g, momangial prolifarative
glonmerulonephritis, and some cases of recovering post-strertococeal
glomerulonephritis, On the other hand % allowed inclusion of the
cagses of minimel lesion and nmembreanous glomerulonephritis which on the
other eriteria would in most instances have heen exeluded, 'n 114
eases, blopsy wms performed during or within a peried of one ninth of
the study and in these the pathological and elinieal eveluations of
disease activity were in close ogreement (sec Table 173). 0f the 85
whose diseane was deemed active, 11 had membfanous or ninimal lesion
glomerulonephritis, and "activity" wms dased on demres of proteinuria,
The remaining 74 patients had a form of nroliferative glomerulenephritis,
and in only 3 of thene wna there no pathologics) svidence of clindcal
activity (Table 13)s 111 patiemts with hiatologioal or ultrastmuctural
evidenes of active proliferative plomerulonephritis alse had olindpal




Table 13.

tasessment of "activity” in 74 patienta with proliferative glomerulonephritis whose remal

biopsy was performed at the time of, or within one wonth of,the urinary atudy, and whose

disenns vas considersd in an "sctive™ phase.

Slinical Indices of Activify B9, Zathelozical Indices of ‘ckivity
Decrease in “reatinine Clearance 45 setive Proliferation of Endothwmlial or

frogressive Rise in Serum Creatinine 45
Proteinuria in imoess of 1G per 24 Hours 62

zed BElood Cell Casis in the Urime 6

Total Sumber Showing Ome or Hore (linieal T4
Honturen of ictivity

Yesangial Cells
Deciron Yicroscopic ldentification of Flbrin

Total Fumber Showing Fathological Featuren
of Activity

* 3111 seetions were not wxamined by eleciron mieroscopy.

T

T
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ovidence of "activity", Of interest waus the fiading of endothelinl
coll proliferntion in association with each instance of glowerular
capillery fibrin deposition as detected by elec$ron microscopy.
Lecnuse of this cloae¢ relation 1t was reasoned that "activity" could
be satisfactorily defined on enly incomplete clinical and histologiocol
data in the remaining patients,

The numbora of patiente studied with "active" disease in each

~
clinico=pathological category is showm in Table 14,

\lthough serum P.D,P, concentrations were commonly raised in =1}

foras of proliferative glomerulonephritis, this elevetion wzs dependent
for the most part on disease activity (Tadle 15), In general terms,
the degrec of elevation wes related to the soverity of the disense
in both 2 clinieal and pathological semse, Tor emauple the most
cornsistently elevatod readings were foumd in those cases where diffuse
glomerular proliferntion was demenstrated, and in thoso shere necrodising
features and/or crescent formation wns prominent, !owsver, no almormel
levels were recorded in 32 out of the 101 (327) whose disease was
considered insctive,
! rise in serum F.0.T. wvan also secon at some stage in 5 of 8
“patients with ninima) lesion and 8§ of 22 patients with membranous
glomerulonephrifia, though in some individual patienta it occurred
much less often than in the proliferative forma, 'n impression was
formed that these elevations oceurred in associntion with mawimsl dlood




Table 14,

The number of patients in each disesse group considered
to have "active" diseese during ithe period of study,
(Total number atudied in cach group is shown in brackets, )

Kinimel Lesicn Glomerulonephritis 8 (8)
Hembramcus Clomerulonephritis 22 (22)
HMembranoproliferative Glomerulonephritis 7 (13)
Systeaic lupus Grythemetceus 7 (28)
Froliferative Glomerulonephritis (unspecified®) Tz {s40)
Total 131 (211)

* Includes postestyepiococeal (1C), acute necrotizing (13), poly-
arteritis nodosa (12}, Genoch-Schinlein purpura {3), ilpert's
syndrome (3), Goodpasture's swndrome (1), Wegener's granulomatosis
(1), 5.B.Es (1), partisl 1ipodystrophy (1), mixed crycglodulinaemia
(1) and Pabrey's disease (1), in all of whom the disease wvas
considered “active®,



Table 15.

Zange of moximm serum F.l.P. concentrations found in patients
with proliferative Torme of slomerulonerhivitise.

Yormal reuge for serum F.l.F. &5 1e20 ugiwi.

Maximum Serum Seliatia Kenmbrano={roliforative Unapseified Troliferative
FuluFe Concentration Qlomerulonephyitis Clomsrulonephritis Glomerulanephritis
el istive lmsetive  Jetive  Iasstive istive Imstive
Om20 i 7 1 -] 27 46
20m50 8 4 2 1 25 15
50-100 5 - 3 - 15 2
»00 - - 1 - 10 -

Total 17 1 7 6 77 83
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voluse depletion, and it is in such circumstances that scute rensl

fallure develops in these patients (Comolly et al, 1668) o

tpart from four patiemts, all cases of active proliferative glomere

lonerhritis excreted FuDeTe in a concentration groater than 2,4g/nl,

and in those in whom the diseese was inactive, the F.D.l, comcentration

never oxcesded 2ug/ml (Fige 69)s Thus the urinery meagurenent

pmﬁ.ﬁ&a s more sceurate and sensitive index of disease activity than

the serum F.D.Pe, given that sufficient daily resdings wore perforned

to seeount for the commonly observed periodic fluctuntions, In xost

cages of active disease daily messurements showed pronounced fluctuations,
~ g0 that eyoliesl elevstions of urinary F.D.T. concentration were intere

spersed with pericds of low levels, The nature of this cyclical pattern

boeane powe apparemt after the sindy of diseases which wore either

self=2initing, rapidly progroessive, or regponded to therapy. The

fluctustions persisted wvhen the disease remained active often bLecoming

scve promounced snd closer togethor 4n rapidly progressive cases

(#4g, TH). 1n nsro banizn cases, the peaks in .D.F. concemtration

were lass pronounced, lasted for shortep periods, and were sararatod

by longer intervals (Pig. Ti). This pattern wes charscteristically

ohsarved i thoss ospes which histologically showed minor fosal prolifw

pusdivs ahemens within he glonervii and 1ittle chango in renal

fmetion durdng lony porisds of obeorvation, n poat-streptococenl

#iemeralsnephritin, moderate Fluctuntions were obnerved during the
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Fig. 69. Maximum urine F.D.P. concentrations
recorded in proliferative forms of
glomerulonephritis.

@ = Active disease.
A = Inactive disease,
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Fig. T0. Daily urinary F.D.P. concentra-
tions in two patients with proliferative
forms of glomerulonephritis. In post-
streptococcal glomerulonephritis (4)
abnormal F.D.P. excretion was found
during the active phase and ceased
thereafter. Acute necrotizing glomerulo-
nephritis (B) was associated with pro-
nounced periodic rises before death,
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Pig. 71. Daily urinary F.D.P. concentrations recorded
for 100 days in a patient disccovered to have mild
focal proliferative changes in most glomeruli; after
presenting with recurrent limited attacks of
haematuria and proteinuria.



- 58 -

period of disease sotivity, but urine #J0eFe dissppeared oF remained
at lov levels after clinicel segovery (Fig. T0a}s 1n these casop
porun Telels decreassd and euglobulin lysis tines increased during thia
sariod (iige 72} Thms in wore zctive and severs diseasps urine
7,Dels concentrations were higher and fluctuations, vlosely relabed
together in tine, were persistont. Hasixom recorded urine Faliale
conoentrations in each case of proliferative Dlenerulonophritis are
ghown in Table 164 anert from patients with Henochwiohfnleln purpays
and g;thmpt@mcal glommimephritm, the highest values were
recorded in patients with the more seVere elingesl end pathologieal
fontures. Indead, 34 sut of 93 (5T} patients with lovele above
10 g/mi heve died froe remnl failure or sre weintained by chronic
hoemocgalynis, and if patiente with post atreptococcsd pnd Hemoghs
sehtinlein nephritie are azciuded the percentage is even nigher (69%).
s gindy of blopay and clindesl details cf the remuining cuned in
gnis cotegnry, it sewns that e najority will evonteally suffer the
same fate, as in aach instance renal Hunctlon 1o doterisreting sud
nigtological features af progression are present, 3¥ contrant, onRly
6 of 121 (57) vhose urine F.lTs Wod polow 10up/ul during the poried
of study have dieds

It may be avgued therefore that serisl urine Felels peasurenantae
provide = gensitive index of both the aetivity and aeverity of disenss.
in most instances however, she peverity may be assertained by cerefully
asaessing wOre routine tests of ~nal function, mnd greater value of
the urine ssasuremant wight lie ip it decumentation of the natural

niatory of the dloesse under study.
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Fig. 72. Serial plasma plasminogen activator,
serum and urinary F.D.P. concentrations
in a 16 year o0ld boy with acute post-
streptococcal glomerulonephritis.
Clinical recovery was associsted with
return to normal of these indices,



Table 16,

Haximum urime F.D.0. ooncentrations recorded in the cases with rroliZerative forms of glogerulonephritis. The
figures in brackets represent the number of patisnta in each entegory vho have either died from renal
failure or have baen adzitted to & chronie bascodinlysis program.

Haxdrmn Sebaiie Fenbranoe Toste Hemoch Schinlein Mplyarierditis Vogensr'n toute Goodw Others
f?r% ; ;&).F. Froliferative Streptocoeeal urrurs Hodooa Gromalonatosis Rocrotising m 2
Ot 6 % - - - . = = 48
T2 5 3 (1} - - - - e - 13
25 3 (1) 2 (1) 2 1 4 - - - 8
510 4 2 (1) 2 3 1 (1) - - - 5 (1)
10w20 5 (1) - 2 3 2 {(2) - 2 (1) - 5 (3)
> 20 5 (4) 3 (3) 4 2 {1) 5 (5) (1) 4 (4) 2 (2 wu(7)



5 can be seen {rou the provicus seotion, wrine P.l.Fe concentration,
if sensured ssrially for lomg veriods, provides a reliable index of the
patural history of proeliferative foms of Zlomsrulonephritis, It is
not vith regard to the selfeliniting =und rapidly progresaive dimseasss
that ite value lies however, for in these cases the natural hilstory is
selfecvident, lather, it iz in thoos inatences where disparity botween
e¢linienl snd pathological festures ezist that it has ito =0st potential.
PMeguree T5, 74 and 75 illusirete three puch examples hare relatively
normal and stable renmsl Dmotion existed in the face of marked and
srogransive histologlenl clonmgps. In sach case gyose sbunorealities of

urine ¥.0.7, oxieted for some time before rapid deterisraticm of
renal function engued,

in the less dramatie but equally perplexing csses of focsl pro-
1iferative plomeruionephiritis, «hiwre histology snd remsl function =ey
be only alishtly shuiormal, further study for lengsr perigde thar showm
in Fize 71 say reveal the true pature of the condition.

Gqually importent are the czeee of resolving scute glomerulow
nephritis aud seoongial preliiferative glomerulonevhiritis whers protelimuria
of moderate degrec aud cellular proliferation avre residucs of the soute
disease, n these casmes urinary F.le.l's are conuizstently low -= usually
below 3 4 g@/nl = md fail to show the pericdic fluctuations charace

terintic of the =ore active, progressive cases,
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Fig, 73. Daily urinary F.D.P. and serial serum
creatinine concentrations in a 25 year-old men
with progressive proliferative glomerulonephritis.
The persistent gross abnormality of urinary F.D.P,

preceded rapid geterioration of renal function by 3
months,
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Pig. T4, Urinary F.D.P. and serum creatinine concen-
trations in a 23 year-old man with known prolifera-
tive glomerulonephritis of seven years duration.
Sudden deterioration of renal function occurred
during the study and was associated with worsening

of the already abnormal urinary F.D.P. excretion
pattern,
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Fig. 75. Daily urinary F.D.P. and serial
serum creatinine concentrations in a
68 year-o0ld man with membrano-
proliferative glomerulonephritis.
Persistent abnormality of urinary
F.D.P. was associated with rapid
deterioration of renal function prior
to death.
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in terms of differentisl diagnosis, urinary P.0.7. concentration
peasured serially is of value in e nephrotic cyndrose, for in the
presence of pross protednuris, there is & cloar disitinction botween
proliferative forme snd those with mininme]l lesion and membrancus
glomerulonerizitis, 411 & patients with ninimal lesion and 8 of the
22 patients vith mowbrapcus glomerulonerphritis had nerhrotic syndrome
during the perled of study, snd 2% patientn with proliferative
sicmeralonephritia suffered #hé soume consecuences of mpesive nroteinuria,
't no time wes the urine F.l.l's concemtration found 4o be prreater than
2.0ug/m1l in pinimel lesion snd meubranous giomeruloneihritis, despite
long periode of ftending, allwein infusion, znd in one tase increased
vedenz . proteinuris and blood pressure during the third {rimester of
progaancy which i vsually associated with higher wrinary P.i.Fe invels,
Maximum valuos ranging botween 4.6 and 64,50 g/l were found in cases

h of proliferative glonmerulonerhritis with nevhrotic syndrose,

In 51 patients with proliferative glomervlonevhiritis in vhom
the rensl biopsy was takem during or within cne month sf the urinary
study, the degree «f intraglomerular {ibrin as Joiected by wlectron
microscopy vas correlated with the maximum recorded urinary P.l.i.
concentration durding that perind, Haterial such ss thset described in
Jection 1.6 was taken as representing fidbrin or its degradation produsts,
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and the extent of its pressnce within the glomerular capillaries was
graded ast
0 = no fibrin detouted.

+ = parofied leyer between the bssement wenbrane and endotheliue
containing odd strandas of fibrin (Fig. 76).

++ = dork, donse deposits beiween the basement membrane and
endotholiuz (Fige 77)e

44+ = £4brin projesting inte the capillary lumen snd betwesn
swollen md proliferating endothelial cells (Fig. 78).

444 = glomerular capillary throwbosis (Fig. 79}
the results sve shown in Toble 17. while not sulteble Jor atatisticel
analysis they indicate a clsse relationaiip betwoen the F.l.0. congen-
tration and the emtent of the intraglomerular £ibrin devosition, It ia
perhaps of interest that fidein was not detected ultrastructuraily in
casee «f ninimal lesion smd in only odd glomemilar eapillaries in 2

cases of mumbranous plomexunicnephritis,

In o similar study 47 consecutive rensl biopsles vere stained
with fluorescein conjugated husen anti-fibrinogen sorus epd the
deposition of fibrin within the kiduey compared with the maximun PQe
corded urine PoU.F. concentration during the peried of ghuby, The
resoiution of the microsespe usad for immmofluorescence wan mich

~ that the degree of £ibrin deposition could not be accurately deternined,
thue intre~renal fibrin wos greded ast



Fig. 76, BElectron microscopic grading of
glomerular capillary fibrin, where there
was a rarefied layer between the basement
membrane and endothelium containing odd
strands of fibrin, glomerular capillary
fibrin was graded as +. (x 20,000)



Fig, 77. Elesctron microscopic grading of glomerular capillary
fibrin. The presence of dark, dense deposits between the
basement membrane and endothelium was graded as ++,.

(x 34,000)



Fig, 78. Electron microscopic grading of glomerular capillary
fibrin, When fibrin was seen projecting into the capillary
lumen and between swollen and proliferating endothelial cells
it was graded as +++., (x 12,000)



Fig, 79. Blectron microscopic grading of glomerular capillary
fibrin. If there was complete occlusion of the glomerular
capillary lumen by fibrin and proliferating endothelial cells,

it was graded as ++++.



Tahle 17,

Zelation between saximum urime #.l.7. eomcentration aod the sxtent of
intraglomerular fibrin deposition in proliferciive glome

GClomerular
£4brin Hucrimam Urins 7.D.F. Concentration (ug/ml)
slectron .
ricroseoris 4 f o Gl $0mz0
grading
[¢] 6 - 1 - .
+ 1 7 11 2 2
it - 3 3 3 L
& b - - - * 1

N e N
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0 = no fibrin present,
+ = capiliary wall alone or interstitium alone {rig. 80).
++ = gapillary wall and mesangium gr interstitium alome (Pig, 81).
+++ = fibrin cooluding the glemsrular capiliary lumen {Fig, 82),
+++ = intragiomerular capillary £idrin torether with fibrin
within crescenta ani/or interatitiun, and/or tubular
calls (Fig., 83).

The results ave shown in Tablo 18 where it can bs seen that the cases
in which fibrin i3 more widely dispersed ihroughout the kidney, the
urine ¥ol.7, sxeretion is higher, Of interest w:s the observation
that in cases where thore was only messngiel deposition of fibrin,
wrinary szeretion did aot exceed 2,2/ml, This pattern was chssrved
in patients with resolving proliferative zlomerulonaphritis where the
nesangial cells seoned ¢o be able o cope with resowval of fibrin. On
ths other hend, in rapldly procressive and acute neéorotizing glomeruloe
nepheritis, little or no mesangial immmoflunrescence was obsorved ,
whereas {ibrin was commonly seen ocoluding the eapilla:y lunen, within
erescents, infersiitium and tubular cells, and the urdnary fibrin
excretion was unifornly elevated, Thus, in these ¢ases e nesanglus
seemed to play littie part in the removal of fidrir and other nechanisms
notably urinary excretion played & greater paré, it was alzo notable
that the highest civenliading levels of F.0.F'. vore found in these
erses and 1t is possible that the amormel cosmulation within the kidnoy
contributes to this cdnormality, This theory was put %o the teat in
one patient with acute neerotizing glomerulonephritis in whom blood
samples were obtained from catheters introduced into the renal artery,



Fig. 80, Immunofluorescence grading of intrarenal
fibrin (Grade +):

A. TFibrin deposition confined to the glomerular
capillary wall;

B, Fibrin deposition confined to the interstitium.



Immunofluorescence grading of intrarenal
fibrin (Grade ++).

Fig. 81.

Fibrin present in glomerular capillary wall
and mesangium;
B, Fibrin present in mesangium alone.

A,



Fig. 82, Immunofluorescence grading of intrarenal
fibrin (Grade +++). Fibrin occluding the glomeru~
lar capillary lumen.
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Fig. 83, Immunofluorescence grading of intrarenal
fibrin (Grade ++++):

A. Intraglomerular capillary fibrin together with
fibrin within a crescent;

B. Intraglomerular capillary fibrin together with
fibrin within tubular cells;

C. Intraglomerular capillary fibrin together with
fibrin within interstitium (in this case
arteries),
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Relatic: botweon pazime

‘eleFe vOnCemtration and the disposiiion of
intrarensl £idrin 23 deterained by lmmmofiw

» of 47 comsecutive renal) biorsies,
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empl vein and the inferior vems cava, The results (Table 13}
ipdicated that fibrinogen, Bolielte o0l ToFellalis WOYE rezoved by the
kidney end that in this case the kitney 434 not contritute to the
abnormaily high serus Follol's lovel, -mther, i¢ wes felt that this
case represented ons of Adsseninstod intravascular coapulation, snd
thie impression was eonfirned at autopsy vhere infarct necrogis was

found in meny OTEANS.

2TORNE

;.-_{ﬂﬁt&cal to the concept of urinary Fedefe goncentration a8 a
measure of disease activity, progression and natural history is ite
rolation with the degrae and anlectivity of protainuris, #o henelit
would seewue from the study of fibrin szerotion if it was neraly &
vefiection of the renal loug af protedn or of chenges im zlomerular
prerneabiliity te rroteis.

In 143 pratients, the wrdne F.0.7. concentration, total protein
excretion =nd selectivity of plasma protelns were seasured on the saue
24 hour specimen. Neo relation was found betumen Folels concentration
or 24 hour F.U.P. czeretion and the degree of proteimuria in prolif-
erntive =lomerulonephritis when the population of these casas wore
considered ss n whole (r = Qi 1 > Gat) or am individusl diseane
grourts & single sxasnmple of this jack of sovrelation ie ghown in Fig.
4. In minimel lesion and penbranous glomeruicnephritis, the FallaTe
concentration and excretion wers closoly related to the degren of

proteinuria {y = CaTSy P < 0,001 for menmbrancus, T = 70 T <e.cm



Table 19,

Coagulation studies performed o blood drawn simultaneously from
renal artery, renzl vein sand lower inferie- vens cave in
a 16 yoar=old girl with acute neorotizing glomerulonsphritis

Remal irtery lenal Yein nforior Vena Cava
(below renal vein)

Flasme Fibrinogen 688 €36 686
(mg/$00m1 )

lasma SeFeb.Co CaT? 0s 555 T4
(Gaﬁy uﬂit')

Seram SeFeCo D51 er’ﬁ Ga 51
{0uDe units)

Serus Fellele 148 S?i 146
{ug/m1}

le F LR DR 2.20 ?}Ql&& 3’39
:}ativawr» Content

‘units)

Plasma Flasminogen 1,89 L P 204

(casein undta/m1)
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Fig. 84, Daily urinary F.D.P. concentration
and urinary protein excretion in a 35
year-o0ld man with membrano-proliferative
glomerulonephritis and nephrotic syndrome.
There is no apparent relationship
between urinary F.D.P. and protein
excretion or between serum and urinary
F.D.P. concentrationsl <
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for winimal lesion). The results for all patients are summarized in
Flge G5

In no group of cases, nor in the population as a whole was any
statistically sigmiflicant relation found between ithe wyinary FoleFe
concentration or excretion and the selectivity of preteimuwris {r = 0,07,
P > Cetl), (FPig, 86). These findinyc are open to juestion however,
as the validily of comparing the czoretion of 2 substance with the
clesrance of another iz wot known. TFreferably, clearsnce data for
fibdbrinegen or individual degradation wroducts sould have besa
desirable, but at the present time means of soquiring this are not

available.

The presence 4 the urine of plasminogsn filtered through the
glomerular basement membrane with othor plasma proteins in glomerulow
nephritic patlents raises the poesibllity that filtered Cibrinosem or
degradation products mey be further degraded in the urinary tract by
plasuin rendered sctive by urckinase or filtered plusss activabors.
Thus urine F.i.P. concentration may be influenced by the urine
concentration of plasminogen zctivator,

Urckinase and F.l.'. wsre measured onr the same 24 hour urine
specinen for between 14 and 29 days in 1% putionts - unspecified
proliferative (5), denoche‘chinledn (2}, siuimal leeion (2}, meubranous
(2)p Buletis (1) and membranoeproliferative (1}, No significant
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Fig. 85. Relation between total daily
protein excretion and urinary F.D.Y.
concentration in the different
categories of glomerulonephritis.

411 proliferative forms are congidered
together.
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Fig, 86, Urinary F.D.P. excretion plotted
in relestion to protein selectivity in
143 cases of the different categories
of glomerulonephritis., No relationship
was found although the validity of
comparing an excretion rate with a
clearance is questioned,
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correlation was found between the values obtained when considered ac

a single population (¥ = 003, » > fal) m wupearate diseases, or in
individusl patients (p > Cel in each imsfescsle in exaxvle 18 shown in
ige Ble 1t noous \@likely thervefore that wrinary F. CeVe exorotion o
ceeatiy wodified during the paseege of urime o the agtorior. HOTEOVET,
lvetuntions in urckinase exerotion could not account fer the large

nardofddc inorease in urine 2,0,7, concentration seen in meny oases of

active preliferative glomerulonephritis,

Previous workers have demonstrated that the proteclysis of Tibrinogen
or fibrin remilts in degradation producta whoso sise depends on e
longth of time lysis is continmed, Fibrincgen hes o molecular weleht
of npproxisately 300w340,000, and after short periods of lynis frageents
1 of molecular weight 240=270,00C i formed, ~urther protsslysis of

of fragment X results in the formation of twn further Drageents,

and D of molecular weights 150,000 snd 90,000 respectively {asecond
stage products). (leavage of fragaent 7 produces n further fragnent
D and fraguent & of molecular wlght 4,000, {Thind stage products,)
Fragments U and U are resistant to any further iysis by slamuiin.

The individual fesgments have been chargeterised by a combination
of procedures including colummn chronatography, impune-electrophoresis
and ultracenirifugation, and collected iu sufficlient quantities by
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Fig, 87. This figure illustrates the lack
of correlation between urinary F.D.P.
and urokinase excretion in a 38 year-old
male with Henoch Schonlein purpura.
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revilon block electrophoresis to emable further purification for
antiserum production in animsls {Marder, Shulman end Carrell, 19693
¢arder, James md “herry, 1369).

vpior to examination of wrinary fibrin derivetives by column
chromatography, stsndsrdigation of the colum cortaining "Nlorel = A -
§1,54" (@ ipsrose) with veepect to fibrin degradation rroducts was
performed in the following msuner, £ gories of samples of fibrinosen
{200 me in 5 ml séline) wers eluted snd fractions anelysed hy the
w0 .00HeTele Tor their reactivity in this nssay, and by preotein nrunl yRis.
The elution prttern for fibrinogen was tlus established and vped ag o
beneline for comparisen with lysed semples. In sach lysie erperiment,
200 mz fibrinogen in 5 ml seline war lyssd at room tesperature with
5,000 Ploue units of urokinsae, Lysis was stopped st 5, 10, 30, 45,
60 minutes s=mé 24 hours by the addition of excess cuantitios of trasyliol.
vach sample wms then subjected to column chromatosrarhy and frounes
slectrophoresis and eluate Practions were examinsd Tor meptein and
Felle¥s guncentrations.

Tn separate chromstographic rune the presence of the ¥lue dextran
zarker dye, urokinase and trasylol wes not foumd fe inflvence the
moB, B lele 4 o8 oxfont that interference with haemagglutination
irhibitior sndepeint recording ceeurred,

The results are swmarised iz Fig, 83, Under the conditions
vhich heid, 1ittle change in the siutien pattern occurred until 50
ninutes, wher fragment X appeared characterised by a differing elution

peak snd immmmo=alectrovhoretic puttern. At 45 minutes, lysia had
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Fig. 88, The elution profiles of fibrinogen
and its degradation products formed
in vitro by lysing fibrinogen with
urokinase for specific periods. The
eluates were studied for protein concen=-
tration and their reactivity in the
T.R.C.H.I.I,



o T -

progressed so that the intermediante products Y and i were apparent

on shromategraphy, and a 3 are pattern vas esn on immmoealectrophoresis,
By 60 minutes, lysis was virtually complete and only miner further
changes in the chremotegrephic pettern had eecurred at 24 hours,

nlthough immwweclectrovhoresis demonstrated further siift of U sné

I to the cathode and ansde reepcctively., 'hile it wes initielly thought
that fragments D and o could be seperated ocx &Y sgurose, irruroe
electrophiorenis of this neek revealed I distincet bands, fragment I
nigroting fowards the cathode ond § towards the anvde. Ueriasi changes

on irmune-electrophorenis are desonatruted in Tig. 9.

The elution positions (KA} of each fragmont were ascertained and
are shown in Table 20, It is recognised that the interrretetics of
this date is subject to questiom, especially with regard to the walidity
of using whole anti-fibrinogen serum shen detecting individual fragmenis

by the ToiefeE.1.7. The reaction in the test ayotem of purificd frege
ments D =nd E kindly supplied by Uve Veds Marder showed that the data

_ ¥as valid in a qualitative but not quantitative sense, for enly 507
of the total estimated content of » snd 107 of © wns detectad. Various
svailable sources of anti-fibrinogen sera wvere siso tested but the brand
used in a1l the reported studies (Behringwercke) was found the most
sensitive for these lower molecular weight frogments,

Mnally the proteins, thyroglobulin, albumin and ferritin were
chronatographed, for after analysis of available published da%a {iapder
et al, 19693 Dudek ot a1, 1970}, 4t was considered that thyroglobulin
should elute between fibrinogen and Y, fersitin between 7 and T, and



60' 24 hrs.

Fig. 89, Immuno-—electrophoresis of timed urokinase
digests of human fibrinogen under standard
conditions, Cathode at top, anode at hottom of
each slide, Origin indicated by the dot., The
figure has been re-touched to improve presentation,



Table 0.

The elution positions of the msjor peaks observed
durin: the woegrescive lysis of fibrinogen

Mean KD Value Range hve of Recordings
Pibrinegen Cot2s Cot 150, 140 5
Praguent X o230 0e 200y 272 8
Frogment ¥ €375 Le 35000415 4
Fragments D & B UeB05 04900, S20 8
? 0.638 0o 6100, 655 8
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albunin boetween ) and 54 (he calibration of the colwm is shown in
Mige T8 in which personally obtained results are compared with
publighed figures. The wolocular welghts of X, ¥, B @ L galoulated
from the Stoke's radius are in agreoenent with those found by Marder
ot al {1969) and Dudek et al (1970}s 4 further wnlmown peak wiih

Ky of Cu632 aval tokes redius of 24 wuz caloulated %o have a zolecular
wedght of 28,000. It waa not pomeibie to separate this puak from D
#ad & by Lmaune-glsetrephorssis,

ni A N arao

Frow twelve patiente with active proliferative glomerulonephritis,
three patients with cembrapous and two patients with minimal lesion
glomerulonephritis concentrated urine specizens were suslysed by colwum
chronatograghy in & agarose, Individusl frections were concentrated
6~10 times by rapid freesing iu dry ice @0 that protein and yoiye
peptides were present in sufficient concentrations to be detected by the
Teialollelesn Irofiles were compared with thoge obtained in the
fibrinogen lysis experimunts,

In minimal lesion and membranous glomerulonephritis small amounts
of fibrimogan, Traguente Xy ¥ and D were found while in =il cases of
active proliferative glomerulonephritis, large smounts of {raguents
D and £ were found in eddition, Anslysis of the data rovealed that
more than 90% of the wrinary F.U.7. in proliferative glomerulonepinitis
was present as fraguenta D and £, The elution profiles of 2 raticuts
frou each group are showm in Fig, 91. Of interest was the observation
that the clution pattern of purified human fibrincgen placed in norasl
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Fig. 90, Calibration of the 8% agarose
colum used in the majority of the elution
studies. The molecular weights of
fragments X, ¥, D and E derived from
this data are in general agreement with
those found by other authors. Personal
results are indicated thus —



B PROLIFERATIVE
GLOMERULONEPHRITIS
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FD.P
CONCENTRATION 24
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Fige 91. Results of the T.R.C.H.I.I. for
fibrinogen and derivatives in eluates
obtained from column chromatography
of concentrated urine samples. The
elution positions of fragments from
fibrinogenolysis are shown for comparison.
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Fig. 92, Comparison of T.R.C.H.I.I. results on eluates
obtained from samples taken after complete lysis of
fibrinogen in buffered saline (~—-——-) and normal
urine into which was placed 200 mg. purified human

fibrino§en and incubated at 37°C for 12 hours
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2.De7. lovels were gound in 327 of caned considered to have aotive
proliferative glwﬂﬂnﬂphﬂuﬂ. wheress urinary Pylole concentration
was above 2 pz/ml in s11 of these.

Healthy noreo tensive gubjicects excrete negligible anounte of
P D.P. aad this is also the cape in the patients with unmlmatad
palyevatic digease, +h€ relatively 0¥ yalues Tound in patienis
/‘Am pyelonephritis and lower wrinery sroet i*fec%‘i'm 31p surprising
as g1l had features asgociated with jnflopma bion of the urinary spreote
Howa ¥y 1y yiow of the abnornal wrinary Pelatw soncentrations found
in oll rypes of Wrﬁwﬁ fhe preeence af glomeruler danage
goens necessary for nt@iﬁnﬂnt urinary Felels sxcretion W 00CUTe

such damage is an inconstant feature of mauplimmi polycylﬁo or

{n minimal lesion and membrenous Wﬁhﬂ tis, in vhich
only meagre nistological oF wl trastructural evidence of intreglonermlar
£ibrin depositien 1s found, urinary FeDaPe conceatration a4d no% excesd
2 pg/ul desplie heavy (roteimirite Kovortheless, the extent of ¥.De%e
excretion is closely related to the degree of proteimrm. loreoveT,
the relatively emnl) quantities of pibrin/ Librinogen derivatives ngeveted
are in the higher mpleculnr weight range (£ibrinogon, grageents %o T
and BY. This suggests that in those cazes, the P.D.P. in the urine
orises fron £ibrinoged, pi1tored throush an stmorally sorneable »ase-
ment membrane, yhich undergoes partisl proteolynu in the renal tracts

pine Folefe concentrations, often greatly in excess of 2 wg/mi



ﬂﬂﬂf

natter what pathogenetic nechemism was involved, nor what clinienl
category of disemse wap pressnt. loreover, the sztent of the elevation
is closely velated to the severity of the disemse iz terms of both
renal funetional and patholegicel changes, In these cases = clope
relationship also exists betwoen the exgont of 7.I,7, exevetion and

the extent of intraglomerulsr £ibrin derogition detented by eldroe
structural retudy of rensl bippsies and the disrosition of Pibrin

shown by imunofluorescenee, Murthersere, ihe dats indicates that this
inorozsed concentration is relatmd 4o the "sotivity” of the disanse,
"ractionation studles show thet o lovger reoportien of the exereted
FuDoPe da of lov molecular weight type (fragments D snd B), 'hile
there are several posaidle explanations for thip findingy, e nost
attractive is that it resulis from losal breallown of the intraglenerular
"fibrin. Tn suprort of this hypothesis, exerotdion of F.D.P. in those
cnses was found to be independent of the dogren of sretelris and

ite selectivity and aleo 8f the urinsry proteolyide setdvity oa neasured
by urolinase excretion, Thum 1t soems prodable ihat P.0,5. im 4

urine in active proliferative forma of glomerulonerhritis rocults from

2 sources:

Te The complete degradation of fibrin formed within the
clomeruler capillaries (fibrinolysis) giving preforentially D and 3
products, and

2e limited protoolysis of filtered fibrinogen as in mindnal
leaion and membrenous glogerulonephritis,



In this study, useful clinical information was obtained from the
daily estination of urinary ¥.U«l's This was easpecially the case in
petients with the neshrotic syrdrome in vhom the concentration of
PeleFe was 24z nl or more. In these circumatances the diagnosis of

” a proliferstive form of zlomerulonerhritls was almost certain,
taily seasurenent in all tyses of proliferative glomerulomephritis
inoluding T.hele 2nd membrancproliferative forms also provided inforeation,
hitherts unavailedle, relevant to the sctivily, natural history and
rrognoeis. In post-astreptococcel plumerulonophvitis, for sxample,
after 2 limited period of activity thore wae abrupt ceasation of
P.De". excretion at the time of clinigsl recovery., In mesangial prolife
erative zismerlonerhritis vhere fluorescence is confined to the
mesanginl cells, F.D.I, excretion was linited and 4id not show the
periodic fluctuations seem in cases vhere glomerular capillary wall
flwroscencs was dotacted, “here elinical evidence of activity persisted,
large fluctuations of P.D.", concentration occurred which incressed in
magnitude in progresaive disease and were similar to the oyelical pesks
noticed in remal homograft rejection (see Section &),

This cyelicsl patters may provide a clue to the nature of the

7 inflammatory stimilus in proliferative glomeruloneshritis, It may
represent paricodic attenste by systemic or intyaremsl fibrinolyiic
mechanisms to degrade intraglomerular fibrin zithough the absence of
parallel changes between excreted urokinase and F,D,P, are against
this hypothesds, Nore 1fkely, it may reflect a fluctuating inflasmatory
activity #:ich 4s of presumed ilmmuncloelesl origin,
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Finally and perhaps mest sigaificant of 2ll, in proliferative
slomerulonephritis, the daily estimation of urine P,D.". may provide
a %woel, vhiech at ninimal inconvenience to the setient, facilitnten the
continual review of spceifis therapy,
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Ae abnormal F.D,F. exoretion is seen in the more severe and active
cases of proliferative glomerulonepvhritis, end ¢ continued high level of
exoretion is sssociated with & poor zrognecsis, drugs which cause its
reduction may have a beneficlial effect on the sourse of these disesses.
Early in 197C, serial aseays in a 17 year-cld male with persistent
cedema, proteinuria and hasmaturia 6 wecks after a classicel attack of
Henoch-Jch8nlein purpura revealed a marked reduwetion of F.D.P. concen-
_ tration g;saociated with indomethacin therapy. Vermylen et al (1970)
in Balgium reported o eimilar observation in 8 patients with chromic
proliferative glomerulonephritis. The purpose of this study wus to
snalyse the cffect of indomethacin end othey anti-inflammatory drugs
such as sapiriu ad prednisolione on ihe urinary F.D.F, excretion in
patients with variocus forme of glomerulomephritis.

In eath of the 35 patients studled, the disgnosie was made on
the basis of clinieal evaluation and light and eleetron wireroseopic
exaninotion of remal blopsies. At the time of study 31 psiients had an
“aetive” form of proliferative glomerulonsphiritis, 2 euffered from
minimal lesion and 2 from mecbranous glomerulonephritis, Some clinieal
details ure given in Table 21,

JRELRIENE: A total of 47 treatment schedulos were earried out in the 38
patients, iwenty-six patients received indomeihacirn clone in a dosage
of 75-150 mg/day and of these 15 are still taldsg the drug. This therapy
was ohly teaporary in 7 and was diecontimed in the remaining 6 because
of gasitro-intestingl aide-effeets (2), adnission %6 a chronic haemo-

dialysis program (1), a fatal outoome (2), and t¢ observe the effects of



Lass Ho.

AT

Age Sex
16 ¥
%6 @
i5 ¥
63 n
% .4
38 M
16 P
40 M
25 K
t2 M
70 ¥

Selalie

Dalielie

Dolselin

Celiaiie

sente olipurie Cldi.
Yroliferative
Helele

Helol'a
roliferniive
Iroliferative
Kininal Lewsdon
Hinimal Leaion

Table 21,
Croup Be

Tiopey leatures

Lisfues proiiferation;
eraesants

Pifivee proliferation;
Boe pocrosis

Focal preliferciive;
necrotining

piffuse proliferstion;
aresconts

fjecronin: proliferntiomn;
ecrescents

Piffuns proliferation:
crescents

sdffuse ueliferstion;
crepcerts

viffuse proliferation;
eroscents; sclercasis

#iffvme proliferatior

Diffuse proiiferation;
selerosis

w—

rednisolone Alone

Gliniconl Foastures

Fregroasive dissase
(see Fig. 94)

’rogressive disesse;
& vonths

Irogressive dimeasa,
2 wones

Progressive disesse,
& monthse

Tapddly rrogrocsive disease,

§ manth
‘rogressive diserse,

Tpolyarteritis
rrogreesive diseassg

zervhrotie, ¥ =anth

Lapidly progressive dlisesse

Recurrent nephrosis,
& years

“ecurrent nephrosis,
5 years

Eecurrent nephrosis,
6 years

Recurrant nephrosis,
8 years

Loration of
Therapy {weeks)

7 {see Group C)
24 {continuing)
4C {continuing)
%2 {continuing)
i2 {disecontinued)

8 {discontinued )
32 (contimuing)
4 {ccntinuing)
30 {discontinued)
32 (continuing)
22 (discontinued)
12 (discontinued)

Poliale

flesponas
-

&



Case Ho.

tee

58 2 a0 Y RN

&
g oy oM ow om

12
70
19

Dlagmosis

freliferative
Peoliferative
peliferative
Ireiilerative
Froliferative
fgmliferative
Proliferative
Poiiforative
Fimingl lesion
Hinimal Lesion

Fexbranous
Vembranous

Table b4

Group i. Indomothacin ilone

Biorey Peatures

2iffuse proliferation

Hifuse wroliterations
erespents

ffuse proliferziions
ereacents

Diffuse roliferation:
obliteration

Fogal proliferation;
Interatitial inflamsation

Dithuwe proiiferstion;
cresconis

Diffuse rroliferation

diffuse proiiferstion;
cbliteration

[ossaal

{ C,-mtimwd}
Glinicnl Features

decur-=nt nerhrosis,
3 yenrs

Pragrescive diseases
Yephroiie

frograssive disesaeg
trolyarteritia

Protetmaria, Lyportension,
% months

Alneri's ayndrome
Frbrerts ddooase

Aecurrent nepbresis,
4 voars

“ecurrent weprosis,
€

Eegwirent nevhcosis,
& ygnrs

Becursent nephroais,
8 yoars

Proteiauric, 4 years

"rotedimuria, 7 years

Duration of
Therupy (woeka)

46 {continuing)
26 (continuing)
12 (dsacontiuned)?
22 {contimuing)
8 {contiruing)
18 (e ntiouing)
3 (31scontinued)s
3 {dtscontinued):
2 (4iscontimed)
(discontinued)

1€ écontim?m)
2 (diseouiinued)

(%" ]

FalePa
Response

1

$
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Diagnosis

EaSei's

E .’3‘ i.;.

Seliede
TuSelole
Hombrano-:roliferative

Zemwbrano~mreliforative
fombrano-ryoliforative

Aembrano-rroliferative
“embrano-oroliforative
Proliferative
‘roliferaiive
"roliferative

Proliiferative
Proliferative

Table 21.

Group /. Indomethucia ilome

Biopuy Featurea

Tiffase proiiferation;
Small croacents

¥ocal preliforation

iffuse proliferntion;
Crescents

fiftune proiiferstion;
ixadative .

Sope clomerular
gbiiteration

Cresconts common

Glomeruls:r obliteration
lobulation

Hesangial swelling and
lobulation

larked glomerular
obliteration

Affuse pwoliferation;
Crascents; obliteration

Jiffuse proliferation;
crescentas odlitorntion

diffuse moliferation;
Exudative

Foeal proliferation
iiffuge proliferation

Diindiexl Featares

Progreasive disense,
lecurrent hasmaturia
Frogressive disease,

4 months
Frogrosoive diseane,

4 montha
. regressive disease,

i years
Inremlved after 5 moniha
Froteinuria, hypertension

Proteinuria, hssmaturis,
8 years

Frogressing renal failures
LZepho tie

¥rogressing remal failure;
Hephrotic

Trogressing rensl failure:

Tersistent proteliaris;
haematuria

Regurrent hasmaturia

Progressive disease,
3 wonths

Clinjeal; pathologicsl and theraspeutic detaiis of o 35 patients and 47 treatuent schedules,

Duratien of
Therapy {weeks)

26 (discontinued)

4 &umutmg
2 {discontinued

60 (contimaing)
66 (coutinuing)

5 gmntmmgg
18 {continuing

4 (aiscontinued)
2 (aied)

2 (dialysis)

2 (d1alysis)

52 (e ntinuing)

10 {discontinued )*

32 {continuing)



7

3

35
20

32
45

19

Diagnosis

[
B A G
™ 1y
va‘l_&.!. -
HaloPs

EZO:SQ p@

Proliferative

“roliferative
Troliferative

oY R
il ice s

iroliferntive

Table 21,

Croup Ce Prednisolone and Indomethacin

Biopsy Features

Diffuse sroliferation;
cruscents

dffune proliferation;
crescents

tiffuse proiiferation;
erescents

siffuse proliferation;
ercecents; sclexosis

Niffuse vproliferation:
crescents

Clinical eatures

Trogressive ddacase
{soe Fige 94)

"pogressive diceases
crescents

rogressive disexge;
norhirotie, 1 mmth

Ranidly vrogrepsive discans

Progressive disease;
‘rolyarteritis

Croup [e impirin ilone

Fogal proliferation
Pocal proliferstion

piffuse sroliferatior
piffuse proliferuaticn;

eregecents

Hegurrent heensturia

Proteinurda; recurrent
hoenaturis

Progressive disepse;
asprrotic

Febreyfs diseass

+ = Significant fall in urine ¥.U.P. concentration
after treatment
- = X0 change in urine F.D.F.

* = Drug discontinued bocause of side effects

He3.Fa = Henoch Schiinlein Purpura

PaleGelie = Postestreptococeal zlomerulonephritis

Daration of

52 {continuing)
14 {oontimuing)
16 {d4econtinned)*
4 {contimuing)
5 {discontinmed)

8 {discontinued )
4 (dimscontinued)

61 (continutng)
& {aisconiimued)

FeDele
‘ egponse

+

-+
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drug withdrawal (1). These details ave repressnted in Group A of Table
21, Twelve petients received prednisclone slone for between 4 end 40
vecks (Croup B, Table 21} in doses varying between 15 aud 90 ng/day.
Irdonethacin 75 nr/day wes sdded to the prednirolome iherapy In 5 of
these wher it wes found that urivevy F.D.P. excretior was not belng
ccntrolled by the dose of preédrisolone currently employed (Group ¢, Teble
21). Aspirin slone (12009800 ng/day) wae given %o four patients (Group
P, Table 21} in three for periods Betwoen § and 8 weeks and the fouxrth
for 64 wesks,
LIRAL FUNCTIOE: TPenal funciion was assessed periodically during the
course of therapy by measuring blood urea concentration, creatinine
clearuice and 24 hour urinsry protein czeretion,
Palelss Urine F.D.P. concentration was measursd on congseoutive dadly
early morning urine specimems 1» 211 yetients for poriods mo siorter
$an 14 duys prior to drug edministration, snéd throughout ihe period of
gtudy. In 2¢ such patients, serum F.D.¥. were neamured deily before aud
after starting thera)dy.

Concentranted urdne specimens fran patients with "active®

proliferative glomeruionephriiis colleoted during thorepy with indome
$necin (6), prednisclome {2) wud espirin (1) were subjeoted v column
chrometography in 8 agerose, Individusl eluates vere snalysed by the
Fohelelielele omd onnpared with those aualiysed from the sene patiente
before irestuent.

L, 5%DIEs:  Im 17 heelthy subjecis, daeily studies of fibrinolysis

were nerforzed before, during end after the aduinistration of
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indomethacin 75 mg/day in 7, aspirin 1200 ng/day in 7, and
srefinisolone 50 mg/day in 3. Bach subjeet was otudied for ¢=5 daye

prigr to teking the dw
for 4«7 days after the drug woo clopped, The fullowing indices were

2, for 4=10 conmsecutive days during therary and

seasured: serum and urinayy FoleP., placvs plussinogen activator,

sgen activator, asd the percontage releass of i’% from
pletelet rich pissse following ihe additdom of 5 I AuleFe Temul ts
for ench subject were exprosoed as a percentage of the mean values
cbtained during the pre=drug period.

5a2  RESULTS
Sezal Falak

In 14 of the 26 ireated with indomethscin alene, 4 of the I with
prednimoione slonc, ond 5 of the 4 treatsd with aspirvin alone, thers
wns a sudden £all of wrine F.0W7. concentratien hich ocourred within
2 t5 3 days of comsencing therapy (Pige 93}« This redustion wus drug
dependent as shows in Fig. 93 amd 4id not depand on the excretion of
ihe drag into the urine as indometimein, aspirin or prednisoione rlaced
‘in the urine i vAlp caused no alveration in F.D.P. consantroations
In all patients who showed such o responss to indonmethacin and
asplvin the urinary ¥.5.F. concentration was muintained sonsistently
below 1.0 g/ml while therapy wne continmued. In € natients Sreated
with prodnisolone alone recurrence of increased F.D.f. smeretion coincided
with reduction in dosage, In theas cases, inoreasing the dose of
prednisolone or introducing indomethacin censed prompt zeduetion of
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Pig. 93, Daily serum and urinary F.D.P.
concentrations, and random 24 hour
urinary protein excretions before,
during and after three separate courses
of indomethacin in Case 6, a 35 year-
0ld man with membrano-proliferative
glomerulonephritis,
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urinary P.D.P. concentration {(Croup C, Teble 21} which was mainteined
during the period of tsatment (Fige 94)s In four inotances {Cases
24.24) wheve thers uss no response to fndonsthacin therapy urdnge FeDeTe
e sigaificantly reduced in ooncentration after 1021 days of
proednisclone at & Vime eoinciding with dinrceis, loss of gedena and
reduction of proteinuris. Coses &3 and 24 had minimal lesionm and in
cames 21 and 22, waile definite diffuse proliferative fentures were
identifisd histologloally, the proteimirds wes of » highly seleative
natures This gradual ssdueticn in urinary FoD.Fe s thosght to refloct
changes in glomerular permeability md wap different frow the sudden
reduction ﬁmriw& ahove,
Twelve of the 26 patienta im Group 4, 4 In Group B and 1 i Group

p, showed ne changs in urine FaD.¥. soncentration with therapy. a4
petients on preduisolone (Cases 3, 17, 31 and 32) this may hove resulted
from the saployomt of a dose (1540 up/day) tos low te sffect &
reapones, as the initial dose uped in those whe did respund was

sbove 50 ug/day in cach case, Of the 12 patimnts in whom reduction
444 occur with indemethecin or sspirin, three developed terminal renal
/¢nilure saon after therapy woe commenced {Cason 9, 10 and 11}, Unme
hed meabranoproliferative glomerulonephritis (Case G) and the others
hed forms of siomerwlonephritis differcat in both ciinical aad
pathologlesl expression from those who did respond {Cases 19:26).

Serum FeoleTs waa mamursd serislly in elaven patiants iz vism

reduction of urinary FeDe.F. oS assoeiated with treatment. Thare was

" slgnificant rodugticn in serum F.D.F. comcentration in 5 (Fig. 93} while
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no change pccurred n tho rempinder who naintained pormal serus

concentrations ghroughoute

Tn "aotive” proliferative g;l@mmlmmﬁm prior %o treatnent
the ezcreted £4brin derivaiivos ecneliatod ?mﬁﬂmiaamly of the plasmine
vepintund rroagents 5. omé Be The rapid ol in urin® FoleTs foliovwing
swepapy ves due i< diacnpoEenee of thets fragusnie 8 that the elution
- profile s pimilar o thnt of sindual lesion snd aesbranous glonsrve
lonephritis, omé consisted of eidrinpgon, fragnents %, ¥ and mealdld

quentities of D (Fige 95)e

Prior W troatment areatinine cloarance bad been deteriorating
over varying intervnle in 6% of the patienis atAied (1 e Follal's
responderss 50F in penerouponders) and wag o%adle B thoe vooninders

The atel changss in g::ro'@ﬁw&&p plocd ures concentration and
croatinine clearance efter 2 vooks and 6 monthe ere ghown &n Table 22
vhere Felsi'e regponders end gonwresponders are paneratad. There yos &
gigniticant reduotien ip proteipuria &8 patiemte vhere sapld FoDele
raduction WS sbeorveds The £all in protein greretiod seourred within
the firat few deys of therayy, Wne Hore pmammmﬁ aftor 6 nonths,
end was not sspociated with » change in protein solectivitys IR the
6 patimts followsd for 32 ponthe or longeTs gﬁewmwm ramained ¥

jouw levels. vue blood uren concentration oftery rong SOON aftor
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Fig. 95. Chromatography of urine before and after
therapy with indomethaein in Case 17.



Table 22,

Fean and standard deviation of protein excretion, blood ures snd creatinino clearance before snd
ofter treatuent at 2 weeks and 6 months. Patisnts receiving prednisclone are not included and
the short term data of those receiving drugs sa sutratients werc not recorded.

iroteiouria (3/24hre) Blood Urea (sg/100ml)  Creatinine Clewrance

{m1/min)
Refore af'ter Before after Before After
BeTTi5e52 446516.35  80.41d5.7 103.4368.9  43.5126.6 42.4+27.1
p <0.3 30,20 P {0s2 >0ut P D09

Dok f@a-onders 1 ‘
5eB71430 2388375  83.9146.7 91.0:43.2
Pp= 0. 05 P <Qc7 >g-6

4.8-%;3563 47.2:_24.5
P > Vel

B )

2t S ORTORSO TS > 5 *
T4.8:47.1 123,6189.9

3643427.9 31.8423,3
20,2 70,8

£e23:6.60 B8.3438.12
P )09

-
%

creatinine Closrance

Proteimuria {0/ 24nrs)

Plocd Trea (mg/100m1)

(ml/nin}
Befores ifser Before After Before after
6.2345.17 1.65:3.79  68.4144.8 60 1240,8  57.9:31.0 T2.9:42,0
p<0s2 >Ca1 5 00T D 046 2 <03 0,2

i
62001474 0.72:1.15
P (001 > 0,001

67.6:43.5 5649436,3
2 <0¢5 > 0a5

5909_60-3 77.9&43 2
P \{Q.3> 0.2
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commencing treatment, but by 6 monihc hed retwrned to values at or
bolov prestreatnent levels in those slwwing Fed.d'e 1o8ponas.

Creatinine clearnnce remained stable or slightly isproved. Insufficient
numbers of 7,0.0. nonwrespondors have heen siudied for 6 months te make
@ valid comparison botwes these groupe.

Hormal sexun Felel. conoontrationa and negiigible urinary Felels
concentrations wore found throughout the perded of study in all henlthy
gubjeots and thers was 2o change during drug cduinistretion, lerial
changes in nlemm ectivator concentrsiion sud wrinary wotivator
gxeredion rate fer sll mubletts revelving indonelhnein ave presented
in Fige 96 end are representative of the chapgee occeurring in those
treated with aspirir asd predulsilone. The siterations vecurred in
porallel but thewre of urinary netivater wore mors mavked snd consisted
of s increase in the firot day of thevepy folloewed by » deowvsss in
the neard 2 daye, Thereafter, the levels reguined control wslues where
they remained wntil cessation of treatrent, vhen & rveverse of thus
pettern cbeervwad in the Pirst 3 daye of thorspy wees sstn. IDuring therary
with indomethacin amd aapirm,i?%?“% wag not voleased from ylatelet rich

viaess after stimlation with SuM, Leleies 50 ¥itre, This o
tration of iA.D.Po was kmows to prowols PP relesse in all subjects
prior 40 treatmept, Howewer, similar or incressed amsunts were

rolessad in those taking predunisclone.



20071

1501

%
CONTROL
PERIOD

-

(=3

(-]
]

Units

PLASMA ACTIVATOR

501

01 77777, woowetaacin /7777

200+ =

8

CON'FROL
PERIOD

units/minute

1001

URINARY ACTIVATOR EXCRETION

50 T T v v v r T T v —
0 2 4 6 8 10 12 14 16 18 20
DAYS OF STUDY

Fig. 96. Means and stendard deviations of
the percentgge changes in plasma activator
content and urinary activator excretion
rate in 7 healthy subjects during and
after therapy with indomethacin.
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2. SEICUIZICE,

Urinary F.D.F, exeretion in glomeruwionephritis ias depundent on
glomerular dasags snd may result from local inflammation and/or changes
in the glomemulsr capillary basement meabrane permenbility to plasme
srotoins. In preliferative glomerulonpphritis F.DuF. are oxcreted in
amounts »reportional to the degres of intraglomgrular fibrin deposition
and the “activiiy® and peverity of digsase rather than the degree of
proteivuria. In sinimal lesisz and sembranocus glossrulonepiritis,
Polie¥e oxeretion ic proportional %o the degree of yroteinmuris and is
thought o result from increased zlomeruwiar persenbility to circulating
fibrinogen, foduction in F.l.ls sxcretion after treatnont moy thus
rerressat s 4esrease in sither glemerular inflamestion or porsesbility.

inalysie of the chengve after indomethsoin, sepirin and rrednisolone
suggests that each dwvug is sapuble of lowering urinary F.0.V. excretion
“within two to thvee daye in & large prepertion of patiemte (6% in this
study} with proiiferative forms of giowercionerhritic. loreover, this
jov excreticn was maintained in sll psiients whe econtinued therapy
with indomethacin (75 mg/day) or sspivin 1200 m/dey). ‘ieduction 4n
the dose of yrodniscionsz, howsver, vas assodiated with & retuns of
significent F.lei's 2uoretion which in turn oould be suppreused by
inoreasing the dose or by intreducing indenethacin., Furthermove,
in three patients who shoved no ¥.DeP. decreess after 30-40 nyg/day
of prednisclene, sddition of indomethacin coused prempt vedustion.

In terms of F.l.'s vesponse 4 prednisolone tharefore, there seems o

i 2 olear dose-response relationehip uwllich veriy from one
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individual %o amoiher and which was mo% emcountered with the smell
doses c¢? indomethacin and sapivin enploysde This was asen most strikinge
1y in patients with glomorulomsphwritis ssnoclated with S.lebs and
eonfiree tho long-held clinical impresmion thet there %8 mn sptinal
dose for cach petient Lelew waich signs of Inflomaation reappesis It
aay wdeo ezplain vhy high dose stercid itherapy has been: Jound more
banefiedisl ihan lov dowes in TP, glomerulomerhritis (Pollak et al,
1961}, mnd vhy no appavent Bonefit seerucd to patients with proliferative
slomerralonephritis in the H.XK.C. comtrolled trial of prednisolone in
shich the average dose wmo 26-30 ng/day (Black et sl, 190},
fractionation studies irdicnte that this soute reduction in wrde

pary F.hels 16 dus to the disappearance after thevapy of the sunller
polacular weight froageents D and Be  Similar qualitative data wore
obtaired by Vernyien ot sl (1970) who found that P.lnF. wore fotooind
in pre-~treatment nrine ssmples by deth the stexiylocnceal elumping
tost (T.0.0.) and 4he T.h.Cll] I, vheress only the 3.0.7, detected
Pelele in posteirsatuent svecimens, 7The 3,0.7. is insenpitive o

the lower molecular wedght fraguente D end 2 (Allington, 12673
Iipinaki ot a1, 1967; Hawiger ot al, 1970; Thomes ot ul, Y970
Leavelle ot al, 19713 Mavder ot &}, 1971}, The hizh ccucentrations
of D and 2 before trestuent avs thought o be dve o lysis and
subsesuent sreretion of the intraslomsrular €ibrin depcalts, tut there
sve moveral possible sxplanations for {hair adesnce after therany.

On the besis of the findinse in heslthy subjects, It seeme uniikely
that indomethanin, aspirin or prednioolone {econtrary to the findings
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af Tsaeson, 197C) cause longeterm depression ef fibrinelysis, although
thoee studies 818 indicate sn zcute biphesic effect uvn vlasma an
urinary sctivator content. 1t is aloc wmlikely that theoae drugs ipe
#rymnee the glomerular permezbility % D and B in preliferztive
zlomgmilonephritin, as fractionation of wrine sftsr treatment revealed
the prenence of Cibrinogem end the higher soleoular weisht producis
in a progortion similar o those oboerved (n unireatsd minimnl lesien
nd pembwanous slomerulonevhritis, Correction of the pomeablility
defect by proedniscione therespy in two cosos of minimal leeion mpd two
canns of preliferative clomerulonevhritin with highly selective

proteinuris coused graingd reduction in urinary F.l.7. ower the

gcourss of threo woska] ¢ satiors not chbosrved 4n the other ceses of
proliferative glovsrulonephritin, The investigstionn of Richicligen

et a) (1968) indtoate that histological evidence of glomerular
infismantion 4o roduced in patdents faldns indomethegin, After liamited
personal aesperience with mutstraatment biopnies, this finding is
pupported., Mersover, olectren micgnscony roveals = lack of glomerular
espillary £ibrin (Figs. 97 end 98). ivaflsble evidence, therefova,
points to inhibition of intraglomerular fibrin formation se the busls
of the sudden reduction of nrirary ¥.D.F. exoration,

Tndomethaein inkibite shenotactic nentroyhil migration {Fhelpe
and ¥eCarty, 1967), the hasmplysis of red eclle folloving varfioue ineults
{Brewn and Nackey, 1963), the rhagocytosis of polystyrene latex
partieics by hupsn leukooytss {Kvaretein and Siorsoken, 1971), the
histanine induced sontractior of smooth mmscle {Korthover, 19T1)



Fig. 97. Electron micrograph of a glomerulus from Case 4,
a 63 year-old man who had persistent haematuria, proteinuria,
oedema and progressive agotaemia for 4 months after an
episode of acute post-streptococcal glomerulonephritis.,
The entire capillary is occluded by proliferating endothelial
cells, fibrin and entrapped erythrocytes. (Case 4; x 3,000)



Fig. 98. Glomerular capillary from the same patient as Fig. 97,
four weeks after commencing indomethacin., The endothelial
cell proliferation and fibrin deposition is reduced, The
reason for the intracapillary erythrocyte accumulation which
was seen in each glomerulus examined is not clear., Fibrin
was still present, however, in mesangial regions. (Case 4;
x 5,000)
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and ceuses salt and water retention, . common mechanism at the
celinlexr ievel such as the inbhibition of prostaglendin synthesis
(vane, 1971) may sceouni for theme diverse actions eud for those of
aspdrin, asd fer the inhibition of oaleium uptsise into the eelil which
way elier intraceliuler ensyme fusctéion (Nerthever, i9Ti)e 1% is,
however, e effect b platelet aggregation which nay Le of wital
importence to the reducsion of urinary FeD.Ps excreidon {(Veramyien
ot al, 1970)s Adresaline, selois and collages fall to aggregate ip
Xitug plateiets of subjests fating indonsthucin or sspizin (C'irim
ot al, 1970 ‘wcker et &l, 1570) possibly becsuse of inhiudted
prostaglandin productios within the platelets (Smith and ¥illds, 19T1),
The platelet releass rescticn, during whieh e procosglwnt plzteles
faotors % and 4, histanine ond serotonin are libernted 1o Wws inhibited
the tendancy feor piatelet aggregates ¢ form & nidus Ffor fibrin
formation within glomerull prevented, Subsequent lysis and excretion
does net, thevefore, osour, fThe Mading of abssni Ty rvelease during
therapy supports this hypothesis.

However, 1t is 4ifficult to recencile the actioms of imdomethaein
and aspirin with those of preduisolone which is not lmown o interfere
with platelet function jp yikpo, and it may be that the anti-inflmmatory
actions of these drugs are based on: as yot unlnown mechanisus,

Whea reduetion in wrisary 7V.0.0. sonsenirsiion wae sustained for
6 nonticz or lenger there was a significent diminution ef proteivuris
and maintenance of stable and sometinmes improved remal fumciice. The
reduction in proteinuris oceurred within the first throe days in the
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sajority of cases, but was often assopiated with an acute rise in blood
‘urea conceniration althoush the creatinine clesrance remainsd atable.
However, if therapy wam continued ihene festures resoived and by &
pontic hlood urea concentrations were at ¢r below pre=treatnont volues,
Tespite the initial rise in blood urea no significant alteration in
ereatinine clearante ooturred.

vhile these observations cre of interact to nephrolegists treating
patients with glomerulenephritis, they should be interpreted with colie
giderable caution ss many treatments for kidney dlisesase bave falled to
stand the test of controlled study, ilumy of the patlents describod
sere imised selecied for siudy on the basis of simormal urinuwy FoDeFu
excretice and o compuavably laxgs group of wnireated paticnts have not
ook oboervsis Soroover, the lengih of atudy do o ghort for wny
posdtive eifect on the natural histery W be noticed, On the alber
heud, persistance of abnormaily high wrimayy Tellei o oxoretion is
sssociated with e ppor prognosis in proliferative giomcrvlonaphvitin
and hosotransplantation {sew Seoticn €), and mwasures bakun to lower
it may be benefiedal. Aithough recourse o somivolied ciinical trial
ic necessary for 7ull evalustion 6i indooethacin and aupirin, aoue
gubstince may bo given by ihose siudies, W0 the reported beneficial
effocts claimed for indcmethacin (Miehisleen ot al, 1963 wd antle
soagalants {iinoaidesmith, eb al, 1970} on proliferativs glowerulow
wephritis, They msay, Tuvihermdre, point 4o the disease mntliies ihere

particular eitention ansuid be focussed ¢.5. Henmoch Schinlein purpura,
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systenic lupus erythematosus, and progressive ungpecified prol)ife
erative glomeruwlonephritis, Ir these conditicons 7.0.7. reduction
occurred in the majerity of cascee in this sludy, In additien % of the
5 patdents with pembrapopreliferntive glomerulovephritic showsd n
similor pesgonse, loreover, sp over ong thixd of the fotal populntisn
of patients did not show o response to any drug, a conityelled trisl
rey be welghted heavily by thic fsetor and the poseible bemeficinl
affects rocorded in ‘those ropponding disguised, | wro practient -
approach =ay be o conduct trisls op known responders,

4f equel importence may b0 the finding that the anti-inflammstory
drugs voed had ne offect on the F.D.P. emovetion in s simificant proe
pertion of pstients with glorerulonorhritis, This was jerhops net
svrnrisirg in mindsel lesion snd wembranous glowsvulomerhritis, but
raises the popeibility thet the coagulation mechanism may be notivated

by different mewns in individusl eases of preliferative glomerulone-

phritig. 1n such cases anti-congulation may preduce the denired
rosponse. ‘afortumately there are no means preosently sveilsdle vhereby
these groups may be identified apart from trial and error,

Finally, and most unequivoeally, it hes deen demonstratsd that
urine F.D.7s concentration can ¥ lowersd by several therapeutic apents,
asome of whieh “wvos anly mincr sdverse effects, ' strong case is thus
nade sut for the continved evaluation of drugs in glomermulenerhritis

uaing seriel measurements of urinary P,V by he T.0.0.0.7.7,
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FIBRIN/FIBRINOGEN DEORADATION PROBUCTS
FOLLOWING RENAL HONOTRANSPLANTATION



a1 JURORUCTIGH,

ilthough functiomal and pathological changes in husan renal
allograftes have an immumological basis, the mechenieme of timsus
injure are incompletely understocd, Larly experience with the pathology
of both human and wnimal grafts led (v the imoognition of the pre-
dominence of mononuclear cell infiltrations of interstitial tissue
and much osrly work was concemtrated o fortheriny the undaratanding
of the hoet's cellular responge €0 the gro’é and its supprossion.
The succesaful containmant of the cellular rogponse in the human =nd
experinaminl cdtuation by whint say now be regarded as conventional
funoc-guppressive seasures, mrovided the lupetus for large-scale
glinical romal traneplontativne. At the same tine, ihe shriking
vasculs: iesions, whwes significance had been obscured by ithe aitembion
paid %o cellular seehendsmg of injury, scouned groater proninencs.
Detailed studies of canine grafts by iismen {(1963), Porter et sl (1964),
Murray et ol (1964) and lHorowits et &1 {1965, and humen grafts (Forter
ot el (1963}, Denpater et ul (1964), ianburger et =l (1965) and Kincaide
Sudtk (1967, in which grees sbiiterstive vasculay lesions were
desceribed, further showed that the ultimste fate of the graft may
depend oo these lesions induced Ly humoral rather thon celluiar means,
Horeover, the detection of pre-existing humoiral antibodies zgainat
donor celis in cases of hyper-acute rejection (Xissmeyer-iielsen ot
al, 1966 cicarly demongtrated the importance of humoral immunity in
graft rejucticn. Unfortumately, circulating sntibodies active against



donor cells are rarely found ufter transplantation and the ralngive
coniributions of celilmler and humoral ismmmity te the uiiimate rejete-
sion of the gralt can only he implied by avaluation of mach improcise
pETOuELITS a8 Listological cheages, tissue typingy wixed Lyapiecyse
cutdure and the ciinical respunde to wariows tharapeutio sgunie, the
sebicne of which ave 9%ili not sonpletely unders wod,

(s seen in ¢iindead praatice, rejsction hag been arbitrarily
iivided inte hwree Luirly digiinet categoriss whigh may however nerge
in ipdividuszl caBed.

4, Eyperacute rejection which ocours within heurs of snnstonosis
and vesulis in prinary gralt failure. 7The norphologloal consequence
of 4his reactlon is nassive destraiction of gralt vasculature (Kissnayore
Vielsen ot al, 196&; villlans ot al, 18673 Starsl ot sl 1668 rhurgh
6t nl, 1962} 4n which Fibrin and platelet thrombi ave deposited in
smounts su’ficient to ceuse physieal chutruction %o bleod flov asnd
sortical necrosis, Although 1nfiltration with pelymorphs ls citen &
fenture, Toupd cells ere not proninent,

2, Acute rejection gnissden are usually seen within the firat
€412 wooks after transplantation and are charngterined by acute dsie-
riavation in a graft previously sunotioninr satisfactorily. Tiatelogioal
eyarinstion revesls acute vaasecular iy jury yhick may bo prosent in the
vessels Prem the anastomosis %o the venal glomerulus and intertulmlar
yorules and cspillavies. It is most prominent, however, ia the
earties] arteries snd arterioles and consiets of Tibrinaid necrosis
within the medis, endethelial sreliforahion and ceenmnlation of foamy

”

linsnhages within the fnddme, cecanional Tuminsl thranhosis and
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infiltretion with pelyscrplwnmuelesr loukoeyiles, The acute glomeruler
lesions may e of sivilax quality aud severity. icute mubulsy necrosis
and intersbitiel vedems are freguent, ut rownd cell infittration ls
varisble. The response %o ityeateent with sonvestionsl immmosuppressive
agamts 48 uwsually setisfactory, bul is neot wiforwuly pood,

3e Chronic rejection is the slow process of destruction vecurring
in most gralte which svaatually leads %o wrgm falluve, It is variable
in ite Vea of clinical ewpressisn after graltiag, bui nay be found
n biopsy specizens iong before deterioration in rens) lunction ocours.
lany of the hintologicsi features areo thought %o develop &s a result
of repeated smnll episodes of acute vasoular injwey. Thus org=nisation
of mural smd intraluninal thrombi eventuslly leads to markedly hypere
plastic arteries and artericlee with diffuse ¢r focal thickening of
the intima by very cellular fibroblastio tiscues medial atrophy and
fregmentation of the internal elastic lamina, Glomerular changes are
similarly selerotic in nature, and consist of diffuse thickemnivs of the
glomerular bagenent nexbyune which seems to result from organiszation
of material deposited in the subendothelial regiors of the glomerular
capillary, and from expension mmd hypertrophy of nessnginl sarens,
Polymorph infiltration ie not a prominent feature snd round cell
infiltration is varisble theoughout the interstitium, Tubular changes
are in keeping with the degree of glomerular oblideration,

There is considerable evidence now aveilable which suggests thst
the pathogeneeis of veectlur lesions associated with craft yujiociion is

based on alnormal cosgulation end plutelet function, Recently, =
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careful analysis of the rele of vaseular injury in early graft failure
by Busch et al (1971) has strengthened ihe hypothesis presentel by
7incadd=trith {1970) that thrombosis and residusl lesions follewing
organisation of thrombi are the major changes in vemssls sud glomeruld
that lead to eraft failure, Purthersors, it has beeo clgimed thei
thess lesions may be considerably modified by anticoagulant snd snfie
théombotie therapy (Kineaid-Smith, 1970). If this elain in conflrmed
fiy data obtained by controlied ¢linfcal trisl $his postulated mechanism
of pathogenesis will be further subatantiated, ‘

Tor some tims it has beon recognimed that the earliest signs of
rejection are accompanied hy a diminished remal Blosd flew {Yownuts ot
a1, 19633 Leowis ot al, 1963), This is roflected by changes in urinary
umea and cmmolar exereiion, elevation of blood ures and fall in
ereatinine clearance, In some eases significant proteimuric may
develop. These tests provide the most consistently reliable indices of
rejection, but all are subject to wide variation with diet, degres of
hydration and in nany instences may be non-specificslly nltered by ouch
inguits s infection and drug administration, The diagnosis of rajection
can be beased on functionsl changes, or on the histclogieal changes
seen on renal biopay, TFowever, biopsy cannot be regarded as a mutine
investigetive tool, and is often performed only when fumetionsl changes
nave been observed, Moreower, histologieal changes 4o not necessarily
correlate with funotion (Ogden, 1967). ‘Many other tests for detucting
rejection episedes which involve ensyme, radiciogical, ol ic-isctons

and clearance techniques sre nen-specific, timg=cmosuning and unsuitable
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for daily use, and not readily aveilable. Investigntive toole yielding
mre pracise and spscific information and shich cause no inconvenience
to the potient are urgently required,

Jaing the techniguees of impuno-diffusion and immunc-slectro=
phoresis, fibrin degradation products hinve beon detected in the urine
of patiemts undoraping transplant rejection (Braun snd Herrill, 1968;
intoine et al, 1969}, However, the low sensitivity of ithe methade used
snd the dnability to adept them to quantitate the zaterisl measured
severely limits thelr practical application. 1he TeleCoileleioon the
other hand, fulfils these reguirements and was used in the present

ioveatigation.

Sel EATIENIS VD HERIODS

Fifty-one patiente hove been studied, Three received a kidney from
living donors and forty-eight from cadaver sources, Immunosuppressive
therspy consisted of yrednisclone and azathioprine in conventional
doses, Acute rejection crises were ireated by incressing the dose of
prednisolone, and with sctinomycin ¢ in s dose of 200 mg imsediately
and repeated after 4 daw

ge In sddition, & patients received heterologous
_anti-lymphocyte serum (A.le5.), and five had anticoagulant therapy
during the periocd of Investigaticn, Thirty.three patientz were ztulied
daily from the tinme of transplantation until dischorge, These, slong
with eightoen patients wic had reosived Frafts between 5 montls and
8 years before this inwvsstigation began were followed as cutpatients
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at 1= weekly intervals, /rom this group tuelve wore selected for
continuous daily ostimations on early-norning urine samples delivered
tc the laboratory by post.

In the first 16 patients, serum samples were chtained daily
during the period of hospitalisation which varied from 16-51 days.

§a2e2 HETHODS
tpine and serum samples were prepared and analysed = previocusly

described using the T.ielsHelo1e Unlike the studies on glomeruione-
ohritis where the patient's condition snd therapy were personally
known, in this study all assays were parformed without knowliedge af

- the patiente’ condition. Clinical rejeotion was diagnossd and troanted
independently by membars of the Tufrield Trensplantation Unit's elinical
gtefP, This unit is based in the vestern Generel Hospital, J niles
4istant from the Medical llemal Unit 4% the Royel Infirmary on
Edsntmrgh, The disgnosis was based on clinical czerinstion and obserw
votion of tremds in the serux creatinine, creatinine clearance, klood
urea, total urinary proteins, urine sodium content, sad urine yolume.

Ry 53

Serum FeD.T. concentrations were commonly elevated in the yosi-
operative perisds but tecame nommal in all patients as the grafts
“began to function. In the 16 patiemts in whon serial neasurements
vere made, 6 episodes of clinical rejection wore diagnosed, In 3



of thess (507) a rise in serum F,D.P. concentration above mormal
occurred, the maximum recorded figure being 54.4 «g/al. In the other

% and the rasaining 10 patients in shom no rejection epispie was diagnosed
during the period of study, serum F.D.F. concentrations remained normal
cnoe graft function was established.

se JHEATLEN® SiiIESs ALl patients receiving sedaver organs
experienced a variable period of josteoperative cilguris. ©he urine

produced during the immediate post-operative pericd contained large
amounts of #.0eFe, probably due to contamination with blood, Subw
, stantial qusntities of F.iele remained once heematuvris hod clesred
however, while the oliguria persisted, but the omset of aspontamooua
renz] function was always accosmpsnied by = signifioant clevation of
urinary ¥.0.F. excrétion, over and sbove themse vaiues. The previcus
investigutions {Section 3) of urinary F.U.P. excretion in ascute
ischasmis remal failure sugguet that this post-operative slevation, and
the clevaticn seen pe the homograft begins to funmetion is largely
due % perie-cperative ischaemis,

After thie early postecperative response, sll episodes of noute
clinical rejection were macocisted with » aignificant increasc i
~ FaDsPo sxcretion whick cccasionzlly clearly preceded clinioasl detection
by move than 24 hours, Fige. 92 and 100 iliustrate these 2 sorte of
Fel'oPe rise sgoocinted with perieoperative ischasmia ané rojection.
Following successful raversal of rejection, F.l.F. excretion returned
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Fig, 99, Urine volume, urine F.D.P. and
blood urea changes in a patient studied
for 55 days after cadaver renal trans-
plantation. Urinary F.D.P. elevation A
represents that associated with recovering
renal tubular necrosis, B an episode -
of clinically diagnosed acute rejection,
and C a response which followed 12
days of A.L.S. administration.
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Fig. 100, Elevated urine F.D.P. concen=~
trations were observed in these 2 cases
associated with acute tubular necrosis,
and with acute rejection. Both episodes
of rejection responded poorly to therapy,
and F.D.P. concentration remained elevated.



to lov levels, wut high
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galups wWere maintained 4 repsl function

continued 1o cpteriorate. ipart from the rise in urinary Feital's

sroretion sesocianted with elinsﬂenatly‘-idmtiﬂe@. yoisetion, elevations

ware @aen in z other gircunsisnces. ohe {irst of shese occurred for

no apparent reasons w8 unrelated 0 spfection or changs in therapy

and vas wsually short-1ived and spparently self-iimiting (Fige 10t).

"he only¥ interpretation geened that theso elevations rapreunmﬂ

acutt spontaneously roverasible gpleodes of rejection dnich 4id not

mach'clmioal aignificance. such changes were gaen in 27 oul of the

53 (82:) patients stadied 1n this aoute phase. The gecond was sesn in

a8 pa_ti,mts snd oceurred 1014 days afber ihe commenceneni of sn intré~

vancus SOUTHS of HGalieSe

sxamplos ave illustrated in Pige 99 (peak C)

and Fige 102, and are representative of the changes which occurred in

the 6 other similarly treated patients. (B sach oceasion the P

exerueiinom reached considerable proporiions, i lasted for only

10-15 days snd was followsd by & period of 10% Feleie excretion. Ihe

elevation goincided in

sach case with the detection of elreviating

L, lmmone conmplexes rolated o he squine SGIUR {Jamez et ©l, 1974 )

iIn this series of

inpatients, f£ive were treated with antlooagis

jant therapy &8 an adjunct to sonventional jpounoesuppresion. Reparin

im 2 ceases and warfarin in cne oose wore spsociated with a marked £all

in urine Felele excretion buk Bo significant chamge in the patiern

of Telsls excretion vat observed in the yemaining 2 patiente Wi ware

yreated with both drugs. The rapponses Lo heperin and worfarin nre

ghown in Fige. 4¢3 and

104 and lack of response with aspfarin in
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Fig. 101, Urinary F.D.P. exzcretion in a patient with
uniform imppovement in renal function after acute
tubular necrosis. An unexplained but minor elevation
of F.D.P. occurred between the 34th-39th post-
operative days.
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increased F.D.P. excretion which occurred
10-12 days after an intravenous course
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Fig, 103, The changes in urine volume,
blood urea, and urine F.D.P, content
before, during and after a t2-day
course of intravenous heparin in a
recipient of a cadaver renal allograft.
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Fige. 104, Changes in urinary F.D.P. excretion, blood
ures concentration and urinary output before, during
and after warfarin treatment in a patient with a
cadaver graft.
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Pig. 107. In those who responded, withdrawnl of anticoagulants wes

associated with an apperent rebound increase in F.l.P. excretion,

In the cutpatient group gll evisodes

of clinieal rejection wore sssoclated with » meriedly alnoreal elevew
tion of urinary F.U.Fe However. in potients sean st ragular interwals,
it booame evident that aven in thome with aprarentily atable and often
oxcellent graft Sunction, significant #.D.T. excyetion wus perisdically

recorded. [he frequency, msraitude and significance of thems changes

in potients soop o0 infrequimtly wag difficult to interpret, jccorde
inly, 12 pationts ware asked v forward daily eariy moring urine
specimens by vost. Dota from 4 of these patients (2 eadaver snd 2
live dopor grafts) with excellent stable remal function, and with one
exception vhose therayy did mot chengs fhroughout the perisd of study
are swmsearigsed in Fig. 105, Hinor, periodic but almormal elewntions
wore resorded in all such patients. Plgures 106 smd 107 llustrate
the grossly abnormal exevetion of F.D.F. in 2 patients vhose renal
function deterioratsd during the study. In the patient representsd
in Tige. 106 rejection wis dlagnoeed 231 the basis of & rise in serun
creatinine concentration from 1.0 & 2.0 ng/100 =l and = highly
patisfactory functional responee 0 treateent was obeerved, 7The
increased dose of prednisolone snd azathionrine apparently caused o
significant reduction in urine F.[.T. exoretion which wss waintaived

for a long period thereafter. Un the other hand, the yulisnt roprew-
gor: ted in Mg, 107 wnderwant urogrsssive irreversible deteriorntion

of praft Dunction despite intensive therapy, ineluding wnrfarin, and
chronic hasmodislyels l=d o bo re-instituted,
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Fig. 105. Daily urine F.D,P. concentration in three
outpatients (4, B and ) with stable graft function
and therapy. In patient D, the azathioprine dose
was reduced on day 68 and prednisolone was required
to control the subsequent clinical rejection which

was evident on day 80,
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Fig. 106, Urinary F.D.P. and serum creatinine changes
in an outpatient studied 11 months after receiving
a cadaver rensl allograft. Clinical rejection was
diagnosed on day 43 of the study. The responses to
increased immunosuppression are demonstrated.
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Fig, 107, Urinary F.D.P. and serum
creatinine changes in a patient who had
received a cadaver renal allograft
20 months previously. Despite intensive
immunosuppressive therapy and oral
anticozgulation irreversible rejection
supervened.
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The changes in urine ¥.0.7. conteat during o peried ol over
20 dayo followisy trancplantation in & 35 year-old female recipiemt
of & cedever gralt ave illustrated im Fig. 10B. 7he postecperative
pericé was upeventful snd gralt functlon remainmed wzeellent descite
the asppesrance of abmormalities sinilar to these shown in Fige 100 e
day 50

oasTn

14 is conaidered that the early diagnosis of rejestiion is en
importsnt factor in determining the loagevity of el ellogralt funoe
tion (Chisholn o% al, 1960). However, techniques currently employed
i mmlie this diagnosis are relakively inseneitive and du some
instances non-gpecific, tongiderable evidence exints that platelet
aggregation and comguletion activaiion occurs in the fornisn renal
timsus soon after it is implanted, aund centlmmes throughout the 1lfe
gf ibe gralt despite meapurcs taken to prowvent it. Thie evidence in
besed cn the electron wicrosoupic appearance of platelets and deposited
fibrin within evterioles aud glomsrulsr enpillaries, and the delestion
of fibrin by twweflwresgent staining, iv all phases of ihe vejection
proeeas ledenzie and Vhitingham, 1963; Tosenau ot o}, 1965; Kinoulde
Jndth, 19703 Buseh et &, 1971). Thers is olap asple evidemce for
similar events ccewrring in experimentsally tramspimntod snimals (Hosen-
berg et a1, 1969), lowswer, the vecording of sbuormiities of cosgu-
iation, fibrinolysis and platelets in the systemic blood or by
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Fig., 108, Daily urinary F.D.P. and serial
serum creatinire values in a patient
followed as an inpatient and outpatient
for over 200 days after cadaver renal
transrlantation.
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gradient changes agross the kidney from renal artery to rsnal vein

has not been uniform, Starzl et al (1970) found that kidneys implanted

into a host with known anti-donor smtibodies, sequestered host platelets

white cells and clotting factors. (n the other hand, Colman et al
(1969) could find 1ittle ovidence of consumption coagulopathy in

‘ patients with hyperacute and acute forms of rejection and concluded

that the intravascular coagulation cocurring was a localized resction

confined to the graft. Wardle et al (1971) have found that a rise in

serum F.D.P. concenirations when accompanied by a fall in the platelet

count is sssociasted with rejection. In the present study, serum F.D,P,

concentrations were elevated in 3 of & clinically identified rejection

episodes, and becanse of ita lack of semsitivity when compared with

the urine agsay the serum measurement was not thereafter performed

routinely. Thus, from this limited evidence, it is believed that if

intravascular eoagulation is localized, or of minimal intensity the

presently used techniques are not sensitive enough to detect changes

in the serun,

43 with glomerulonephritis, the availability of urine makes the
kidney a unique organ In which localized ond minimal fibrinolytic
activity may readily be studied, In the renal allograft situation,
this was first recognized by Braun and HMerrill (1968) and later
confirmed by Antoine et al (1969). Both these studied ware confined
to immmo-assays which while hichly snecific, are considerably less
gsensitive than the T.R.T.H.I.I. In addition, only rough quantitative

estinates wore made, and the tests were performed on urine samples
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obtained at intervals separated by at least three weoks, hus while
of great interest, the data fyom theve earlier invesiigations could be
rega:déd as less precise than desirable,

The eariy elevation of urine Felele exereticn seen before the
groft function is sufficimt to snintain diaiynis - fras existonce 1a
due %o ischasmic rens) failure and peri-gperative trauma. Murther
ovidence in support of thie view was $he cbsence of an early peak
in all idving-donor remal $ransylants investigated. Thus, the sssay
of uvinary Pelele iy the posteoperative oligaric and early diuretic
pi’zb.ses is probadly of 1ittle value in fhe diagnoeis of acule rejection,
liowever, these results are of some 1nterest for “ulessn (1970) has
suggected that no simmificant nriake of 1125 3am08108 humsn Librinogen
pocurs ¢n cednver renal transplants during the phase of =cute fubula v
neerosic, 'mlees rejoction is underuny. Thie spperent discrepency with
our dats say reflect differeaces in principel =nd degrees of sencitivity
betwoen the %we tachuloues,

one of the =most wnecuivocsl conclusions wiich emerged from this
{nvestigation waz that 21l epioedes of clinteal rejection which resulted
in an edjusteent of imwno-suppressive thevapy, were sasociated with a
mavked wlevetios of urdnocy F.0.0' exeretion, lowever, in the in=-
satient sories, where a carveful dally sssesement of the clinical sud
Higehenieal status of the patient was possible, it was found that
siadlar slevations ocourred which 414 not appeer ic be associsted with
svidence of rejection. hile it may be claimod that those olevations

aocompenying acute rejection frequemtly began ot leant 24 hours bvefore
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the clindeal diagnosis, and therefore could be of disgnostie assistance
the presence of significant pecks ctcurring indepondently of acute
rajeotion episcdes renders its disguostic value fenucus in this
situation,

In eonsidering the problem of early dlagnosis of renal allegrafd
rejection, Carpsuter und ‘usten (1963) have emphasized that part of the
conploxity in the interpratetiion of currently awvailable techninues
resuite from the murber of unimowun facters, Upecifically they have
referred to the cuestiion of whetbor rejection s, in Pact, a2 continucus
process, or episodie in nature, so that =114 rejection opissdes way
revorse spontsnecusly. In the present study, the sudden avparently
solfalimtting elevatiora of urinary P.D.P. sxerstion ecourrimg «ithout
biocchemicel or clinicsl svidence of rojection wwlé lend suprport 40 an
ramelogical
setivity i cetched on most cconnslone by intrissic honmeostatic

“opinodic hypothesin®, Presumably vsricdic intemsive i

nechanisus, fHowever, some pationts devoleop what cen heet be deseribed
e8 o contimuous fiuvstuation of urine F.l.Pe, which if of sufficient
magnitude ond duration seens sventunlly % lead to elinical rejection.
Busch et 2} (1971) have cbmervad aress of £ibrincid noervala st various
otazes of healing in wedse biopsien and nephrectony specinens from
natiente with rejection and it is poseible ¥nt the varisble onsot of
these lesions is refiected in the urinnry events,

From the elinieel reint of view, the raeults of the outpatient
ptudy may prove in {ime to have afimmificant practical conseouences,

It wpe clesr that in some ratienta, mbstzntisl ewelieal elevations
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in urinery Tel.is wore present for meny weeks before rejectlon was
ddagnoneal, Durdag Suis time, the patients were appevenily well, at houe,
and seen regularly st followp clinies and ne adjusizenis W
{mmunc-gappressive therapy were sade s rejeetion ves not suspected
{Fige 106)e In othor paticnts, thase regular, rhylhsic aud substen~
tial cievations in urinery FeleFe excration did noi scours Instead
theve sere ccoepional, wwaotlass prolonged ypericds of ninisal but
abnormal activity, steaepsrsed with infrequent shori-iived, but move
srcnowneed ievations (Fige 105)e 1% i6 thought Hwt the cianges seen
1% thepe pubienis say represent & feature of lew grede ehrvenic
rejoetion, /ithin the liaits sf the numbers studied, and the dura-
tion of investigations there appeared to de no gignificent diffvrence
in the overall patterns of the F.D.F. excretion in patients vhose
kidneve were derived fron elther cadaver or living sources.

Inagmich as most patients were treated with several drugs st the
sane time, and the period of etuly in sone wos limited %o the length of
hospital admiasion, responsss of F.0.P. oxcretion i» suy single
therapeutic nanousver were aifrioult to evaluats, However, three
observations were distinet and wequivocel, The first vas seen in
patients treated for vejestion with increased doses of prednisclone,
If this therapy was successful in reversing election there was =
smarked disminution in F.0.7. excretion following the dose change, which
was maintained for long pe:-iods thereafter (Fig. i06). The second
conzisted of a alnllar reduction following the introduetion of anti-

coagulant therapy in the fom of heparin or warfarin (Frige. 107 and 104},
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These responges %o changes in therapy were parallelad Ly a functional
regponse manifested by improved remal fumetion. Uafordunately not all
patients treated in this way showed the same reduction in P.i.T.
axeretion, In these cases relentless deterioration in graft function
pceurced [Fize 107} The third concerns trestoent ®ith 4.1.5.

Some workere have claimed that prolonged intramuseulsr ndminietrpe
tion of AJL.0. preduces so sigrificant renal demmge (Sterml ot al, 10673
Traeger ¢t al, 1069; irfes st 21, 1970} ¥hils others have streseed
that certain gutislyephocyts sntibedy sreparations may contein suffictent
levels of anti-glomerular antibedy to cause rensi lesisns (Cuttuan
et al, 1967; Methels et al, 19693 MeWorr ot al, 1970}, Ieeent studies
in miceé have esphasised the vetontial dengors of imwmme complex derus
sickness which may ascompany /.5L.5. therapy, smd it seezs from the
study of dogs {Iwasakl =t al, 1267) ihat intravenous adadnistraticn of
holieB. ineresses those dangers., Thue, the observed elewated F.DePs
excrotion from renal allograf'ts during the perdeds inm which 8 patients
wore recalving A.l.5. was not unempoeted, snd saggests hat this
therapy wes asso¢iated with scute, Bui self-limiting renal damage.
The onget of the pooter.l.i. elovation did net ceineide with the
initiation of A.L,3, therapy, but occcurred 10w14 days after, and wnas
associated in time with the detectiion of circulating immune comnlaxes
related to the equine serum {James et al, 1971). Imfortmately clécw
tron mieroscopic avidence of lmmune-conplaxes !n the plomeruisr dasoment

wnbrane was ot ohialned,
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Cortain conclusions can be drawn from this study. If the excretion
of P.DuF. BY srgusplanted kidneys ig similer to that of kidneys with
glo aserulonephritis, then 1% can be assumed that fibrin deposition
piays & vole in aaet rejestion eplsodes. Using the seusitive and
seni-guantitative 2.4.C.1.Jo1, these episodes are wlwnys detecteds
roreover, by continuous chaervatlon, asbnoraalities ave obgerved which
nave besn interprated as subciinical episodes of rojection, For the
c1inieian, therefore, this =asay may provide a mathod for gauging the
-wtw.%w of acenlt rejection and dsternining the natural nistory of
wnaft m:w{fml. 14 the ssme time, finer individual $itrstiong of
imxmo—mlppr!uiﬂ gupport uay be noseible. ‘hether attonpis o naine
Bain a near zero urinsry #,5.7, ezeretion will he noenible, and whether
this in dmre will prolong graft survival remains =2 asttar of conjechure,
avhaps what nay be of equel importance in kevss of patient moruidity
may be the means by wkich 4t ie done; the yntroduetion of anil-
coagulants, increasss in imno-surpression, or the upe of new loss
toxie preparations, Poxr the tramsvisnt immmeloglst these investigations
nay aiso be of imtorest as they eould provide = bu!.l for exporimental
and 2linieal models to stndy the nephr atoricdiy of Leleley assoasnent
of new forms of jmmune=gupprescion, and by revealing epiavdes of
sccult rejection provide o more rational approach to the study of the

~ole of Siomue typing in rencl prenepisntation,
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'n malignant hypertension semum 7.0.7, conecentrations are
elevated zspseinlly in e ocarly stagse of hospitalisution whon blood
pregsura is not controlled. Conoentrations remein olevnted if ihe blood
pressure is not succemsfully treated, snd Lf prospessive rensl feilure
sneues, but revert to smownal vhen trsatment csuses & fall in tlood
pressure without further remal funetionsl Sumpairvmemt. In the 27
pvatiente studled fur between one and 5 woeks, 27 showed progrsssive
impaiyment of rensl fanction remuiting in dseth or aduission %o &
chronic hoemodinlynie prugreumse, 204 iz 4 the socuence ¢f evenis was
succeasfully, but temporerily, halted., The c¢hanges in urinary ©.0.7.
exeretion, although following the same general psttern zo the serun
changee vere less clearly defined, Urize from 19 yntients ywricdically
containct excesyive eomeentrations in the ovder of 2035 ug/mi. lowover,
& patients, at vo stess +f testing, exeretsd P.0.7. iu = coneentretion
greater than 10ww/mls There was no relationship between the level of
uringry ¥o0.F. and bleed wrea concentretion or mesu blood pressurs,
and in porticular 2 of the 4 patieats who were sueccssfully treated
-gortinued t¢ excrete larze conc@mtrations of 7.0.F. rart of this
confusicn may have rosulted frou the oot thet 29 of these patients
were reforred to a renal unit for managouent ef reusl fallure. Clearly
more work is necessary in this ares with long tevs study of patients
with esseutial hypertension being mendatory.
Patients with pre-oclazpaie (see Zection 3) were studied for
periods varying between % and one days before delivery, Sorum F.0.T.

concentyations were elovaied above 20 .ug/mi in 5 eui of 11 of these
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patients, wile ashnornalities in »,7,7, exeretion wore shacrved in alle
Forouver, T.late azeretion demomotrated he arme oyolical dscreasen
as goen in proliferative slomerulonephritis and transplant rejection,
and wae nost marked in those most seversly affected, ut disappearoed
et varyiag times after delivery in all netiends. vhile twe wemen who
ghowed no evidence of wre~aslampais aid not exorate Falefs in A GORN~
centration greater than 0.5 00/ml during the last nenth of Dregaansy,
n =mch larges eontrolled study i neoded %o confirm the ebuarvations
rpporded hoTs,

- pbpormal uriaary Folals axeretion has been demcnsirated in 3 of
12 dipvotic petients stsdied for perieds lLonger then one nonth,

Based on thest shasrvations snd those yomoried in the proFicus

sections 4t is possible to define the disessse in which infrarenal

soagulation 4066 aod épen not usually QSGET. These are showa in Table

3.
“nble 25
TRTRARSRAL COAGULATION yvmg s sy, COAOULATION
uSUAILY FREZERT TEIALLY ARSRMT

sente ischeemic rensl failure Finimsl lesicn
& 1ytie 10 eyndsz  omerulonephritis
Proliferative Ziomerulo~ Hembranous

nevhritis {(all trpes) slomeruloneriwitis

pengl hemotransplent rejection
¥allgnant hypertension
Preguaney hypsriension
niehates Hsllitus
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The use of seriel testn of cosgulation and fibrinalyeis has
cnabled » much clesrer definition of the rols intravens) cocgnlation
plays in the neturnl history of these disesnen, In nerticulss sorum
snd veinayy F.0.F. peasurenents hove demconsivetsd seversl distinet
ratterns of intrarenal cosgulation which seex to be indenendent of the

cruae of the ronel dsmses, Thus there sre disseges in vhiok there sy

i. 3ingle or short 1ived episodes of intrarenal coamulsiieng

%o Hecurring eriscden wiich cosse on remowva) of the eaunmey

3o Recurring episodos which unless interrupted cause progressive
destruction of the kidnevs

4, tio signs of intrevenal coamulation,
The firat category imecliudes asuts ischaenie rensl fatlure, sone gages
of the hremoliyiie wressie sydrome, ost-strepioececsl and other
pelf-liniting forna of gleverulonephritis, While these diseases may
ofter cause severe renel dysfunetion, thers is s atrong tendency for
complete renal recovery when the damage caused by disecse has sponta-
neouely or asturslly resclved. It is wmlikely that speeific therary
% necessary in these cioam,

in e second categosr there are poseibly meny dimcases boi the
one nost commonly sesp is pre-eslamptic toxaexia. Fror the small
apgunt of date swailable it would asen thot the stimmlue to inirarenal
eoagulation is veeurrveat, bul cesses » shurt time after delivery,
‘nee agein, it is unlilosly that speeific therany other than removal

of the cause will prove veneficial,



The third ¢ategory ¢f diseases includes a larse numbor of cases
of sreliferative clomerulonerhiritis, most csses of the hammlyitic
uwraenie syodrome, vevsl homoiransplent rejeotion, mslismant hyportension
snd possibly diabetes mellitus. The studies reported hers indisate
a cyclionl foex of infwry which 1s of wvariable intengity snd frequency
and in most cases the cansative factor of which is unlmown. If left
uncheeked, the sontinuntion of this mrocess is likely %o be azssciated
with progressive dsetructien of renal funotion, It is to this catesory
that most therapoutio sttantion should be padd for by interrupting e
eyelic pattern of injury renal function may be maintsined. Faintensnoe
of nesr zere uvrinary ¥.0.7. axeretion is zossidble in spprevinmetely
. tup thirds of satients, with a varisty of commonly used drues. It i
not known as vat shether this will prelese remsl funetien, het mey
be of grestest inportance, however, ia the way in whieh this ssintenance
ig achieved, o5 some of the drugn ussd have gsrious siverse =ffsots.

Gisesses such as uinimal lesion and mesbrancus slomeruionephritis
balong %o the fourth catagory.

ihis rosd elassification of plomsmlar disesses moy be of some
wastioal valus, for it is éfm possible €0 determine the catepory a
patient is likely 1o fall into by s series of simple teats, Murthermore,
if dineases falline into categuries one and two ure dsfined, unnecessary
treatnent may b avoided,

ihile our studies have indic-ted & role for abnormal cossnlation

in mamy remal dispases, ite significence or izporience as a nathogenetic



fsctor has not been determined., The question whether the almormal
coagulation la o primery or secondary event le 2loo wnresolved. Lswever,
the presence of intrerensl fibrin in so meny diseases, of such diverse

arigins, leads te ithe conclugion thot ite deposition lyelis end removel

svt of the normal response of the kiduey %o Ianjway.

§
B
'(5

rerhape the auswer o its significence will become apparent whem
sdequate controlled trials of sxticesgulant and mntiplatelet therapy
have been cerried oute. Clues of oguel rulevence mey sxist in the
diseaser minims) lesion and mewbranous glomerwlonerbiritis where the
reagons for ihe lesk of inflamatory resction Tibrin depesition

renain o osmplete systery.
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