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It has been said.that our 1nterest in a disease
ghould be in proportxan, noﬁ to tha rarxty, but
to the commonness of 1ta accurrenceu In our search
for knowledge we are apt to fallew aftar the unusual
and to qvarlgak/aa camgnnplwce the mnre frequent
phenomena vhich may be Qf,paramaunyimpqrtancec

Phyaiolqgic&l thrqmboéiaﬁis4the‘preservar.of life;
it is the "sine qua non" of surgery. 0On the other
hand pathologic thrombosis initiates mony diseases,
is coexistent with or contributbry to others, and
frequently occasions an untimely death. ‘This being
true, our sttention may well be turned for a short
time toward a consideration of a physmologlcal pro=
cons without which thore can be no surgical heal~
ing and upon a pathological process the effects of
which no one has been able to forestall.

It is the purpose of this paper to present the
subject of poatop@ratlve thrombosis. An attempt
will be made to collect from a voluminous 1liter=-
ature a few facts or at least logical conclusions
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end fran these to formlate a pathogenosis of throm
baaisgﬁhat aan,iﬁ part be canfirmed by clinical and
‘exporimental datd5 Thousands of articles regarding
this aubjecﬁ'havéabéén'written;‘ Obviously'only a8
few of*theaa’canfbr:need be citeds o

Welch's definition of & thrombus}@a,?a~aplid.mass.
or plug formed in the living‘heart‘bf vessela from
~ constituents of the blood” is simp;e'and a&eQuate.
Thrombosis is the "act or process pf'foruntidn of
‘a thrombus or the ddndition'charact@rized by its
presence” s Embalismfisjﬁh@,“impaction in some
part of the vascular aysﬁem of undissolved material
brought there by the blood current”. The impacted
material is referred to as an emboluag ‘ﬁn embolus
moy be soli&;”liquid or gmsg aﬂd‘may be infected
or not infectods Howefer, it is gﬁnerally unders
stood to be a datédhed_yortion of o thromus. Throm
bi are composed of plaielata, leﬂcbbytes, fibrin
and red blood cells. Those constituents do not
alwnys occur in the same proportions and because of
this there is @réat variability in the groas and
microscopical appearance of difforent thrombi.
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" "hl‘tﬂ ﬂlrombi are camposaﬁ lawely of plateleta,
lmawy’oes a,nci fs.br'in with a swall numbcar of red
blood cellse” The "red" ‘thrombi have a fmme»
work composed of platelat.a, leucoey‘c.es and T 1bm.n
but in this .,xfamewwk‘therg is deposited a large
quza.n'ﬁi'by of red blood cells wlaiié:hfa‘cctruﬁts for the
‘red color, Between thess two exftﬁemes are the |
"mixed” thrombi xmich are aradatiana between the
"white" and the "md" | | |
The relative pmportiﬁn of these formed elemmta
is determined by the mc&mmcal factora present at
the site of the thrombus fomation. thite thrombi
begin as tiny collostions of platelets vhich attract
from the flowing blood .atrez\;m‘ other platelets, louco~
cytes ond fibrin ond as this framowork grows only
a fow red cells are entangleds Ted thrombi form
in a slowly moving b‘rﬁ’tant'eir‘culaition and do
not differ greatly in appea,mhce or structure from
clots formed in a test tubes The proportion of form-
ed elements is almost tho same as in the circulating
bloods The laminated sppearance, i.e., the alternat-
ing red and waite layers may be due to chonges in
the ciroulatory mechanics during the time the throm
bus is forminge A "red" thrombus may fade to a
yellowish~gray after some time because of the loss
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of hemaulabzn from the red cells leaving ﬁhem aa
partially translucent dabrls« _ | |

Since o thrombus is aammos@d of constituenﬁé of
the blood it is essentially o blood coagulum dif=
- fering anly in the relatlva prcportions of each
-constituent and in its charaaﬁmrlatlc phy81cal struc~
‘ture which is produced by the action of the flowing
bloods Being a blood coagulum, its formation is
inseparable from the mechanism of blood clottings
Being the result of the precipitation of fibrin from
the bloodby the action of tissue fibrinogen within
the vessel wall it is inseparably associated vith
the mechanism of aseptic wound healxnga

 The gross appearance of a campletely fenned thrombus
found at autopsy ie churacteristic and should not

be confused with the postmortem clat., Thé'fhead"

of the thrombus or that parﬁian formed first and
while the blood is in active motion, is dry, in-
elastic, granular and friasble and is attached to

the vessel walls If forcibly removed the underly-
ing endothelium may be dulled, roughened or even

torn awaye This portion of the thrombus is grayish~
vhite or at least less red than the "tail" portion.
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The ”tail" is that purtian of the thrambaa extend-
ing in either dmxactlnn from ‘the head. It 1a fazmmd
aftor the vessel hae buﬁn partzally accludad by the
h@ad puruxan and conwequently 1n blood less rapzdly
moving or even . btagnant¢ It is red in color and
mere clasely resembles the poatmoxtem clot. A oross-
" section of the head will ahOW‘lrreuularly anastouos=
ing strands or islands of gr@ylsh~white, sometimes
hyalinized materzalg forming a bizarre network, the
moshes of which are filled with dark, Yeddinh brown,
@ranular materials ect&on Lhraugh the tail portzon
appears similar to clotbed shed bloode

Hicroscopically, the thrombus is seen t0 be made up
of islands or irregular strands cmnposed of agplutin-
ated plat@leta‘flankad on ecither side by rows of leuco=
cytess These strands are connected by a lacework
of fibrin fibrils iﬁ‘which are’enméshed'varying
nunbers of red blood cells. Tie fzbrxn is particue
larly dense near the edgzes of the anastomoalnu strands
of agglutinated platelets bat seldom is recogniz=~
able in these masses. Teese strands with'their
borders of entangled leucocytes make4up the "lines
of Zahn". OGcaaionally in early thrombi one can
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goe xabrzn fibrils radlaﬁln& from individual pla$e~
letse , SR ) '

The chazasuerlgtxc structura Of the tﬁromhms maaes
it readily dxﬂtin*uzshable from the "postmortem”
clot which is formed 1nwimmqt£la blood and upen
intact cndothelium. Under émchyconditions‘the blood .
clots very slowly and there is suffieient time for
gravity to.acﬁually‘aédiment the formed elements,

8o that thiakclnt,has'ita decp red dependent por-
tion and lying upon this the elastic, yellowish,
translucent layer. Its grosaﬂappaaranca_saggaﬁta‘
the term "chicken fat® clot.

Purpose of Thggmbggig o

The primary nurpbma of thrombosis is to heal an
injured vesszel wall or to occlude a severed vessel
and 80 arrsst hamvrrhags. then a vessel is cut
eeross tho inner and medial coats contract and re=
tract 5o that the caliber of the lumen is materially
reduceds Vhen a vessel is securely lignted these |
coats are ruptured and retracte In each instance
the ruptured endothelial lining permits the inter-
action of tissue juices and blood with a resultant
thrombus formation. This thrombus is speedily or-



T
5mnxzcd an& precludﬂs the pcaalblllty af hemorr*
hadw after the li atura is absorbeda An attanyt
to heal an injury in a vessel wallkzﬂ seen in the
throsbus that forms in sn onourysn sace The vessel
wall weakened by dl%@&ﬂa is r&xnforaed by buttreases
of arganlen@ fzbrin 1amellae*

Nonpurposive thrombi are those which form f£ollowe
ing aperative‘trauma;'infauﬁian, partarition, changes
in the circulatory mechsnics inaidémt»to diaeaseg 
and in other conditionss :

These thrombi often aripe in aress inflamed prior
to, or incident to, operation and being formed from
gramlar rother than fibrillar fibrin, organize late
or imperfectly snd are the source of embbli reapon=
pible for postqparaﬁive com@licaximna'and deaths
They nay form in infected fields and their emboli
result in abscess furmations |

- thile his'pape?‘ia'concerna& particul arly with
the pathogenesis of postoperative thrombosis it
is well to recall that thrombosis presents frequent
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problems for the internist as. well as the BUIEE on
‘The maral and valvular thrombx. found in endocar=~
ditis are characteristic: so too are the embolic
accidents so frequmtly associated with them,
Ita occ_urrem@ is ss.pectacular in coronary throme
bosige. Femoral "th::'ombaphlebitis comnonly accom=
pani es typh»s)id fever. (Cerebrol thrbmﬁosis and
embolism are not uncommon. It ocours in pneumonia,
acuto articalar'rhemwtiam, tmbsmulom 8, and many
other similar diw;mea. 5 |
.mrgez'y in nevm’* freo from the Mnmrs of throm-»
bosise It has follawed every kind of major or
~minor operstions It is no rees;gactor of age or sex
It may occur &fter local, apa.nal or inhalation ancs-
thesio. ?atwnts in the best of candiﬁmn having
‘clean laparotomies m' those moritund from tozemis
" and opers ted for obatmctim mey develm thrombosis.

Ingidence of Thrombosis

Frénkel states that 5 per cent of all patients
undergping abdominal section develop thrombosis
and that helf of these are accompanied by cmbolisme
In 3500 gynecolozical operations Zurhelle reports
34 cases of thrombosis, 15 of which died of pul-
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monary embolisme De Quervain in 20,779 operations
had 143 emboli with death directly attributed to
emboli in 0628 per cent. Heard cites lﬁ&lcasés of
fatal pulmonary @mboliam falloﬁinp~125.164 oﬁeraﬁions‘i
or one in each 1203, an average of 0;08 per cent.
Schilling in Gormany collected 32 cases over a
periad of 12 ‘years, with a pereaﬂtage of 0,12 per
conts ”

If bha'atatiatica eaﬁ'be‘%oliad ugnn‘there se6ms
t0 be a definite incremse in the 1ncxdﬁnce of post-
operative thrombaamaa" For instance Hegler reports
10 thromboses xn 14,600 cases in 1913 and 166 4nrom=
boses in 19,000 cases in 1928, In the interven-
ing years ther@fwam a gradaal increéaeoj

| Q&m&l&ﬁm&mxum

The veins commonly affected by thrombesza are tha
femoral, pelvic plexuses, meaentaria, iliac, and
vena c¢avae Thrombosis of the femoral is probably
~the most comnon, elthough many more occur in the
pelvic and mesenteric vessels than are diagnosed.
The affection of these veins may be scarcely notice-
able or it may be extremely severe and nccompanied
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oy chills and high fever. |

Thrombosis of the femoral veins oceurs most, often |
in the left (presuma,bly because of a more dz.i‘fwult
retumwi‘law due to its passage beneath the right
cormon iliac artery) but does oceur in the right
or is even bxlatamh It ocours raﬂler frenuently.
may follow any operation, or may appear spontaneous=
ly. The general symptoms most often oceur at the
oubset and may consist of an initial mild chill with
moderate elevation in t@mgemtur_e ﬁcdﬁmpa,niad by
pain and odema of the foot and legs The leg may be
groatly amlléns’tha',malling e.:ctemiing from the
toes to the groin or it may involve smoller areas.
If the cdema is great the leg may be covered with
a smooth shiny skin that QCBaBii)ﬁally shows mottled
red areas, thouh uma}.ly the skin is pale:. The pain
moy be mild or sover, is goneralized or may be loe-
calized in the popliteal space or on the medial sur-
face of the thigh along the couzjsa of the saphen-
ous velne ‘Thoe thrombosed vein may occasionally be
palpated a8 o firm tender corde The mild cases
lost only a few days with no after-effects; the
more sovere cases last weeks and way result in per-
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 manent éﬂlargpmﬁnt.and partial disability of the
legs S
Postoperative thrombophlebitis oceurs most offen
about the}eighth,ta the tenth'dgy thaugh’itvm@y |
oceur by thataacondday-or'aeveral weeiks af ter oper=-
ation. 1t is accompanied by 8 low grade fever
that seldom gpes nbove 1019 T Thromboais‘of the
femoral veina‘infrequently extonds ﬁp<ﬁhe ilincs
and. into or up the inferior vena cava. The charac-
teristic ern;atama!\qf such an e;:i‘a&n‘aicnkare edena,
of both lover oxtremities*and of the abdominsl wall
with the davwl@gmant of a collaﬁcral circulations
The ccllat@ral;circuiation moat often develops in
the decp vains‘bu%‘may be also in the éuperﬁicial
lower ablominal veinss R
Thrombosis of the mesentoric veins occurs most
comnonly in the supariur mesenteric because of the
graaﬁar‘fraQuenay of infections in the right half
of the sbdomens Acute mppendicitis is the léuion
most likely to be followed by thrombosis although
it is ofton associated with ulcers and other mor-
bid conditivns in the intestine. It may follow
gut resections and snastomosess. The clinical
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symptoms of mesenteric ﬁhrombeaia are those of in-
testinal 0bzstruc£ion; acute abdominal pain, nausea,
vomiting, and a distonded tympanitic tender abdomen.
There may be absolute aanstipatiaﬁ‘or a blbody
diarrhoens chock with cald_&waét.and subnormal
temperature may develop. 'H@rtzler.Saya»tham the
bloody exudate seen when the abécman is opened is
pa.thogpomoni ¢ qf_vaacular‘occlusion;: imboli from
theaa'thrambi‘fréquently‘ogaaﬁion liver abscessess

R

The great majority'ofVpoétogefatiVe'embaliroccur
in the lungs and this puimonary complication is
subdivided naturally into maltiple infarction and
magsive embolisme o

fulmanary‘infarctioa is usually mltiple and is
the rosalt of emboli small enough to pass ﬁhrbuah
tho larger pulmonary vessels and lodge in the small-
er vessels in one or more lobes. Being peripher-
elly located, they cause a pleuritis with sharp
pain in the chest, cough, friotinn‘rub, reles, ime-
pairment of the percussion note, dyspnea, hemoptyeis
and sometimes cyanosis. Infarcts occur most of ten
in the right lower lobe, are pyramidal in shape
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and their'baﬁea;&re,diracted,tsward the visceral
ploura which is covered with hemarrﬁagic;fibringus :
oxudate. Contact between the parietal and visceral
pleura pradﬁcas paine During the course of ten
days or two weeks the infarcts are absorbed and the
circulation re-established with a consequent dig=
appearance af,symptomaband phyaxcal a1gnag This
clearing up'df symptoms has often been considered
to be the raaﬁlutisn af a nost~aneathetlc pnaumon*r‘
iag. Poat«ane&thﬁtlc pneumonzp, howavar, usually
‘pecurs in pﬁti@ﬂﬁﬁ older thon 503  pulmonary inferes
tion ususlly in patients under a5, Fnewmonia most
often ocours -imz’eﬁié%saly efter cperation end in-
farction seldom before four days have elspsed end
frequently not until after a week or ten days.
‘The temperature cau#ae‘priar to infarction is al-
wnys febrile, ronging from 99° to 100° Pu and re~
mains up for & or 4 days after it slewly returns
to norual se the infarcts are absorbed .

If the 1nfarct 1a infected a lung abscess or gone
grene may devaIOp with a consequent contiuued,sep-

tic type of fever. Following the first shower of
infarets by about eight days there may be a second
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pulmonary infarction or a massive embolisme This
occurs in about lﬂ’ per cent ::zfti%ie cases (Hampton o
aud tharton) and is well 1119.%1’8.’(.(—3& bj “the follaw«- ‘
mg; case hzatury.

irs. ImL.@, 44 yem's of a@;a, undes:rwent chole-
oy stectony icr gall stones. The posstogemtwa :
tmpammm rice nad subsided on the fourth daye.
The iollowing day ahe complained of sudden pain
in the left chest mzd had a rasplmtory rate of
& and o pulse rate of 128, The chest vas normal
to macmlt&tiqﬁrmzd percuaéioxz and a diagnosis of
diaphraguatic plmrisy was madee he next day the
bemperature was clovated t0 102,20 Fs and there was
impairment of breath sounds over me let'y lower
cheste In two days the chest findings had cleared
up but the fever continued its up and down coursae
Un the sixteenth zms’wp@mtive day ‘t.“ne" paticnt was
permitted to be out of bedsa On the tiventy*f‘irst

day she still ran a low irade fever, and while she
wad in the bath room just before going home, had

a sudden massive pulmonary embolus and died within
fifteen minutess Autopsy exsmination showed s, large
embolus in the right pulmonary artery and a portion
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of a throubus pratmding, i‘mn one of the twbutariaa
of the left iliac vein. The fwali bladder bed was
woll healeds e . |
‘This cam_damsnstmtas the nem%iﬁy of weeping |
operative patients in'bed; as long as they continue
to havo an unexpleined fevers - |
In contradistinction to éulmonary infarction,
massive embolism is the result of an embolus suffi=
ciently lorge (m‘ long) %o ocelude entirely the main
trunk or the principle bmnches of *&w pulmonary
artery. Tixw sudden massive acclaman prodices
terrific shock and alwost instantoncous deatli,
el though *’*amé patieut@ survive for seversl hours,
end may even in a few instances Tecovers In addi-
tion to the mimc&». prodncecl the pulmonary arca occlud~
ed. moy be sufficient to account for d@‘}.’t&a 1f the
sotient remiuns conscious for any length of tiwme,
he may couplsin of a sense of severe gi'essaura un=
der the sternum, an iﬁabiliﬁhy to breathe and of &
fecling of impending dissolutions

The lungs of such a pabient show at sutopsy lLittle
more then congestion, but there is marked dilatation
of the right heart and the vena cavoe

Pulmonary ewbolism ocours at any time from a few
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minut@a aft@r QQQratinn to thre& meuks or more,:
but uaually aboub ﬁha axghth to th@ tenth day. |
Mcat 0ftan it fﬂll@ﬁﬂ 8016 intra»&mdmminql cparatzun,
bt may happen aftar thyrozdeetamy, suprapubic h
cyatoatamy, open r@duatlan of a fraeture or oﬁh@r |
praaaﬁuraa For some reaﬂun 1t ﬁeldam resulta from
a famaral thram%ephl@bxtlso Hamptan and dnarton
saw it anly once Ln £0a cages of tnrambaphlaaltzs,
althomgh pulmonary infaratlan ocourred 14 times
in thelr series,

(nges ”}r,mmﬂg, in @;_
“In order to revicw the clinical &6%@&?63 of this
proceas I ﬁaxe:callecte&~€h9 case historiss of
those patients at the Halstead ilospital dh&ilﬂ@
signs and symptoms sufficiently alaar_ta waKe an
unquestioned diagnosice Vithout a doubt there are
mony more but with symptoms insufficicnt to force
racognltznna This is particularly true in cases
of pulmonary infarction miadiagnas@d as plearisy,
“bronchitis or prioumonia. OUver g pariod of 12 years
there have heen 46 cases of thrombosis and embolism
taab followed closely enough upon operation se to
seem to0 ho resultant complicationss The outstand-
ing points are stated in the following tables:
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Age Sex PeOe Yoin
&g@ ‘ ‘ﬁ%v '

& Re

& Re

Operation.
les Hysteromyomectomy = 30 Fe 8  Ls
2¢ lyomectomy 42 Fo7  Ls
Be Ventral fization and 47 Fu 1l L.
4 gerinearrhap y . 43 ﬁ 18 L
] , e
be " 29 FeBu2B Le
6o | 57 Foll B
7¢ Ovarian Cyst 41 Fo 7 L.
B " % TFa B Le
9. Cholecystectomy 37 Fa 8 Le
%106 " o "4 T, 8 L
1le ‘ippendectomy: 28 e 14 Lo
12, " : 47 e 15 Le
154 ﬁ‘yzoaéaatmmy B2 e 16 L.
J4e Corcinome Rebreast Gl Fe 12 R
15, Lo 40 Fo13 Le
16e¢ Cubphrenic Abscess T2 Fe 15  Le
17, Prostatectony 69 17 L.
18. Hoasorrhoidectomy 61 F. 12 L.
19, Resection of Bunions 40 e 17 Lo
20+ Lancod boil ReCalf 41 I 20 R
Zle Vaccination on Le.Leg 39 Te 3 Lo

Femsle 15, liole 6

Left 17, Bight 2, Bilateral 2

Average poatoperative day 12
+*Died on 2lst day of pulmonary embolisme
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Emnpyeta
Infected
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fection
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Clean
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Infected
Clean
Infected
Clean
Infected
Clean

288



Operation Sex fge PaOe Clean or Tn-

— Day _fected Coge

ls Dofundetion and  Fe 63 4 Clean

Fixation o | -
200 F.4q 8 v
Ba Lzymnectnmy " - I%’@_',&Z 8 o
4. Uterine sus emsim ‘_Iw 25 2

(Baldy= ‘?aba'%w) e
5» Appendectomy . He 28 2  Infected |
6. Giolocystectomy ~ F. 2817 "
7+ Toyroidectomy = PF. 70 8 Clean

8. Herniotomy = M. 39 4 °

M
9, Resection of Throme M. 46 13 "
bosed varicose vains

emala 6; lele 3
, uvarag;s poampem‘aive daya ‘7
liese ombosis
Operation Sex Ag;ﬁa Jiéfog Clean or Ine
X ¢ .
ls fppondecto= Me 17 8 Acute fzppeﬁdiaitia
2s " o Me 42 2 ¢ n
be M. B4 3 ¢ .
4+ Herniotomy Me 63 10 Clean
‘ (Ingninal o

S5« Herniotomy i, 85 2 °
(axichtur'



Operation

#@3 Paﬂ# ?une of dea,th Site of

, _Day _ L Thrombug |
1s tﬁwlecysmctmyﬁﬂ_ 14 L:Lvezd 35 mine Hepatic veins
24 " 4 20 " 20 " Lilise
Do Hya;t;ﬁmmyamm 35 18 Instontly B |
de ‘mymidmmmy B 2
B " B4 B !
6s Resection car- 67 8 Lived 20 nine

- cinoma Rectum |
Te Stropgulated 25 8
Hernia , o
Be Cystostomy — 64 12
9+ Fractured Hu= 33 14 Lived 35 iins
10. ﬁsmcew 6 1 Inatauﬁly Murgl Indoe

1le Delivery

cardivum

4 Dur= Insmnﬁly
ing labor



No one haa been &%le tﬁ e&plazn aatxsfactarlly

the initiation and devalapmant of a thrambma upen
one 1n&le factor. It is more than probable that
there are primary and contributory factors,

- Bberth and uchimmelbusch, ‘and Welch believed
that there is a primary 1n3ury of the va%aal vall
with a libaxaﬁian or production of blood clotting
materisle Aschoff mointains that andathelxal dom~
a@ﬁ is a result of rather than a cause of throm-
bosis and ascribes the process to ahangﬁa in the
blood itself and particularly to the mechanical
influence of chaﬁ@ms in thé'rate of circulatory
flow with consequent "eddy” currents. Ritter come
bines m@chmniaal,circulatury disturbsnces with
colloidnl chemical praeeaa in the blood and endo=-
theliume Baner £t and Kugelmass, and Stanley~Browm
fool that thrombosis is larg@ly due to alterations
in the blood itself, affecting the several clotting
indices, and incident to opergtive traums, infec~
tion and diets Hertzler lovis upon thrombosis os
a type of wound healingy a combining of elements
of the blood and of the vossel wall with the pre-
cipitation of fibrin and the formation from it of
connective tissues He recognizes two types of
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thrambig “firah 1ntantman“ thrnmbx praduced frmn
fibrillar fibrin under aseptic condi tione gnd "sec-
ond iﬁtﬁﬁtiﬁn” thrambi from granular fibrin under
sepbic conditions. From the latter arise the

emboli e

It is more or less wanerally aacaptad that the
thrombus atarta a8 an accummlgtzan af blood plate~
lotse Eberth and uchimmmlbuaah in 1885 vorking’
with the wesenteric veﬁaalg of a dog actually saw
under the micrdaeoﬁa the accumulation of blood
platelets at the aité of endothelial injury« As
a result of V&?10u§ influences such as contact with
injured or discased vascular walls the platelots
undervent a "viscid meﬁmmurphaais” Because of this
viscidity the plotelets becomo adherent to each
other and to»the‘v@éﬁel wall and about this nidus
the leucocytes and red bléad'cells»adllaat. In
their earliest thrombi ﬂhéy did not see fibrin and
50 concluded thet o thrombus is not a congulation
but a con@ﬂuﬁinamion of bodies preeexistent in the
bloods ‘velch in 1887 studied thrombi under the mi~
eroocope at intervals of minutaa‘fram their be-
ginnings and found then composed of fibrin, clumped
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platelété‘and lauéacytaa¢ He securely 11¢@xa& a
femoral vein of a dog and xmmedxately remﬁved the
lzgaturﬁg Then he r@mnved and aplzt the vein and
studied the thrombi which had formed at tha site
of endothelial injury, He describes them as gray=
ish hemﬁ&@nasusg translucent bite ﬁf maﬁarial pro=
jecting irregularly into the lummne‘ They were
fragile enough to be disintegrated by the uezght
of a cover glass. They had a sticky gelatinous
feel and could be teased into alendet'ﬁhraads, If
teased in o physiological malt solution the young=
est thrombi were seen to be composed slmost en-
tirely of plaﬁelaﬁavalthough a few leucocytes vere
found in those thrombi only five minﬁteﬁ olde Leuco=
cytes continue tb asccumlate in larg@rkand largér
* number until they form a prﬂminantu?artvaf the
thrombus. Even in the five minute thrombi fibrin
atrands werc founds Following the initial deposi=
tion of platelots the remainder of the thrombus
is formed by the processes of coagulation modified
by the mochanical influences of the flowing bloods

In 1927 Lowntree using en extracorporal collodion
tube attached to the carotid and jupnlar vessels
of rabbits saw with the microscope the initial be-
ginning of thrombi and confirmed experimentally
the findings of Welch and of Zberth and Schimmelbusche



The nyarxmantally praduead thrombi possess a “5&&9»
work of tiny white thrombi csmnaﬂed of disintegrated
platelets and a few leucocytess ‘Un this foundation
lies a stratun more or less rich in leucocytes,
then masses of fibrin and fiﬂally‘daliaate strands
of fibrin with entangled leucocytes". His concep
tion then of the es;aeati,al formation of a vhite
thrombus is that "a fow platelets become attached
to a patholozic surface, they swell gnd discharge
their thromboplastic substance vhich induces the
formation of fibrin and repeat thﬁkyracesa until
a huge mass af’diaintegratad and fused platelets
results”s This mess continues to grow into the
lumen of the vessel until it reterds the rapid
flow of blood and thus allows the second stege of
thrombus formation (the red portion or Schwanzteil)
to ocours ;_ |

Rowntree demonstrated also that retording the
circulation would tend to hasten the process and
that speeding the circulation by the injection
of thyroxin or ephedrin slowed the process.



1t has been maintained by fechoff that the esscn-

tial factor in the pathogenesis of thrombosis is a
slowing of the blood current by disease or oy me=
chanical factors such as obtain iﬁ,the proximal
part of the femoral vein whéra'large,valvaa'are
present, in the pelvic plexzus, vonous networks or
in the auricles. The pressure of the column of
blood in the femoral veins retards circulation;
the pressure of Poupart's ligamﬁﬁt and of the right |
ilise artery as it croaaes‘ﬁha left iliac vein
tends to slow the blood stresm. [ddy currents
formed at the site of venous valves or at the junce
tion of two vessels of unequel size are factors
contributing'ta the formation of thrombi. Upon
these factors and ch@ngﬂs in the blood itsolf
Aschoff builds n pathogenesis of thrombo&ia and
denies that endothelinl damagﬁ pleys any rolee It
mot be remembered that all of these local factors
in circulation are present during the individual's
entire life and that the blood must contend with
them during its normal flow, For this reason these
~ factors cannot be in themselyves of any great sige
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nificance in the indziﬁﬁimbf ‘khmymmsim», I
 Baw gnrton sespam,md a aaﬁguan{; of vcm isy careful
"double ligation under asepbic emachtwrm and found
the blood still i’lm.d aftor a lapse of weeks, I
have repested this wgemmes;t by isolating the =
ecternal jugular veins of dégm 'i.xmhérj aséiﬁtﬁ,e con~
ditions and lignting each in two places mmﬁ an
inch and s half apart, If the lig@a@i&g is care-
" fully done so that the endothelium is not injured
the blood will remain eﬁtimly fluid and the red
colls discrete after s period of thirty days. The
red cells often are crenated and the leucocybes
may disintegrate but there is no evidence of coe
sgplation or thrombosis (Figs 1)s However if the
endotheliwm is injured clotting will immediately
occur. It seems evident from this that if blood
will remsin ab a standstill for weeks and show no
evidence of clobting or thrombus formation it can
hardly be nmintaiﬁed‘ that mere slowing of the cir-
culation is the causative £ actor in thrombosis.
If stasis ploys the essential role in this pw cess,
why should thrombi form upon the edges of heart
velves in a current of blood sufficiently strong |
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© t0 sweep them away? There must be some cause

othor than stasis for the occasional appearance

of thrombi in the aartag’ R

It is probably true that such local factara as

stasis and eddy currents tend to localize many
ﬁhrambi in certain vaaselsa.'ﬁharaﬁteriﬁtic exam;les
of this are the thrombi that occur in the aurcles
ond gbris, in the left femoral véin, and in varicose
veinss iacCallum says thab "es a predisposing and
later as a guiding factor controlling the archie
tecture of the thrambuﬁg modifications of “the velocity
and directions of the current are undoubtedly of
great importance, but for the firsi step in the
‘lodgment of platelets injury to the endothelium

seems of prime importance.”

The dif fxculty in regard to the origin of throme
bosis is confined largely to the explanation of
the first depémit-of plateletse Crowth of the
thrombus after its inception ip understood on the
basis of the principles of clottings

There is alwpys endothelinl injury at the site
of thrombosis. GSome of the older authors looked
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upon this as a result of and not aﬁ;a cause of
tﬁrombuavfarmati@n'and exglainad»iﬁ on the basis
of local,auemia,necrasiéﬁ Howevery moet of the
more recent invaetigaﬁéfabﬂli@ve that injury of
the endmth&liizm‘ is ﬂéeesu:iry :Esz' the ihiﬁiaticn of
ﬁﬁis yrbeaﬁs. gn&mﬁhelial 1n3ury that permiua an
intﬁrmetxan betmeﬁn the blocd and the tissue juices
(tissue fibrinogen, "coment aubstanee”) is the
prime factor in the initiation of thrombosise Hztter
makes the positive &haﬁ&ﬁeat‘ﬁhat thrombi shaolutel y
do nob fom on healthy endothelium. In his cautor=~ |
izing exparimmnts‘na'ﬁhrombiv&eveluped where the
endothelium ratéined‘gﬁad staining powers Cohnheim
recognized that,fat&rdamian of the blood stream |
or cessation of the cireulation favored the occurrence
of thrombosis, yet in hia‘apinion these meant noth~
ing as long aﬁ~ﬁhevendothalium was intact. The
fact that blood will remain liquid for weoks and -
without sign of coagulation while at a complete
standstill in an endothelial-lined space such as
o doubly ligated blood vessel demonstrates that

the integrity of the endothelium is ossentisl in
inhibiting thrombosisgs.
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dhat is tha aﬁtaal memh&nx sm that tagea plage when
ﬁhe adothelium ig iﬂaured and the blood comes in
direct contact wzth\the.tis%uaa of the vesgel lyxug
veneath the &#&athalium? Herbzler says that endo=
ﬁhelial.iﬂjmfy i attﬁnde&,by‘tha‘exuéatian‘frem
bencath the endothelial cells of the "homogeneous
material called cement substance (t@éi?ﬁitt substance"
of Waldeyer)s Tho collection of platelets about
the injured endothelium and the cement subéténce
vhich exudes frbm,benéath‘it‘forms fibrillar fibrin."
This constitutes the xneagtxan of a thrombus and
from this beginuing the thrombus @WQW& by further
deposition of plaﬁel@ta and fibrin with the aceu~
mulation and entanglement of white end red blood
celloe | -

That such & materiol a8 cement substence exists
and that it is essential in the inception of a
thrombus can be demonstrated from the fact that it
can be cosgulated or inactivated by the applica~
tion of silver nitrate and that when so coggmlated
or destroyed a thrombus does not form but the blood
remains fluid at the site Gfkendathélial injury.

I have done this by aseptically isolating the
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external jugular vein of a dog and tightly li@aﬁing
it with silke If the ligature is drav tightly tne
endothelium and intim&:,am destroyed a,uci the vesaél
will becoue ﬁ‘xmmbaaada lhis ocours eahsist‘ently;
Eowever if before ligabing the iéalated vessel a
enall portion of the adventitia of the wall is
peinted with 3 per cont silver nitmw or touched
with the silver stick and then the l;i\.ga:bum is placed
the blood will thri)mbc% except ab the point of the
silver spplication. This is well shown by Figure 2. |
The cement substance being congulated or inactivated
by the silver which has pwétmted the vessel wall
cannot unite with the blood to form fibrin and the
clot does not forme. Away from the place of silver
application in areas of acbive cemont substance
the thrombus forms a8 usuale o

Welch in some of his experiments on thrombosis
formation "injured the vessel wall wi_t,h caustios”
and t0 his estonishment failed in this way to pro=
duce a thrombuse His fallure may be explained in
the above manner.

Tae chemical nature of this cement substanco is
not kmowns The fact, a8 presented by lille, that
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tissue fibrinogen found in high concentration in
vescel walls has such a pavarial aation in 1uauclng |
intravascular cl@ttxn@ leads me to balx&va that '
tigsue ilarinagﬁn end -"cement aubmtaﬂce" are i=
dentical, or at laast that "coment sucstance" con=
teins tissue fibrinogens The chemlaal nature of
tigsue fi brinagan has besn eatablwhad by lMills.
It is the eubire globulin fraction of tissue ex~
tractse hen precipitated by saturation with ¥gS0g
or §aCl it is a grayish-vhite subsience which has
the full coagulation activity‘of the crude tissue
éxtra¢t¢ ihen extf&atad by alcohol it yields
42 per cent, phospholipin and 58 per cent proteins

ivery cell of the bsdy contains tissue fibrin-
ogen in its cytapiaﬁmﬁ the vascular endothelium
being very rich in ite Any escaping blood must
come in conbact with injured endothelium and con-
sequently in contact with tissue fibrinégan. Mills
has showm too that @latalats contain tissue fibrin=
ozene ‘This being true, it follows thab wien plate=
lots clump and begin to disintegrate tissue fibrin-
ogen is liberated. | |

From this it may be concluded thet the essential
mechanism of the inception of thrombosis iz an
injury of the vascular endothelium that pormits



the blood fibrinogen to come into direct contact
with tismue fibrinogen and that union takes place
in the presence of the bloud ealeium sai.tth the produc~
tion of fibrin. Froa }f;‘nia,iﬁi.tial beginning the
clot or tharombus grows by the further deposition
of fibrin and acmumalatianv&f'iarmed_élaménta from
the bloods | o |

In operative surgery troumatization of vessel
endothelium is unavoidables The lzg;atzng and
outting of vessels is necessary. It seems too,
that the majority of postoperative %.hrombaaia
occurs following those operations in which there’
is extensive trauma. A large percentage of throm-
bosis occurs foliowing pelvic operations and par-
ticularly hysteromyomectomy. In this particular
ayara.tiunlafga‘vmsela are clamped snd ligated.
Some times aliampa are improperly placed and must
be reset or ligntures break and are replaced.
Becanse of this it is difficult to mke certain
that vessels are not troumatized proximal to the
;aairit of ligfati.m;' then fibromyomata in the broad
ligement are emucleated and the uterusdidsected
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from the hlad&ar wall extensive areas of traus
mati ged txaﬁua are laft and wmay be the source of
thxeﬁbxa : S

In the raanvql of a gall bladd@r w1th its fre=
quent &&ﬁﬁﬁﬂl?ﬁ adhaakans and its alaae proximlty
to huge venous sinuses, btrauma is inevitable and
the scene is laid for thrombosis. Thrcmhasis |
occurs notoriously of ton in the puerperium and
is incident in large part to the trauma ceused to
the large pelvic sinuses by the deacent of the child |
through the birth canals |

Not only troums but infection causes injury to endo-
theliums In the histologlic sections of acute appen-
dicen one becomes familiar with the initial and
progressive reaction of the endathalmum to inflom=
:matiaﬁ. Cross=sections of the appondiaaal artery
and vein afford almost unlimited examples. Here
one may follow the various stages of thrombus for-
motion from ite inception to final complete occlusion.
The first things ons sees is the swelling of - the
endothelial cells with a changing of their shape
froan the normel flat pavement to globoid or cuboidal
and an &aabciated?awélling of the subendothelial
tiscuese As the reaction continues the cuboidal



cell becomes coluwnar and even spindleshape with
its long axis in,a»radial position. The cells are
pulled apart from each other with a consequent
breaking up of the endothelial barrier bebtween
blood and the subendothelial tiﬂsaéa‘(ﬁig; 3)e
Ly this time strands arc evident an&fiﬁrambasis
has begune ﬁhe next stage in the réaation chows
the disintegration of the endothelial cells and
s definite thrombus farmaﬁion’(?i@;’%); A siady
of a series of such slides ghows th@ eﬁtira process
of thrombosis and is without the unknown elements
injected by artificial exzperimentetions

In operative samgeny opportunity for such inflame
matory reaction as above deseribed is legions In
the first place many cases are infected bofore .
operation and the traums incident to GQeratian
only @&pplemeaﬁﬁ that due to infection. The mnajor=
ity of sppendices removed are infected, fallopian
tubes often harbour infection, the gell bladder
wall is frequently the site of infection and of
course nll sbscesees, pelvic, abdominael or pleural
are infecteds OUperative procedures frequently
open routes of infection; partiocularly is this
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%rue,&ﬁauyravagiﬁalahyst@rﬁgtémy and.ail<gnt,re~y
sections, anastomoses, and in opertions about the
mouth éﬂﬁ reﬁtuﬁa ;3urﬁhermnra i.b@&i@Véﬂit‘ia‘ge@a,,;
erally agreed that ihare»ia no such thing as an
aperaﬁianawiﬁheut1thafiptrgdugtipn_of Qrgagism§,,,
It my; ngﬁ: ba‘cm;cmcfia& that pusta??eﬁmtﬁ. ve throm~~ ’
bosis at the site of operation i&vQQE»to‘andoﬁnelial
1n3ury incident ta operative trauma and associated
or preexxating 1mflammatany r@aatxano  ,r

A larba partxan oi pa»ﬁogeraﬁlve thrambl fora

elaezhara than at the site of aper&txon. Gf these
fhrombﬂpalamxtia of ﬁha vaaaels of the leg is moat
‘eummaau uhxle pa&taperaﬁxva famaral thrcmbapule~
bitis is moat frequautly preaaded by some 991v1a :
ogoratzan or occmra zn tha yuerporium thzs is not
‘neaeaﬁqrxlj truee Twa of our ceses follﬁmed mas~
tectomyy two followed thyraldacﬁomy and o fallow%d
chulacyst@cnomy»"aaat are the. factore 1nvolved in
the grwductxun of thramboaia not at ﬁhe the of |
Opara,tl tm? | o | ,
Bayne~Jonaa haﬂ dem@natratad canclus;vely by 1n~
Jaetxan e»parzmentﬁ that blood vecsels are present
in the atriosventricular valves. Rosenow has shown
that with injections of atreptococcus viridans he



can produce basterial colonies in the substance of
the valves beneath intact endothelium, - Vhite ad=
mits the possibility of the intradﬁctian of organisms
to the enﬂaca’rdium_thréug& blood vessels in the
valves, B‘allowiug this embolic infection in the
heart valve the endothelium broaks down and thrombi
or v@gﬁmtium forme - Is a similar %c‘mté of infec-
tion pussible and a probable factor in the production
of thrombosis not at the site of ayamtim? Ibe-
lieve it is posslble. |

 "Ihe walls of sll arteries and veins with a caliber
greater than 1 mme. are provided with tlmir own nourishe
ing blood vessels, the vasa vasorume They originate
from the adjacent small arteries and form o dense
cepillary network in the adventitiae In even the
im*gg;«#r arteries they do not penetrate further than
the extornal layem of the medis. In the veins,
however, they are in geneml more abundant and may
even penetrate up to the intimag the veins of the
blood vessels often open into the lumen of the ves=
gels vhich they drain. Networks of thin-walled,
frequently very wide lymphatics have been proved

to be present in all the larger arteries and veins"®
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Of ten following vperation, particularly if in=
feoted tinsues have boen oponed into, there is
a bacteremiae Thi&‘iﬁ‘cartainly true in those
patients who appear septic and run high temper=
&tmr&éi At times there is an éﬁtual pyemia a8
@vidan@@d'hygmaltipla gbscess farﬁaﬁianfthreughaut
the bodys It is conceivable that bacteria may find
their way into the vasa vasorum of the veins and
lodging in praximity‘%a the intima set up an in=
flametory reaction sufficient to cause the in-
ception of throubosis, o process identical with
that vhich is known to occur in the heart valves.
Bacteria may also reach and perhaps incite injury
of the endothelium by way of the vessel lumene
These changes may be very slight and require the
aid of o retorded eirculation found'in the femoral
vessels to initiate the progeas. In addition to
the predisposing factor of local ratgr ation or cire
culation and the possibility of vessel well infec-
tion by way of the vasa vasorum or lumen there mmst
~ be some factor in the blood of the patients waich
predisposes toward the foramation of thrombosis not
ab the site of operative trouma.
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1t hos been shown fawly ciefmit@ly oy Bancraft,
fugelmass and Stanley=Brown that "certain of the
blood substances, i.0.,prothrosbin, fibrinogen rmd
platelets tend to 'fmmr alatting; and others (anti-
thrombin) m& ’w reverse this process, i.e;,fm’or
bleeding. In this chemical mechanism the wmnty
for clotting or bleeding ig prapoxtmnal to the
concentration of each interactive mubstama"
These maberials, prothrombin, fibrinogen and anti=
thrombin are definite chemical substances and their
respective concentrations in blood can be acour-
ately determineds | - N
Taese investigators, by a careful pre= and popte
operative study of the bloods of 205 surgical casoes,
‘obsorved & marked olevation of those elements fav-
oring clobbing and a corresponding decreaso in
those elements favoring bleeding in 65 cases or
33 per cente In this sefies of 205 there occcurred
eleven cnses of thrombosis or embolism and all of
these wore conteined within the group of 65 which
showed o high blood clotting index. llany others of
this groap had prolonged postoperative temperatures
and it is fairly certain that soms of these had
deep thromboses that wore not recognized clinicallye
A group composed of the appendices, gnll bl.addefs‘,
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hernias and pelvic cases showed higher clotting -
indices than the @ﬁﬂ&r&l run of surg;aal Ca8e8.
It will be remembered that the langa ma;srxty of
pgaﬁaparative thromboses -oeeur in such cnses.
It was shown also by enimal exgériméntation that
paatnyabativ@ infection ﬁnd to &nﬁertain extent

other anesthesia defxnzte&y increase tha teqdancy
to clot fnrmaﬁxnmﬁ

The acaid&ﬁt'af embolism ocours be equﬁe the thrombus
has been inéacarely attached to the vessel wall
and becomes dzaladgﬁ& either by the force of the-

“blood current or by motion transmitted from withoub
the vessoels | .

It is common knowledge that infected or inflamed
tissues heal or organize more slovly than do aseptic
ones. The<sama'iaktrue of thromhoses. ihe function
of a vhite thrombus is to heal a wound of the endoe
thelium and it does this by atbaching itself by
fibrin strands which later becoms fibrous tissues
If the thrombus iz asoptic this oceurs speedily
and securely. In inflamed vessels the process is
much slower and inaecuﬁa and the poesibility of



=39~
emgﬁllam becomes g @rnhabilxtyg

‘ﬂﬁﬁﬁﬂlaing this fact Hertzlur*haa laid dawn as
a principle of mﬂ?”@?y that "a a vein in a state of
reaction should not be lzaﬁﬁad“ If necessary to
ligate undar such c@ndztzans it ahﬂal& be made avay
from the site of reaction in narm&l tissucs

It is true that no one as yet has baen able to
prevent thrombosis, bub there are e@rﬁaanprnghy*
lactic measures that seem to be of value in the
avoidance of this dreaded nnmplicaﬁiana It has
been shown a&@arzm&ﬁtmlly thot thr&mbosza ocours
more resdily in uﬁhaalthy than in healthy labor=
abory animels, This b@ing true certainly all elece
tive aparaﬁlons should be deferred antxl the pa=
tient's health is wcaﬁ, |

The teahmiqua of operation should be simple,
careful and accurste sa-ﬁha& all unneaesaary ﬁrguma
moy be avoideds The removel and reclamping of
hemostats, the bresking and replacxﬁg,oz ligatures
and the trauma of strong retraction should be a=
voideds Surgical msepsis should be serupulous so
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that the factor of iafaeﬁicn may be minimizeds
Defore elective aparaiianﬁ are undﬁrta&an facl
of infeatzan Shauld, if possible, be ramavad.
Every effort should be made {o avaid the li-
u@tzcu of inflamed vaasala*
nills has shown that a diet rich in proteln def -
initely increases the platelet count and conse-
quently the clotting indexs The platelet count
is also clevated by ether anesthesig aﬁﬁ by chron=
ic infections. Ie sug:ests that all peat@ perative
paLiantm be placed upon a low protein diet until
the usuel time for thrombosis to occur is pest.
The use of materials in tha'blaadyatremn 0 re-
tard or inhibit thrombus formation is contra-
indicated because thrombosxa is naoes%ary ior
vessel healinge

Q.Qia ghg v;‘ QE ¢

1. ladothelial injury is the “aﬁentxnl factor
in the initintion of thrombosis. Intact endo-
thelial surfaces inhibit the formation of thrombie

2¢ ‘e subendothelial tissues contain a wnter-
ial ("cemont substance", "tissue fibrinogen" which
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when the endothelial barrier is bra&en, unites with
the blood fibrinogene Thlﬁ union results in the
de@vsztman of fibrin &nd the 1n1t1atzun of a-throm=
bug, : ‘
Se The grawﬁh of a thrambnsfaft@r‘ita inéeg»
tion is gaV$rnad by the laws of blood GOﬁful%tlﬂﬂt
Its physical appesrance is influenced to a great
extont by the mechanics of the cxraulailon in the
vessel in wiich 1t formge -

4. Infection and operative trauma produce endoe
thelial injurye. Infection may roach the endothelium
by canti@uity,‘by may‘af the vessel lumen or possibly
by way of the vasa vasorume =

5. Thrombi in infected tissue do not bocome ore
gnnized speedily and segurely and are potential
cmboli « |

6« Changes in the blood composition aﬂé chanzes
in the mechanics of tho blood éireul&ﬁiou are face
tors redxspomin thrcmbomiav,
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Fig. 1. Wall of blood vessel forty-five

days after careful double ligation. Endo-
thelium and blood cells are intact and

there is no evidence of thrombus formatione.
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Fig. 3. Appendiceal artery in an acute-

i~

ly inflamed appendix. Endothelial cells
are spindleform and lie with long axis
in a radial position. Blood shows

beginning thrombosis.,




PLg. 4,

Further advanced reaction of

endothelial cellg to inflammation. “ De-

finite thrombosis of blood.





