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lflt.r od14g~i og, . 
It has been said that our interest in a. disease 

~ .. • I ' •; . ' . - . ~ . ' ' ~ I 

L 

should be in proportion, not to the rarity, but . . . 

to the ooumonn.eea of its occurrence. In our search 
~ I '' 

for knowledge v;e are apt to, follow af.ter ~e um.~uual 
and to overlook as oomnonplace the more frequent 

. ' ' ~ I ~ 

phenomena. vJb.ioh mas. b~ ~f par,a.moun.t impo.rtanoe. 
Physiological throrribosis is the preserver of life; 

•l ·, ' 

it i a the *'sine qtta non" or surgery• On the other 

hand patho.logio th_rombo.~is i~_itia~es many dioeaaee, 
ia coexistent with. or contributory to .otbera, and 
frequently ooo~1siona an untimely death •. '.Ihia being 
true, our attention may well be turned for a short 
time ·to,vard a consideration of a physiological pro-
oeaa without which there can be no surgical heal• 
ing' and upon a pa.tholot.;ica.l process the effecta of 

which no one has been ~-tble to f oreate.ll. 
It is the purpose of this paper to. present the 

subject of postoperative thrombosis. An attanpt 
Vlill be ~ttde to Collect from a VOlUminOUS liter• 
ature a fev1 :f aots or at lea.at logioa.l conoluaiona 



and fr·an· these· to formula.ter a pathogenesis of · thro1n-
boais: that: can.in part be confirmed by· clinical ·and 
experimental. data• · , llioueands of article:s regarding . 

, • I ' 

this eubject have-be;en wrl tten;. obviously only a 
few of theaa ce .. n' or need be ci t 'ed. 

Welch's definition of a. thrombus a~a. "a a~lid mass 
01:. plug for®.d in .. the l ,i,ring heart or veaaels from . 
constituents of the bl.oo.d" is aimp~e and adequate. 

- . " . -

'lbrombosta ia the "~o.t . or P,rQceaa o~ forrra.ti.on of · 
' ' . : . . 

·a thrai·nbua or. the condition characterized by its 
presenoe" • ,l!inboli.am ia. "the "irnpa,cti on in some 
pa.rt of ti1e vasoUl~r system of undissolved material 
brou©1t tl1e~e by tha blood current". -it1e impacted 
mg,terial ia ref erred to a.a an embolua• An embolus 
m..<ty ba solid, · ·liquid or gaa, and ·may be infected 

' ' 

or not infected. However; it is generally under• 
stood to be a detached_ portion of a thrombus. "Throm• · 

~· ~ 

bi a.re composed of platelets, leucooytea, fibrin 
n.nd red blood calla·. Theaa ·oonati tuanta do not 
a1wnys occur in . the aome proportions and beoauoe of 
thia there is great variability in the groas and 
mioroscopiool appearance of different thrombi• 



••white thrombi are composed largely of .Platelets, 
leuoooytea and fibrin with a small number of red 

I 1,· 

blood cells." Tne •red" thrombi have a frame.: 
work composed ~f pl~teleta 1 leucoaytes and fibrin 
but in thia t·r~~work there is 'depoai~d a large 
quantity oi~ red blood cells whi,oh 'aocounta for t.he 
red color. Between these two extremea are the 

"mixed• thrombi. which are gradations between the 
"white'' and the nradn. 

The relative proportion of thaae formed elem1nt1;5 
is determine<:\ by the, meaha~ico1 faotors present at 
the aite of the thrombus !onnation. White thrombi 

begin as tiny ooii'e4ti one of platelets which attract 
' ' 

from tho flowing blood .stream other platelets, leuoo• 
oytes and fibrin ·and as thia £rameworl<. a;rows only 
a few ·red. cells are entangled. HeLl thrombi form 
in a slowly moving or atae;iant oir,culiition and do 
not differ greatly in appearance or structure fr'om 
olota formed in a test tube. 'lhe proportion.of form-· 

ed elements ia almoat the aorne a.s in the ciroula. ting 
blood. n1e laminated appearance t i.e.' the alternat-
ing red and white la}' era may ba due to changes in 

the oir.oulatory ruechanicf.l during the time the throm· 
bus ia forming. A "rod'' thrombus may fa.de to a 
yellowish•gray after some time because of the loss 



.. 

· --~ 
of hemoglobin : from the red cells leaving . them . a.a 
'partially translucent debris. 

Sinoa e .. t.hromb~ri;; .. i~ composed of constituents of 
the blood it is essentially a blood coagulum.' dif" 

. . -. 

fering only in· the relative proportions :.of each 
. constituent and in ita ohal"aoteristio physical etruc• 
ture which is produced .. by the aotion of. the flowing 
blo1Jd,,, Being a bl.ood coru~rulum, its· formation i a 
inseparable from the .meohaniam of blood clotting. 
Being the result of the precipitation of fibrin from 
tba bloodby the · action of tiesue fibrinogen within 
the veaael \t1all ·it ia inseparably a.saooiated with 
the rnecbaniem of aaeptio :wound healingo 

I 

!ltO§§.-&l.cjJ!lj,org,a..QQJiiQ. .,Agp_~. 

'fue gross appearance of a completely formed thrombus 
found a.t auto pay is , ahara.ctetistic and :should not 
be confused with_ the postmortem clot • . 'Ihe ••hea.dn 
of the t.'lrirombua or that portion f orined first and 
while the blood is in active moti·on • . is dry, in· -
elaatioo granular and friable and is attached to 
the vessel wall. I.f foroi bly removed the underly• 
ing endothelium rria,y be dulled 1 rou@.ened or even 
torn away• 'lhis portion of the thrombus le gra.yiah-
whi te or at least less red than the "tail" portion. 



'Ihe "tail n is : tha~t portion . of t.he thrombus extend-
. ing in either direo~ion from .. the head.. It ia· formed 
after the vesael has-been partially occluded by the . . 
h.ead portion and consequently in blood less rapidly 
moving or even .stas-.w.nt • . It is .red in .color and 
more closely resemb-lea the poatmox·tem clot. A arose...; 
section of ·.the head will show irregularly anastomoa-
ing strands or islands of gra.yieb•whi t .. e• aometimea 
h.yalinized material, forming a bizarre network, the 
meahee ·Of which a1~e filled with darl~,, reddish brown, 
granular material •. · Secti Otl throu@Jl .tb.e tail portion 
appeara similar to clotted shed blood. 

Mioroscopically, the tl~rombt1s is eee~ to be made up 
. -- . 

of islands or h .. regula.r atrancla composed of ac:E;lt1tin• 
a.ted platelets · flanked on either side by rowa of leuco• . 
cyteeo 'these otra.nda are connected by a lacework 
of fibrin fibrils in which are enmeshed varying 
numbers of . red blood oella.. 'Ihe f.i brin is pa.rtiou• 
larly dense near the edges of the ana.atomosing strands. 

. ' 

of aWutinated platelets but seldom· is recogniz· 
a.ble in theae ma.sees. These strands with their 
bor:·ders of entangled leucooytea make up the "lines 
of Zahn". Occasionally in early thrombi one can 



'#i.(,-

Eeo fibrin f i brila re .. diating from individual pl ate• 
letso · 

'Iha characteristic. structure of tl1e thrombus makes 
it readily distinguishable from the "postmortem" 
clo·t which ia formed in .. immot,ile blood and upon 
intact endothelium. Under auoh conditions· the blood . 
clota very alov1ly e.nd there ia sufficient tima for · 

! -. 

gre.vi ty to actually sediment, the :formed elements., 
ao that this clot .haa ita deep red .. dependent por-
tion and lying upon this' _ -the ela~tlo, yellowish, 
translucent layer.·.. I ts groaa e¥ppearanoe suggeeta 
the term ''chicken .fat" clot. 

~~.Q .2t .. Tut2rrQQ_a.ll 
'lne prirn,ary purpose of thrombosis ie to heal an 

injured vessel wall or to occlude a oevered 
1

ver;sel 
Hnd so a.rreert hemorrhage• ~'1hen a vessel is cut 
e.cros~ tho inner and medial coat,s contract and re-
tract so that the caliber of the lumen is materially 
reduced. \'Alen n vessel ia aoourely li@lted these 
coats are ruptured aµd retract. In ea .. ch instance 
the rtiptured endothelial lining permi t,a the-inter-
a,ction of ti osue jui oea and blood with .a.. reaul tn.nt 
thrombus formation. 'lhia ti1rombua is apeedily or-



' -..7. 
g,!1Uizecl a.mi .. preclude~ ·the. poseibil ity .. ~r hetnorr· 
ha&re after the ligature is aboorbed., . An attempt 
to heal an inju1 .. y. in . a vessel wall . is seen . in the 
thrombus· ~~at ·rornls in an anaury.sm ·sac •. - The vessel 
wall weakened by diaeas~ ia_ reit1£oraed by buttresses 
of organi.zing fibrin lamallaa.·· 

~\l.fJJo·ej. 151 · 1n..x,gml29J?eJ! . 
Nonpurposi ve thranbi are those which· form follov1•· 

ing operative trauma.0 infection, parturition, chnng;es 
in the circulatory _meohonioa incident _to _di.aeaset 
and in other condition$'• 

'lheee thrombi often arise in areas inflamed prior 
tot or incident to,. operation -and being farmed from 
gra.inlar rather. than fibri lla.r fibrin,· organize late 

. . 
- -or imperf e~tly and a.re the eouroe or emboli raapon• 

tlible for posto.pera~ive oomplioationa nnd death. 
They may form in infected fields end their emboli 
raault in abscess formation. 

OCCJJ.trr:ulQe Q!, 'll1rorr.tbg£ia. 4 

·};hilo thi a ·paper ia conc!~rne,i partloul nl"'ly with 
the pa:thoge11eaia of poatopo1·a·tive thromboois it 
ia well to reCf'1ll that thromboeia presenta frequent 



problems for . the internist as ;well as .the surgeon• 
'lhe nural and valvular thrombi found in _endocar• 
ditis are oharacteristio: so too aro the embolic · 
aeoiden.ts so frequently associated with them.: 
Its oo~urrenae ia spectacular in coronary throrn- .. 
bosia., F~anoral thrombophlebi tis conmonly acoom-
pani ea typhoid fev:er. Cerebral thromoosis and 
t.'tl1bollem are not t..moo~on • It occurs .in , 1)neumonia, 
a.ctl.te articular rhettnatiam, tuberculoai a,. a.nd ui.'1.ny 

. other oimilar . diaen.eea. :· · 
Surgery ia never free from the dangers of throm· 

bosie. It has. followed every ldnd of rm1jor. or 
minor opero.tion•. It ia no reap_eotor of ae~ or sex. 
It m'!!y occur eitor 1 o cnl ,, apinal or itihala.ti on an es· 
thesio.. Pa.tienta in the beet of condition having 
clean lo,parotomies ~r those moribund from t,oxemia. 
and operated for obstruction mg;; develop thrombosis. 

I 

Ifrlinkel atates that 5 per cent ·of all patients 
undergoing abdominal sootion develop thrombosi a 
and ~tiat half of" these are accompanied by anbolism. 
In 3500 gynecological operations Zurhelle reports 
34 cases of thrombosis, 16 of which died of pul-



monary embolism. De Quervain in 201'179 operations 
had 143 emboli with death directly attributed to 
emboli in o,2a ·per cent.; Heard cites 104 cases of 
!a.tal pulmonary embolism following 125,164 o'perations . 
or one in each 1203, an -aver~e of 9.00 per cent. 

. . 

Schilling in Garmany collected 32. cases ovor a 
period Of l .2 ·years, Vlith a percentage Of 0.12 per 
cent• 

I! the ·statistics can be; 1,.elied upon· there seems 
to be a definite inoreaae ·in the inoidenoe of poot• 
opera.ti ve thromboai a. . i<ior' instance Hegler re .EX>r~ts 
10 thromboses in 14,600 oases in 1913 and 166 throm• 
·bosea in l9t000' ca.sea in , 1928. In the interven-
ing years there .wan a gradual ino~eaae, 

Qlini.w~~. 4F.2r.ms J>,f. Jbt.QJJ1b.o'ts.UJ. 
The veins conmonly m!fected by thrombosis are the. 

femoral, pelvic plex.uaea, meaenterio, iliac, end 
vena cava. Thrombosis of the femoral ia probably 
the most common, although many more ocour in the 
pel vio and meaenterio veaoela _ thn.n are dinf3)'losed. 
'lne s.ff eotion of th.eae· veine m~y be scnroely notice· 
able or it ma3 ba extremely severe and aocompanied 

I 



by chills and hieJ1 fever.~ 

Thrombosis of ~11.e fetrora.l veins occurs moat often 
ih the left (presumably beca.uae of a more difficult · 

( , ' : - . ::: _ . . 

return-flow due to ita passage 'beneath the right 
conmon iliac artery) but does occur i9 the · right· " 

' ' 

or is even bilateral• It o'ooura rather frequently• 
. . - . 

m_q3 follow any operatton, or may appear spoi:itaneoue• 
ly. 'J,.he general .symptoms most often ·occur ·at the 
outset and may c~nsi at oi" an initial mild . chill \1i th 
moderate eleva.tiotl ~n . temper.atui ... e aooompanied ·by 
pain ai"ld edema of the . foot .'a..rid, leg. The leg may be 
greatly swollen, the. swelling extending f roni the 
to.ea to the groin o.r 1 t nia.y invol va small.er areas. 
If tho edema is 'great the leg may be ooy-ered with . 
a ~mootl1 ehiny a~in that occaaionally shows r.tt.?ttled 
red areaa1 tho11J1 ua.ually the skin ta ,pale. 'lhe pain , 
rrir;ry ba mild or saver• iil gonarnlized or rna.y be lo• 
oalized, in the popli teal apace or on the medial am"• 
faoe of the thigh along the oou~se of the saphen-
ous vein. 'lt1e thromboaed vein mci.y occaaionally be 
palpated a.m a firm tender cord. The mild oases 
la.at only a fevv do.ya with no after•effeota; the 
more severe cases laat weoica and may result it'l per-. 



.,.11-
man en t, enlarge~nt and partial disa~ili ty of the 
leg. 

Poetoper0:t,ive thrombophlebitia occurs most often 
about ·the . ei~th to ·the tenth day thou@ it may 
occur by the -second day· or several w~elts after opor• 
ation. It io accompanied by a low grade fever 
that seldom g-oea H.bove ~010 F. 11hromboai a of the 
f e.m1.>rel veins infrc~quently extends up ·the ilinoa 
nnd into or up the .inferior vena . cava.. 1110 oharao• 
terietio symptoms" of ouch · an EL'ttension . are edema. 
of both lovJ'er e1ctremi. ties -a.nd oi the abdominal wall 
with the devolopmen:t of ·a collateral circulation• 
'I'he collateral .circulation moat _ often develops in 
the deep veins but mczy. be also in the superficial 
lower a.bdomine..l veina. · 

Thrombosis of the . mesenteric veins ooeurs most 
commonly in the sup~ri or mesenterio beoauaa of. the 
greater ·frequenoy of inf eotions in the ricjlt half 
of the a.bdomen. · Aoute appendicitis is the leai. on 
most likely to be foll O\ved by thrombosis al thougp. 
it ia often a.aaociated with ulcers and other mor-
bid con di ti ,~;.na in the intestine. It WfJ3 follow 
e,ut resections and ana.etomoses • '!be olini cal 



-1~-

aymptoms of mesenteria thromboaia are · those of in• 
t -eat,inal obatructi on; a.cute abdominal pain, nausea, 
vomiting, and a diat~nded tympanitic tender abdomen. _ 
'lher<' may be absolute constipation or a bloody 
dia.rrboea,- Shook with cold sweat and subnormal 

tanperoature may develop. Hertzler says that the 
bloody exudate seen \~hon the a,bdomen is opened ia 

pa thogp.omoni ~· of vascular . ocolusi on ·· . J!rnbol i . from 
these thrombi frequently ,oooasi on li_ver abscesses• . . 

.Qlini o,JJ, .ti.~Jiw &>t !llnbol i mi 
1he gretr~ r.najori ty oi' pooto perati ve emboli occur 

in the lur1gs and thia pulmonary comr;lioation ia ' 

at1bdi vided ne..tux~a.lly into· multiple infarotion and 
masai ve embolism.· 

f\1lmona1·y infaiotiori ia usually multiple and is 
the reaul t of anboli small enoo.@l to pa.as throu;j1 
tho larger . pulmonary veas·als and lodge in the amoJl-. 

er veseels in one or more lobes. Being peripher• 
ally located, they cause a pleuritia with sharp 
pain in the chest, oough, frioti on rub, re.lee, inl-

pai1:·ment of the paroueaion note• dyspnea., bemoptyais 
and sometimes oyanoaia. Infarcts occur moat often 
in the ri&it lower lobe• aro pyrrnnidal in tlhape 



and their be.sea are directed _tO\iard the visceral 
pleui-•ti which : ia covq,red with hemorrha(SiO fi brinous 
exudate. · Contact· between the parietal and visceral · _· 
pleura produces pain. During ttie ·course uf ten 
days or two weaf~a the infarcts are absorbed and the· . . 
circulation re•eetabliahed 'with a consequent die• 
appearance of. symptoms aµd physical · eigns~ 'This 
clearing up. of ayrnpto~ haa o·:rten been- considered 
to be the resolution. of : a :poat•aneathetic pneunon• · 
in • . Post--aneetJ1eti_o pneunimie., ho\~1ever, usually 

·occurs -in pn,f,ients older tho.n · 50; pulmona.ry inf are• 
ti.on u,su.nlly in ·pt\tienta under 45, Pneumonia moat 
often occurs -irrniediately -after oporati..on e.nd in-
£arcti on seldom pefore four days hav~ elap~1ed and 
f requ01rhly no ·t tmtil after a week or ten · days, 
'1.be temp(~l"H~ture cou~se prior to ·infe.rction is ~.l­

wr.ws febrile, ra.nging .from 99° to 100° ·F. and re· 
mains up for 3 or 4 days a.f ter it slowly returns 
to normal as the inf arc ta rire ~1.boorbed * 

If the infa.rct is inlecteti a lung abscess or g~~­
grena may develop wi t.h a consequent continued sep· 
U.c t,ype of fever. Pol lowing the first shower of 
inf o,rcta by about eight dnJS tJ1ere may be a second 



. ·•14~ 

pulmor~ary in£arction or· a tnassi ve embolism, ihia 
oocu.rs in about. 10. per cent of· the- caaea (Iiampton 
and \1harton) and ia well illustrated by ·the follow• 
ing case history: -

Mrs. I .E, _, 44 years of age, underwent a chole.;.. 
oyateotomy i'or gall'atones1 'fna postoperat .. ive 
temperature· riae had subsided on the fourth day. 
The follo\ving da.y she · complained of sudden pain 
in ·the left cheat and had a reapira.tory rate of 
3G .. and a · pub1e x·ate of 128. 'Iha cheat waa normal . 

\ 

to auacul tatio·n and percuailion and a diagnosis o! 
diaphra@Jtatio .pleurisy wa.a rJc1.de• 'Iha next da,y the 

. ten11)erature waa· elevated to 102.20 F • and there was 
imp.airmeut of bi~eath aounda over the left lower 
chest. In two d?-3B · the cheat f' indings had · cl'eared 
up but the fever continued. itfJ up and ~own course. 
on the ai.xteenth postoperative day the patient was 
permitted to be out of bed. On the· twenty•firat 
dA.y She Still ran 8. low grndeJevert and while Sha 
we.a in the ba,th room just before going home• had 
o. audden massive pulmonary embolua n.nd died within 

. . . 

t•ifteon minutea. · ''utopay exrunina.tion ahowerl a. large 
embolua it1 the rigj1t pulmonary artery and a portion 



•l.0-
of a. thrombus protruding from one of the tirbutaries 

of the left iliac vein. frhe g1:ill bladder 'Qed was 
well healed •. 

. T.nia case detoonatratee the necesai ty or Keeping 

opera:tive !1a.tienta in bed as long a.a they continua 
to have an unexplained fever. 
· In. oontradiatinotion 'to pul.mona.~y infarction, 

tn9.sai va embOlimn ia the result of" an. emboluo suff i • 
ciently la.rge (or long) to occlude entirely the main 
trunk or the prino'iple branchea of th.e pulmonary 

artery~ 1his. ou.dden . ~a.s.si ve occlusion produces 

terri:J:io ahool~ und almoot inatnntnnoous death, 
eJ thoug}1 some patie~te sur.vi ve for aover,9l hours, 
and 111~ evon in· a fer1 instnnces recover.· In addi-. 

tion to ·the ehoc~ pl"otluced the pulmona.ry area occlud-- · 

ed. nm,y be euffioient to , account for ,death. If the 
pe.tient remains conecioua for any length of time, 
he rnay complain of a eense of severe pressure un ... . 
der the sternum, an inability to breathe UL&d of a 
feeling of impending diasolution. 

Ttie lunbrs of such a patient show at autopsy little 
more tl1a.n congeetion, but there ia u1a.rked dilatation 
of the ritjlt hen,rt and the vena cava. 

Pulmonary embolism oooure at any time from a f'eVT 



.. 

. !tlo~ 
minutes after operation w· three v1ealts or more, 
but usu.ally about the ei@'lth to me tenth day. 
I\foat often it . follo\vs eome intra•abdominal operation 
but may happen after :u1yroidectomy, auprapubio 

oysto.atomy, ·open reduction _of a fracture or other 
procedure<> · For some reaaori . it seldom results from , 

a f emora.l. Uironibophlebitis" .• Hatllpton ~d Wharton . 
saw it 011ly orice in 205 ' cases of thrombophlebitia, 

, · . ' • . -

al though pulmonary infarction ooourred 14 times 

in their eel'iee• 

~1il .. Q§.~JJ~QJJr.rt~~l~•· ·Ural.a t9D&1. ItoJ~~1l. 
· ln order to reviov1 the clinical f oa.turea of this 

' . 

process I hu.ve ' COl~eoted ~1e case hi~torios of 

thoae · pa,tientrl at U1e Jktlstead Hospital uhowing 

sie,r1s and symptoms. sufficiently clear . to make an 

unquer~rL!':,med diag.no~io. Vlithout ii doubt there are 
mnny mo1 .. o but wi t,h aymptoma insuffioi ,(:nt · to force _ 
reooe;oit.i on. lhia is part.icularly true in .cases 

of pulmrmaty infarction miadi~11o~ed as pleurisy, 
. b1"onohi tis or prrnulnonia. Ovo r a period of 12 yeara 

there he .. ve been 4o ca.Dea of thrombosis and emboliam 
that followed closely enou~1 upon · opera.ti on s.e to 
aeem to be roeul t~mt oomplioatio1ls• The outstand-

ing pointa a.re stated in tho following .tables: 
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eostoi)eyra,titi F"'·,eraorM ll1rombo Pbl ebi ti B 

Operation . Ai!ft· ·Sex P.o. Vein.· . Clean or 
r ' I . . · . .. . . !AX ItlVQlXad Jpf.Qotag U;J.se 

.l. HyatGtomyomeotomy 35 F • 8 Lt Clean 
· 2. · Myomectomy 42 ]", 7 L• ti 

3. Ventral fi:<Cation ·end· 47 ]'• ll L. 0 

t>erlneorrhaphy · 4. tt . 43 It'\. 18 1. n 

· · 29 It"• 8 &23 L• & Ht " 

57 ~' •. ll t. ff 

7 • ~Varian· Cyst 
. 8.· ·. • • • 
9. Ct1olc:oys·ceotomy 

~io. 0 · 

ll. Appendeotorny: 
12. f1 

13 • 'lhyroideotomy 

41 ir ., 7 . L. 

36 li\,. 8 · L • 
37 lr • 8 1. & R .. 

·. 44 I;',, 8 · · L. 

.28. M+ l4 · L. 

52 M. 16 · L • . 
14, Carcinoma H.brea.et . '61 Ii· •. 12 n. 

l6t Sub]?iu'enic Abaceaa· 
17. Pro2tateotomy 

40 F. 13 
72 ~~. 15 
.5,.·9 ~i .. ·1 .. 7. ,Li;. .... L. 

18. HarHlrrhoidectomy 61 11· • 12 · L. 

19. H\,secrtion of Bullions 40 1¥1. 17 L. 
20 • La.need boil H.Calf · 4l J:k. 20 a. 
21. Vaccination on I ... Lc:lg 39 F. 3 L. 

li' emr-~ e l 5 • llol e 6 
Leit 17 • Hi~jlt 2, Bilatort'1 2 
.~.vorage poatoperati ve d.a.y 12 

.,,. Died on 21st day of pulmonary embolism .• 

fl 

Empyema. 

Infected 
Acute In• 
f eotion 
A.bacess 

Clean 
fl 

tt 

Infected 
Clean 

Inf ecte.d 
Clean 
Inf eoted 
Clean 



•lS. _ 

l?Mlm~nP1t!Z ·· _ i nt:a.tg±:i on 
Operat~o~ . 

. -, r ~ -1 ·_ 1 _MU 

l, · Defu11dation and 
Irixation 

2·.· ' ft • 
3• Myomeotomy .. ·. 
4. u' tor.·.·ine.su,apanaian ' (Bal.dy•Webs"ter) . 
5. Appende_otomy 

6~ · Cholecysteotomy 
7, Tnyroideotomy · 
8., Herniotomy 

Sex. Age P-.0. Olean or In• ," ·. ... ' Dal! ' ' f ec;hed case 

i"._42 -8 
11'. 23 2 rt ... ,, 

. :Mt 28 2 ··.'Infected 
it\ ·2s 11 " 
F, -70 8 .- Olean 

- . 7.n 4 M. Wf(/ ' fl 

9 • Haseotion of 'lhrom- Jtt'o: -.46 13 " 
boaed variooee veins 

l•·emal~ 6; Male 3,_ 
Ave.rage poa~operati ve c.t~ya 7 

· . I·!~eent~ri.2 .. · l\lt;ombq;oh 
Operation Sex Age p.o. Clean or In• · 
I L 1 1 · ,. '· .. LL.; ' Am¥ ',' fecte.Q.. Qa§Q 1 

l. Appendecto• r.~. 17 8 Acute Appendicitis 
rny 

3, rt 

4. Herni. oto·m. y.· (lnE}linal) 
5. Herniotomy 

( Hiohter•a 

M. 42 

M. 64 

l~ ·· 63 

M. 00 

2 tt tl 

3 rt It 

10 Clean 

2 " 
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Ji:lilfilona1rz .. ~nboli2rJ! , 

Operation Age -PoO• Time of death Site 0£ 
. .. • "' l)a.X. · . ·, . • . ·.· •.. -. , Ibrombp,~ 

lt tl1olecyst.ectomy30 14 Lived 36 min• Uepatia veins 
2. " 44 21 " ·_ 20 •• L.iliac 
3. Hyoteromyomec• 55 · 18 Ins.tan.tly 

tomy 
4. Tbyroideatomy 6Q 2 

0• Heseati.on oa1 ... 67 8 Lived 20 min. 
cinoma Rectum 

7 • s·trantsulated . 23 a 
Hernia . 

8. Oystoatomy 64 12 
9. F"raotured Hu.• .~ 14 Lived 36 Min. 

me1"U.s 
lO. Hydrocele .67 1 Instantly 

11. Delivery 4l Th1r~ Instantly 
. ing labor 
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j3gp12n:.zirx of~. 7Jieon.@s gf ~th,ol?en6-.a1a. of. :rbronJbQsi s 

Mo one hae been a·ble to explain ~atiafa.ctorily 
tha initiation and· deve~or,ment of a. thrombus upon 
one single fa.otor.. ~.t ta more than probable that 
th.are are 1:>rimary a.nd· contributory factors-. 

b;berth and Schimnel bttsoh1 · and. ·welch believed 
that there ia a primary injury of the vaaaal wall 
\vi th a libetation or produotion of.blood clotting 
material., Aschoff maintt~dns that endothelial dam-
age is a reaul t of rather tha.n a cause of throm-
boei a and ascribes the proceaa to change a in the . 
blood itself and pa.rtioula.rly to the mechaniC'.lal 
irif luenoe of changes in the rate of ei rculatoxy 
flow v;ith oonaeq~ent ueddy" currents. Bitter com-
bines mechrmical oircu.la.tory disturbances with 
colloidal chemical process in the blood and endo• 
thelium. :Bancroft and Kugelmaaa • and Stanley•Brown 
fael that tl1romboaia, ia largely due to alterations 
in tho blood i taelf, flff ecting the aeveral Qlotting 
i11dioea, and inci.4ent to 01xu·ati ve traw:na, infec-
tion iu1d diet, He,rtzler looKa upon thrombosis as 
a type of wound healing; a combining of' elements 
of the blood and of the vessel wall with the pre• 
cipitation of fibrin and the foxina.tion from it of 
connective tiaaua. He recognizes two types of 
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thromb1 1 fffirst intention*' thrombi ~roduoed from·· 
f ibrillar f ibrln under ase ptio con di ti ona ~nd "seo· 
ond intention" t.h.;rombi from granular fibrin under 
septic condition.th· From the latter arise the 
anl10li • 

:ll"U? Ir\OCilIJ:!ii on gg_ 'Ilu:omlJi 
·It ia more or lean generally a#ccepted that. the 

thrombus . starts a.a an accumulation oi~ ,blood plate-
lets. It'berth and SchinF..i~lbu.aoh in 1886 working·· 
with the meaentetio vessels of a dog actually sa\v 
under the microsco pe the aooumulatlon of blood 
platelets at the ai te of endoth.elial injury• As 
a result of variOU§l influences such a.a contact with 
injured or dissa.aed vaeoular walls the platelets 
underwent a "via.aid. metP..morphosieii • Becau~fe of thia 
viaoidi'ty the platelets become adherent to ea.ah 
other and to the vessel wall and about . this nidus 
the leuoooytea arid ;·red blood cells collect. ln 
their earliest thrombi they did not see fibrin and 
ao concluded 'tha.t a thrombus ia not a ooa&1Ula.tion 
but a conglutination of bodies pre-existent in the 
blood. Weloh in 1887 studied thrombi unde1 .. the mi• 
croooope at intervals of minutes from their be-
ginninga and found them oomposed of fibrin, clumped 



platelets ' .and. leu.oooytes• He securely ligated ·a 
f emorol, vein of a dog ~d inmediataly removed the 
ligature. 'Iben h~ removed and, apli t the vein and 
studied the throm?i which had formed a.t ."t.he site 

of endothelial injury. He describes them as gray• 
i~ homogeneous, tranaluoent bits of material pro• 
jeoting irregularly ·· in:to tl~e lumeno 'Ibey v1ere 

fragile enoileJl to be disintegrated by the wei@lt 
of a aovar glaEHh '!hay had a atiaky ·gelatinous 
real .. and could be teased into slender tln'aads. If 

teased in a physiological ealt aolution the younfS ... 
est thro1nbt \vere seen . to be composed almost en· 
ti rely of pla.tel<:;ta al thoue)l a f'e~v l~ucocytea wer~ 

found. in those thrombi only five minutes old. Leuoo-
. . 

oytee oon.tinue to accumulate in larger and larger 

number until they form a. prominent 'part of the 

thrombus, Even in the five minute thrombi fibrin 
strands wer~ f'ouncl •. Following the initial deposi• 
tion of platelets the remainder of the thrombus 
is formed by the prooeaaea of coagulation modified 
by the mechanical influences of the flo\~Jing blood. 

In 1927 Bowntree using an extraoorpora.l oollodion 

tube attached to the carotid and ju{;9ila.r veasels 

of rabbits anw with tho microscope the initial be• 

@nning of thrombi and confirmed experimentally 
the fin dings of Welch and of Eberth and Schirrmelbuach. 



Taa eJt.porimentally produced . thrombi possess a "base• 
. . . 

work pf tiny white thrombi , compoaed ot disintegra .. ted 
platelets., and a few· loucocytea·. On · thia :foundation 

lies a stratun1 more or lese rioh in leucoaytea, 

then maaaes of fibrin · and finally delicate stro.nda 
of fibrin with entangled leuc~oytesn. His corioep-

ti.on the11 of the eaaenti al f orma:ti on of a white 

thrombus ia that "a f aw platelets become attached 
to a pathologic aW-f aoe, they swell and discharge 

their thromboplaotic eu.bstanoe which induces the 
formation of fibrin and. re,peat the proceea until 

a huge ma.sa of di atntegra.ted a.nd. fused pla~telets 
resul ta•1

• 'l.hie maJSs continues to g-row into the 
lumen of the vessel until it retards the rapid 
flO\Y of blood and thua allows the second atage of 

thrombus formation (the red portion or Sal:nvanztail) 
to occur. 

Hovmtree demonstrated also that reta,1~ding the 
circulation would tend to haaten the 1Jrooeaa and 

· that speeding the oiroula.tion by the injection 
of thyroxin or ephedrin alowed the process. 



J~e£t Of, . • Qt [Qta,11,tOtl Dj.~·wrhaJ19.,.6§ . QU T11[0!IlbJS lt, opnati OQ 

It ha.a been· rnaintnined -by Aschoff · that the eoacn· . 
tial factor in the pa:thogeneaia of thrombosis is a. 
slowing of the blood current by disease or by me• 

oha.nioal faoto1"a such ae obtain in the proximal 
part of the femoral vein where la;rrge v:::ilvea are 
present, in the pelvic plaxua·, venous networks or 
in the axtriclea. · 1he preeaure of the oolumn of 
blood in the femoral veins retards circulation; 
the praaaure of Poupart*a ligarnent and of the right 
iliac a:rte1'.'y as it c1 .. oases the left iliac vein 
tends to slow the blood stream• Eddy currents 
formed at the site ·of ·venous va.lvee or at the j11nc• 

tion of two vessels of unec1uel size at·e factors 
contributing to the forma.ti on of thrombi. Upon 
these f a.ctore tmd cha.ngee in the blood i taelf 
Aaohof~ builds a pa,thogeneaia of tllrornbos.ia and 
denies that endothelial dar~re plavs any role. It 
nuot be remembered that all of tb.eee local factors 
in oiroule.tion are present during the individual•s 
·entire life and that the blood must contend \"1ith 
them during i ta normal flow. li'or this reason these 
faotora cannot be in tJ.1emaelvea of any great aig• 



nificance. in the induction of tbrombosia. , 
. BaurlJ€9lrten separated · ci·· se@1ent o:f vei11 by Qareful 

1 double ligation und~u.~: aseptic · cor1di tio.r1e and· found 
·the blood still f lui.d after a lapse ,of \veelta ~ · I 
have repeated: this experiment by isolating· the 
external Jugular veins. of dogs und~r - aseptic con~· 

ditionn and. _li. e;:~t$.ng ea.oh· in two .plaeeia abau'b an 
inch a.nd· a half apart. If ·the · li~ting la care• 

· fully don.a eo· that the endothelium ia not injured 
the blood will remain entirely fluid· and the red 
cells di.acreta after a · per~od of thirty days. 'me 
red cell a of ten are orenated an.d the leuooaytea 
inay d.iaintegra.te but there ia ·no evidence of co•· 
agula.tion or thrombosis (Fig-. l) • However if the ··· 
endothaltum ia injured clotting vdll imnedi.ately 
oacur. It seems evident from this that ·ir" blood 
will remain a.ta etahdstill for weeks and show no 
evi4enoe of clotting or thrombu.a formation it .can. 
hardly be maintained the,,t mere slowing of the cir• 
culation ie tttie causative factor in thrombosilh 
If stnsi a plays the essential role in this prv Cesa, 
vihy should thrombi form upon the edg;ea of hes.rt 
valves in a current of blood eui'fioiantly strong 



to S\'1eep :hhem a1vay~/ There . must be aoine crauae 

other than stasis for the occasional appearance · 

of thrombi in the aor~-:t. 
It is 111 .. obably true. that aucb loo.al factors· aa 

stasis and eddy ou.rrents .tend to localize many 
thrombi in certain vessels., · Characteristic exampleo 

. . 

of this are the t'hrombi that occur iri t11e e.uri. oles 
a.nd atria, in the left f~noral vein, and in varicose 
veins. Maccallum. aays tl1a/b "as a predie.posing and 
later. as a l$Uiding factor -controlling the archi· 
teature of the thrombus, modifications of 'the' voloci ty 
and directions of the current are undoubtedly of 
great importance, bat for the !irst _r)tep in the ·· 

· lodenent of platelets injul"Y to the endothelium 
· aeerne of prime importance. •1 

Jjjtgotheli!JJ. IojUO£ £Ul , 1,be ODM~~ of Jllromt{oai.sL 
11he difficulty in regard to the origin of throm-

bosis is confined largely to the explanation of 
the firat deposit of platelets. Growth of the 
thrombus a!tt:;r its incapti on ia understood on the 
ba.sia of the principles of clotting. 

'l1hete ia always endothelial injury at the site 
of thromboaia. Some of the older authors looked 



~2.7• ' ' · 
upon thi a ~ a result of· and not ae a. cnuf;Je of 

. -. . 

tbrombu:it formation and explained it on the baaia 
o:f local anemic. neorosia• However,. mo.at of the 
more reoent .tnveatigatora .believe that injury. of 
the endothelium ie neoessary ·_for ·the _initiation of 
th.is process. lmdothelial injury that permits an 
interaction between .the blood andthetiaaue juiaea 
{tissue fibrinogen, "cement substance") is the 

' . 
prime factor in. the ini. ti a ti on of thrombosis. Ritter 
makes the positive statement .that thrombi absolutely 
do not f 01Y11 .on heal thy endothelium-. In his o,auter• 

') ' . 
i zing axpe rimenta no · thrombi . developed where the 
endothelium retained good staining power, Cohnheim 
reoognized that. retardation o.f the blood stream 
or oeasat,ion of the oiraulation favored the occurrence 
of thrombosis, yet in his opinion these meant noth• 
ing aa long a.a the endothelium was intact. 1'he 
fact ·that blood will remain liquid for weoks and 
without aign of OOa{9llation while at a. complete 
~1tnndstill in an ondo·thelial•lined apace such aa 
a doubly ligated blood veaael denxmstratea that · 
the integri ·iy of the endothelium ls r oaaential in 

inhibiting thrombosis. 
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;(Jha t is the actual rnecha.niflm that·· takes plaae when 

the endothelium is injured and the blood comes in 
direct contact with the. tissues of' the vessel lying 
beneath tbe endothelium? He1 .. tzler aaya that endo• 
thelial inju.r:•y is attended. by the exud.ati on from 
beneath the endothelial calls of the. ·0 homogeneous 
~~te1·ial called cement :.n1b~rbanoa ( tne *'Kitt substance" 
of Waldeyer) • 'll.10 collection of platelets about 

tha injured e11dothelium and the cement substance 

whioh enidaa from beneath it fornw fibrillar fibrin." 
tlhia consti tutea the inaapti on of a thrombu.s ··and 
£1 .. om this begir.ming the thrombus grows by f'urther 

de1:oaition of platelets and fibrin with the aocu ... 
mulation a.11d entanglement of wbi to and 1 .. ed blood 
calla. 

That. suoh a material a.a cement substance e:d~sta 
and that it is essential i.n the inception of a 
thrombu.a oan be demonstrated from the ff1,ot that it 
can be co~~'l&~lated or inaoti vated by the appli ca-
tion ·or ail var nitrate and that v1hen so ooagµlated 
or destroyed a thrombus does not form but t.lie blood 
rem~tlns fluid a.t the site of endothelial injury. 

I hnve done this by aeepticnlly laolating the 



external jugular vein. of a dog and ti@1tly li~ting 
i·t wiU1· silk. lf the ligature lo draw~ tightly tne 
endothelium and inttma·are destroyed and the vessel 
will become thromboaed. 'lll.ia occurs oonaiotently. 
However if before ligaM.ng the isolated vesael a 
small portion of 'the adventitia of ·the wall is 
pe,inted with a per cent silver nitrat,e or touched 

. . 
with ·the silver stick and then the liga.ture ia placed 
the blood will thromboaa excep·t a.t the point · of the 
silver application. 111ia· is y1all nhown by b'ligure 2 •. 
11.he cement subatanoe being ooo.gulated or inactivated 
by th.a ail ver which haa penetrated the vessel \Vall 
cannot unite with the bloo~ to form fibrin and the 
clot tloes not form. Away ft\>m the place of silver 
application in areas of aotive cernent subata.11ce 
tl1e thrombus t'orms as usual• 

Weloh in some of hi,a experiments on thrombosis 
form .. ~tion "injured tha vessel . \~all wi.th caustics" 
o,nd to his a.stoniahn1en;~ !ailed in thie way to pro-
duce a thrombus. His failure may be ei~lained in . 
the a.hove mg..nner. 

Taa chamico.l nature of this oernent substance ia 
not known. i11e f aot." a.a presented by Milla, that 



tissue fibrinogen found in his\1 _oo~centration in . 
vessel ·walls· has such a powerful aation in inducing 

. . . . . . , 

intravascular clotting. iead.S me to bel iev~ that 
tiaaue fib1 .. inogen and ·"cement. aubatance'' are i- · 
dentioal, or at least t};J.at "c001ent eub B.tance" con• 
tains tisaue\fibrinogen .. .The ahemioal nature of · 
tiaeu.e ii brinosen has been eata.bliahed by Milla. 
It ia ·the entire globulin fraction .iof tiaatte ex-
tracts. Vmen precipitated by saturation with MgS04 
or I~aCl it ia a grayish•\vi1ite nub.a'tP~ca · which ha.a . 
the full coagulation activity of the crude tissue 
extract. ·\vhen extra.oted by alcohol it yields 

. 42 per cent . phospholipin and 58 per ·cent protein. 
Every cell of the body contains tissue fibi"in· 

ogen in its oytoplruJm; the vascular endothelium 
being vety rich in it. Any eaoar;ing 'blood must 
cone in con.tact ·with injured endothelium· 'and con• 
aequently in contact with tiasue fibrinogen. Mills 
he.s shown too that platelets contain ,tissue fibrin• 
ogen. 'lhia being true. it follows that when plate-
lets clump and begin to disintegrate tiaaue fibrin-
ogen is liberated. 

I•1\ran this it mey be concluded that t11e essential 
meChanisrn of the inception of thrombosis is an 
injury of the vaaoular endothelium that permits 

' 
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the blood fibrinogen to come into direct· contact· 
with ti t3at.e Jibrinogen m1d that union takes placC;1 

in the preeenae of the . blood e.nloium with the produo· . 
ti on of ii brin. Frocn .thio it1i tial beginning the 
clot or thrombtta grows by the furthe1 .. depoai tion 

of fibrin and aOOtN1l'Jlat~on. of :formed elements from 
the- blood, 

lla.QiQ!:t3 Qr,1a~e; .~llgo iJleUtJ;V, IniuD 
In operattve surgery tra11matization of vessel 

endothelium is unavoidal>le., · The ligating and · 
otltting of veasela is rieo,ease.ry. It aeema too, 
that the majority of poa to para ti ve thrombosis 
occura following thoae operations in ~'1hich there· 
ie extensive trauma. A large perce~tage of throm· 
bosis· occurs following pel via operations end f>ar• 

tioularly hyateromyorn(}otomy. In this particular 
opera.ti on -large vessels a.re clamped e~nd ligated. 
Sometimes olampa a.r-e impro1)erly placed and must 
be reset or ligatures break and are replaced. 
Becau.ae of this it la difficult to mike certain 
that vesaola a.re not trauma.ti zed p~oximal to the .. 
point of ligation;. When fi bromyom~ta in the broad 
ligament are enuoleated and. the uterus dtdaectod 



fra:n the bladder vu.J.l extensive areas of tra.u• 

ni:1:ti zed tissue are left and may be the aouroa of 

tlu·ombi .• 
In the removal ot a gall bladder with . its f re• . ' 

quent e:ttenaive adhesions and its close proximity 

to huge venous sinuses; trauma · ia inevitable and 

the aoene is laid for tlirombosis • .. Thrombosis 
oocura notoriou.sly of ten in the puerperium and 

is inoide,nt in large part f.t0 'the. t~aw..ia. caused to 
the large pelvic sit1ucea by the descent ' of the child 

t.t-irouej.1 the birth canal•· 
Not only trauma but inf eotion. oauaes injury to endo-

thelium. In the hiatologic aeotions of a.cute appen-

dicea one becomes familiar wi·th the initial and 

progressive reaction of the endothelium to inflam• 
01.'l:ti on• Oross•aectiona of the appendicaal artery 

I 

a.nd vein afford almost unlimited examples. Here 

one me.y f ollovt the various staf~ea of thrombu.a for• 
mation fro.n ita inception to final ·complete occlusion. 
rlhe f irat thing1! one sees is the swelling or' the 
endotholie.l eel.la with a changing of their shape 

fran the normal ·flat pavement to globoid or _ouboidal 

and an associated-. s\velling of the subendothelial 

tissues. As the r 'eaotion continues the ouboi~91 



cell beoonma oolumna.r and even spindleehape vvith 
its long a.xis in a radial paai·tion • . lhe cells a.re 
pulled a.part from each ·other with a consequent 

breaking up of the endothelial barrier between 
blood a.rid. the aubendothelial tisau:ea Vlg. 3) • 

:Py this t,ime strands are evident and· thrombosis 
has begun. '1.~1e next atage in the reaotion shows 
the disintegration of the endothelial cells and 
a, def ini ta thrombus formation (~'ig. 4), A study 

of a series of s11oh slides eho~va t..lie entire prooeas 
o:f thrombosis and is v1i.thout t,he unknown elements 
injeot,ed by artificial 01:.perimenta.tio1'h 

In oxH;ra.ti ve su.rgery opportunit1y for such inflam-
matory reaction as abova deeoribed .ie legion., In 
tbe first place me.ny oases a.re infected baf ore 
operation a.nd the tr.au.ma inoi.dont to operation 
only au.pplementa that due to infection. ·The major-
ity of appendices removed are infected, fallopian 
tubfHJ often h~irbour infection, the gall bla.dder· 
wall is f requantly the ei ta or inf eotion and of 
oouree nll abscesses, pelvic• abdominal or pleural 
are infeoted. Operative procedures frequently 
open routeE1 of infection; partioularly is this 
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true in t.;upravagin~J. · hys:t,ere~tomy and .all gut, re-
sea.tiogatt an.as~OmQSe{3., .. aµcl ··.in Opettt~()llS : abautrthe 
mout}i ·anCl re:Ot_um• ~uttJ.iermbre r )J~l~e.v~ it. i~;.· g~• 

e~ally. agr~e~., U1at th.a.r~ ·. ia t10 su~h . 't:h~ng as an . 
operati~n "wi:tflout th..El irit.r9ductior} ~.o~ . orga~ism~ . . 
' .. ~t llk'\y .. . n~w ·ba .. conoi~d:ed .tba~ pos~operntive tllr.o~ 

! _. . • . - - • 

bpais a~ t~1e ai ~e of .. operation .. la. due.·· t<r. endothe~ial 
injury· inc.i.de1~t · to op.erative · traurmi .and· .. aasociated 
or .. preexi~ting infl~a.tory r-eactio~· .. 

l:PP,tfUJ~l:'l1ti've . il11:qfilbQ'at§ 'Jjgjti at& . 8\ ~e ot . OperaJ~i on 
'. ' .·.' . . f . ·•.·:.: :' . . . . i . ·: . ·' · .. · •• . . : . " A large portion of' postoperative thrombi form · 

elsewhere th~in( at 'the fJi te of operation• .. Of these 
thr1>roborihlebhiS of the Vee.seiS Of · the · leg ia. moat 
oomnon • . While poatope,b1tive . :f·emor~f thr0mboplile~ · 
bi ti~ i$ raoet i~eqJent1Y· preCGd.ed by' eonle pel vio .· 
opera ti on or oOours .in 'the puerperium this .is not 

•, 

neceass~f.ily' true. ·ivm of our ·c"t1aes f ollov;·ed m~~a· 
tbotomy~ :. two ·io1iowed thyx·oid~~'t,omy ·· ·e1d :two foll.o\ved 
oholecyatectomy. ¥~at d're the factors 'irivol v~d ln-'' 
the pr~duc.tion 'tit · thrombosis 'no·t at the site of 

' ·- - -.~ - • ! • ~ .t 

ciporati on? 
~: "Bayno~jonea . has· ·clernons.tr~t~r ,conclusively by in• 
j ,~oti,~tl "fJipetimenta 'that · bl6od veria~l s are preaeht: 
in the atrio•ventricular valves.. Hoaenow ha.a shown 
that with injections of atreptococcua viridana he 

, . . 



can produce bacterial colonies in the· substance · of 
the valves beneath intact endothelium,: Whi'te ad• . 
mi ts the poas.ibility of tho introduction of organisms · 
to the endooardium throu.@'1 blood .ve~mel a ;111 the 
valves,, lt'ollotnng this embolia infection. in the 
hea.rt valve the endothelium-breaks do\im and thrombi 
or vegetf'.ltions form. - Ia a aimilar r011te of infeo· 
tion p··:Jf;)sible and a probable factor · in. the produotion 
of tl'xombosia n·ot .at .the site: of operation? I be• · 
lieve it ia possible, 

''The walls of all arteries and veins with a caliber 
greater than l um. a.2"e provided with their O\'m nourish• 
ing blood vesaela• tho vaaa vaaorum. 11'ley ·origint1.te 
fr-om the adjacent am.all artE1riea a.nd form a dense 
capillary network in the adventi tia.• In even the 
1~1tg<2:r arteries they do not penetrate further than 
the external layers o:r ' tile media. In the veina, 
however, they are in general root"e abundant and m:J!J 
even penetrate up t.o the intima.J the veins of the 
blood vessels often open into the lumen of the vea• 
eels whioh they drain. Networks of tJ1in•walled,. 
frequen·tly very wide lymphatics. have been proved 
to be present in nll tha larger a.rte ries and veins" 

" 



( PJia.ximo\v) • 
Often following operu~tion 1 pi1rticula.rly if in• 

feoted tissues have been opened into, there ie . 
a. bacteremifi•· 1his is certainly true in those 

' . 

patients v1ho a.p1,ear eeptio and run hiejl teraper• 
atures~ At times' there ia au a.otual pyemia o.s . 
evidenced by · rm.Utipla a.baeeaa forma.t.ion . throu€.§1out 
the body• · It is oonaaivable that hqoteria may find 
their wa:y into the ;v.asa vasorum of the . veins and 
lodging in proximity ·to the iutima set .up an in• 
flanmatory reaction sufficient to cause the in· 
caption of throu:ibor::Jia, a px·ooeaa identical with 
.tha.t which ia known to oooiir in the heart valves. 
Bacteria may also reach and perhaps incite injury 
of the endotheliun1 by v1ay of t.liie ver~n3el lumen• 
7heee changes may .be very slight a.nd requlre the 
a.id of a. ret9,rderl oirculation found'in the femoral 
veesela to ini tia.te the prooeaa. In addit,ion to 
the preditlpOfJing factor of local retardr1tion or cir• 
culation and the possibility of vesool we,ll inf ec .. 
ti on by way o:f the vasa. vaaoru.m or lumen thoro must 
be some factor in the blood of the pa.tie.nte v:hich 

predir.:sposea toward the :forma.ti on of thrombosis not 
at the site of_ operat,i ve trauma. 



.,,!/Jt• 

lt has been sho¥m fairly definitely by Bancroft,. 
Kugelmass e.nd Stanley•Brovm that "certain of the 

blood aubatances, 1.eo ,prothrombin, f ibrluogen and 

platelets tend to favor. clotting and otb.ers (anti• 
throrobin) tend to. reverse this prooesrl1 i.e.,.favor 
bleeding •. In tbis chemical meohaniam the activity 
for clotting or bleeding is propox·tional to the 
concentration of ea.oh interrictive substance .. • 
1heae rnate:rials~ px'othrombin, fibi:inogen and anti• 
thrombin are definite chemical substances and their 
reepeoti ve conoantra.tions in blood oan bo a.ccmr-
ately determined. 

1haae inveetig'ltort;~ by a Of..treful pre• and poat• 
operat>ive study of the bloods of 205 su.r@.oal oaaea. 
observed a ma.rked elevation of those elemen·Ls fav• 

oring clotting and a oorrea1)onding deorea.se in 
those elements favoring bleeding in tSo cases or 
33 per cent. In thia eet'ies of 205 there occurred 
eleven ca.aeu of thromboa~s or embolism and all of 
these were ·contained w1 thin the ~i-roup of 65 \~.hioh 

showed a high blood clotting index. Many others of 
this grcup haA. prolonged poatopera.ti ve tampertrwrea 

e.nd it is fairly oertain that some of these had 

deep ·~hromboaaa that were not reoogni zed clinically. 
A gt"oup compoaed of the appendices, gall bladders·, 
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hernias an.d pelvic oa-.ses ahovnii hi~er clotting 
:i.ndioee than the s~neral run of surgical oases. 
It will be rtmJ.embered tht~t th.a large majority of 
pof)toperative thrombo~es ·occur in such ca.sea. 

It was ahown also by e,nimfil exp.erimentation that 
poet.operative b1feotion a.nd. to a. certain e..x:tent 
ether anea·the.eirl definitely increase . the tendency 
·to clot f orm~a..tio11w 

I!Qc1.:t2£t.€f!.rAtix~ ~li§m 

flhe accident of ernbolism occurs because the thranbua 
haa been ineeourely attached to the vt.nu;el \vall 
and becomes dislodged ei thor by the force o± .. the 
blood curt~ent or by motion tra,11amitted i'tom without 
the veBael. 

It i.a comrnon kno\vledf:>re ·that infected or inflamed 
ti sauee hee1 o:r organize more sl ov1ly than ·do a.sept,ic 
onas. 'fhe same ia true of thromboses. 'Iho function 
of a white thrombus is to heal a wound of the endo• 
'thelitttn and it does this by attaching i taelf by 
fibrin strands which lo.tar become .fibrous tissue. 
If the thrombus is aseptic th.is occurs speedily 
and securely• In tn:t'lamed veaael a the 1>roceas is 
muoh alov1er and inaeoure and the pooai bili ty of 



emboli on becomeEt a prt>,babiltty, 
Recognizing this ~a~t Hertzler has laid down as . . 

a principle of surgety · that •ta vein ln·· a. ata.ta of · 
reaction ehould not be ligated". If necessary to 
ligate u~der au.ch condi tiona 1 t ehould be made awa:t 
from the e1te of reaction in normal .tissue .• 

fr,SJxen.tiPJl ot:. llu:~R.Q51ia 
It is· tru.e that no one as yet has be,en able to 

prevent thrombosis t bnt there are certain _proph.1· 
lactio meaaui,.es that . aeem to be of value in the 
avoids.nee of thia dreaded oompliaation. It haa 
been shown experimentally the,t thromboeia ocoura 
more ref!dily in unhealthy than · _in heal thy· labor• 
atory animals~ 'll1is being t1:ue certainly all eloc• 
tive op<u-·ations should be deferred until the pa~ 
tient's health ia good. 

'Ihe teahrd.que of operation should be simple, 
careful· and a.cettrate ~~o -that all i.mnaoeaaary tr~u.11la 

mD .. y be avoidedo ihe removal and 1~aalnmping of 
hemostats, the breaking and teplaoing .of ligatu.res 
and the trauma of strong. l1 et,raotion should b~ a"' 
voided., surgical m.aepaia anould be scrupulotrn so 
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that the factor of itifecti.on may be minimized. 
Before ·elective operations a.re underta,i{en fooi 
of infection al1oul,d1 if i)oasible 1 be rernoved. 
Every effort should be made to. avoid, the li• 
gation of inflamed veaaels. . . 

;, ' ' ' • • 't : • 

Mille ha.a shown that ~ diet rich in protein def-
initely inor~at)es the platelet count and conaa· 
quently the clotting ·index. The plate.let oount 
is also ele·va.ted by ether anesthesia and by chron• 
ic :iofeoti.ons. He sug5eats that all postoperative 
patients be placed upon a low protein diet until 
t.tie usual time for ti.iirombosia to ooaur ia past. 

'Ihe uaa of materiala in the blood stream to x .. e-
tard or it1lii bit thranbus forrnation -is contra-
indicc~.ted because thrombosis is neoeasa.ry for 
vessel healing. 

~QD gl11ril.ons: 
l. 1~ndothelinl injury ie the easential factor 

in t.he initiation of thrombosis. Intact endo• 
thelinl eu.rf aoea inhibit the f orma.tion of throrabi ~ 

2. / Tho rmbendothelial tiaaueo contain a rz.1'3.ter ... 
ial ("cemont aubata.noe", ''tissue fibrinogen" which 



when the endothelial ·barrier is broken1 uni tea wi fu 
the blood fi.brinogen.- - fuia union reault,s in fue 
deposition of fibrin a.nd the initiation of a· throm-
bus. 

3. 'Iha grcnvth of a thrombue aftat" its incep-
tion ia governed by the laws of blood ooa&rulati on. 
Ita ,physi-oal appea.t·~nce ia infl.uenaed to a. great 
extent by the rneobanioa of .. the circulation in the -
vesael in whicb it forms. 

4. Infectio.n and operative t1--au~~. produce fmdo• 
·thelial injury, ·Inf eation .mas reaoh ti·1e endotheliUL11 
by contigp.i ty, . by \Vtzy of the vessel lumen or possibly 
by wa.:y (Jf 'the va .. sa. vailorura. 

5~ Thrombi in inf eoted tissue do- not become or• 
l!}lni zed speedily and oecurely and a1 .. e potential 
emboli * 

6 • Changee in the blood composition arid changea 
in t,I1e mechanics or the blood circulation a.re :f ac-
tors pt"·edisposing tJ:irombosia, 
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Fig. 1. Wall of blood vessel forty-five 

days after careful double ligation . ~ndo­

thelium and blood cells are intact and 

there is no evidence of thro:nbus formation . 



~ig. 2. Cross section of jugular vein; 

black predivit~tion of ~ilvlr in subenao-

th~ltal tissues. Blood iellrledi01 tely 8d-

jacent is not tnro1bosed. Tnat at a 

distance is definitely thrombosed . 



ig. 3. A~pendiceal artery in an acute-

ly inflamed appenaix. ~ndothelial cells 

are s~indleform and lie ~ith lone axis 

in a radial position. load shJws 

beginnin~ throubosi3. 



Fig. 4. Further advanced reaction of 

endothelial cells to inflammation. De-

finite thrombosis of blood. 




