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INTRODUCTION 

Postoperative pulmonary embolism is an unpredict­

able catastrophy which, when it occurs, frequently 

interrupts a convalescence that is otherwise relatively 

uneventful. Because of its unexpectedness and the 

suddenness of the fatal type, death is most tragic for 

all concerned . Robinson (72) claims that every person 

who is confined to bed with illness, whether operative , 

medical, obstetrical, or traumatic, is a potential 

candidate for pulmonary embolism . 

In some of Rudolph Vircnow's papers, collected by 

Long(53) , he says in description of pulmonary embolism , 

as early as January, 1848 , "The occlusion results from 

a more or less compa c t mass which is brought by the 

circulation to the pulmonary arteries , and there im­

pacted, bringing about an alteration of the lung 

parenchyma . soften as I have found plugs in the 

pulmonary artery, I have always been able to demon­

strate plugs also in the venous system thereto t and 

I consider the occurrence of the former a sure sign 

that old blood clots are to be found in some part of 

the venous system . 

"In a majority of cases the plugs in the lung 

do not originate in the capillaries, but extend a 
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certain distence into the Dulmonary artery, usually 

being seated at the dividing point of a large vessel, 

or riding the bifurcation. The usual site is in the 

vessels of second or third order" 

Thus, as far back as 100 years ago, this entity 

was recognized, and very adequately described by 

Virchow. Then, in 1889, Cohnheim{18) felt that 

Virchow was correct in his opinion, supporting his 

theory by further pathologic specimens. He called 

the condition "embolism". 

PR:IDISPOSING FACTORS 0"? THRO:r.:BO~!BO:SISM 

0chsner(65) states that from most aspects, it 

is necessary to distinguish between the two major 

types of intravenous clotting, thrombophlebitis and 

phlebothromboais. The clotting in thl'ombophlebitis 

is the result of injury to the vascular endothelium 

from mechanical trauma, chemical injury, or bacterial 

invasion, wheress in phlebothrombosis, the intra­

vascular thrombus formation is due to alternations 

in cellular and fluid constituents of blood, which 

increase the clotting tendency, and to venous stasis. 

The prognostic significance of this difference lies 

in the fact that in thrombonhlebitis, unless there is 

suppuration, which is rare, the clot is firmly attached 
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to the vein wall, and therefore is not likely to 

become detached and result in embolism. On the other 

hand, the cocgulum of venous thrombosis is loosely 

att~ched to the vein wall, and can be detached easily, 

resulting in embolism. 

Barnes(13) also believes that phlebothrombosis, 

not thrombonhlebitis, is a predisnosing factor in 

pulmonary embolism, for he says that histologic study 

of the emboli found in the nnlmonary artery rarely 

reveals any evidence of organization such as would be 

observed if such an embolus had been detc1ched from a 

thrombophlebitis. Allen, Barker, and Hines ( 5) support 

the above conce~t, in that all evidence noints toward 

the fact that marginal organization of a thrombus 

takes nlace Quickly, usually within the first twenty­

four hours, and tl1is organization is accompanied by 

a rather firm adherence of the thrombus to the wall 

of the vein. The histologic examination of a fatal 

pulmonary embolus fails to reveal any evidence of 

organization; therefore, it must be assumed that these 

emboli are detached or recent thrombi. 

Snell(??) showed that obesity definitely predis 

poses an individual to fatal nulmon~ry embolism. Farr 

and Spiege1(31) found that the average age of their 

patients who died of pulmonary embolism was fifty 
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years; thirty-five years in those witn pulmonary embol­

ism clinica lly di agnosed, who recovered. Henderson(38) 

has noted that there were a few more females in his 

series of fatal ca ses tha n there were males, and that 

the average age was 53.2 years, whereas the average 

age of all patients operated on was 42.8 years . The 

average age in Lindsay's(50) series w&s fifty-two 

years. Apnarently, there is also a geogranhic differ­

ence in occurrence, for a survey made by Rosentha1 (73) 

shows there had been a distinct rise in the frequency 

of pulmonBry embolism in central Europe between 1919-

1928, whereas re~orts of the No rth Ameri can clinics 

failed to show a similar increase. Ochsner(65) con­

curs with this viewnoint when he says that the average 

incidence in the northern states of the United States 

is 1 . 74 cases per 100 , 000 population, as contrasted 

with 0.41 cases per 100,000 population in the south­

ern stat€s . Ochsner also believes that srroking, 

because of its vasospastic effect, predisposes to 

intravenous clotting . 

=ccording to Priestley and Barker(67), the 

incidence of fatal pulmonary embolism after explor- ' 

atory operation alone for malignancy is unusually 

high, and is virtually the same rs that for abdom­

inal hysterectomy or splenectomy, the other proced-
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ures whict1 most often are followed by fatal pulwonary 

embolism. 

hP. incidence of pulmonary embolism varies with 

statistics of various authors, as indicated by Hosoi(~3) 

who found, after an extensive review of the literature , 

that it was bet~een 0 . 10 and 0.67 per cent in post­

oper&tive cases. In his own series, Lockhart- ~uIIllI!ery 

(51) reported it as 0.10 per cent . 

TABLE /fl 

Incidence related to age in Abdominal Hysterectomy 
Mayo Clinic--Priestley & Barker(67) 

,, 7hromboembolism 
AGE 0PEliATim;3 

Number Per cent 

Less than 20 10 0 0 

20 - 29 168 3 1 . 8 

30- 39 1449 42 2 . 9 

40- 49 2870 126 4 . 4 

50- 59 975 48 4 . 9 

Over 60 258 11 4 . 3 

TOTAL 5730 230 4 . 0 

Belt's(15) aeries of 567 complete autopsies on 

adults showed an incidence of 10 . 0 per cent fata 

pulmonary embolism, in which medical C8ses predomin­

ated over surgicel in the ratio of 40 to 16 . In a 
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TABLl: #2 

Relative Incidence 
Thrombophlebitis & Pulmonary Embolism 
Rayo Clinic- -Priestlev & Barker(67) 

Clinical I Pulmonarv Embolism thrombo -
OPER.\ TI OlJS ~ases nhlebitis To tal Fatal 

No . % No . % No. % 
• I 1 1 

Head & Neck 50844 1 9 0 . 04 32 0 . 06 14 0 . 03 

Extremities & 
Trunk 18839 19 0 . 10 22 0 . 12 1 4 0 . 07 

Thorax 1779 5 0 . 28 9 0 . 51 2 0 . 11 

tBrea.st- Radical 2919 26 0.89 17 0 . 58 5 0 . 17 

ti:x:ploratory for 
inop. malign. 2427 20 0.82 29 1 . 19 1 7 0 . 70 

!Resection for 
Ca . stomach 2246 33 1 . 47 31 1 . 38 13 0 . 58 

Benign Gastric 
operations 10278 112 1 . 09 112 1 . 09 35 0 . 34 

:Zall Bladder 
& :)ucts 13103 143 1.09 119 0 . 91 47 0 . 36 

hysterectomy 5730 163 2 . 84 87 1 . 52 42 0 . 73 

~plenectomy 391 10 2 . 56 1 3 3 . 32 3 0 . 77 

/1.ppendix 
.( unruptured) 7975 38 0 . 48 36 0 . 45 6 0 . 08 

fpendix 
I 

ruptured) 835 7 Io . 84 12 1 . 44 3 0 . 36 

28 0 . 73 29 o . 75 14 0 . 36 

ernia(bilat . ) 661 13 ,1 . 97 10 1 . 51 4 0 . 61 

ntest. Resectio , 2571 25 10 . 97 62 2 . 41 16 0 . 62 
i I 
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Gtudy of 25 ,7 71 autopsy records at the University of 

Linnesota, LcC~rtney(59) demonstrated that in the 

4,070 deaths which ~ere coneidered as postoperative, 

there were 216 cases, or 5 . 3 per cent where it was 

believed that pulmonary embolism was the cause of 

death. Henderson(38) found that 6 per cent of the 

po sto:pera ti ve deaths in the I~ayo Clinic between 1917-

1927, were due to pulmonary emboli . 

Priestley and Barker(67) reviewed a series of 

897 cases of pulmonary embolism, both fatal and non­

fatal . In approximately a fourth of all cases, the 

embolism appeared prior to the seventh day , half from 

the seventh to the fourteenth day, and the remainder 

after two weeks . ~11en, Barker, and Hines(5) place 

the time of occurrence anywhere between six and twenty­

one days after operation. 

?he most c0mrnon sites of origin of t11e emboli 

which are carried to the lungs are in the deep veins 

of the legs and of the pelvis. Robertson(?l) says 

that the veins of the pelvis and the legs, usually 

the left (because of pressn.re of the right common 

iliac nrtery as it nasses over the left common iliac 

vein), are the most co:r;:rr,on sites of thrombosis which 

may uroduce embolism. 
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~rykholm(33) statGs that according to early 

opinion, which has been ke~t alive since the time of 

Virchow, and which has been CPrried on by Aschoff and 

his school, the femoral vein and its valve nockets are 

the most frequent points of origin of the deep-lying 

venous thrombi of the lower extremities. However, 

dSChoff(6), in 1924, said that the plugs, which occlude 

the large branches of the pulmonary artery, could only 

come from the inferior vena cava or the origin of the 

iliac veins, they are so large; but u,on closer examin­

ation, they are actually com~osed of numerous folded 

thrombi of a finger's breadth, on the average, and 

therefore ~re very long. If one carefully unfolds 

the thrombus, they will be able to substantiate that 

fact that one is dealing with blood clots 35-45 centi­

meters in length. This finding shows unequivocably 

that the fatal embolus can only arise from a very long, 

medium sized vessel . The only vessel whicn comes into 

play as a possible source is the femoral vein. In 

1934, Homans(41) , supported by clinical and patholog­

ico - anatomical observations, emph8s ized the great 

importance of the veins of tne calf and plantar veins 

as areas of origin of an ascending thrombosis. 

Frykholm(33) cites four main areas of incipient 
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thrombosis: 1. Plantar veins; 2. veins of the muscu• ­

ature of the calf; 3. veins of the ad&uctor musculature; 

and 4. the visceral pelvic veins . Ev~ns(27) says that 

the sqperficial veins of the legs and the veins of the 

arms rarely cause pulmonary embolism. 

PAT!IOLOGIC PIIY3IOLOGY 

According to l~rtlund(55), some form of pnysica 

exertion often dislodges a thrombus, and causes embol­

ism. Thus he noted the ~igh inci dence on getting out 

of bed , defecation, and coughing. However , in seventy 

of one-hundred cases, DeTakats and Jesser(23) could 

find no obvious precipitating cause. 

DeTakats and Jesser(22) wish to emphasize the 

fact that an embolus is not equivalent to a pulmonary 

infarct . The obstruction of an artery in the lung will 

produce hemorrhagic infarcts only in case of secondary 

venous thrombosis . If an anemic infarct occurs, it 

can often give the picture of a localized emphysema 

because of the concomitant bronchial obstruction, 

which is usually incomplete, so that air is aspirated 

into the alveoli but cannot be exhaled. 

DeTakats, et a1(21) divide postoperative emboli 

into two types: One which plugs the ter;.riinal vascular 

bed and is characterized by cyanosis and dyapnea; and 
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one which represents an obstruction to the main pulmon­

ary artery and exhibits a syncopal attack, with pallor 

and shock. Boyd(16) adds one group: Jmall eoboli 

which give rise to pain in the side and spitting of 

blood, but no physical signs. 

Boyd also says that the bronchial artery supplies 

blood for nutrition at systemic pressure, whereas the 

pulmonary artery supplies blood for oxygenation et 

one-third of that ~ressure. The bronchial artery 

serves the important function of filling both circul­

atory beds with blood beyond an embolus . The collat­

etal circulation is therefore abundant, giving infarcts 

which are always red. The infarct appears as a wedge­

shaped area; the base of the wedge is at tne surface 

and covered by a thin pleural exudate. Pleurisy, if 

present, is the cause of the characteristic pain in 

the side and the friction rub. ~s recovery takes 

place, the infarct is partly absorbed, partly replaced 

by a scar which can seldom be detected if the patient 

ct•ies later. Should the embolus be se.ptic, the element 

of infarction is obscured by tne development of abscesses 

which are usually multiple, in the lung. 

As for mode of death in cases of pulmonary embol­

ism, there are apparently several conditions, or a 
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combination of conditions, which are precipitating 

factors • 

Allen, Barker, and ~inee(5) say that there is 

some evidence that pulmonary embolism produces reflex 

constriction of the pulmonary arterioles and also the 

bronchioles, both of which may seriously embarrass 

pulmonery function. The secondary effects on the 

heart bay be profound, producing mPrked right ventri c­

ular strain and right ventricular failure--acute cor 

pulmone. De1akats, et a1(21), do not support the 

theory of mechanical obstruction as a cause of death 

when they say tt1at most experiments do not take into 

consideration that the mechanism of death from a mech-

.., anical viewpoint does not explain some of the fatal-.. 
ities in which only parts of the vascular tree are 

blocked. But, they argue, if death can occur reflexly 

from the occlusion of one or two lobar branches of the 

pulmonary artery, why do patients tolerate a lobectomy 

or a :rmeumonectomy without any serious disturbance in 

circulation1 This they answer by explaining that 

there are respiratory and cardio-vascular reflexes 

originating in the pulmonary plexus of the vaeus, which 

can be abolished by anesthesia. Allen, Barker, and 

Hines(5) agree with this, for they hold that in twenty 
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to thirty per cent of fatal cases, the main nulmonary 

artery is only partly occluded, or only one branch of 

the pulmonary artery is occluded. There may be reflex· 

constriction of coron~ry arteries, and sometimes when 

pulmonary embolism has not been immediately fatal, 

multiple infarcts have been found in the right vent­

ricle. It is uncertain whether these result from 

coronary spasm or lowered press_ure in the coronary 

arteries, plus distention of the ventricle and 

compression of the muscle. Megibow, Katz, and Stein­

etz(61) think that the theory of reflex coronary 

vasoconstriction as a ceuse of sudden death finds 

little supnort iP their ex~eriments on ani~als, since 

mechanicc1l factors are enou:; 11 tn explain nossible 

chan~es in coron~ry circulation. They believe the 

cause of death in pulrronary e:cibolism to be due to a 

rapid or slow failure of the r i ght heart. Death is 

often very rapid. Evans and Boller(29) review 52 cases 

of fatal pulmonary embolism over six years at the 

Lahey Clinic, 21 of wnich died before adequate treat­

ment could be instituted. 

In tne final analysis, Barnes(13) expluins death 

as due to shock, a fall in blood pressure in the 

coronary and systemic arteries, pulmonary hypertension, 
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and anoxia, all being cardinal fdctors. Increased 

right auricular pressure increases the pressure 

gradient in tne coronary arteries. ~~e coronary 

blood in the right ventricle is further d€creased , 

since 92 per cent of the venous return from the 

right ventricle is by way of the thebesian veins. 

Thus, increase of pressure in the right ventricle 

decreases the coronary blood flow to tnis side of 

tne heart. All these factors c~use dilatation and 

failure of the rignt ventricle . 

DIAGNOSIS 

Since, according to Priestley and Barker(67;, 

approximately one in four ceses of uulmonary embolism 

is associated with clinical evidence of tnrombophleb­

itis, and similarly, Dp"'1roximately one in fonr cases 

of thrombo~hlebitis is associated with evidence of 

emb"llism, it wo•iln 1'.,, well in nassing, to mention the 

symntons and signs of thrombosis from v1 '1ich emb0li 

arise. 

In looking for pastorerative thramb~nhlebitis 

or phlebothr~mbosis, Homans(42) emphasizes strongly 

t'1at tne more silent and insidious the deep thrombosis, 

the more dangerous it is; the more out-spoken , the less 

liable to cause embolism . In a bilateral disease, for 
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example, when one leg is ten~cly swollen and the 

other seemingly normfl, embolism is threatened less 

b.f the s,·1ollen limb than by tile :ippar~ntly normal 

one . 

Ochsner(65) describes thrombophlebitis briefly 

as a pyrexia rang i ng fr om 101- 103 degrees, with pain 

a long the involved vessel, al ong with swelling of the 

involved extremity . The patient with phlebothrombos is 

may have no symptoms . It ca~ be diagnosed definitely 

only by demonstrating the presence of venous obstruct­

ion by Meane of visualization of the venous system 

(venography) . Ochsner feels ~nat in a suspected case 

of phlebothrombosis, the diagnosis s !10uld be acc epted 

without venography for tne sake of time . Evans(25) 

stresses t11e importance of watching for Homan ' s sien 

(pain in the calf with forcible dorsifiexion of tue 

foot) and an unexplained low- g r ade septic temperature 

in any postoperative case where thrombosis is suspected . 

_.s stated previously (p .9- 10), pulmonary embolism 

gives a varied clinical appeaTance , depending upon 

the site at v1t1ich tr1e em.bolus l od.;e s. Barn es(l2) 

thinks that it has been custom to think that acut e 

pulmonary er.bolism has, as its cardinal signs , cyanosis 

and dyspnea . As a comnoner picture of pulmonary embol -
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ism, he wishes one to regard pallor, sweating, marked 

fall in blood pressure, vomiting, and sometimes collapse: 

shock, with or without dyspnea. J:c'Hnn and 'l;lhi te( 58) 

agree with this picture, and say it is followed ranidly 

bv the reaction of the infarction itself- -namely, fever 

and elevation of the pulse and respiratory rates . Hem­

optysis may occur after a few days. 

Physical signs also vary with the location and 

size of the embolus . Allen, Barker, and Hines(5), in 

description of the small , peripherRl infarct, call 

attention to tt1e frequent ~le.vation of the diaphragm, 

suppression of breath s~unds over the area of the 

infarct, and a few scattered rales. With a larger 

embolus 'Nhich causes shock, these same signs ar e 

merely intensified. 

~hey also name two conditions whi ch tney believe 

are the most commonly confused in diagnosis. In the 

first, pneumonia, the temperature iE usually hi~her , 

and remains so longer than wi-th r,ulmonary embolism. 

There are other evidences of i nf ection; cough is a 

more prominent symptom, nemo~tysis is less severe, 

the findkings of consoli dation are more difinite, 

there are more rales and the roentgenograms of the 

thorax show e" larger lesion or mult iple dissemina.ted 
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lesions . In the second , coronary thrombosis , the 

electrocardiogram is of great value in different­

iation from pulmonary embolism, since the patterns 

are different even if the coronary thrombos i s i s in 

the postPrior descending branch . In coronar y thromb­

osis , the pain is frequently more severe; i t is not 

pleural; it often extends to the arms or shoulders; 

cyanosis is infrequent; and signe of a l ocalized 

pul monary lesion are absent. Averbuck ( ?) points out 

that whenever e~boli arise, the symptoms caused by a 

ulmonary emtol11s in a pa tient who has proved coronary 

disP.ase may so simulate a coronary occlusion as to be 

impossible of differentiation . 

Barnes(13) lists the electroc~rdiogra nhic changes 

present with ac,lte cor nulmone occurring with pulmon­

ary embol i sm , but which are not always nresent in 
;, 

pulmonary embolism. s
1 

is c0nstantlv pr es ent and of 

considerable amplituce; T
2 

i~ diphasic, iso-electric, 

and seldon inverted; RS- T
2 

is not elevated and often 

denreseed; RS- T
3 

is sli sn tly elevated; in le~ds IV£ 

and IVF the ST segment is unchanged and the T Wo,Ve 

may be negative or positive . 

.6cute cor pulmone associated with pulmonary 

errbolism is described by 'i'!hi te (80 ) as acute dilat-
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ation of the right ventricle and pulmonary conus in 

massive but non-fata l pulmonary embolism, possibly 

giving rise to certain cardiovascular signs which 

can be recognized on physical examination. One may 

observe dilatation and pulsation of the veins of the 

neck . Increased pulsation may be noter in the second 

and third interspaces to the left of the sternuma 

~arked accentuation of the second pulmonic sound may 

be observed , and a loud systolic murmur in the region 

of increased pulsation may be present . Gallop rhythm, 

heard best to the . left of the sternum, is present 

occasionally . 

PP..I!YEN'.:'ION 

~ost writers agree that the best treatment of 

any disease is the prevention of its occurrence. In 

citing thirty deaths from pulmonary embolism at 

Henry Ford Hospital from 1939-1944 , Lam(48) says 

there were twenty-eight fatal cnses which had a 

sudden embolism and there was no opportunity for 

treatment . ~1th tnis he emphasizes tne fact that 

the main problem facing the medical profession is 

one of prevention rather than treatment. Flynn(32) 

says that anyone who has had thrombophlebitis or 

embolism six months prior to approaching surgery may 
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be considered a candidate for postoperative pulffionary 

com:r:>lications of some type, and should definitely be 

treated prophylactically . Barnes(13) , in widening 

the scope of prevention, concentrates his efforts on 

patients who, by virtue of age, habitus, cardi~c status, 

and type of operation, constitute a very vulnerable 

group . He considers the focal point of efforts at 

prevention center on those procedures that wi ll in-

sure a normal venous return from the lower extremities . 

Hines(40) ~uts forth a regime for general prophyl­

axis , the various points of which are agreed upon oy 

most contempor~ry writers: 

1 . Careful, clean surgical technique . 

2 . Pre- and postoperative treatment of anemia . 

3 . Avoidance of abdominal compression by tight 

binders or dressings . 

4 . ad~quate fluid intake . 

5 . Prompt treatment of infection . 

6 . Warm environmental temperature . 

7 . Early ambulation . 

Frykholm(33) advocates elevation of the head of 

the patient-' s bed so that maintenance of uosi tion 

forces the patient to push un in bed with his feet, 

and empty the veins of the legs by mu8cle contractions. 
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However, most writers agree with Grey(36), Mayo(57), 

Barnes(13), and C~gswell(l7), that for the first 

twenty-four hours postoperatively, the foot of the 

bed should be elevated ten inches off the floor, 

placing the patient in a modified Trendelenburg posit­

ion, to facilitate adequate venous drainage from the 

legs and ~elvis. Gray(36) lists the following contra­

indications for this procedure as follows: 

1. ~rainage of any intra-abdominal, suppurative 

process. 

2. When the position wo~ld embarrass respiration, 

as in a weakened myocardium. 

~arly ambul~tion, or early movements in bed, such as 

routine pedalling on a bicycle apparatus every day, 

are also advocated by !~yo and Cogswell. In Cogswell's 

(17) series of 403 adult patients who were confined to 

bed with major surgical operations, a bicycle-pedal 

apparatus attached to tile foot of the bed was used 

routinely every day. None of these patients developed 

thrombophlebitis or pulmonary embolism. 

In 1930, ~alters(78 ) suggested increasing the 

rate of metabolism, of blood pressure, and of blood 

flow with two grains of dessicated thyroid three times 

a day. He reviewed 4500 major surgical procedures 
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over four years at the llayo Slinic, and reported that 

this regimen led to only one-fourth of the number of 

cases of postoperative embolism as were seen in a 

comnarable period previously. Charle s Mc1.yo(57), in 

193?, said that thyroid in tbis dosage had not proved 

of much assistance in the :prevention of embolism. 

Priestley and Barker(67) , also of the Mayo Clinic , 

show that experimenta lly, thyroid extract increases 

the rate of venous blood flo~ . They point out that 

a.a it is employed clinically , however, tt1is may not 

be the case, since the physiological effects of a 

given dose vary widely in different cases. 

... ,ecogni tion of venous thromboses and the import­

ance 0f Roman's sign have been discussed elsewhere 

(p.14). Once thrombosis has occurred, definite steps 

must be taken in the prevention of emtolisrr., and the 

physician must always be on the alert for the possibil­

ity of pulmonary embolism. 

Jr':'ICOA~ULAKTS 

rhere are two distinct factions in specific 

methods of prevention of pulmonary embolism. one 

group advocates surgical measure s involving Thromb­

e ctomy and venous ligation, while the others support 

anticoagulant therapy with heparin and dicumaro l. 
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Heparin was first isolated by llcLean(60), in 

Howell's laboratory in 1916, and first employed in 

the prevention of experimental thrombosis and embolism 

by ~ason(56), in 1924. Murray{63) gives the suggested 

formula for heparin: 

H- 9==--, 
H-9 I 

c- o 

XHO-Q 
H-C--, 

0 H- C-~;- H 
XHo-6 co ... cH 

H-Q--­
COOH 

0 ----.....1 

. 3 
H-C~ o H-C I 
HHCOHX 

(X shows where esterification with H SO may take 
place) 

Murray says that heparin is an antiprc,thrombin. Loewe 

and Hirsch(52), ~owever, list a more complex mechanism 

of action: 

1. Prevents, with tne aid of a plasma co - factor, 

the conversion of pro tluombin in to thrombin •. 

2. Forms a strong antithrombin in conjughtion with 

serum albumin . 

3. Prevents the formation of thromboplastin from 

the platelets . 

They also give the action of heparin of the thrombus 

itself: 

l . Red cell clots w icb are not organized &nd 

which contain a minute amount of fibrin 
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{sludge stage) disappear completely under 

heparin therapy . 

2 . , Heparin therapy prevents propagation of a 

thrombus and maintains patent adjacent 

collaterals which ordinarily would become 

involved in the thrombotic occlusive process . 

It is universally recognized that heparin rapidly 

produces a prolongation of coagulation time of the 

blood . How ever, most authors dislike it , in that it 

is expensive and difficult to administer . As explained 

by Priestley and Barker(6?) , there are two methods of 

administration of heparin : the method employed by the 

Scandinavian group, of giving repeated single inject­

ions; and that used mostly in this country , of contin ­

uous intravenous administrations of it in physiological 

solution of sodium chloride or in a 5 per cent solution 

of glucose . \Vhen divided doses are employed , four 

doses are given during the course of twenty- four hours , 

three of fifty milligrams each during the day, and one 

of one hundred milligrams at bedtime . tnen heparin is 

given by means of continued intravenous injection, 

the physician should endeavor to maintain the venous 

coagulation time of the blood at a value of 15 to 20 

minutes . There is considerable variation in the 

" 
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amount of heparin necessary to accomplish this purpose 

in different individuals and also at different times 

in the same patient . A starting dosage of twenty 

milligrams per hour usually is satisfactory . This dos ­

age then must be regulated according to the require­

ments of the individual patient. It is essential, 

when heparin is administered by means of continuous 

intravenous injection, that the r&te of flow be watched 

closely and the coag:.i.lation time of the blood be 

determined as often as necessary (2-6 times daily), 

so that it may be certain tnat tne ·rate of flow and 

the coagulati-:Jn·time remain within the desir ed limits. 

Toen once started , the administra tion of heparin should 

be continued for a minimum of seven to ten days or 

longer. According to B~rker and rriestley{9) , "Prompt 

return of the coagulation time to normal wil l occur 

within several hours follo~ing discontinuance of the 

adroiniatra tion of heparin . w Schreck(75) says th&t the 

only toxic effect to this form of therapy is an occas­

ional ca se of nausea and vomiting, which are not severe 

or prolonged . 

In 1946 , Loewe and Hirsch(52) announced that the 

objection to the continuous intravenous drip method 

of heparin administration ha d been overcome by incorpor-
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ating the drug with Pitkin menstruum, which was devel -

0ped to retard the release of water- soluble drugs 

injected 8Ubcutaneously or intramuscularly. a short 

time later in the same year, Evans and Boller(30) put 

their stamp of anproval on this material when tney 

said that their patients who need heparin, receive 

repeated injections of heparin/Pitkin . These same 

two authors(31) describe Pitkin menstruum ~s composed 

of 18% gelatin, 8% dextrose, l to 1 . 5% acetic acid, 

and distilled water sufficient to make 100%. Heparin 

(100 to 200 millilrams) is added to this menstruum 

with and without vasoconstrictors, lOmilligrams of 

ephedrine and 1 . 0 milligram of epinephrine. This 

mixture is supplied inland 2 cc . ampules. Their 

experience has led them to the conclusion that the 

following dosage is ~os t effPctive: ~o patients 

unde r 150 pounds (68 Kg.) they give a 1 cc . Gmpule 

containing 100 milligrams of heparin witho~t vaso ­

constrictor , and al cc. ampule contatning 100 Milli ~ 

grams of heparin with vasoconstrictor. If the patient 

is ov~r 150 Dounds, he is given 100 milligrams of 

heparin/Pitkin with~ut vasoconstricto1 and u 2 cc . 

ampule containing 200 milligrams of hepurin/Pit~in 

with vasoconstrictor . Daily coagulation time is 
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determined . They advocate herarin/Pitkin over dicum­

arol, where liver function is poor , and use it very 

effectively in the latent period of dicuMerol therapy . 

In evaluatin?; the use of hepa.rin/Pi tk1n, they found 

the anticoagulant effect to begin within two hours, 

the time of maxiE&l- effect between t~elve and twenty­

four hours, and the average du r ation of.effect at 

forty-one hours. Side effects of local pain, swelling, 

and tenderness ~ere sometimes encountered , but no 

a ctive measures to combat this local reaction were 

necessary . If it 1s desirable to discontinue the 

heparin activity as prodaced by this subcutan eous 

method, simple ap~licat1on of ~a tourniquet above , or 

an ice bag on the site of injection, with or without 

small transfusions of whole blood, will suffice. 

The compound 3;3'methylene-bis(4-hydroxycouma rin), 

:ormerly called dicoumarin and now called dicumarol, 

was first isolated from spoiled sweet clover, and 

synthesized in 1940, by Link and his asso ciates at 

the University of ~isconsin(lO) . Its discovery came 

about through the efforts of a Canad ian veterinarian , 

3chofield(74) , who discu-ssed , in 1924, a new disease 

in cattle similar to hemorrha~ic septicemia and 

blackleg , charact erized by a marked increase in the 
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clo tting time of the blood , fo l lowed ~n a few days by 

hemorrhage and death, crus ed by eating ~weet clover 

contaminated by a mould of the aspergillus group . 

The dicoumarin- - 3, 3 ' methylene- bis ( 4- hydroxycoumarin} : 

fro rn Wright and Prandoni ( 81) - 0:r.I 
OH I 

c .... , ~ c 
c - l! - C" 1 

)~a H J'-o~ ,/ 
In their investigetion of dicumerol in 1941-

942 , Allen, Barker , and 7faugh ( 4) presented the 

fo llov;ing data: 

1 . :!)i coumarin, vmen administered orally prolongs 

the prothrombin time, impairs clot retraction, 

and increases the sediment~t1on rate of the 

erythrocytes . Large amounts prolong the 

co agulation time. He"'O rrha.g e may occur when 

di coumarin has greatly prolonged t~e pro­

thrombin time . The drug seems essentially 

harmless otherwise . 

2. Dicoumarin should be adr:iinistered only when 

its effect can be determined by repeated 

calculations of the prothrombin t1me. 

3. plan of administration-- 300 milligrams on 
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the first day, 200 milligrams on the second 

day and 200 milligrams on each day after the 

second on which the protnrombin time is less 

than 35 seconds . 

4 . After administration of the first dose, from 

twenty- four to forty-eight hours elapse before 

an effect on the protnrombin time is noted . 

fter discontinuing administration, protnromb­

in time may be prolonged from two days to two 

or three weeks, depending on the dosage given . 

5. Heparin and dicoumarin may be administered 

together when both quick and nrolonged action 

are desired . The use of heperin is discont­

inued when the prothrombin time has been 

satisfactorily prolonged by dicoumarin . 

6 . Synthetic vitamin K has little or no effect on 

prolongation of prothrombin time resulting 

from dicoumarin. Transfusions of fresh 

blood will reduce, for variable periods, th e 

prothrombin time which has been incre~sed 

by dicoumarin . 

These facts have b een confirmed numerous times 

in the litera ture(2 , 3 , 9 , 10 ,11 , 26 , 30,69) . 

In additional data , Reich, Yah~, and Eggers(?0) 



-28-

offer the information that dicur1arol acts by inhibiting 

the nroduction of prothrombin at its sonrce , namely, 

the liver. Quick(69), in 1946, stated that dicumarol 

itself is not an anticoagulont. When addea to blood 

in a test tube, it exhibits no inhibitory action on 

coagulation . '.7hen ingested, it causes a f&ll in the 

prothrombin level of the blood. The effect does not 

come on immediately, b11t requires ..,., ls. tent ,eriod of 

from tivelve to twenty- four hours. 1:'he reason for this 

is that dicumarol has no action o~ tne circulating 

pro tt1rombin, but exerts its effect by blo eking the 

mechanism which synthesizes the l atter dgent . The 

fall in prothrombin therefore is due to the normal 

metabolic consumption and the failure of the body to 

replenish the supply. ince man normally has four to 

five times more prothrombin than the minimum require­

ments for coagulation within physiological limits , the 

prothrombin must be reduced to twenty to thirty per 

cent of normal before coagulation time is significantly 

influenced. 

In 1943, Barker, Allen, & Waugh (lO), and Barker(8) 

listed the contra-indications for the use of dicumarol: 

bsolute Contra-indications--

1. Renal insuf~iciency. 
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2 . Purpura of any type . 

3. Blood dyscrasia with tendency to bleed. 

4 . ~xisting nrothrowbin def ic iency , s~ch as may 

occ 11r in hepatic disease with jaundice, and 

malnutrition. 

5 . Sub&cute bacterial endocarditis. 

RelLtive Contra- indicat ions--

1. Existence of ulcerating lesions, open wounds , 

potentially bleeding surfaces • 
• 

2. ~ecessity for surgery during the next two 

weeks. 

3 . Vomiting due to gastric or in test inal obstruct­

ion, or use of continuous gastric drainage. 

4. Operations on brain or spinal cord . 

Dicumarol 
stops 

mB.chinery 

Bile Salts ction of anticotgulants 
and other factors on 
plasma prothrombin 

from Lam( 46) 

Liver _,.R~ma. 
5. cc He:pc1.rin 
reu tral1.ze 
Pro thromb1n 
for.,., 2 l1ours 

I'rothrombin 
,~a chine 

(Liver) 

/ ' \'--' - - \ -- -, --

':'.A_BL::::: J3 

6 
' (I 

mbin 
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The contemporary use of these two unticoaculanta 

in prevention is by means of combined therapy . Hepar in 

and dicumarol thercpy begin together, the heparin 

being discontinued after the latent period in the 

action of dic'.1marol is past . 

I.am( 47) lists 637 cases vmere anticoac.1lant 

therapy was instituted, and attributes only two cases 

of death to dicumarol. Both of these were ·1n c&ses 

of subacute brcteriol endocard1tis , previously li sted 

as an absolute contra- indication to the use of anti ­

coagulants . 

Barker, et al(ll) gave dicum~rol to 1 , 000 patients 

for the purpose of preventing postoper ative venous 

thrombosis , nulmonary embolism, and thrombophlebit1s . 

they found it effective in preventing these complicat­

ions in cases wnere there had been non- fatal pulrwnar y 

embolism , thrombophleb1tis , or a history of a previous 

thror:1bosis or embolism, ancl when tt1e frug had been 

given prophylactically when no thrombosis or embolism 

had occurred . ~hey claim tnere is ~mall risk of 

bleeding, which can be further minimized by proper 

administration of the frug ~nd rapid control of exce ss ­

ive prothrombin deficiency . If bleeding occurs as a 

result of excessive prothrombin deficiency , they 
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advocate, in addition to the previously suggested 

blood transfusions, the intravenous administration 

of menudione bisulfite (synthetic vitaMin K) in lorge 

doses (60-64 milligrams) . 

TABL3 if 

1-Ton-fatal Postoperative Pulmonary -:r.·bolisro 
and Infarction 

Barker(8) 
Con t~o 1 '1-roup Dicumarol 

no given 
_ill ti coa. ,,.ulan t 

No . % 1fo . % 
I 

Total Cases 678 100 111 100 

Subsequent Thrombosis 
embolism or Infarct 297 I 43 . 8 2 1.8 

Subsequent ~at~l 
() ruln:onary embolism 124: 18.3 0 

TABLE ,15 

Postonerative Thrombophlebitis 
Barker (8) 

Con trq_l 1roup Dicume.rol 
no given 

Anti co c;t<:?:Uld.n t 
No. % Ho. % 

Total C2ses 897 100 83 100 

Subseauent Enisode .. . -
of 95 10 . 6 2 2.4 

ThrombQphlebitis 
3ubsequent ~atal I errbo lus 51 5.7 0 0 
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~scan be seen in tables 4 and 5, when dicumarol 

was administered following thromboembolic disease , no 

cases of fatal nulmonary embolism occurred. 

Another type of medical management mentioned in 

the literature in 1933(54), which has not anneared 

since then, is the use of leeches over the thrnmbosed 

areas. While leeches have been used for the purpose 

of decreasin13" congestion in thrombosed areas, the 

authors oelieve this to be the only review of the 

11terat~re from t~e asp ect of prevention of pulmonary 

embolism. Mahorner 8nd Ochsner(54) reviewed the liter­

ature from 192?-1931 (mostly :Surouean), and _ drew out 

the following fact: ut of 216 ceses of postorerative 

thro~bosis treated with leeches, 3 cases (1.3%) of 

fatal nulmonar:v emboli9m occurred. 

SURGICAL TREV:ZNTITI l.:EASURES 

Homans(41,42) states that surgical interruption 

o~ veins 'las a r:.o=it a.ttractive qtHi.lity in that, if 

properly performed, it ends all _danger of e~bolisw. 

?ilcner(68) advocc:tea ligation 11 becc;;.use of its simplic­

ity, its safety, and the possibility_ of offering immed ­

iately to the patient and his family positive assurance 

against recurrence or fatality. Welch and Faxon(79) 

qualify their accept&nce of ligation, when they state 
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that all cases of deep phlebitis should be ligated 

bilaterally whether &ssociated with a previous infarct 

or not . 

-llen, Linton, and ~on&l~son(l) classify their . 

indications for bilateral femoral vein ligation: 

1. Patients who have developed non-fatal pulmon­

ary embolism, even though no positive signs 

of venous thrombosis in the legs can be 

detected . 

2 . Any patient who develops phlebitis, r..s 

evidenced by pain, tenderness , swelling 

in the lower extremity, dilated superficial 

veins, or pain in the calf muscle when the 

foot i s fo=cibly dorsiflexed (Roman's sign) . 

3 . Cases with femoro-iliac tnrombosis--the mechan ­

ical removal of tt1e thrombus from the vein by 

aspiration has been demonstrated as a safe 

procedure . Tnis reduces the pain and swell­

ing in the leg and hastens the recovery , in 

ddition to preventing massive fatal pulmon­

ary embolism . 

s for the level at which the, femoral vein is 

sectioned, Homan(42) explains that the common femoral 

vein, proximal to the profunda must be ureferred . 
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For, if the femoral vein is ligated distal to the great 

branch enterine from among the musculo.ture of the thigh 

(profunda), thrombosis may, although rarely, to be 

sure, short-circuit the obstruction with a fatal result. 

Into this large vessel, a smooth glass tube can be 

introduced to suck out detachable thrombus. In this 

way, even tne corrrnon iliac vein can often be cleared. 

There are those who advocate a surgical procedure 

no less radical than ligation o~ the inferior vena 

cava, as a method of prevention of pulmonary embolism. 

. O'Nei1(66)_ thinks it should be done in every case 

where pulmonary embolism has occurred and its source 

is not evident. Moses(62) reviews a series of thirty­

six such operations and says that thrombophlebitis of 

the pelvic veins witt1 pulmonary embolism cannot be 

properly handled with any surgical intervention less 

than ligation of the inferior venc c&va below the 

renal veins. Gaston and Folsom(34), in their report 

of two cases, said that in each case, the caval inter­

ruption prob&bly forestalled a fatal issue by prevent­

ing massive pulmonary embolism. At the time of ligat­

ion, both patients had suffered multiple pulmonary 

infarcts. Adequate collateral circulGtion around the 

·obstructed cava developed, and the peripheral edema 
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eventually disappeared. 

Evans(29) enumerates the disadvantages of venous 

section and ligation : 

1 . An additional operative procedure on a patient 

who may be very sick. 

2. ·The added risk of a swollen leg at least until 

collateral venous circulation is accomplished . 

3 . No chance of recanalization being established . 

4. The difficulty of knowing from which leg the 

embolism has metastasized, and therefore to 

be consistent, the necessity of ligating both 

sides unless a venogram has indisputedly 

established normal deep venous circulation in 

the supposedly healthy extrefuity . Venograms 

have their limitations in this respect . 

5 . The possibility that embolism has sprung from 

pelvic or abdominal veins, whether or not 

both legs are normal. 

6. The possibility that thrombosis may pro c eed 

above the level of ligation. 

7. ~be necessity and technical difficulty of 

tying the common iliac vein to get c1.bove the 

thrombus . 

Kaplan(44) says that while both methods have their 
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advantages, there are also disadvantages to both. In 

addition to the disadvantages of surgery listed on 

the previous page, anticoagulant therapy requires 

constant supervision and accurate laboratory work. 

There is some danger of hemorrhage in postoperative 

patients. It does not prevent an already formed thrombus 

from breaking off, so that embolic episodes may occur 

during administration or after stopring the drug. It 

should not be used in the ,resence of renal disease, 

wt1ere there 1a impaired liver function, or a known 

tendency toward bleeding. 

Evans(27) feels, however, that the use of both 

anticoegulant therapy and surgical procedures h~ve 

their place in prevention. He uses anticoagulant 

therapy in deep pelvic thrombosis and in femoral vein 

thrombosis if the patient is under fifty. Otherwise 

he uses ligation and section. 

Kirby(45) said, in 1946, "The statistical evidence 

available 2t present does not est~blish a clear-cut 

s11neriori ty of one over the other. "":orenver, the use 

of 0np or a combin~tion of these measures does not 

assure protection in all instPnces." 

Lam and Hooker(53) list the results of treatment 

of non-fatal embolism n.t 1Ienry i-;'ord Hospital: 
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Yr. Number of Nonf~tal I :Fatal 3'a. taJ 
onerations :::::::Z:,bo .Ll sr, L .... .2A,..Il~ DICl,"l'" _,I(}A:?ION ;;-:mb . c B 

'39 •• 5106 21 7 -- -- 4 0 

'40 • • 58 35 19 15 -- -- 5 l 

' 41 •• 6148 30 23 -- -- 3 1 

'42 •• 6340 17 5 7 2 5 0 

' 43 •• 6175 g -- 7 -- 8 0 

'44 • • 7452 6 1 2 3 5 0 
37 , 056 102 51 16 5 .30 2 

THE MANAG:EMENT OF PULMONARY EMBOLI SM 

Homans(42) stresses tnat in proposing any eoer­

gency measures in cases of ;:mlmonary eMboli sm , one 

must recognize that a correct diagnosis is no t a l ways 

made , and only measures should be used which would do 

no harm even if pulr.ionary embolism wer e not present . 

rartland(55) , in his discussion of immediate 

treatment , says that when the embolism is mascive , 

obstructive death takes place so rapidly, and the 

shock is so ereat, that there i s no therapeut i c r e sponse 

to the use of any treat~ent . Thus there is no p r a c t ­

ical t r eatment for massive embolism . It is his op i n­

ion that when smaller emboli occur, ter.porary or fina l 

recovery takes place no ma tter what treat~ent is 

applied . He also believes it debatable whether or 

not rer,1oval of emboli from the pulmonary artery sur g-
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ically should be undertaken. He says there is too mucll 

chance of a mistaken diagnosis. 

Shambaugh(76) thinks that the clinic~l picture in 

fatal cases will be clear enough so mistakes in diag­

nosis will be few, and he advocates an attempt at 

operation. But Mayo(57) ,oints out th0t the procedure 

cannot even be attempted in most hosnitals. 'Jhen embol .. 

ectomy is done on the nulmonary artery, the staff to 

whom the operative technique is to be entrusted must 

be at band at all times, and they must be perfect in 

every dete.il of the operation. For the success depends 

largely on the skill and ra~idity with w~ich the oper­

ation is carried out. 

Pulmonary embolectomy was perfected first by 

Trendelenburg, in Germany, and carries his name. 

DeTakats(23) reviewed the 134 operations reported to 

1944, of which nine were supposedly successful. 

Sharnbaugh(76) says that no succes8ful operation of 

this kind has ever been reported fro~ the United States. 

Henry(39) r~ported three attempts, all of which were 

unsuccessful. Edwards(24) reported three cases in 

which there were no recoveries. 

In reporting two unsuccessful cases, Jriswold(37) 

describes the modification of the Trendelenburg oper-
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tion which is in use today : 

straight incision is made along the iert side 

of the st~rnum from the upuer border of the second to 

the lower border of the 4th costal cartilages, divid ­

ing the origin of the Pectoralis major . A ~oyen 

raspatory is pass~d about the ~rd cartilage close to 

the stern~m, end p~shed sharnly to the left. ~his 

strips the soft tissues from the rib and enables one 

to do a rapid resection without iPjuring the pleura or 

the intPrnal mamma r y a r t ery . The 2nd and 4th cartilage s 

with a bit of rib , a re simila rly resected and from one­

four th to one-third t he_ wi dt h of the ste rn um is r emo ved 

wi th large ro ngeu r s . The fo r efingers are inserted at 

the lower angle of the wound and swept cephalad, easily 

stripping the pleura laterally from the pericardium. 

The pericardium is picked up and opened ~ith knife or 

scissor3 . ~he opar1ng may be enl~rged oy the fingers 

or by cutting. In the latter case there is s~me chance 

of inj •1ring the thymus gland. A Trendelenburg sound 

is passed from left to right through the great trans• 

verse sinus behind the aorta and pulmonary artery , a 

rubber tube witb its tip attached to the sound, and 

drawn back. Jentle traction on the tube lifts thes e 

vessels from the depths of the wound . The longitudinal 
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incision should be placed with care, to avoid injury 

to the orifice of the valve. An incision of 1 . 5 centi ­

meters is sufficient. ~~e rubber tube is relaxed to 

allow clots in the heart to be flooded out, then the 

tube is tightened and blood rapidly removed from the 

pericardium. ~entle traction is important . 

"With the Trendelenburg forceps the pulmon&ry 

branches are explored, first on one side and then on 

the other. The right main branch extends toward the 

right axilla and the left directly bachvard, c..nd there 

is usually little difficulty in findine them. If diff­

iculty and delay are experienced , it is a good idea to 

close the slit in the artery with the fingers and allow 

the heart to recover somewhat, before another attempt 

is made at extraction. If the suction tip 11as been 

used, the vessel should be flooded with blood, to 

drive out the air before closure . Th~ slit in the 

vessel is held up by thnmb forceps and an artery clamp 

appliea, and the lips of the incision closed with 

continuous fine silk suture. An opening should be 

left in the pericardium to prevent tamponade from accum­

ulation of fluid . If neces sa r y , the clamp ma:, be left 

on the vessel while any r esuscitating measures are 

taken, such as cardiac massage, intracardiac adrenalin , 
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or artificial respiration . " 

If the attack of pulmonary eLbolism is recognized , 

it must be regarded as a med i cal emergency . 

Collins(2O) has shown tn~t papaverine hydrochloride 

in th~ dose 1/2 gru.in should be ;::iven intravenou sly . 

De!akats and Jesser(22) feel that the bddition of 

atropine, 1/60 to 1/75 grain, intravenously is very 

impo rta.n t . These sho ·.1ld be given every four hours ( 14) • 

In experimental study, ~e~akats, et a1(21) found that 

a large per cent 8f animals dying from the massive 

embolism are helped by atrop ine and pc.paverine . 
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In explaining the action of these drugs , Goodman 

and ~ilman(35) say that papaverine relaxes smooth 

muscle spasms , especially those of the blood vessels . 

In pulmonary embolism, the drug &cts not on the 

otstructed vessel, but by increasing collRte r a l circula­

tion in refl exly constricted vascular beds . Atropine 

relaxes the smooth muscles of the bronchi and bronchio les , 

resulting in a widening of the airway and a slight 

increase in the volume of r e s i dual a i r , helping the 

pulmonary edema , but more importan t, it acts as a 

pressor substan ce on the harmful vagal reflexes . 

11 authors advoc~te, in ~ddition , the u se of 

oxygen thera1')y where cyrno sis and/or dyspnea are present . 

Eost prefer a Boothby mask in this administration of 

oxygen . 

Martland(55) suggests tnat to prevRnt radiati on 
I 

of autonomic reflexes originating in the lung, injection 

of the stellate ganglion with procaine hydrochloride 

may be tried, although Yariable success results . 

DeTakats(23) would like to see the f oll owing 

information in the form of a chart in every hospita l 

ward : 

PlJL1: mL\RY EMBO:,r SM 

Recognition : Sudden onset of sho ck , with rapid pulse, 
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restlessness, diffic~lt, rapid breathing , sweating 

and pallor, pain in chest , fainting, collapse or 

unconsciousness. Apt to be in a patient w110 has 

phlebitis or in convalescence from an operation 

or delivery or is a known cardiac 

Emergency Treatment: 

1 . By Kurse 

-Place in semi-sitting position. 

-;}tart oxygen by ca theter or mask immediately . 

-Jive 1/75 grain atropine, hypodermically, 

imoedid.tely . 

- Call intern . 

2. By Intern 

-Jive second dose of 1/60 to 1/75 grain atropine 

intravenously (if ~revious injection has not 

caused flushing of f a ce and dilatation of pupil) 

-Give 1/2 grain papaverine intravenously. 

-Repeat atropine and papave1 ine three or four. 

times a day . 

- Order portable chest film and electrocardio­

gram. 

Murray{63) and Coller & Singleton(l9) advocate the 

immedi ate intravenous ·.ise of antico~g;ulants , saying 

that this regime shows rapid clinic~l improvement of 
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symptoms within twenty-four hours. 

:l)eTakits(23) saye that if the patient survives 

the initial attack, the second phase of treatment 

starts by the administration o~ anticoagulants, for 

Barnes(13) says that fully one-third of the fatal 

atta cks are preceded by milder premonitory attacks. 

Therefore , heparin - dicumarol preventive thera,y(p . 24 , 

p . 26-27) is definitely indiccted in all patients ~ho 

have sufferer ~. uulmon° rr r>mb0lus. It may occasion-ally 

increase the hemoptysis, but it should also protect 

the patient from a propag~ting thrombus at the site of 

th1; primary blood clot. A thorougil search sl1'J'J.ld now 

be made for the site of _origin of the erbol'rn. TJnless 

it is in the ~elvis Dr the"right heart, ~tis apt to 

be in the lower leg, and this can be easily excluded 

from the circ~lati~n by s~ction of the femoral vein . 

:;Je:'akats(23) describes some nati':lnts who ma.de an 

initial r~covery on cnmbined therapy with p&pave=ine, 

atronine, oxygen, an~ antico2gulants, yet slowly fail 

and die on the second to fnnrtn day after the initia 

ttack. Fe say~ they unquestionably die of right heart 

failur 0 , sincP the combined antispc..sl!'odic [.nd a~ti ­

co~:~lant therapy haa been unable to decrease the large 

r~sistLnce in th~ p~lmonary arterial bed, und he 
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speculates t~at perhaps this type of c~se might be the 

kind suited for the ~rendelenburg operntion •. 

31.i~Y 

1. The history ~nd some of the b~ckground of 

thrornboeriboli~m are reviewed. 

2 . ~he use of venous ligation and section in the 

prophylactic treatment of :rmlmon:J.ry embolism are 

discussed . 

3 . anticoagulc:.nt therapy by heparin or heparin in 

.L'itkin menstruum in combination with dicumarol as a 

practical method in prevention is discuesed . 

·4 . Treatment of the immediate attack of emboliom 

is revie":ied. 

COMMENT 

~rom the information covered, it seems to rie that 

the most important phase of pulrionary embolism is its 

prevention . a t present, the preventive measures of 

anparent value previous to thrombotic episodes are the 

venous ligation of the femoral system in debilit~ted 

persons over fifty years of aze, and the general post­

operative measures to prevent venous st~sis , such as 

the Trendelenburg position for twenty- four hours , bed 

exercises , and early ambulation . 

:1he dia~nosis of thrombosis is important .. In any 
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unexplained rise in temper~ture, one sho·1ld look for 

Ho~an's sign, and suspect thrombosis. 

The appealing treatment, where thrombosis and/or 

embolism hcve occurred, is the use of heparin or 

hepe.rin/ritkin in conjunction with dicumarol . Venous 

ligation has many advocates, b.:it should perh""ps be 

reserved for specially selecte0 cases. 7he dis~dvant­

a.ges of venous ligation and section have been enumerated . 

ne program of emergency treatment of pulmonary 

embolism is practically universally accepted . It 

consists of exygen for cyQnosis and dyspnea; i:mmediate 

intravenous papaveri~c ~nd atropin~; and a regime of 

anticoagulant therapy for at least seven to ten days 

to prevent further emboli . Apparently the Trendelenburg 

operation has little place in treatment generally, for 

it is an extreme emergency measure, requiring constant 

attendance by an adequately trained surgical team . 
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