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The rapidly expanding literature regarding prevention of
venous thromboembolism is confusing and contradictory, but,
when analysed in the aggregate, the collective experience per-
mits a judgment about the relative efficacy of different
prophylactic regimens in specific patient populations, who
vary in the risk factors predisposing them to thrombo-
embolism. The dollar cost of the several approaches to pre-
vention and their consequences should also be a matter of
concern. Efficacy and dollar cost together determine cost
effectiveness, which provides a practical guide to selection
of the prophylactic approach appropriate to an individual
patient.

THE RAPIDLY EXPANDING literature on techniques for
prevention of venous thromboembolism contains

many contradictions and competing claims of efficacy.
Conflicting recommendations have become a source
of confusion for the practitioner. Several physical
methods and a number of antithrombotic drugs appear
to prevent venous thrombosis, but each has its draw-
backs. A preventive program suitable for one type of
patient may be inappropriate or ineffective for another.
Undesirable side effects of prophylactic agents are
often overlooked by their zealous advocates, and the
dollar cost of therapeutic interventions and diagnostic
procedures is usually ignored.

Understanding is further complicated by problems in
the translation of data derived from clinical trials into
practice. For example, in a trial of the ability of a
drug to prevent venous thrombosis, detected by the
labelled fibrinogen scan, one is not likely to get
clear information about the influence of the drug on
pulmonary embolism (PE). The use of the fibrinogen
scan will provide earlier diagnosis of deep vein
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thrombosis (DVT) than is to be expected if clinical
detection alone is used. This will result in earlier
treatment of thrombi and fewer pulmonary emboli.
This reduction in the frequency ofpulmonary embolism
will be an expression not only of the efficacy of
the drug in question but also of the method of sur-
veillance used. Since sensitive diagnostic methods are
not routinely applied in clinical practice, a different
outcome may be expected in this situation from that
seen in investigative trials conducted with sophis-
ticated diagnostic aids.

In an effort to bring some order to these questions,
we have examined the options available to patients at
risk of venous thromboembolism in terms of what the
clinician can expect to encounter in a real life sit-
uation. We have analyzed the possible approaches in
terms of their cost to patients as well as their effective-
ness. Insofar as possible, the analyses are based on
data from prospective controlled trials. There is,
however, a problem with the use of different criteria
for diagnosis in different reports. In the pages that
follow, reference will be made to the frequency ofDVT
and PE diagnosed by conventional clinical appraisal
of symptoms and signs as distinguished from the
frequency of these conditions as they truly exist,
largely silent and undiagnosed except when sensitive
objective diagnostic techniques are employed in an
entire population. The true rate of DVT is readily
accessible in the large literature based on labelled
fibrinogen scanning of the legs or phlebography, but
the true frequency of pulmonary embolism is more
difficult to discern at present and may not be possible
to determine with present day methods. Robin has
argued that even studies in which every patient has
been examined by the most specific technique avail-
able, pulmonary arteriography, may not provide this
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information because of limited sensitivity and that lung
scanning alone surely gives an inflated estimate of
the occurrence rate of PE because of inadequate
specificity.98 The literature contains no studies of
pulmonary arteriography in asymptomatic patients,
and none are likely to be performed, so the argument
is a frustrating one. Fortunately, there are data avail-
able on the mortality due to pulmonary embolism in
various clinical situations, which permit one to cal-
culate cost-effectiveness without recourse to disputable
information derived from lung scanning.

In the analyses that follow, the data have been
grouped for consideration when patient populations in
different studies appeared comparable. This technique
is equivalent to computing a weighted mean value for
a series of studies, each of which is assigned a weight
corresponding to the number of patients considered.
The limitations of such an approach should be kept
in mind. Uniformity of patient groups in different
studies is difficult to prove, and interpretations based
on a compilation of data from several reports must be
considered provisional, especially if they run counter
to the results of even a single well designed randomized
prospective controlled clinical trial that includes large
numbers of patients. Therefore, when a particular trial
appeared to be of satisfactory design and involved such
a large number of patients that its figures dominated
the tabulation, its results have been specifically cited.

Despite the above qualifications, experience is suf-
ficiently extensive to identify a high risk group of
patients and to provide at least a tentative selection
from among the many techniques available for pro-
phylaxis. Patients undergoing surgical operations are
known to constitute a high risk group, as are patients
sustaining trauma to the lower extremities or pelvis,
those taking oral contraceptives, those with malignant
disease, those with a history of prior thromboem-
bolism, and those with obesity, advanced age, and
prolonged bedrest.21,70

It is convenient to acquire perspective regarding
the question of prophylaxis by first considering the
expected course of events in patients undergoing gen-
eral surgical operations and then examining the
important differences in certain other patient groups.

Approaches to Prophylaxis in
General Surgical Patients

Natural History of Venous Thromboembolism

If no particular precautions are taken, approxi-
mately 3.5% of patients undergoing general surgical
operations will, on clinical grounds, be labelled as
having deep vein thrombosis (385/1094)5,13,17,32,54,61,64,_
67,68,78,81,86,92,109,111 In studies of over 100 patients, the

range is 1-15%. Surveys employing sensitive diagnostic
techniques, such as labeled fibrinogen scanning, have
indicated the true rate of deep vein thrombosis in such
patients to be closer to 27% (1173/4373).5,11,14,15,19,22,24,_
31,32,36-39,41,42,54,55,65,67-69,75,77,86,88,100,110,115,117,120,124,127 The

figures range from 10 to 47% in individual reports. The
majority of these thrombi are clinically silent and will
therefore be undetected and untreated in a population
not surveyed by these techniques. Clinical evidence
of pulmonary embolism will be noted in 1.8% of pa-
tients (149/8120),5,13,14,17,67,70,72,85,92,104 most of whom
will not have been recognized as having DVT. About
one third of those with a clinical diagnosis of PE
(0.6% of all patients) will die from this cause.26 The
true rate of pulmonary embolism is very likely much
higher; the majority of these are silent and will escape
diagnosis. Estimates of the frequency of silent pul-
monary embolism have varied from 14 to 45%,1,3,31,77
but the validity of the figures is questionable. Either
they are confounded because they are derived from
studies of labelled fibrinogen scanned patients and be-
cause of early treatment are therefore lower than in a
population without surveillance, or they are based on
scintigraphic lung scans, which may include many false
positives.82'87'98

Patients with clinically diagnosed venous thrombosis
or pulmonary embolism should have objective con-
firmation of the diagnosis and then will receive treat-
ment, usually full doses of anticoagulants, and will
suffer recurrent thromboembolism at an average rate
of 2.4% during treatment.40 Since the fatality rate in
anticoagulated patients who experience recurrent pul-
monary embolism is about 6%,89719118 this group can
be expected to contribute an additional 0.1% to the
total mortality.
No data are available on the rate of recurrence

of pulmonary emboli in patients with undiagnosed
(and therefore untreated) silent thromboembolism.
The total mortality from pulmonary embolism is about
1% in patients receiving no prophylaxis,567,8,104 so
0.3% of the deaths remain to be accounted for and
can reasonably be attributed to this group.
The rate of major bleeding complications in fully

anticoagulated patients varies from 1 to 20%,91,107
depending on the route and schedule of administra-
tion. The mortality from bleeding in patients who re-
ceive heparin in full anticoagulant dosage for treatment
of venous thromboembolism varies from 0 to 1.9%
and averages 0.3%.2

In general surgical patients studied by labelled
fibrinogen scanning one will encounter about 25% with
thrombosis confined to veins of the calf.67'89 Major
pulmonary embolism from these small distal thrombi
is reputed to be unlikely, and some authors have
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recommended withholding treatment from such pa-
tients. Unfortunately, there are no conclusive data to
support this advice. It is claimed from studies em-
ploying ventilation/perfusion lung scanning that em-
bolization occurs in half the patients with fibrinogen
scan-diagnosed thrombi confined to the calf. 14 Al-
though many of these events probably are of no
moment, it is not at present possible to decide which
patients will have progression of their thrombus and a
major embolus and which will have spontaneous lysis.
Rapid proximal progression of thrombosis is known to
occur,30 and major, even fatal, pulmonary embolism
has been encountered in this setting. If facilities are
available for fibrinogen scanning and impedance
plethysmography, an argument might be made for
continued surveillance after diagnosis of calf thrombi,
treatment being instituted for evidence of proximal
extension of the thrombus. However, this gives no
protection against progression and embolization occur-
ring overnight between examinations or against these
complications after surveillance has been discontinued.
In patients in whom only clinical diagnosis is em-
ployed, safe practice would appear to indicate that all
deep venous thrombi, thigh and calf, should be treated.
One will also encounter patients with venous

thromboembolism unsuitable for treatment with anti-
coagulants and therefore candidates for surgical inter-
ruption of the vena cava, with a mortality of 5-40%,4,76
depending on selection of cases. Insertion of an intra-
caval umbrella or other device may offer a lower
fatality rate.84

Prophylactic Measures

The effectiveness of low dose subcutaneous heparin,
dextran, and physical measures, including external
pneumatic compression of the legs and electrical
stimulation of the calf muscles, has been tested by
controlled prospective trials in general surgical pa-
tients. Warfarin has also been studied and found highly
effective, but its use leads to bleeding complications
more commonly than do other methods. It should
probably be reserved for patients at very high risk,
such as those having a history of previous throm-
boembolism or undergoing orthopedic operations (see
below). Aspirin appears to be effective in orthopedic
patients; there is argument concerning its efficacy in
general surgical patients, and the data are not con-
clusive. Several other drugs and physical methods,
such as the use of elastic stockings, have received
limited trial, but the data available about these are
too few for consideration here.
Low-dose heparin. Among patients undergoing

elective general surgical operations who receive sub-

cutaneous heparin in doses of 5,000 units every eight or
12 hours, clinically evident deep vein thrombosis can
be expected to occur in about 1.8% (39/2155).592127
The true rate as determined by fibrinogen scanning
is higher, around 6% (168/2590; range 0.8- 13.5%),5.22.24._
39.41.42.65.69.77,88,92,99,110,115,119.120,127 but in clinical practice

prophylaxis will usually be employed without sur-
veillance, so the 4% of patients with silent DVT will
not be recognized. Pulmonary embolism will be
clinically evident in about 0.6% (3/499) of patients.' .41,42-
65.88.92.115 The true frequency will of course be higher:
a study with perfusion lung scans found a 16% rate in
patients receiving low dose heparin, about 1/3 the rate
in controls in that study.'20 In the Multicentre Trial
of Kakkar and associates,5 PE was judged the cause
of death in 22% of autopsied control patients, which,
when extrapolated to include deaths without post-
mortem examination, indicated an overall death rate
of 1.1% from PE. Corresponding figures among pa-
tients who received low-dose heparin were 4% of
autopsies and 0.16% overall mortality from PE.
One can anticipate that under 3% of patients on

low-dose heparin will require full dose anticoagulant
therapy for overt thromboembolism. Few patients will
have major hemorrhages, and only 0.2% of those given
low-dose heparin will die from this cause. In the
Multicentre trial, heparin was discontinued in 2.6%
of patients because of bleeding, and 0.2% died of
hemorrhage, the same number as in the control group.
Dextran. Controlled prospective trials have, for the

most part, shown that dextran of molecular weight
70,000 or 40,000 is effective for prevention of venous
thromboembolism in general surgical patients, but
there are disclaimers. The two preparations appear to
be approximately equal in effectiveness. In the ag-
gregate, the studies reported indicate that clinically
evident DVT occurred in 6% of patients who received
dextran (89/1459), 12,53,59,61,62,73.84,99,109,111,119 but a figure
lower than this can probably be expected with a larger
experience. The published studies with dextran are
somewhat anomalous, since the average DVT rate
among control patients in dextran trials was 10%
(compared with 3.5% in the larger accumulated con-
trol group cited above). The total rate of DVT was
20% (135/688) in studies employing sensitive diagnotic
methods, 194373'1014120 and thus the frequency of
silent DVT was 13%. These results are inferior to those
obtained with low-dose heparin.
From the literature one would predict that clinically

recognized pulmonary embolism will occur in 1.2% of
dextran-treated patients (18/1451 );10,12,18,53,59,62,73,_
79,109-111 this may be an overestimate, since eight of
the 18 pulmonary emboli in the collected material
(11 studies) occurred in a single trial with a 9% rate
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of embolization.12 The total frequency of pulmonary
embolism, including silent cases, is stated to be 20%.114
The mortality from PE in general surgical patients re-
ceiving dextran is reported, in the aggregate, as
0 6% 43,59.62.73,74,79,102,112 The frequency of major bleed-
ing on dextran is 0.6% (5/775);12,62,73 a higher rate can
be expected in association with surgery of greater
magnitude. Other side effects of dextran, such as pul-
monary edema secondary to fluid overload, are not
rare. Anaphylactoid reactions occur occasionally and
are said to be 10 times more frequent with the
70,000 Dalton preparations than with the product of
40,000 average molecular weight (94).

External pneumatic compression. Physical methods
available for prevention of venous thromboembolism
include electrical stimulation of calf muscles, elastic
stockings, and external pneumatic compression (EPC)
of the calves with inflatable boots or leggings. The
last of these has the largest body of literature to sup-
port its use. The development of deep vein throm-
bosis can be expected in about 8% (25/270) of pa-
tients who receive external pneumatic compres-
sion. 2055,96,97,103,116 The results are comparable to
those of low-dose heparin. It is likely that 1-2% will
be symptomatic. The rate of clinically diagnosed pul-
monary embolism in collected reports is 0.9% and in
our own experience is 0.7% (1/180), but the total
number of patients studied is small. Additional large
clinical trials are needed to establish the influence
of EPC on the rate of pulmonary embolism. If the
data available are representative, over 90% of patients
receiving EPC will be free of thrombotic complica-
tions, a figure similar to that with low-dose heparin.
No bleeding is encountered with external pneumatic
compression of the legs, and other reported complica-
tions have been trivial. The principal drawback to the
system is that it is somewhat cumbersome, and pa-
tient acceptance can be a problem because of
discomfort.

Surveillance
In an effort to avoid the hemorrhagic side effects of

administration of antithrombotic drugs, surveillance of
high risk patients with sensitive diagnostic tests has
been advocated to allow the early detection of venous
thrombi in the legs at a time when prompt treatment
will prevent the subsequent development of pulmonary
embolism. In general surgical patients the labelled
fibrinogen scanning technique is adequate for sur-
veillance. With surgery or trauma to the hip or pelvis,
there are frequent proximal thrombi not detected by
labelled fibrinogen scanning,50'58 and some method
sensitive to iliofemoral thrombi (e.g., impedance
plethysmography) is also needed, but in general

surgical patients isolated proximal thrombi are un-
common.90 In patients followed by fibrinogen scanning
and receiving no specific prophylactic measures, a
positive scan will be found in about 27% (1173/
4373). 5,11,14,15,17,19,22,24,31,32,36-39,41 ,42,54,55.65,67-69,75,77,86.88._
100, 10, 15,117.120,124.127 A false negative examination is
expected in 6% of those with thrombi (i.e., 2% of all
patients); it will be accompanied by false positive trac-
ings in a further 2%.56 Thus, 25% of patients will have
a positive scan associated with deep vein thrombosis,
and 2% more will have DVT which is not detected.
Pulmonary embolism will be clinically evident in only
1.2% of patients under surveillance (16/1373),314142
65,67,88,100,115,124 and silent emboli will also be infrequent.
Surveillance appears to be particularly effective in
preventing fatal PE: in the nine studies cited, there
were no deaths from PE among the 1373 patients.
Patients with positive fibrinogen scans will receive
treatment with full doses of anticoagulants, for the
most part, with an expected rate of recurrent thrombo-
embolism of about 2%.4° Patients with negative leg
scans will have few pulmonary emboli; by lung scan,
Browse14 found evidence of embolization in only one
of 29 patients with negative 1251-fibrinogen leg scans.

Bleeding complications are not encountered with
surveillance methods, but since 28% of the population
under surveillance will be recognized as having
thromboembolism (27% DVT and 1% pulmonary
embolism) and will therefore require full anticoagula-
tion, the number of patients exposed to the bleeding
complications of full anticoagulant therapy will be
higher than if the patients had been given low-dose
heparin without surveillance (3%).1

Cost-effectiveness

One can calculate a dollar cost for the various ap-
proaches to prevention of venous thromboembolism
by adding the cost of the drugs, labor, apparatus,
and laboratory tests employed in prophylaxis (Tables
I and 2) to the estimated costs accrued as a result
of the various possible outcomes (Table 3), taking into
account the probabilities of each. As an indicator of
costs to the patient or his insurer, the figures shown
in Tables 1 to 3 are based on actual charges at an
urban teaching hospital in New England and may have
to be adjusted up or down for other institutions. The
relative costs or charges are probably generally ap-
plicable. A period of seven days is arbitrarily used
for the calculations, but it is important to note that
the length of time a patient is at risk of thrombo-
embolism will vary with the circumstances, and the
duration of prophylactic measures should be decided
accordingly.
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It should be noted that for calculation of cost-
effectiveness, the important factors are the mortality
from pulmonary embolism and the frequencies of
clinically diagnosed venous thrombosis and pulmonary
embolism rather than the true rates of occurrence of
these complications. The latter are of course crucial
in determining outcome, but the dollar cost of treat-
ment is dictated by the clinician's perception of what is
wrong with the patient, and silent thromboembolism
is, by definition, not perceived. The uncertainty that
attends any estimate of the true frequency of pul-
monary embolism, discussed earlier, does not there-
fore interfere with analysis of cost/effectiveness.

Table 4 presents a synthesis of the foregoing applied
to 1,000 patients undergoing general surgical opera-
tions. The dollar costs and probabilities illustrated in
Tables I to 3 and described in the text have been
combined in a formulation that considers the mortality
from pulmonary embolism or from bleeding as a com-
plication of prophylaxis or treatment but makes no
attempt to assign a dollar value to the loss incurred
by death. Efforts to calculate such a cost have been
published and can be applied to these figures if the

TABLE 1 Cost of Prophv/laxis (7 Days)

Heparin
5,000 u b.i.d. (a $4.50/day
baseline PT. PTT, platelets

Dextran
MW 40,000 $ 15/500 ml
(MW 70,000 $9/500 ml)

External pneumatic compression
compressor $1,000.00 (5 year

expected life; $50 annual
maintenance; 52 uses/yr)

inflatable boots and stockinette
technician time

Warfarin
50 mg
baseline PT. PTT, platelets
daily PT

Aspirin
1.2 g/day

$3 1.50
20.00

$51.50

$30.00 if I L in OR only;
$75.00 if 500 ml x 3, then qod

$ 4.80
18.75
18.10

$41.65

S 1.34
20.00
48.00

$69.34

No charge

The cost of prophylaxis with a drug will vary according to the
schedule of its administration. In the example shown, heparin is
given by subcutaneous injection twice daily. A few simple labora-
tory screening tests are recommended for assurance of hemostatic
competence before heparin prophylaxis is initiated. Dextran has been
given according to many different regimens, most often as either a

single infusion of 1,000 ml in the operating room or by administra-
tion of 500 ml daily for three days and then every other day for
the balance of the period of immobilization. The cost of external
pneumatic compression of the legs varies, depending on the manu-
facturer of the apparatus. In this example, the compressor is arbi-
trarily depreciated over a five-year period. Figures for warfarin and
aspirin are shown for comparison.

211
TABLE 2. Cost of'Sur'eilloa(e

'251-Fibrinogen scan
y-detector and rate meter $1,400

(7 year expected life: 16 scan/day x 5
d/wk x 50 wk/yr)

Nal 100 mg/day (a 0.30 x 10
'251-Fibrinogen 100 ACi
nurse/technician time ($7.74/hr.)
professional fee and hospital service charge

Impedance plethysmography
IPG #200 machine $5,100 (10 year
expected life; 8 exams/day x 5 d/wk
x 50 wk/yr)

nurse/technician time ($7.74/hr.)
professional fee and hospital service charge

S 0.35
3.00

61.25
27.09
30.00

S121.69/7 days

5 0.25
7.74

30.00

$37.99/exam

The cost of surveillance is calculated assuming daily scanning of
the legs for labelled fibrin. Less frequent examinations would be less
expensive but would also offer less security against embolization before
detection of the venous thrombus. Surveillance by methods sensitive
to iliofemoral thrombi, such as impedance plethysmography. is prob-
ably not indicated in general surgical patients, unless there is a par-
ticular predisposition to thrombosis of the proximal veins (e.g.. pelvic
lymph node dissection). The method is time-consuming and therefore
expensive. so it is usually not employed daily. In the example, note'
that the charge is for each examination rather than for a seven day
period.

reader is inclined, as can estimates of the dollar value
of relief of suffering and years of life saved, but the
determination of cost-effectiveness can be accom-
plished without the introduction of these issues. 16:35.123

Certain conclusions to be derived from Table 4
deserve emphasis.

1) Failure to take any effective precuations in 1,000
general surgical patients will result in at least 10
deaths from pulmonary embolism. This figure is
higher than expected with any of the prophylactic
programs listed, including intensive surveillance.

2) The dollar cost of prophylaxis using low-dose
heparin or external pneumatic compression of the
legs is somewhat higher than that of simply treating
thromboembolic events as they arise, but the addi-
tional expense seems well justified by the saving of
at least six lives. The marginal cost for the use of
heparin prophylaxis relative to taking no precautions
would be $870 per death averted and for EPC, $620
per death averted. If larger clinical trials of EPC
confirm the present impression of the method's
effectiveness against pulmonary embolism, it should
prove to be an acceptable alternative to low-dose
heparin and preferable in patients with a special
hazard of hemorrhage, such as neurosurgical pa-
tients or those undergoing operation on the prostate.

3) Since in general surgical patients dextran ap-
pears to be less effective than either low-dose

VOl. 191.9 NO. 2



TABLE 3. Cost of Complications

Optional Costs

DVT

Heparin 5000 u, then 1000 u/hr
7 days
-daily PTT x 7

warfarin 3 months
-daily PT x 7, then I/wk
7 hospital days (t $172.00

$ 23.04
56.00
18.00

144.00
1,204.00

$1,445.00

Phlebogram
I leg: 329.00 + prof. fee
+ 125.00 contrast injection

1251-fibrinogen scan (2 days)
impedance plethysmography
streptokinase (72 hr course)

Pulmonary Embolism
chest Xray
perfusion lung scan (98.00
+ 55.00 prof. fee)

electrocardiogram
blood gases
enzymes
anticoagulant therapy
7 hospital days (a $172.00

$ 49.00

153.00
51.00
19.00
20.00

241.04
1,204.00

$1,737.04

ventilation lung scan
pulmonary angiography

(492.00 including catheter
+ 60.00 prof. fee + 200.00
contrast injection)

intensive care unit
streptokinase (72 hr course)
pulmonary embolectomy

In these examples, the items for which costs are indicated in the applicability will vary from patient to patient. The figure shown for
left-hand column are probably a minimum list of expenses which pulmonary embolectomy includes operating room, anesthesia, re-
the patient will incur in the course of diagnosis and treatment. The covery room, and professional charges.
items listed in the right-hand column are additional options, whose

TABLE 4. Cost Analysis in /,000 General Surgical Patients*

Costs Outcome

No precautions
35 clinical DVT $50,575 52 anticoagulated patients (1-10 major bleeds)
18 clinical PE 31,267 6 deaths from clinical PE

$81,842 4 deaths from silent PE
10 deaths total

Surveillance
cost $121,690 276 anticoagulated patients (3-55 major bleeds)
270 DVT by scan (including 20 1 death from bleeding
false positive) 390,150 ?0 deaths from PE
6 clinical PE 10,422 1 death total

$522,262

Prophylaxis
Heparin

cost $51,500 23 fully anticoagulated patients (1-5 major bleeds)
18 clinical DVT 26,010 26 major bleeds from low-dose heparin
6 clinical PE 10,422 2 deaths from bleeding

$87,932 I death from PE
3 deaths total

Dextran
cost $30,000-$75,000 70 anticoagulated patients (1-15 major bleeds)
60 clinical DVT 86,700 6 bleeds from dextran
12 clinical PE 20,844 6 deaths from PE

$137,544-$182,544 6 deaths total
External pneumatic compression
cost $41,650 29 anticoagulated patients (1-6 major bleeds)
20 clinical DVT 28,900 3 deaths from PEt
9 clinical PE 15,633 3 deaths total

$86,183

* 7 days.
t Estimated as 113 of the total frequency of recognized pulmonary

embolism. Published data are too few for a definite statement.
Figures for the number of fully anticoagulated patients are de-

rived from the expected total number of DVT and PE episodes

minus the number of patients in whom the event would be recur-
rent and who would therefore already be receiving full anticoag-
ulent therapy. No attempt has been made to cost-account the bleed-
ing complications of anticoagulant therapy.

212

Typical Costs

$ 484.00
102.09
37.99

575.00

$ 166.00

752.00
460.00/day
575.00

5,214.00

SALZMAN AND DAVIES Ann. Surg. * February 1980
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heparin or calf compression, it is not recommended
for routine administration. Its high cost reinforces
this conclusion. In high risk patients, there may be
indications for its use (see below).

4) Although highly effective in preventing fatal PE,
surveillance is not a cost-effective alternative to
active prophylactic measures in general surgical pa-
tients (marginal cost $48,935 per death averted). If
there were sensitive and specific predictive tech-
niques that permitted more selective application of
surveillance by identification of a population most
at risk, this conclusion might require reassessment.
The situation would also be altered by better under-
standing of the natural history of venous thrombosis,
which might enable the physician to distinguish calf
vein thrombi that could be safely managed without
full anticoagulant therapy.

Approaches to Prophylaxis in
High Risk Patients

Venous thromboembolism occurs so often as a com-

plication of certain conditions that they constitute an

especially high risk group. In such patients, including
those with fractures or reconstructive surgery of the
hip, increasing evidence suggests that low dose sub-
cutaneous heparin is inadequate for protection. 108
Other prophylactic measures, on the other hand, ap-
pear to be effective, and the frequency of thrombo-
embolism in this very high risk population jutifies their
use despite, in some cases, undesirable side effects.
The group most thoroughly studied by modern diag-
nostic methods consists of patients undergoing total
hip replacement.

Natural History of Venous Thromboembolism (Table 5)

Without special prophylactic measures, total hip re-

placement is followed by a hospital mortality of over

2%, virtually all from pulmonary embolism.23'66"108
Clinical evidence of DVT is recognized in 12% (52/
419)47.80 and of PE in 11% (221/2005). 2327.28,33 47,52,58,_
66.80.101.105.106.121.126 At least 35% more will have silent
DVT as judged by phlebography,33'52"13 and half the
deaths will occur in this group. Many reports have
employed labelled fibrinogen scanning as the sole
diagnostic method, although this technique is in-
sensitive to thrombi above midthigh. These occur as

isolated findings without accompanying calf thrombi in
at least 10% of patients with total hip replacement52'97
and are particularly prone to give rise to major pul-
monary embolization. Bleeding among the many pa-
tients who require anticoagulant therapy will make
an additional contribution to the mortality. The
dollar cost of these complications is summarized in
Table 6.

TABLE 5. Total Hip Replacement

Clinical Silent Clinical Silent Fatal
DVT DVT PE PE PE

No precautions 12% 35% 11% ? 1.7%*
Low-dose heparin 7% 14.6%t 5.3% 14% 1.2%
Warfarin 4.4% 18.0% 1.1% '? 0.4%
Aspirin 7.8% 23% 2% ? 0
Dextran 3.2% 16.6% 6.1% 21.9% 0.8%

* This figure is drawn from the same sources as for clinical PE
plus references 6 and 57.

t This figure may be too low, as it is based on trials employing
fibrinogen scanning as the sole diagnostic method. All other figures
in this column are derived from phlebographic studies.

Prophylactic Measures

Table 5 summarizes the most instructive experience
with the four antithrombotic drugs that have received
thorough evaluation in total hip replacement.
Low-dose heparin is probably not without an effect

on DVT and may lower the mortality from PE. The
literature on this subject is in disagreement. Apparently
well designed trials have led to discordant results. On
the evidence available at present, low-dose heparin
appears inferior to other agents and not the preferred
drug in this application. Clinically obvious DVT may
be found in 7% (12/170) of high risk patients on low-
dose heparin.8095 An additional 14% may have silent
thrombi as detected by 1251-fibrinogen scanning and
even more if studied by phlebography.7'29'34'39'44'49-
69.80.89.95.105.121 Five per cent (18/337) will have clinical
signs of pulmonary emboli7'49'58'95 with a mortality of
1.2%. The total rate of embolization appears not to be
reduced by low-dose heparin.'25 Bleeding complica-
tions have been unusual in some series but in other
studies have occurred frequently, with one study being
abandoned because of bleeding.49'66

Warfarin has the advantage of being given in thera-
peutic dosage when employed for prophylaxis, so it is
suitable for administration to patients who may enter
the hospital with a pre-existing thrombus: a frequent
problem with fractures of the hip, for example. If
used prophylactically in association with hip re-
construction, warfarin reduces the rate of deep vein
thrombosis as judged phlebographically to 23.4% from
the 47.3% seen in patients not receiving prophylaxis49'51
and lowers the frequency of fatal PE to 0.4%7,27,47-49,_
51.66,95,106 or even less (see below). Unfortunately,
bleeding is a frequent complication of oral anti-
coagulation. Fatal hemorrhage has been reported in
1.8% of patients on warfarin,40 but this figure is prob-
ably unrealistically high, since it is derived from
patients treated for degenerative arterial diseases
rather than for prevention of venous thrombo-
embolism. Compilation of data from studies of hip
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TABLE 6. Cost Analysis in 1,000 Total Hip Replacements*

Costs Outcome

No precautions
clinical DVT 120
clinical PE 110

$173,400
191,074

$364,474

224 anticoagulated patients (2-45 major bleeds)
I death from bleeding

17 deaths from PE

18 deaths total

Prophylaxis
Heparin

cost
clinical DVT 70
clinical PE 53

Warfarin

cost
clinical DVT 44
clinical PE 11

Aspirin

cost
clinical DVT 78
clinical PE 20

Dextran

cost
clinical DVT 32
clinical PE 61

$ 51,500
101,150
92,063

$244,713

$ 69,340
63,580
19,107

$152,027

$ 0

112,710
34,741

$147,451

$30,000-$75,000
46,240
105,960

$182,200-$227,200

120 fully anticoagulated patients (2-26 major bleeds)
26 bleeds from low-dose heparin

2 deaths from bleeding
12 deaths from PE

14 deaths total

1,000 anticoagulated patients (54 with heparin)
(50-70 major bleeds)

3 deaths from bleeding
4 deaths from PE

7 deaths total

96 anticoagulated patients (1-20 major bleeds)
?0 deaths from PE

?0 deaths total

91 anticoagulated patients (1-18 major bleeds)
8 deaths from PE

8 deaths total

replacement in which warfarin was the sole prophy-
lactic agent48'57"106 yields a figure of 0.3% fatal bleeding.

Aspirin has been proved effective in male patients.
Studies at different dosages are now in progress in
women, but the data so far published support the
use of aspirin only in men. The only randomized
double blind study to date52 showed the rate of
phlebographically confirmed DVT in aspirin treated pa-
tients to be 25% (18% in males), compared with
45% in controls. The fatality rate due to PE in
patients receiving aspirin is not known. In the studies
by Salzman,106 Harris59'52 and Jennings,63 there were no
deaths among 665 patients of either sex who received
such prophylaxis.
Dextran apparently is similar to warfarin in its ef-

fectiveness in orthopedic patients, as shown by con-
trolled studies using phlebography as the diagnostic
endpoint.283349 Its bleeding complications appear to
be less frequent7'49'66'83 although in one study they oc-
curred as often.48 Warfarin, aspirin and dextran pro-
phylaxis all reduce the rate of clinical pulmonary em-
boli and decrease the number of embolic deaths. The
fatality rates cited in Tables 5 and 6 may actually be
too high, since in 3800 consecutive hip reconstructions

at the Massachusetts General Hospital in patients re-

ceiving warfarin, aspirin, or dextran, there have been
no fatal pulmonary emboli (W. H. Harris, personal
communication).

External pneumatic compression of the legs has been
studied only in patients with a history of prior throm-
boembolism. The procedure was as effective as war-
farin in patients whose preoperative phlebogram were
normal but was significantly inferior to warfarin if the
phlebogram before hip replacement showed residual
abnormalities from a previous episode of thrombosis.51
Although the method shows promise as a prophylactic
measure in high risk patients, we have omitted EPC
from the analysis in Tables 5 and 6 because of insuf-
ficient data.
The dollar cost of prophylaxis employing these drugs

is calculated in Table 6. There is a reduction in mortality
as well as cost with all four agents considered.

Surveillance

The alternative approach of surveillance with selec-
tive treatment of early DVT, presumably before pul-
monary embolization has occurred, has also been pro-

* 7 days.
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posed for patients undergoing total hip replacement.58
Since labelled fibrinogen scanning is insufficient as the
sole diagnostic measure after hip operations, because
of the confusing effects of the perioperative thigh hema-
toma and the frequency of isolated thigh thrombi,50
an additional technique sensitive to more proximal
thrombi is required. Of those available, impedance
plethysmography seems the most objective and is of
reasonable sensitivity in the thigh, although the method
fails to detect most calf thrombi and occasional nonoc-
clusive thigh thrombi. Both fibrinogen scanning and
impedance plethysmography have large blind spots,
and even the combination misses about 15% of thrombi
after hip replacement.50 Experience with this approach
is too limited to permit analysis of cost/effectiveness.

Other High Risk Patients

For high risk patients other than those with opera-
tions on the hip, there are few satisfactory trials to offer
guidance. A history of prior thromboembolism is an
important risk factor, especially if documented by ob-
jective diagnostic tests. In patients who have suffered
major trauma, thromboembolism is a serious threat, but
there are few data on such patients. One must decide
on an approach to prophylaxis by extrapolation from
studies of other conditions, a perilous undertaking. The
dollar cost of preventive measures is not great, and
the potential gain seems sufficient to warrant pro-
phylaxis. A reasonable approach might be external
pneumatic compression or dextran in the immediate
postinjury period and warfarin later, when the hazard
of hemorrhage has abated. Such a recommendation
may be overturned at any time by information derived
from prospective controlled trials.

In nonoperative patients, the cost/effectiveness of
prophylactic techniques will depend on the frequency
of thromboembolism in the absence of preventive
measures. Data are available only after myocardial
infarction and in congestive heart failure, where the
rate of DVT and PE seems to justify prophylaxis with
low-dose heparin.25 39'45'46'60'122 Warfarin is also ef-
fective, and the hazard of bleeding is less than in
surgical patients. The possible efficacy of external pneu-
matic compression or antiplatelet drugs has not been
assessed.

Concluding Recommendations

Many questions remain unanswered, but therapeutic
decisions must be made daily in spite of incomplete
understanding. Even though there are many gaps in the
data, the foregoing analysis can provide guidance to
clinicians, provided one is mindful of the many ex-
ceptions and special cases discussed in the previous

TABLE 7. Recommended Prophylaxis in Various Patient Groups

Antiplatelet
Warfarin Miniheparin agents EPC

Highest risk + 0 0 0
General surgery
< 40 yrs.* 0 0 0 0
> 40 yrs. 0 + + +

Orthopedic + 0 + ±
Trauma + 0 + +
Nonoperative + + + +

+ cost/effective method of prophylaxis
± method of prophylaxis with some support, but data are equivocal

or insufficient
0 not recommended

* Unless some additional risk factor is present.

text. Table 7 presents a tentative scheme based on the
cost-effectiveness of prophylactic methods in several
types of patients. The recommendations are of course
provisional and subject to revision whenever the results
of well designed clinical trials make new information
available.
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