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ABSTRACT :

Up until the last decade, physicians were content to base manage-
ﬁent decisions in postoperative surgical patients on the clinical
diagnosis of deep vein thrombosis (DVT). Subsequently, multiple
studies have demonstrated ?he insensitivity of clinical diagnosis.
Pulmonary embolism (PE) is the most common preventable cause of in-
hospital death, which no doubt reflects the insensitivity of clinical
diagnosis. Multiple randomized trials indicate that low-dose subcuta-
neous (sc) heparin and intravenous (IV) dextran are effective for
preventing death due to pulmonary embolism in postoperative general
surgical patients. Other approaches effective against venous
thromboembolism are: intermittent pneumatic leg compression (IPLC)
_and screening with 1251-fibrinogen leg scanning. We have performed
a cost-effective analysis in 1,000 patients over the age of forty |
years undergoing major elective surgery comparing the prophylactic
approaches described above with the "no-programme" situation (early
ambulation but no dther active prophylaxis). The total cost
(Canadian dollars) and total effects (deaths from pulmonary embolism
averted) are as follows: s.c. heparin $35,714 for 7 lives saved;

IPLC $55,803 for 7 1ives saved; IV dextran~$13i1235 for 6 lives saved;
leg scanning $396,599 for 7 lives saved; and é@e "no-programme"
situation $53,472 for 8 lives lost. The "no-programme" situation is
clearly cost-ineffective. Incremental cost-effectiveness analysis
indicates that s.c. heparin is the most cost-effective, followed by
IELC. Dektran and leg scanning, atthough effective, are both

expensive; therefore s.c. heparin or IPLC prophylaxis are preferrgd.
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Chapter 1. INTRODUCTION

Pulmonary embolism is the most common preventable cause of death in
hospitalized pat%ents in North America. I; is estimated that 0.1-0.8% of
batients over the age of 40 yeafs undergoing general surgery suffer fatal
pulmonary embolism (1-3).

Primary Prevention: ' .

Over the past two decades, a number of approaches(for preventing pulmon-
ary embolism have been evaluated in patients undergoing general surgery (1-3).
Three approaches in particular have been shown to be both safe and effect-
ive in this patient group. These are:

a)“low-dose subcutaneous heparin prophylaxis (1,4-14)

b) intravenous dextran (9,15-26) and

c) intermittent pneumatic compression of the legs (27-36).

These primary prophylactic agents act by preventing deep vein thrombosis
which is the precursor of pulmonary embolism. Their safety and effective-
ness in general surgical patients is well documented by the findings of
multiple randomized clinical trials (1-36).

Secondary Prevention:

An alternative approach for preventing massive pulmonary embolism is
the early detection (and tfeatment) of subclinical venous thrombosis by
]ZSI—fibrinogen leg scanning (37,38). The use of 1251—fibrinogen leg scan-
ning as a screening test provides the clinician with a method of early
detection of deep vein thrombosis as, in the ﬁajority of general surgical
patients, postoperative venous thrombosis is subclinical and therefore cannot.

be detected by clinical examination. The frequency of leg scan detected

-
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postoperative venous thrombosis in general surgical patients over'the age of
40 years, in the Hamilten region: ranges from 7% to 25% and is influenced by
the risk factors of previous venous thromboembolism, advanced age, prp]onged
immobility, leg paralysis, obesity, varicose veins, heart fai]uré and the
presence of malignancy.

Screening with leg scanning will therefore, be con§idered in this analysis
as an alternative to priméry prophylaxis. It is probable that the application
of routine primary prophylaxis would have a substantial impact in reducing
the frequency of postoperative deep vein thrombosis and based on this, it
is estimated that the routine use of effective prophylaxis in patients under-
going e1ect{ve general surgery would prevent 4,000-8,000 postoperative deaths
annually in the United States (39).

Objective of thjs Thesisi

The objective of this thesis is to perform a cost-effectiveness analysis
comparing:

a) primary prophylaxis using subcutaneous heparin or iﬁtravenous

dextran or intermittent pneumatic cémpression
b) secondary prophylaxis using 1251—fibrinogen leg scanning for early
.detection'of deep vein thrombosis, with
¢c) the "no-programme" situation, (in which patients undergo routine
postoperative care including early ambulation but do not receive
‘active prophylaxis).
Effectiveness will be measured in terms of the number of deaths due to pulmon-
ary embolism prevented postoperatively in high-risk general surgical patients.
Clinical relevance of this cost-effectiveness analysis:

The use of cost-effectiveness analysis provides a practical economic

tool which allows cﬁmparison of both the effects and costs of health care



approaches.

At present, there is no organized strategy for preventing venous thrombo-
embolism in many hospitals throughout Canada and the United States and thus
this disease and its complications continue unabated. The reasons for this
are complex and include: 1) lack of concern as to the need for prophylaxis
due largely to the unawareness that there is a significant problem which
requires action {the reason for this is primarily the fact that each
generalisurgeon wou}d have to operate on approximately 300 patients to see one
death from pulmonary embolism); 2) doubts as to the safety of anticoagulant
prophylaxis have delayed acceptance of low-dose heparin prophylaxis.

H9wever, a recent randomized trial suggests that this fear is unfounded in

the majority of general surgica] patients; 3) there has been a failure to
develop a'cohesive approach to preventing thromboembolism in individual
institutions, departments and hospitals. Furthermore, there has been a
reluctance to Qeve1op new programmes which may increase health costs when

the cost-effectivenéss of such new programmes has not been adequately evalua-
ted. There is an extensive and comprehensive body of literature dealing with
the)efficacy and safety of the various prophylactic measures, some of which

is Qerived from clinical studies performed by members of the Hamilton Regional
Thromboembolism Programme. Little or no attention, however, has been addressed

to the economic implications of prophylaxis.
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Chapter 2. PRIMARY AND SECONDARY PREVENTION - THE EVIDENCE

SUPPORTING THE CURRENT ALTERNATIVE APPROACHES .

Venous thrombi usually develop at sites of siow or disturbed f19w and
begin as small deposits of platelets, fibrin and red cells in valve cusp
pockets or in the intramuscular sinuses of leg veins (40,41). As the thrombus
grows it occludes the lumen of the vein producing stasis and then extends 4
both proximally and disté]]y as a coagulation thrombﬁs composed of red
cells with interspersed fibrin.

The mechanisms which are recognized to be important in the patﬁogenesis
of venous thromboembolism are venous stasis, activation of blood coagulation
and endothelial damage.

Two active approaches can be taken to prevent fatal pulmonary embolism.
These are early detection of subclinical venous thrombosis by screening high-
risk patients postoperatively with 125I—f1brinogen leg scanning (37,38) and
primary prophylaxis using drugs or physical methods (1-36). (see appendix 1
and 2).

The prophylactic methods which have been evaluated ¢linically have been
directed at one or more of these pathogenic factors and include intermittent
pneumatic compression of the legs which prevents stasis,; low-dose subcutaneous
heparin which counteracts the aétivation of blood coagulation; and dextran
which suppresses platelet function and their interaction with the damaged

vessel wall as well as altering the stability of the formed clot encouraging
rapid lysis.
An alternative approach as mentioned previously is ta screen high-risk

patients with ]ZSI-fibnjnogen leg scanning to detect venous thrombi i1n the



early stage thus preventing massive puimonary embolism by the initiation
of treatment gefore massive embolism can ensue. :

Random{zed c]%nicp? tr%g]s evaluating prophylactic agents provide the
backbone for the current understanding of prophylaxis for venous thrombo-
embolism. The clinician should consider a number of important study criteria
whenhéssessing the validity of the results of these clinical trijals.

These essential criteria are described in greater detail in Appendix 3.

a) The study should incorporate a concurrent control group with patients |
fandomly allocated, thus avoiding the danger of conscious Or upcon-
scious bias.

b) To avoid diagnostic suspicion bias, the study should be "blinded"
ideally by a double-blind deiign or, if the nature of the inter-
veniion does not allow this, interpretation of the endpoints must
be carried out by an observer who does not have knowliedge of the
patient's treatment category

c) the use of clearly defined endpoints is mandatory

d) on analysis of the study, comparability of the groups foy important
prognostic factors should be demonstrated

e) appropriate statistical methods must be used for analysing the data

f) because of the inaccuracy of clinical diagnosis, it is essential
that reliable, objective diagnostic methods are used to determine
the endpoint.

The objective methods include ]ZSI—fibrinogen leg scanning, impedance

plethysmography and ascending venography for the diagnosis of venous

3

thrombosis; and pulmonary angiography (or pulmonary emboli demonstrated at
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autopsy) for the diagnasis of pulmonary émbo]ism. The most important endpoint
is fatal pulmonary embolism but because the frequency is relatively low,’
large numbers of patients have to be studied be{ore Fhis endpoint is used.
For this reason, the majority of studies have used venous thrombosis detected
by either ]251-f1b51nogen Jeg scanning or by venography as the endpoint for
evaluation of prophylaxis.
A numbe( of prophylactic approaches including low-dose subcutaneous
heparin, dextran and intermittent pneumatic compreséfah have been evaluated
in a large number of adequately qesigned studies following the above cri-
teria (42,43) (see appendix 1 and 2). Because of the consistent findings
obtained by these multiple studies, these three approaches are now accepted
as the objective methods of prophylaxis in selected high-risk patient groups.
Oral anticoagulant therapy has been extensively evaluated as well and
appears to be an effective form of prophylaxis in very high-risk patients but
at the price of an increaseg and clinically significant risk.of bleeding (42,43).
A number of antiplatelet agents including aspirin have been evaluated
“and have been shown to be ineffective in patients undergoing general
‘ surgery (42).
Other methods of prophylaxis under evaluation include heparin combined
with dihydro-ergotamine, ultra low-doses of intravenous heparin, ancrod, and
xylocaine; however, at present their effectiveness is uncertain (42).

Subcutaneous Heparin Prophylaxis:

N

The efficacy of low-dose heparin has been extensively evaluated in

Nt

patients undergoing elective general surgery in more than fifteen randomized
studies (1,4-14) satisfying the criteria outlined on page 5 and in appendix 3.

The heparin was administered subcutaneously in a dose of 5,000 units. The

r
¥
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first dosé was given preoperatively two hours befor$ surgery and a postobera-
tive dose was administered 12 hourly in niné studies and 6 hourly in six
studies. A1l but two of these studies showed a significant reduction in
venous thromboembolism in the heparin prophylaxis group. The majority of the
studies used leg scan detected venous thrombosis as the endpoint and a marked
reduction in venous thrombosis was demonstrated in the heparin versus control
'group. In two studies (10,11) howevgr, the frequency of venous thrombosis
was very low in the control group (5-10%) and a reduction with heparin was
not demonstrated. In four of the above studies (1,6,12,14), the number of
general surgical patients entered was large enough to assess the effects of -
prophylaxis on the frequency of popliteal or femoral vein thrombosis and

~

in all four there was a significant reduction in the frequency of proximal

~

vein thrombi in patients receiving subcutaneous heparin.

The effect of low-dose heparin on the frequency of venous thromboembolism

was evaluated in siﬁgbf the above studies. Two of these {8,10) uéed perfusion
lung scanning as an«Endpoint and ,four used fatal pulmonary embolism (1,

44-46) at autopsy as the endpoint. In five (1,8,10,45,46) there was reduc-
tion in the_freqﬁency of postoperative pulmonary embolism. The most important
of these studies was the International Multicentre Trial (1). Four thousand
patients were randomly allocated to either a low-dose heparin or control

group and the major endpoint was pulmonary embolism found at autopsy. ' There
were 100 deaths in the control group and 80 in the heparin group; this
difference was not statistically significant. Pulmonary embolism was found

in 22 of the 72 autopsies in the control group and 5 of the 52 autopsies in
the treatment group; a statistically significant difference (p<0.01).

Pulmonary embolism was classified as being fatal if it was present in the
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pulmonary trunk, in a main pulmonary artery, or %n at least two 10bgr arteries
if no other cause of death was found. Using these‘criteria, fatal pulmonary
embolism was found in 16 control patients and two treated patients. This
difference was statistically significant. )

An important observation made in Several of the studies was that after
heparin prophylaxis w&s discontinued in patients who remained at risk (14,44),
the subsequent rate of thromboembolic complications was equal in both groups,
suggesting that prophylaxis should be continued unt11)the patient is fully
ambulant.
| A recent ]érge multicentre study (45), using death due to pulmonary
e%bo]ism as the endpoint, compared low-dose heparin with dextran 70. Oyer
4,000 patients were entered into the study. There were 38 deaths during the
period of the stﬁdy in the dextran group and 37 in the low-dose heparin group.
The autopsy #ate was high in each group; pulmonary embolism waS considered
the sole or contributory cause of Seath in six patients in the dextran group
and six patients in the heparin group (five of the six cases in the dextran
group received a full presgribed course of prophylaxis compared with only
two of the six in the heparin group). It is of interest that the frequency
of death due to pulmonary embolism in the heparin group was similar to that
.reported in the other large multicentre study (1). Thus, in conclusion it is
evident that dextran prophylaxis is effective for preventing death due to
pulmonary embolism in genéra] surgical patients and May be comparaﬁ]e with
Tow-dose subcutaneous heparin in this patient group.

The major potential comp]ication limiting the widespread use of low-

dose heparin is bleeding. Since bleeding is a complication of any surgical

procedure, the effects of heparin on bleeding can only be assessed in ran-

]
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domized studies in which the effects of heparin are compared with a control
~group in either a double-blind manner or with the observer unaware of which
treatment group the patient is in.

A prospective evaluation of bleeding coﬁ%]ications was carried out in eight

trials (1,4-6,9,14,44,41) involving general surgical patients, but only one
of these was double-blind and in the others, no assurance was made that’the
observer was unaware of the treatment group. There was no significant
difference in surgigg] bleeding between control and heparin group patients

s

in five of these e{ght trials (4-6,9,44). One of the eight (47) reported
an increase in bleeding which was considered to be both clinically and statis-
tically significant but in no instance was a fatal bleeding episode attributed
to heparin treatment. In the International Multicentre Fyia] (1) comparing
low-dose subcutaneous heparin with a na treatment group there was a slight .-
but statistically significant increase in the proportion of patients with
excessive perioperative bleeding. An increase in the proportion of patients
with postoperative wound hematomas in the heparin group was also observed.
Similar findings were also reported by another group (44) who studied a
large number of patients. The findings of the double-blind study using s.c.
heparin 5,000 units every 12 hours are particularly important. It is of interest
that this_study showed identical transfusion requirements for each group
andlincreased bleeding was not observed in the hgparin group.
Dextran: )

Dextran is ; glucose polymer which was introduced as a volume expander
and was then subsequently evaluated as an antithrombotic agent (15-17). Two

sizes of dextran polymers are in clinical use.- dextran 70 with a mean
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molecular weight of 70,000 and dextran 40 with a mean molecular weight of
40,000. Only dextran 40 is licenced for use in North America.

The antithrombotic properties of dextran have been attributed
to a number Of actions including (18-21):

1) decreased blood viscosity

2) reduced platelet interaction with damaged vessel wall

3) decreased platelet aggregation and

4) an increase in the susceptibility to fibrinolysis of the fibrin

clot formed in the presence of dextran.

The results of studies evaluating dextran 70 for the prevention of deep
vein thrombosis in patients undergoing general surgical and gynaecological
surgical proEfguFEE"areupotentia]]y confusing. 1In the six or mqre studies
(9,22-26) that meet the essential criteria listed in appendix 3, dextran
was given intravenously both preoperatively and for a varying period of time
postoperatively. The endpoint used in these studies was 125I-fibrinogen leg
scanning. In three studies (23,25), the freqdency of postoperative venous
thrombos%s was significantly reduced while in the others (9,22-26), no
benefit was demonstrated. In contrast to the results of studies in general
surgicé] patjents, dextran has been reportéd to consistently reduce the fre-
quency of postoperative thrombosis in patients undergoing hip surgery (48-51)
in whgm venography was the test used to detect deep vein thrombosis.
Furthermore, dextran was infused peroperatively .and then postoperatively
for 5-10 days.

There are two possible relevant explanations for these observed differ-
ences. The first is that the dextran was given for a longer period of time

postoperatively and the second is that a venographic endpoint was used to
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detect the thrombosis. With regard to the 1atterlpoint, it has been noted
that fibrin clots formed in the presence of dextran are more susceptible to
fibrinolysis (20,21). It is therefore possible that ]251-f1br1nogen
detectable thrombi formed postoperatively in patients treated with dextran
undergo lysis and therefore may not have been detected when venography was
performed at a fixed time postoperatively.

Of major importance are the results of the large multicentred trial (45}
comparing low-dose heparin prophylaxis with dextran therapy in patients
undergoing general surgery which suggests that dextran is likely to be as
effective for‘preventing death due to fatal embolism.

The most important si&e—effect of dextran is the anaphylactoid reaction.
Recent data suggests that thig potentially fatal reaction can be prevented
by the use of the hapten inhibition principle. Another potentially serious
side-effect associated with dextran use is the .risk of volume overload which

particularly in elderly patients, can result in cardiac failure. Excessive

bruising has been reported but bleeding has not been a serious problem.

Intermi ttent Pneumatic Compression and Other Methods which Enhance Venous
Blood Flow in the Legs:

It is well established that stasis occurs in leg veins preoperative}y
and postoperatively in patients who are immobilized. A number of techniques
or approaches designed to increase blood flow have been evaluated for the
prevention of postoperative venous thrombos{s. These‘inc1ude elastic
stockings, leg elevation, iﬁtensiwe physiotherapy, graduated pressure stock-

ings, electrical calf muscle stimulation and intermittent calf compression.

The most effective of these approaches is intermittent calf compression
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and it is of interest that this method not only enhances venous flow in the

legs but also enhances blood fibrinolysis. ) .

Simple Physical Methods:‘ A number of studies have been performed using re-
latively simple physical methods. These include leg elevation (52,54),
elastic stockings (52,55), a combination of elastic stockings, intensive
physiotherapy and leg elevation (53), and the use of graduated compression
stockjngs (56). Neither elastic stockings alone nor leg elevation alone
appears to be effective in reducing the fréquency of postoperative venous
thrombosis. However, the combination of elastic stockings, leg elevation

and intensive physiotherapy reduced the frequency of postoperative thrombosis
more than three-fold although, because only small numbers of patients were
included in the study, thgiaifference was not significant. In a recent
study (56), a significant reduction in leg scan detected postoperative

venous thrombosis was reported in patients fitted with graduated pressure
stockings. Graduated pressure stockings are hemodynamically superior to the
standard elastic stockings so that the different results obtained using these
two modalities are not necessarily contradictory. It appears, thereforgz
that the simple physical methods that have been traditionally used in post-
operative patients are ineffective. There is a possibility that the more
hemodynamically effective graduated pressure stockings may be effective;

this approach warrants further study.

Electrical Calf Muscle Stimulation: Calf musclie movement induced by electri-
cal stimulation can only be used peroperatively because it produces leg
discomfort in the conscious patient. Five studies (12,22,57-59) have been

~carried out in postoperative patients using peroperative calf muscle
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electrical stimulation. In three (22,57,58), fhere was a significant reduction
in the frequency of leg scan detected venous thrombosis and in two (12,59)

there was no effect. A possible criticism of these studies is that the

patients were only followed with leg scanning for a relatively short period

of time postoperatively so that the results obtained cannot be extrapolated

to high-risk patients who remain in bed for long periods of time postoperatively.
Indeed, there is good evidence that in such patients, prophylaxis should be
continued postoperatively until the patient is fully mobile.

Intermittent Calf Compression:

Intermittent calf compression has been extensiQe]y investigated for the
prevention of postoperative venous thrombosis. Pressure is applied to the
calf by intermittent inflation of a cuff or boot. Two types of comgré;;;on
cycles have been‘used; a fast cycle and a slow cycle. With the fé;t cycle,

a brief period of calf compression (5-20 seconds) at 50 mm of mencury is
followed by a long rest period of 60-100 seconds. For the slow cyéle:/each leg
is compressed for one minute at a pressure of 40-55 mm mercury and this is
fo]lowed.by a rest period of one minute.

Intermittent compression of the calf not only increases pulsatile femo-
ral blood flow (27,28) by periodic emptying of the calf but also increases
systemic fibrinolytic activity (29). It is of further interest that inter-
mittent compression of the arm (30), which also enhances fibrinolytic activity,
has been reported to decrease the frequency of leg scan detected venous
thrombosis in general surgical patients. It is possible, therefore, that the
protection obtained with this approach may be due to both an increase in fibri-
nolytic activity and a decrease in stasis.

Five studies (31-34,60) using a fast comﬁression cycle have shown a

significant reduction in leg scan detected venous thrombosis in postoperative
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patients. Two studies (35,36) have used a slow cycle and in both there was
a reduction in the freguency éf venous thrombosis in patients without
malignant disease (35).

In many of the repprts, pneumatic compression boots were applied per-

operatively and continued for a maximum of 24 hours postoperatively and the

patients were screened with leg scanning for between 3 and 7 days postoperatively.

We noted that pneumatic compression of the calf for five days significantly
reduced the frequency of thrombosis while the pneumatic devices were worn
but that this protection was lost, and negating its early benefit, after the
devices were removed. Many of the pneumatic devices in current use are
uncomfortable because they produce excessive sweating of the legs and incon-
venient because they cannot be worn while the patient is ambulant. Con-
sequently, they need to be removed frequently during the period between
complete bed}eit and full ambulation. The ideal pneumatic device is one
which does not produce excessive sweating and which does not interfere with
the patient's progression to full ambulation. We have recently evaluated
an inflatable pulsatile stocking which does have these desirable qualities
in patients undergoing major elective knee surgery. Patient compliance was
excellent and the stockings did noﬁ have to be removed during ambulation.
This approach appeared to be high]y\effective, reducing the frequency of
thrombosis in this very high-risk gnoup of patients from 66% to 6%.

The major advantage of 1nterm1tXent calf compression is the lack of
side-effects. It is an effective meﬁ\od for preventing postoperative
deep vein thrombosis in patients undeTgoing general surgery.

The effectiveness of intermittent pneumatic compression for preventing

fatal pulmonary embolism is uncertain, as this major complication of deep vein

&
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thrombosis has not been evaluated in studies of intermittent compression.
Thus, further studies are also required addressing this endpoint but may not
be feasible for obvious ethical reasons.

Practical Approaches for Preventing Venous Thromboembolism in Patients
Undergoing Elective General Surgery:

Subcutaneous low-dose heparin and dextran are both effectibe for pre-
venting death due to pulmonary embolism. Low-dose heparin prophylaxis is
more convenient than dextran prophylaxis and is therefore, perhaps the
prophylaxis of choice.

Intermittent pneumatic compression offers an alternative approach in
those patients who are at risk of bleeding (i.e. spina1‘anaesthet1c). [t
should be kept in mind however, that the efficacy of this approach for
pulmonary embolism has not yet been evaluated.

A point of practical importance is whether the individual patie:t at
risk for venous thromboembolism can be identified or whether it is necessary
to administer prophylaxis to all patients undergoing general surgery. \From
the age of 40 years, the risk of developing postoperative venous thrombosis
increases; thus, any patient undergoing general surgery of more than 1/2

hour duration over the age of 40 years should be considered for prophylaxis.
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Additional clinical risk factors for venous thrombosis include previous venous

thromboembolism, the presence of malignancy, cardiac failure, prolonged

i
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immobility, paralysis, obesity or varicose veins. The frequency of post-
operative venous thrombosis in individual general surgical patients over the
age of 40 years varies from 10% up to as high as 30% or more depending upon
the actual age and the presence of additional risk factors. This frequency

can be reduced four-fold or more by the application of prophylaxis.
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The Secondary Prevention of Pulmonary Embolism by Early 5etection of Venous
Thrombosis:

An alternative approach for preventing massive pulmonary embolism is
the early detection (and treatment) of subclinical venous thrombosis by the
use of currently available screening tests. In the majority of hospitalized
patients, venous thrombosis developing as a complication of surgery or a
severe medical illness is subclinical and therefore, cannot be detected
by even a careful clinical examination. The use of screening tests, however,
in particular 1251 -fibrinogen leg scanning, provides the clinician with a
means of early detection and thus treatment. Because the mass screening
of high-risk patients with deep vein thrombosis is clinically less preferable
by comparison with primary prophylaxis, the use of screening should be
confined to selected patients in whom primary prophylaxis is either not
applicable or ineffective.

The screening procedure most widely used for the detection of venous
thrombosis is 1251-fibr1jnogen leg scanning. A number of investigators have
compared results of expectant scanning and venography in general surgical
and medical patients and have shown agreement of the results of the two
techniques in about 90% of patients (61-66). We have recently completed a
study in which the results of expectant scanning and venography were compared
in 205 legs. Most patients studied had abdominal or thoracic surgical pro-
cedures but some were,spudied after suspected myocardial infarction. The
indication for venography was an abnormal leg scan and, as bilateral
venography was usually done even if the scan was only unilaterally abnormal,
venograms were obtained in a larger number of legs with normal scans. The

leg scan was positive in the calf in 96 of the 104 instances of calf vein
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thrombosis (92%) demonstrated by venography, 20 of the 28 popliteal vein

_ thrombi (71%) and 17 of the 26 femoral vein thrombi (60%). It is evident

from these results éﬁét the leg scan is highly sensitive to calf vein thrombosis
but is less sensitive in the thigh. The venogram was normal in 24 of the 99
instances of positive leg scans. Of these, 11 were associated with obvious
superficial phlebitis, hematoma or skin -rash. All of these disorders are

known to produce a positive leg scan result.

Screening with a Combination of ]ZSI-Fibr}nogen Leg Scanning and Impedance
Plethysmography :

]ZSI-fibr1nogen leg scanning and impedance plethysmography are potentially
complementary as screening tests in high-risk patients. This approach is
particularly attractive in patients who have hip surgery because of the high
frequency of proximal vein thrombosis and because the surgical wound <in the
leg renders the leg scan uninterpretable in the thigh.

We have recently performed a comparative study (67) between patients
undergoing general surgery and hip surgery using the combined approach of
fibrinogen leg scanning and impedance plethysmography (see appendix 2). The
aim of the study was to determine the clinical value of adding impedance
p1ethysmo§raphy to leg scanning for the detection of deep vein thrombosis in
these two high-risk groups. Six hundred and thirty general surgery patients
and 385 patients who had hip surgery were screened by both techniques.
Venography was performed if either test was positive to determine the frequency
with which proximal deep Qein thrombosis, confirmed by venography, was detec-
ted by impedance plethysmography but not by leg scanning and to assess the
_ positive predictive value of these tests (1ikelihood that patients with
positive results by screening would have venous thrombosis demonstrated at

venography). Either the impedance plethysmograph result or the leg scanning
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result was abnormal in 67 of 630 general surgical patients (11%) and 158 of

385 hip surgery patients (41%). The positive predictive values of these tests

in general surgical and hip surgery patients was 79% and 86% for leg scan

alone, 33% and 90% for impedance plethysmography alone and 87% and 95% when

both the leg scan and IPG result were positive. The addition of impedance

plethysmography to leg scanning in general surgical patients identified only

one additional patient with proximal vein thrombosis (0.2%) whereas in hip -

surgery patients, the addition of impedance plethysmography identified 25 g

additional patients with proximal vein thrombosis (6%). |
The resylts of this study are consistent with previous findings that

suggested that the majority of venous thrombi occurring in general surgical

patients arise in the calf and so can be detected by leg scanning, whereas a :

considerable number of thrombi in hip surgery patients arise in the femoral

vein and may occur as an isolated event.
This study also provides previously unavailable data on the positive 3
predictive values of abnormal impedance plethysmography or leg scan results 3
in these éatients and so provides a rational basis for making management
decisions in patients who are screened and have positive results. Thus, the 5
likelihood that a patient would have venous thrombosis confirmed by venography
1f both impedance plethysmography énd leg scan results were abnorma) was 87% %
for general surgical patients and 95% in hip surgery patients. Thé positive
predictive value of an abnormal leg scan alone was 79% in patients who had %
general surgery and 86% in patients who had hip surgery, whereas the positive
predictive value of an abnormal impedance plethysmograph result alone was
-on1y 33% in patients who h;d general surgical péo&edures and 97% in patients

who had hip surgery. The lower predictive value of an abnormal plethysmograph

/
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‘result in the presente of a normal leg scan result in general surgical patients
is 1ikely related to the low prevalence of proximal vein thrombosis undetected
by leg scanning in this group, since prevalence is an important variable that
influences the positive predictive value.

The results indicate that the addition of impedance plethysmography
to leg scanning is of limited clinical value in patients who have general
surgical procedures but is of consfderab]e value in patients who have hip
surgery. Thus, the addition of impedance plethysmography to the leg scan
resulted in the detection of thrombosis in only one additional patient (0.2%)
in the general surgical group but it led to the detection of proximal deep
vein thrombosis in 25 additional patients (6%) who underwent hip surgery,
almost doubling the frequency of the addition of proximal vein thrombosis

in this latter group.
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Chapter 3. ECONOMIC MODEL

In many, if not thg majority of hespitals at present, there is no organi-
zed strategy for preventing venous thromboembolism and thus this disease and
its complications continue relatively unabated. As stated previously, the
reasons for this are complex and include

1) doubts as to the safety of anticoagulant prophylaxis (see previous

chapter) and :

2) lack of awareness that there is a problem of significant proportion

k which requires action.

This latter situation has arisen because massive~or fatal bulmonary
embolism is a relatively rare event in any individual ﬁhysiciaﬁ or surgeon's
experience (i.e. a busy genera]’éurgeon may ohly see one death from pulmonary
embolism every 3-4 years). This is compounded by the fact that any side-
effects attribdtab]e to a prophylactic approach are highly visible, where&s
any benefits pass unnoticed because of the nature of prophylaxis.

An extensive and comprehensive body of literature deals with the effi-
cacy and safety of the various prophylactic measures (see previods chapter);
however, little attention has been addressed to the ecdnomic implications
of prophylaxis.

The use of cost-effectiveness analysis allows an objective coﬁparison

of the cost of the different prophylactic strategies in relation to deaths

due to massive pulmonary embolism prevented.

Alternative Economic Models:
To familiarize the reader with options for economic evaluation, a brief

summary of cost-effectiveness analysis and the alternative options, cost-

)



-21- ) (
/ )
benefit analysis and cost-utility analysis is provided below.
Cost-Effectiveness Analysis: R
Cost-effectiveness analysis allows compérison of several alternative
programmes directed at the same health care problem (i.e. death due to
pulmonary embolism). This technique is only applicable if the programmes
being compared have effects which can be measured in the same physiciaﬁ unit
(i.e. deaths averted). Using this model, the costs aré expressed in dollar
terms and the effects in physical terms. The application of this model

permits the ranking of alternative programmes.

Cost-Benefit Analysis:

This economic model (124) allows not only comparison of alternative
programmes with the same outcome, but also alternative programmes with
different outcomes. Using this mode],éﬁoth the bénefits and costs are
expressed in dollar terms.

Cost-benefit analysis provides a rank ordering of those projects which
yield the greatest surplus of benefits over cost of which present the

highest ratio of benefits to costs.

Cost-Utility Analysis:

This technique is relatively new. In cost-utility analysis, the
programme benefits are measured in patient outcomes converted to health
units (i.e. healthy days or quality adjusted life years). Utility refers
to the usefulness of a specific 1é§e] of health status and can be measured
by the preference of individuals or society for any particular set of health
outcomes. Because cost-uti1i£y analysis incorporates quality of Tife |
concerns, it depends to a much greater extent on subjective values than do

the other _two models.
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Rationale for Choosing Cost-Effectiveness Analysis to Evaluate the Alternative

S%rategies for Preventidg Pulmonary Embolism in Postoperative General

SJYgica] Patients:

The objective of this thesis is to compare a number of strategies
(programmes) for preventing venous thromboembolism. The outcomes (i.e.
effects) of each strategy will be measured in the same units (i.e. deaths
prevented), thus a11owingithe application of the cost-effectiveness model.
The use of cost-effectiveness analysis allows, an objeciive comparison
of the costs of the different strategies expressed in terms of deaths
prevented.

The number of deaths prevented by each strategy can be extrapoiated
from the literature because the effectiveness of the alternative pro-
phylactic measures has been evaluated by randomized trials in the majority
of instances. The costs can be readily measured, thus both the cost
estimates and outcome estimates are based on objective data.

Cost-benefit analysis could also be applied but this approach has the
disadvantage that the deaths ave;led would have to be conver-
ted into do1kar terms (i.e. the dollar benefit of preventing a death).

For this reason, this approach is less objective as it is difficult to
estimate the dollar benefit in terms of deaths prevented. B8y comparisoQ:
the number of Heaths prevented by primary prophylactic agents is weli

documented.

Viewpoint: ,
The viewpoint expressed in this project is that of the Thromboembolism

Programme. The approaches compared in this economic analysis are currently

available in the Hamilton Region. The Ontario Ministry of Health carries

all costs under insured services for physicians and hospitals. The Hamilton

N
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Regional Thromboembolism Programme involves five hospitals.
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Chapter 4. ALTERNATIVE PROGRAMMES AND THEIR EFFECTS

14

"No-Programme" - The clinical consequences of failing to use brophy]actic
measures postoperatively in general surgical patients are readily derived
from the control groups of multiple randomized trials reported in the
literature (see appendix 2). ~

Failure to use effective prophylaxis in general surgical patients over
the age of 40 years would result in:

a) clinically suspected deep vein thrombosis in 3.5% of patients

b) clinically evident pulmonary embolism in 1.8% of patients

c) Fatal Pulmonary Embolism in 0.8% of Patients.

Because these are estimates based from multiple studies, they will also
be subject to sensitivity analysis (see sensitivity analyses).

Because the clinical findings suggestive of deep vein thrombosis or
pulmonary embolism are non-specific, clinically suspected deep vein thrombo-
sis or pulmonary embolism requires confirmation by objective testing
(chépter 2 and appendix 4). Patients with objectively confirmed deep vein
thrombosis or pulmonary embo11§m will require 10 days of intravenous heparin
therapy followed by three monthsl$ﬁ?1ong-term anticoagulant therapy. This
therapeutic approach is associated with a very low recurrence rate of less
than 3%. The rate of major bleedidg complications due to full-dose anti-
coagulant therady in the Hamilton Region is approximately 8%. Mortality from
bleeding in patients who receive anticoagulant therapy is very infrequent

(0.2-0.3% of patients receiving full-dose anticoagulant therapy).

-

Primary Prophylaxis:

The effectiveness of low-dose subcutaneous heparin, dextran and inter-
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‘mittent pnéumatic compression of the 1egé has been tested in a large number
of randomized clinical trials fulfilling the design criteria outlined on
page 5 and in appendix 3, and the evidence for the effectiveness of these

|
approaches is summarized in chapter 2.

Low-dose subcutaneous heparin: Low-dose subcutaneous heparin prophylaxis
is highly effective in preventing postoperative deep vein thrombosis in
general surgical patients. The application of low-dose subcutaneous
heparin prophylaxis to patients over the age of 40 years undergoing
general surgery for more than 1/2 hour would reduce:
a) clinically suspected deep vein thrombosis to 1.8% (compared with the
no-programme situation of 3.5%)
b) clinically suspected pulmonary embolism to 0.6% (compared with
the no-programme situation of 1.8%)

c) fatal pulmonary embolism to 0.1% (compared with the no-programme

situation of 0.8%).

The frequency of clinically suspected deep vein thrombosis and clinically
suspected pulmonary embolism was estimated from multiple randomized studies.
The frequency of fatal pulmonary embolism used here is derived directly from
the frequencies observed in large multicentre randomized trials.

Low-dose subcutaneous heparin prophylaxis js associated with a §light
increase in the frequency of postoperative wound hematomas but in this
patient group, it is not associated with clinically significant bleeding
(double-blind randomized studies indicated that the frequency of bleeding

in both the control group and the subcutaneous heparin group are the same) .

Dextran: Intravenous dextran therapy is effective in preventing deaths due
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to massive pulmonary embolism but is less effective in preventing leg
scan-detected venous thrombosis. The reason that it is effective for preven-
ting deaths due to massive pulmonary embolism may be its favourable effect
with respect to enhancing clot lysis.
The use of dextran prophylaxis in general surgical patients over the
age of 40 years would result in:
a) a reduction of clinically suspected deep vein thrombosis to 3.0%
(compared with no-programme situation of 3.5%).
b) a reduction in the frequency of clinically suspected pulmonary
embolism to 1.2% (compared with a no-programme situation of 1.8%)

c) fatal pulmonary émbo]ism, however, fs reduced to a similar extent

as observed with low-dose subcutaneous heparin prophylaxis (that

is from 0.8% to 0.1%).

The estimates of clinically suspected DVT are based on multiple studies
whereas the estimate for fatal pulmonary embolism-is based on direct
observation by a large multicentre randomized trial.

Thewmajor concern with respect to dextran use is the risk of
anaphylactoid directions and fluid overload. Both of these side-effects
are rare and can be minimized by the use of both dextran 40 as compared with

dextran 70 and judicious administration.

Intermittent pneumatic calf compression: Multiple studies have demonstrated
that pneumatic calf compression is effective in general surgical patients
over the age of 40 undergoing general surgery for more than 1/2 hours
duration.

It is estimated from these studies that intermittent pneumatic compression
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results in:
a similar reduction in the frequency of clinically suspected DVT as
that seen with low-dose subcutaneous heparin prophylaxis.
Although data is not available, it is likely on the basis of the above
findings, that the frequency of non-fatal pulmonary embolism is similar

to that observed with subcutaneous heparin.

The use of the modern intermittent pneumatic compression devices is
highly attractive and these devices are not associated with significant

morbidity and can be worn for long periods.

Secondary prevention using 1251-f1’br‘1’nogen leg scanning for early detection
(and treatment) of deep vejn thrombosis: ]Zsl—fibrinogen leg scanning is

a simple, reliable Qjagnég;;a\technique that can be used to screen large
numbers of patients. The clinical significance of leg scan detected venous
thrombosis is discussed in the appendix section under the heading "Natural
History of Venous ThromboemEBTTsmf:'Using a Sensitive Objective Method for
Detecting Venous Thrombosis".

In the Hamilton region, approximately 10-20% of general surgical
patiénts over the age of 40 years undergoing general surgery for more than
1/2 hour duration develop leg scan-detected venous thrombosis.

On literature revie& this approach appears to be highly effective in
preventing pulmonary embolism. The frequency of pulmonary embolism in high-
risk patients monitored prospectively with ]Zsl-fibrinogen leg scanning is
shown in App. 4. Thus in terms of preventing pulmonary embolism, this

approach is as effective as primary prophylaxis. The one patient suffering
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from pulmonary embolism in the leg-scan monitored group shown in Appendix 4 was
not fatal. The most informative data, however, is that reported by Kakkar.
Kakkar performed a retrospective analysis of the frequency of fatal pulmonary
embolism, as proven by autopsy, in two éroups of surgical patients undergoing
major elective operations. These patients formed the control group of a
multicentre trial designed to assess the efficacy of low-dose heparin in
preventing postoperative fatal pulmonary embolism. In one group, the fibrino-
gen leg scan test was used as a screening procedure to detect early thrombi
and their extension which presumably initiated anticoagulant therapy, while

in the other groups, screening was not performed and treatment was based

on the presence of clinical features suggestive of deep vein thrombosis.

Two thousand and forty-six patients, over the age of 40 years, undergoing
major elective surgical procedures were included in thisfana]ysis. Kakkar
reports that in "667 of these patients, the fibrinogen uptake test was used

to detect the development of deep vein thrombosis; these constituted the
screen group. WhiTe in the remaining 1409 patients, no specific screening
procedure was employed and these constituted tg; non-screened group. The
incidence of fatal pulmonary embolism proven by autopsy was determined in

both groups. One hundred patients died during the postoperative period

29 (4.3%) in the screened group and 71 (5%) in the non-screened group.
Twenty-two patients who died were found at post-mortem to have pulmonary
emboli, 19 in the non-screened group and threé in the screened group. Only one
patient with a negative leg scan in the screened group died from pulmonary
embolism. Two additional patients in the screened group suffered pulmonary
embg]ism,,one‘fatal and one non-fatal; both had positive leq scans several days
before death but did not receive treatment with anticoagulants. In contrast,

19 patients in the non-screened group were found at autopsy to have pulmonary
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embolism, 14 fatal and 5 non-fatal".

Thus from these data, the evidence suggests that leg scanning is effec-
tivegépr preventing deaths due to pulmonary embolism and thus non-fatal
pulmonary embolism.

’ Le% scanning per se is free of complications, but approximately 10% of
patients receiving anticpagulant therapy for leg scan-detected deep vein

thrombosis will suffer bleeding complications.
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Chapter 5. MEASUREMENT OF COSTS AND EFFECTS

The key factor in determing the costs incurred by a programme is the
identification of the various components which make up the cost of the
programme (i.e. that is, input into the programme). In determining the
cost of an item, it is important to consider the significance of the cost
and it is crucial that major costs be identified. If the cost is very
minor, however, and consequently has 1ittle bearing on the overall outcome,
then there is little point in including such a minor cost, (i.e. the side-

effects of treating patients with DVT, such as bleeding). Another important

factor in calculating costs is the time spent in the programme. I[n comparing

the various programmes in this ana]ysis? the time span is in days and thus
the costs are expressed in preserft values. If the time span extended to
years, then the costs must be calculated using discounting to reduce future
costs into present values. Clearly, this latter point 1s not relevant

to this thesis as the time span is in days or at the most, weeks.

The costs incurred by the different prophylactic approaches are for
practical purposes, direct. Indirect costs (i.e. earnings lost while in
hospital) are not major (in terms of the proportional contribution) as
prophylactic approaches are adjuncts to patient management and are never
the reason for admitting the patient to hospital (the primary reason for

admission is the need for general surgery).

[dentification of Costs:
The costs incurred by a programme or approach for preventing pulmonary
embolism can be categorized as follows:

a) the cost of the prophylactic agent or measure

A A Bt i Pl St o S i
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b} the diagnostic costs of confirming the presence of clinically
evident venous thrombosis or pulmonary embolism in patients who
break through the prophylactic measure

c) the cost of treating deep vein thrombosis and non-fatal pulmonary
embolism; and the cost of excess hospital days attributed to the
treatment of venous thromboembolism

d) the cost of treating the side-effects produced by the prophylactic

measures.

The costs used in this analysis arise from the third-party and operating
costs incurred 1n an urban hospital in Ontario. All costs are expressed

in 1980 Canadian dollars (to the nearest dollar).

Cost of Prophylactic Measure or Agent:

The costs of prophylaxis using subcutaneous heparin, dextran, inter-
mittent compression and early detection using 1251-fibrinogen leg scanning
are listed below. These costs are the direct costs of ]251-fibr1nogen leg

scanning, a professional and technical component.

Cost of Prophylactic Measure or Agent

Measure or Agent \\ Cost
Pr1mary’prophylaxis A

Subcutaneous heparin* 5,000 units Q8H for 7 days: $ 14.00
Dextran 500 ml x 2 first day and then daily for 3 days 90.00
Intermittent pneumatic compression for 7 dayst++ 30.00
Early Detection

Leg Scanning for 7 days 74.00

L e 3



-32-

LEGEND
Where:
* Subcutaneous heparin 15,000 U/day o= 0.80
syringes with 23 gauge needles x 3 days = 1.20
Thus the cost for 1 day = 2.00
Thus the cost for 7 days = 14.00
+ Dextran 70 500 m] = 10.00
first day - 500 ml x 3 = . 30.00
thereafter - 500 ml daily for 6 days = 60.00
Therefore the cost for 7 days ‘ = 90.00
++ [ntermittent Pneumatic Compression
Compressor $1,000 and has a 5 year expected life;
$50.00 annual maintence, 50 uses/year
Thus the cost for 7 days = 5.00
Pneumatic cuffs.or stockings - 1 pr.
required for 7 days (non-reusable) = 25.00
Therefore the cost for 7 days = 30.00
No Leg Scanning for 7 days
Technical component - = 74 .00

Professional component

The costs shown for heparin, dextran, and intermittent pneumatié
compression are the.costs charged to the patient through the hospital pharmacy
or central supply and are the total cost for these agents. The cost of
1251—f1brinogen leg scanning is derived from the third party costs

(OHIP costs).
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The diagnostic costs of confirming the presence of venous thrombosis
or pulmonary embolism in patients with clinically suspected venous thrombo-

embolism is shown below.

Clinically Suspected Deep Vein Thrombosis - It is now accepted that the
clinical diagnosis of venous thrombosis is highly non-specific, as more

than half of the patients with clinically diagnosed deep vein thrombosis.are
negative by objective testing. Because of this, the management of venous
thrombosis based solely on clinical diagnosié is no longer acceptable.

In the Hamilton region, the following diagnostic algorithm is used in
patients with clinically suspected deep vein thrombosis:

[Impedance plethysmography is performed at the timg of referral - if negative,,
the patient is injected with 1ZSI—fibrinogen, and leg scanning is performed
the next day and at 72 hours. 1If both of these non-invasive tests remain
negative, then the diagnostic process is halted as deep vein thrombosis has
been excluded. If either the IPG or leg scan results aré positive,

however, then venography is performed to confirm the presence and extent

of deep vein thrombosis.

Clinically Suspected Pulmonary Embolism - The clinical dragnosis of pulmonary
embolism is also inaccurate and thus the use of complementary tests is
mandatory. ’
At the time of suspected pulmonary embolism, a chest x-ray is performed
followed immediately by perfusion lung scannina. If the perfusion lung
scan is negative, then the diagnosis of pulmonary embolism has been ruled
out. [f the perfusion lung scan is positive, however, then a ventilation

Tung scan is also performed to determine whether the defect on perfusion

scanning is a primary defect or secondary to a regional ventilation
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disturbance. In a subgroup of patients, pulmonary angiography may

also be performed.

The cost of pulmonary angiography will not be included in the primary

analysis but is incorporated in a sensitivity analysis. The reasons for

this is that the indications for pulmonary angiography are currently highly

controversial.
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The Diagnostic Costs of Confirming the Presence of Venous Thrombosis or

Pulmonary Embolism in Patients with Suspected Venous Thromboembolism

The diagnostic costs are derived from the third party OHIP costs.

Clinically Suspected Deep Vein Thrombosis:

Objective Tests:

Impedance plethysmography (IPG) = $ 10.00
Leg Scanning = $ 74.00
or [PG combirfed with leg scanning = § 84.00

The impedance plethysmography and leg scanning results are negative in

half or more of these patients (see appendix 4),.

Venography o= § 77.00

Diagnostic Algorithm

If IPG and leg scan are negative, then DVT is excluded.
. &
If either IPG or leg scan is positive, then venography is performed

to confirm the presence of DVT (see appendix 4).

C]iﬁical]y Suspected Pulmonary Embolism

Objective tests:
Perfusion Lung Scan = $§ 69.00
Half or more of the patients will have an abnormal lung scan and in

these, ventilation lung scanning is performed.

Ventilation Lung Scan $ 34.00

i Diagnostic Algorithm
| I[f perfusion fung_scan is normal, pulmonary embolism is excluded.

| If perfusion lung scan is normal, then ventilation scan is performed



to determine whether defect on perfusion scan is a primary defect or

secondary to regional ventilation disturbance.

Ancillary Diagnostic Tests

Obligatory:
Chest'x-ray (PA and lateral) = $ 17.00
Other:
Electrocardiogram = $ 9.00
Blood Gases = $ 7.00

The Cost of Treating Venous Thrombosis and Non-Fatal Pulmonary Embolism -
The costs of treating established venous thromboembolism are shown below.
These costs include the cost of the therapeutic agent as well as the cost of
the hospital room, for those days spent in hospital beyond the period of
time normally spent in hospital post-surgery. The ex&ess hospital days
may vary from 0-7 days and the effect of this variable is examined also
by sensitivity analysis.

Following ifitravenous heparin therapy, each patient is treated with

long-term oral anticoagulant therapy for 3 months.

Cost of Treating Venous Thrombosis and Non-Fatal Pulmonary Embolism

[V heparin 25,000 u/day for 10 days ’ =$ 26.00
(plus 5,000 U initial bolus)

PTT for 10 days =3 39.00

Oral anticoagulants (warfarin) for 3 months =$ 9.00
Daily PT for 5 days then once per week for 12 weeks ¥$ 53.00
Physician's fee =3 30.00
7 hospital days * at $250.00 per day =$ 1,750.00
THEREFORE TOTAL TREATMENT COSTS =$ 1,907.00

~
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LEGEND:
* Excess days in hospital (days“%n hospital beyond expected hospital stay)

due to the post-surgical complication of deep vein thrombosis or non-fatal

i

pulmonary embolism.
The cost of the hospital bed (room) and board ("hotel costs'") was $250.00
per day for each patient. The daily cost of $250.00 was based on the opera-
ting costs of hospitals participating in the Regional Thromboembolism
Programme and represents that portion of hogpita1 costs (i.e. general nursing,
maintenance, meals and housekeeping) which remains approximately unaffected

by the special needs of patients with this particular diagnosis.

The Costs of Side-Effects of Prophylactic Measures and Treatment - These
are insignificant cost factors and thus they will not be included in the
analysis. These potential costs are costs associated with bleeding compli-

cations which are very infrequent.

Time Focus of the‘Study: The time span of this study will be short term
focusing on the immediate impact of the programme or "no-programme" situation.
For this reason, discounting is not applicable to the study. Similarly

the post-phlebitic syndrome which is a long-term complication of deep vein
thrombosis and which occurs late in the course of this disease will not be -
considered in this analysis. The potential effect of this late complication
is, however, discussed in the appendix and its impact examined by sensitivity

analysis.
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Chapter 6. DATA ANALYSIS

)
The objective of this thesis is to perform a cost-effectiveness

analysis comparing:

a) Tlow-dose subcutaneous heparin prophylaxis

o

intravenous dextran prophylaxis

O

=5

)

)

) intermittent pneumatic compression of the legs

) secondary prevention using ]251-fibr1nogen‘1eg scanning and
)

e

the "no-programme" situation.

Calculation of Costs:

Total cost of Strategy = CST
Cost of agent (or screening test) = Ca
Cost of confirming the diagnosis of deep vein
thrombosis/pulmonary embolism = Cd
Cost of treating deep vein thrombosis/

pulmonary embolism. = Crx

Cost of side-effects of agents or intervention, if any, and the cost of
side~-effects of treatment of deep vein thrombosis/pulmonary embolism are
not 1nc1uded'in the calculation of the costs as the contribution to costs

is insignificant compared with the other costs (see sensitivity analysis).

CST = Ca + Cd + Crx

Calculation of Effectiveness: Effectiveness is calculated in terms of

1

the number of deaths due to pulmonary embolism averted by the alternative

approaches. This measure is obtained directly from the 1iterature from
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the results of multicentre International trials.

"No-programme situation”.

The cost-effectiveness of the "no-programme" situation for 1,000
general surgical patients over.the age of 40 years undergoing general
surgery for more than ]/é hour is shown in Table I.

The cost of the "no-programme” situation is made up of the sum of
the cost of objective diagnosis in 18 patients with clinically suspected
puimonary embolism and 35 patients with clinically suspected deep vein
thrombosis; the cost of treatment of 8 patients with objectively documented
pulmonary embolism and 17 patients with objectively documented deep vein
thrombosis. The sum of these costs per 1,000 patients is $53,472.00.

The effect of the "no-programme" situation is 8 deaths from puimonary
embolism. This death rate is calculated by direct observation from the
International Multicentre trial comparing "no-programme" with prophylaxis

(subcutaneous heparin).

Subcutaneous Heparin Prophylaxis:

The cost-effectiveness per 1,000 general surgical patients over the
age of 40 years undergoing general surgery for more than 1/2 hour is shown
in Table II.

The cost of this approach is made up of the sum of the cost incurred
by this approach. These costs are:

The cost of subcutaneous heparin and the syringes and needles for

7 days;

The cost of objective diagnosis of 6 patients with clinically

suspected pulmonary embolism and 18 patients with clinically suspected

L
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deep vein thrombosis;

and the cost of treatment of 2 patients with objectively documented
pulmonary embolism and 8 patients with objectively documented deep

vein thrombosis.

The éost per 1,000 patients using subcutaneous heparin prophy]axi§

= $35,714.00

The application of subcutaneous heparin prophylaxis results in 7 deaths
from pulmonary embolism averted. This is calculated by direct
observation from the International Multicentre Trial comparing no

prophylaxis (i.e. "no-programme") with subcutaneous heparin prophylaxis.

Dextran Prophylaxis:
The cost-effectiveness of dextran prophylaxis is shown in Table III.
The cost of using dextran prophy]axjs in 1,000 general surgical patients
over the age of 40 years undergoing surgery for more than 1/2 hour is made
up of the sum of the following costs:
\The cost of the agent - dextran prophylaxis 500 mis. x 3 on the first
day then 500 mls daily thereafter for 3 days.
The cost of objective diagnosis of clinically suspected venous thrombo-
embolism in 12 patients with clinically suspected pulmonary embolism
and 35 patients with clinically suspected deep vein thrombosjs.
The cost of treatment of 5 patients with objectively documented pu]—‘
monary embolism and 17 patients with objectively documented deep vein
thrombosis.

The total cost for 1,000 patients = $137,235.00.
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The use of dextran prophylaxis wauld result in six deaths from pul-
monary embolism averted. This estimate is based on the multicentre trial

comparing subcutaneous heparin and dextran brophy]axis.

Intermittent Pneumatic Compression:

The cost-effectiveness of intermittent pneumatic compression in 1,000
general surgical patients over the age of 40 years undergoing surgery for
more than 1/2 hour is shown in Table IV.

The cost of using intermittent pneumatic compression is the sum of
the following costs:

The use of intermittent pneumatic compression for 7 days.

The use of objective diagnosis in 9 patients with clinically sus-

pected pulmonary embolism and 18 patients with ctinically suspected

deep vein thrombosis.

The treatment of four patients with objectively documented pulmonary

embolism and eight patients with objectively documented deep vein thrombosis.

The sum, of these costs = $55,803.00

By extrapolating the observation that intermittent pneumatic com-
pression is as effective for preventing deep vein thrombosis in patients
undergoing general surgery as subcutaneous heparin, it can be inferred
that the use of intermittent pneumatic compression would result in seven

deaths from pulmonary embolism averted.

Secondary Prevention using Early Deteﬁfion of Deep Vein Thrombosis by
12SI—Fibrinogen Leg Scanning:

The cost-effectiveness of secondary prevention using ]zsl-fibrinogen



-42-

leg scanning in 1,000 general surgical patients over the age of 40 years
undergoing general surgery for more than 1/2 hour is shown in Table V,
The cost of this approach is made up of the sum of the following
costs: T~
1251—fibrinogen leg scanning for 7 days
The cost of confirming the diagnosis of deep vein thrombosis in 200
patients with leg scan detected deep vein thrombosis.
The cost of confirmihg the diagnosis in 2 patients with clinically
suspected pulmonary embolism.
The cost of treatment for 160 patients with deep vein thrombosis and

1 patient with pulmonary embolism.

The sum of these costs = $396,599.00

Based on the descriptive study by Kakkar, it can be inferred that 7

deaths from pulmonary embolism would be averted by this approach.

Comparison of the Alternative Approaches by Cost-Effectiveness Analysis:

The total costs and total effects of the alternative approaches applied
to 1,000 general surgical patients is shown in Table VI.

Low-dose subcutaneous heparin prophylaxis is the most cost-effective
approach. By comparison with the "no-programme" situation, thig use of
Tow-dose heparin prophylaxis prevents seven deaths from pulmonary embolism
at a cost saving of $18,§O0.00

It is likely by extrapolation of the literature that the use of inter-
mittent pneumatic compression would result in seven deaths averted from
pulmonary embolism for an additional cost (compared with "no-programme"

situation) of $2,331.00
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The use of dextran prophylaxis would result insix deaths from pulmonary
embolism averted with an additional cost (by comparison with the "no-
programme" situation) of $83,763.00

The use of secondary prevention with ]251-f1brinogen leg scanning
would result 1n seven deaths averted from pulmonary embolism for an additional

cost (by comparison with the "no-programme" situation) of $343,127.00.

Incremental Cost-Effectiveness Analysis:

Incremental cost-effectiveness analysis allows a comparison to be
made of the additional costs and additional effects between two approaches.
The incremental cost-effectiveness of the alternative active prophylactic
approaches compared with "no-programme" situation is shown in Table yiy.

The application of low-dose heparin prophylaxis in 1,000 high-risk
general surgical patients would“Pesult in a net saving of $2,537.00
each life saved.

The application of intermittent pneumatic compression in 1,000 high-
risk general surgical patients would result in the additional cost of
$333.00 for each life saved.

The application of dextran prophylaxis would result in the additional
cost of $13,961.00 for each life saved and secondary prevention using
1251 fibrinogen leg scanning $49,018.00 for each life saved.

It is evident that although dextran prophylaxis and secondary pre-
vention using IZSI-fibrinogen leg scanning are effective, these approaches
in comparison with subcutaneous heparin prophylaxis or intermittent compres-
sion are much more costly. Low-dose heparin prophylaxis is effective

and results in a net saving compared with the "no-programme" situation.

-
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Sensitivity Analyses:

Multiple sensitivity analyses were performed. The variables examined
were the prevalence of deep vein thrombosis, prevalence of fatal and non-
fatal pulmonary embolism, the cost of the hospital bed, the cost of treat-
ment, the cost of the diagnostic test used and the cost of the prophylactic
agents. For prevalence of deep vein thrombosis, a range of 1%-10% for
clearly suspected deep vein thrombosis and 5%-30% for Teg scan detected
venous thrombosis was used (this range exceeds the prevalence reported in
the literature in high-risk surgical patients). For the prevalence of
non-fatal pulmonary embolism a range of 1%-10% was used and for fatal
pulmonary embolism a range of 0.1%-1% (these ranges exceed those reported
in the literature). For the cost of the hospital bed and treatment,

a range of 40-300% was used. For the cost of impedance plethysmography and
leg scanning, a range of 80-300% was used. For venography, a range of
80-600%; for ventilation-perfusion lung scanning, a range of 80-300% and
pulmonary angiography, a range of 80-600%.

These ranges of costs were based on variation in regional Canadian and
U.S. costs. The cost of venography was incorporated in the sensitivity
analyses by assuming that all patients with a positive perfusion scan
would undergo pulmonary aﬁgiography.

For the cost of the prophy]actic‘ggents, a range of 40-300% was used
based on variations in regional Canadian and U.S. costs.

Even though the costs énd effects of theséAprophylactic approaches
were varied over a wide range, by comparison with the "no-programme"
situation, subcutaneous heparin prophylaxis and intermittent pneumatic
compression were the most cost-effective approaches and intravenous dextran
and secondary prevention with 1251-f1‘br1’nogen leg scanning, although

effective, remained the most costly.
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Chapter 7. THE CLINICAL RELEVANCE OF THE OBSERVED CQOSTS AND EFFECTS

OF THE ALTERNATIVE PROPHYLACTIC APPROACHES

An ideal prophylactic method should be effective, safe, easily admini-
stered, require minimal or no monitoring, and should be well accepted by
the patients, nurses and physicians.

Furthermore, the 1deal prophylactic method should be cost-effective.

None of the currently available methods of prophylaxis fulfill all of
these criteria. The majority of these criteria are fulfilled however, by
low-dose subcutaneous heparin. Low-dose subcutaneous heparin is effective
n preventing deaths due to pulmonary embolism and has not been associated
with an increased clinically significant risk of bleeding (other than for
an increased risk of wound hematoma). Its method of administration is
relatively simple, monitoring is not required and it 1s well accepted by
patients. Subcutaneous heparin prophylaxis is also highly cost-effective
in comparison with alternative prophylactic approaches and also i1n compa-
rison with the "no-programme" situation where no active prophylaxis other
than physiotherépy and early ambulation is applied. Low-dose heparin
prophylaxis is inexpensive and results in a net saving in cost over the
"no-programme” situation because of the reduction in clinically evident
thromboembolic events.

Intermittent pneumatic compression also is an attractive alternative
to low-dose subcutaneous heparin prophylaxis. Intermittengrpneumatic com-
pression is highly effective for preventing deep vein thrombosis 1n general
surgical patients. [ts use does not require monitoring and it is not

associated with significant morbidity; in particular, it is free of any
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r1sk of bleeding. The original devices were cumbersome and associated with
poor compliance, but recent deyelopments have resulted in devicés which are
well accepted by patients, nurse§ and medical staff. This approach is also
highly cost-effective. To date, however, no trials have been performed
using fatal pulmonary embolism as an endpoint. For this reason,; the
effectiveness of pneumatic compression for pulmonary embolism must be
inferred from knowledge that 1t is highly effective for preventing deep
vein thrombosis, the precursor of pulmonary embolism. Multiple studies
evaluating intermittent pneumatic compression in general surgical patients

indicate that it is as effective as low-dose subcutaneous heparin and thus

suggest that this approach is as effective as low-dose subcutaneous
' Ay

' \

hepariﬁ\for preventing fatal pulmonary embolism.
Thus, in summary} ﬁhis approach is inexpensive, and likely to
be highly cost-effective.

Intravenous dextran therapy is an effective method for preventing
venous thromboembolism in general surgical patients. Because its admini-
stration requires intravenous route, 1t 1s more cumbersome than subc&taneous
heparin. Its use is also associated with the risk of fluid overload and
rarely, the risk of a major anaphylactoid reaction. For these reasons,
intravenous dextran use has not received widespread acceptance in North
America for preventing venous thromboembolism in general surgical patients.
Furthermore, on cost-effectiveness analysis, this approach although effec-
tive, is much more costly than low-dose subcdtaneous heparin or in%ermittent
pneumatic compression.

Secondary prevention by early detection of deep vein thrombosis by

using 1251-fibr1nogen leg scanning is the‘1east attractive of the alterna-
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tive active prophy]actic approagﬁes. This is because this approach is
techni;a]ly timé consuming because of the requjrément for dai{y screening
and necessitafes the treatment of a 1arg§:number of patients with leg scan-
detected deeb vein thrgmbosis in order:lg prevent pulmdnary embotlism.
Becausg the venous thrombi are estangshed; ng] doses of anticoagulants are
requiréd with aﬁ<?ssoc€a;eﬁ rjékﬂﬁf major blgéding of 5-10%. This

approach, basgd on ektr;ﬁ$1at10n of data in‘the 1iferature; is likely to

be effective but it is'evident from these cost—éffective analyses, that

this approach is the most expensive. For this reason, screening with
'1251-f1br1nogen leg séanning should be\reserC;d for those patients in whom

the_alternative methods af proph&]axis described above are either contra-

indicated .or unavaidable.

o
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PRACTICAL APPLICATION OF 125]-FIBRINOGEN LEG SCANNING

INTRODUCTION:

This paper proviées a review of the literature pertaining to 1257

‘fibrinogen leq scanning. The information derived from the Titerature and
which also involves our own experience is presented in three sections.
"The first pro;ides a brief background and describes the principles of

leg scanning. The second sectidn reviews the apb]ication of leg scanning
t6 i;vestigations of the natural ‘history of venous thrombosis and its
use in clinical trials. The final section reviews the current clinical

application of leé scanning.

e
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BACKGROUND AND PRINCIPLES OF USE

The diagnosis of venous thrombosis by radioiodine-labelled fibrinogen
scanning depends upon incorporation of circulating labelled fibrinogen
into a developing or existing thrombus which is then detected by measur-
ing the increase of overlying surface radioactivity with an isotope
detector. The feasibility of this technique was demonstrated in animals]
and in man? in the early 1960's and the method has been extensively eva-
luated over the last decade.3

The equipment used initialﬁy for externaj scanning was cumbersome
but in the last few years, portable, convenient ana sensitive equipment4
has become available so that the tests can be performed at the patient's
bedside and in approximately 15 minutes.

The use of radioactive fibrinogen carries a theoretical risk of
transmitting serum hepatitis, but this risk has been eliminated for
practical purposes by preparing fibrinogen from a small number of care-
fully selected’'donors who have not transmitted hepatitis during years of

‘ ‘ HePATITIS
frequent blood donation and who are hepataetis-associated antigen free.
1251 6dine crosses the placenta and a small amount enters the fetal cir-
culation.4 The radiodbgivity a]sb appears in the breast milk of lactating
vomen.4 For these reasons, 1¢°I-fibrinogen leg scanning is contra-
indicated during pregnancy and lactation and should not be used in young

patients unless very definite indications exist because radiocactive

Todine accumulates in the thyroid gland, even though this is minimized
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by administering non-radioactive iodine. Following the injection of 100

microcuries of ]25I-fibrinogen,4 approximately 200 mrem is delivered to

the blood, 20 mrem to tissues and 5 mrem to the kidneys. This is less
mnrem.

than the acceptable annual total absorbed radiation dose (500 m a4

per year) recommended for the general population by the Bpitish National.

& (Less THAY THE AADIA7T/0M

Council for Radiation Protection
: } RecewEDd FROM & CHEST X-AA¥S).

Scanning Technique: Patients are scanned with a lightly shielded iso-
tope detector probe with their legs elevated 15° above the horizontal

to minimize venous pooling in the calf veins. Readings are taken over
both legs and.recorded as a percentage of the surface rqdioactivity
measure 'er ;he heart. The surface radioactivity is measured over the
femoral vein at 7 - 8 cm. intervals starting just below the inguinal liga-
ment and then at similar intervé]s over the medial and posterior aspects
of the popliteal region and the calf. Tke criteria for a positive leg

4-5 Venous

scan has been established by a number of investigators.
thrombosis is suspected if there is an increase in the radioactive read-
ing of more than 20% at any point compared with readings over adjacent

points of the same leg, over thessame point on a previous day and at the
corresponding point on the opposite leg. Venous thrombosis is diagnosed

if the scan remains abnormal after repeated examination and the abngrma-

lity persists for more than 24 hours. The technique is simple and rapid
SO Ehat up to 15-20 patients may be screened each day by one technologist.

Scanning time is limited by in-vivo survival of fibrinogen so that after
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a single injection of 100 microcuries, counting is possible for about
seven days. rThe thyroid gland is blocked by a daily 100 mg. dose of
p‘otassium iodide given orally for 14 days in order to prevent excessive
uptake of radioactive iodine. If the patient is still at risk for deve-
loping venous thrombosis after seven days, the injection can be repeated

at intervals to extend the scanning time for the period of high risk.
EAacH INTECroN PROVIDES A USEFUL SCANOMNG L&l

FoR vP 1O F IAYS bur THs maY BE LCONSIWERRBL Y
LESS |F THE RADIO FIBRINOGEN IS [NITECTED AAE -

OPERATIVELY, aR&eby DPE To PERIOPERATIVE LOSS -

t

R N




]ZSI-FIBRINOGEN LEG SCANNING AS A PRACTICAL RESEARCH TOOL FOR INVESTIGATING

THE NATURAL HISTORY OF VEMOUS THROMBOSIS, AND ITS USE IN CLINICAL TRIALS

]Zsl—fibrinogen leg scanning has been a valuable research tool which
has provided important information about the natural history, epidemiology,
pathogehesis and methods of prophylaxis of venous thrombosis (Table 1).
Leg scanning is also a useful clinical tool which can aid the clinician
in the practical management of patients with venous thrombosis and this
latter application will be discussed in the final section of this paper.

It is important to recognize that leg scannjng has certain limita-
tions and these will be discussed in more detail in the final section.
Its major limitation®7 is its inability to detect the presence of venous
thrombi above the inguinal 1i§ament, and its reduced sensitivity for
detecting thrombi in the'upper thigh. These limitations, although
important, are of little clinical significance in the majority
of patients because thrombi rarely occur in the thigh or pelvis without
concurrent calf vein thrombosis (to which the leg scan is highly sensi-

tive). : -

Natural History of Venous Thrombosis:

The application éf leg.scanning has greatly increased our know-
ledge of the natural history of venous thromboembolism. _Clinical studies
using ]Zsl-fibrinogen leg scanning have drawn attention to the high

f%equency of venous thrombosis in a number of patient groups. Prior to
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the use of leg scannind; the diagnostic methods used to measure the fre-
quency of venous thromboembolism were clinical diagnosis and -autopsy.
Clinical examination is unreh’ab]eB’9 because it is both insensitive
and non-specific. Autopsy studies, although objective, may be misleading

because they may not be generalised to living patients since they re-

flect preterminal events. i

General Surgical Patients:

In a fpport by Kakkar!9 469 consecutive patients, 40 years of age
or older admitted to hospital fér elective surgery were studied with 1e%£§?
scanning which was used as a routine screening procedure. Patients )
who had a recent clinical history or clinical signs of recent deep vein
thrombosis and those undergoing leg or thyroid operations were excluded.
Oﬁe hundred and tﬁifty patients, (27.8%) developed deep vein thrombosis;
older patients (60—§0 years of.age or older) undergoing major operations,
had an incidence of‘@ver 50%. In 68 patients (52.3%) thrombi formed
during operation or %ithin the first 24 hours while in the reméining 62
(47.7%) the increased radioactive counts developed within 3 - 7 days after
operation. In one t&ird of the patients with thrombosis, the process
affected both 1limbs. k

The frequency of\thrombosis in postoperafive general surgical pati-
ents has been examine& by many other groups with a frequency ranging from

as low as 5% to as high as 44312, on reviewing the literature, it is

. )
of interest that the reported frequency of venous thrombosis in studies
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performed in North America® 11519 is 1less than that observed in studies
performed in the United Kingdom and Eur'ope.w']8 In a large study performed
at McMaster Um’versity5 fhe thrombosis rate was 16%. Possible explanations
for the marked differences in these observed rates of venous thrombosis
(Table 2) are inherent differences in the patienp groups studied or dif-
ferences in patient management. A number of predisposing factors?3 in-
fluence the frequency of venous thrombosis (detected by leg scanning) and
these include advancing age, obesity, previous thromboembolism, varicose
veins and malignancy. Other factors influencing the frequency of post-
operative deep vein thrombosis.are; the type of oﬁeration and the deve-
lopment of postoperafive inféction.z.4

~Using fibrinogen leg scanning and_ph]ebography, Kakkar reported that
in general surgical patients the majority of thrombi form in the calf
veins.% Of 667 surgical patients who were screened for the development
of deep vein thrombosis, fibrinogen leg scanning detected thrombi in 164
(24.62). The venous thrombi were bilateral in 47 of the 164 patients.
Thirty-eight percent were detected within 48 hours of surgery, 51% deve-
loped between the 3rd and 6th post-operative days; and 9% after the 7th
post-operative day. In 49 patients (30%) the thrombus extended into the
mgjor veins. This is similar to the finding of others. Nicolaides!S
reported that 31% of patients with a positive scan f0116wihg elective
genersi surgery were positive in the popliteal or'thigh region, simlarly,

Hartsuck and Greenfield?d observed a 21%'rate, and.Gallus et al.,s an

=S rate.

1% %o
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Patients Undergoing Hip Surgery:

Leg scanning has special ]fmitations when used to detect venous
thrombosis in patients undergoing elective or emergency hip surgery.
This is because extravascular isotope accumulation in the haematoma and
healing wound invariably leads to scan abnormalities at the site of sur-
gery, so that thrombi near the wound cannot be detected.26 This is a
major limitation in patients having hip surgery since up to 20% of all
thrombi (in about 10% of all patieﬁts) are isolated in the femoral vein
close to the surgical wound. Therefore leg scanning is likely to under-
estimate the true frequency of thrombos is.

Nevertheless, leg scanning has provided an estimate of the fre-
quency of venous thrombosis in this special group. The reported
frequency of leg scan detected venous thrombosis in patients undergoing
_ elective hip surgery5’27’28 ranges from 45% to 58%, (Table 3). In
patients undergoing emergency hip surgery,zg‘30 a rate of 32% to 49%
has been reported (Table 4).

Other Patient Groups:

A number of other patient groups have been evaluated by ieg scan-
ning; these include neurosurgery patients, "sfroke" patiénts, patients
undergoing elective gynecologic aurgery (Table 5). A frequency of 18%
to 25% has been reported in patiénts undergoing neurésurgery,3]’32 a
rate of 60% has been reported in stroke patients33 in. the majority of

whom thrombi develop in the paralyzed leg. Among medical patients, the

frequency following myocardial infarction34-37 has been reported to vary



between 19% and 37%.

A very low incidence of 3% has been reported in postpartum women.38

The Clinical Significance of Leg Scan Detected Venous Thrombi:
The use of leg scanning re-emphasizes the insensitivity of the

clinical diagnosis of venous thrombosis.

10,23 .

Kakkar reported’l-18 a prospective study of 203 surgical patients in
whom the radioactive fibrinogen test was used to assess the value of
clinical signs in the diagnosis of venous thrombosis. Patients were
examined every day and partiCUlgr attention was paid to any tenderness
in the calf, the presence or absence of ankle edema, and a rise in skin
temperature, and the circumference of the lower 1imbs was measured at
various levels. [f clinical signs suggestive of pulmonary embolism
developed, a chest x-ray and an electrocardiogram were performed and
repeated on subséquent days. In some patients, lung scanning was also
performed using macroaggregated ferric chloride labe]}ed with Indijum
113M. Despite thi; careful examination, only 30 of the 62 patients in
whom deep vein thrombosjs developed showed any clinical signs. Local
tenderness or mild ank;e edema, or botn, was present in only 37 of the

86 limbs with positive leg scans. Tenderness in the calf was detected

in 27 of the 36 legs and corresponded roughly with the area of increased

radioactivity. Mild ankle edema alone was ‘present in the other 10 Timbs.

whenever clinical signs did appear, the radioactive test anticipated the

onset of tnrombosis by at least 24-36 hours. Symptoms and signs of pul-

T T i
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monary embolism developed in 6 of the 62 patients with proven thrombosis,
and in only 2 of these were clinical signs of deep vein thrombosis demon-
strated. The calf was by far the commonest site of thrombosis.

Thus it is evident that clinical diagnosis is very insensitive. If
clinical diagnosis alone is used, more than half the patients with venous
thrombosis would not be detected. Thus a clinician using clinical diag-
nosis would not be impressed by the frequency of post-operative venous
thrombosis.

A number of investigators have studied the relationship between

fibrinogen leg scanning and pulmonary embolism in post-operative patients.

The relationship between leg scanning and post-operative pulmonary

embolism was investigated by Kakkar%9 in 132 consecutive surgical patients.

Kakkar reported that there was no evidence of pd]monary embolism in 92
patients with negative Teg scans and in 31 patients with scan evidence of
calf vein thrombosis. In contrast, 4 of the 9 patients with proximal
e§tension of calf vein thrombosis (detected by leg scanning) developed
pulmonary embolism. These findings are supported by the observation
of Scottish 1nvestigators40 who studied 386 surgical patients and found
no pulmonary emboli among 292 patients with negative leg scans, but ob-
served pulmonary embolism in 8 of 94 scan positive patients. Similar
results are reported by a number of other workers.]3’33’34'39’4]°44
(Table 6). Of 219 patients who had positive scans, 16 developed
clinical evidence of pulmonary embolism while 1 out of 723 patients with
negative scans developed this complication.

Browse et al. studied the relationship between a positive leg scan

(/.

\
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result and puluwonary embolism detected by objective methods.45 Routine
pre and post-operative ventilation and perfusion lung scans wiere per-
formed in 40 surgical patients studied with }Zsl-fibrlnogen leg §cann1ng.
The diagnosirs of pulmonary embolism was made without kncwledge of. the

leg scan results. Pulwmonary embolism was diagnosed in 6 of 11 patéents
with positive leg scans but 1n only 1 of 29 patrents with negative ley
scans.

Kakkar has reported further cvidence regarding the clinical sigm-
ficance of "isotopic thrombi".4 He performed a retrospective analysis
of the incidence of fatal pulnionary embolism, as proven by autopsy in
two.groups of surgical patients undergoing major elective operations.
These patients formed the control group of a dul ti-centre trial designed
to assess the efficacy of low-dose heparin in preventing post-operative
fatal pulmonary embolism. In one group, the fibrinogen leg scan test
was used as a screening procedure to cetect carly thromby and their

(WHICH PRESUMAGLY 1MITIATE) ANTICOAGULANT THERARY ),
extensxoﬁ&¢h1le i tne other group screening was not performed and
treatment was based on the presence of clinical features suggestive of
deep vein thrombosis.

Two thousand and forty-six patients over the age of 40 years, under-
going only major elective surgical procedures were ncluded 1n this

analysis. Xakkar reports "in 667 of these patients, the fibrinogen

uptake test was used to Jetect the development of deep vein thronbostis,

thuese constituted the scereened group, while in the remaining 1,409 patients

0

no spectfic screenming procedure was cmployed and these constituted the

non-scraened aroup.  The 1nc1dence‘of fatal pulmonary erbolism as »roven
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by autopsy was determined in both groups. One hundred patients died
during the post-operative period, 29 (4.3%) in the.screened group and

71 (5%) in the non-screened group. Twenty-two of the patients who died
were found at postmortem to have had pulmonary emboli, 19 in the non-
screened group and 3 in the screened group. Only 1 patient with a nega-
tive leg scan in the screened groﬁp died from pulmonary embolism. Two
additional patients in the screened group suffered pulmonary embolism,

1 fatal and ] non-fatal; both had positive leg scans several days before
death but did not receive treatment with anticoagulants. In contrast,
19 patients in the non-screened group were found at autopsy to have
pulmonary eméo]ism, 14 fatal and 5 non-fata]:

The findings at these studies support the hypothesis that thromb:
which give rise to pulmonary embolism originate in the peripheral veins
of the lower limbs. The findingé suggest that early detection and treat-
ment of venous thrombosis may reduce the incidence of fatal pulmonary

>

embolism.

The Application of 125]-Fibrinogen Leg, Scanning in Trials of Prophylaxis
of Venous Thrombosis:

In addition to providing a neﬁ ingight 1nto the patural history of
venous thromboembolism, ]251—fibrinoqen leg scanning has played a maSor
role in the eva]uat16n of a number of different approaches for the '

prevention of venous thronmboembolism. ' Leg scanning provides a sensitive

tool for detecting venous thrombosis in the calf and distal thigh.
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" The relatively high frequency of leg scan detect‘d veﬁbug thrombi
in hﬁgh risk patients (in contradistinction to the relatively Tow fret
quency offmassive or fata1 pulmonary‘eﬁbolism) has made it possible to
perform, a large number of trials which would not otherwise have been
. possible due to the very large number of patients needed using the end-
point of fatal pulmonary embalism. In more than 15 studie; of general
s¥rgical batients, low-dose subcutaneous heparin prophylaxis has pro-
duced a clinically and statisticai]y s}gnificéﬁg reduction in leg scan
detectéd venous thrombosis. Thése'findinbs are supported by the obser-
vation in a 1@%98 internationar:mu1ti-centre trial that death due to
_pulmonary embolism was markedly reduced by subcutaneous heparin prophy-
laxis. The findings of the study Jsind leg scanning asﬁthe endpoint are
open to the criticism that the leg scan wdu]d have failed to detect upper
thigh and pelvic vein thrombi. Kakkar has suggested that this limitation
is not a significant one in general surgical patients since upper thigh
or pelvic vein thrombi unaccompanied by calf vein thrombosis are rare

" in this group gf patients. A study perfaormed by }he Groote Schurr
" . Hospital Thromboembolus Study Group45. repurted that é of 200 patients
studiedlwith leg scanning and routiné venography had venous thrombosis
involving a proximal venous segment and jn 3 with isolated femoraTl
vein thrombosis, 1.5% of the population studied, the leg scan was
normal. |
Methods of"prOphylaxis o? venous thrombosis have also been exten-

"

sively evaluated using leg scanning in patients undergoing electng and

emergency h1p.surgery: However, patiénts undergoing hip surge}y represent

~
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a special group as there is a relatively high frequency of isolated

proximal vein thrombosis in the region of the surgical wound. Because
of the inability of the leg scan to detect these thrombi, trials in this
patient group hsing leg scanning are difficult to interpret as the risk
of fatal pulmonary embol¥sm is much higher with venous thrombi involving
the pfdximal venous seé%ents than with thrombosis confined to the calf.
In.a study by Harris?/ a comparison was made of 1251~ fibrinogen leg
scanningdand venography in 142 limbs of 83 patients who underwent total
hip replacement. Harris repdr;ed: "a localized accumulation of fibrinogen
located away from the hip wound represented a fresh thrombus in 25 of
29 cases (86%). However, of all the fresh thrombi demonstrated by
phlebography, éhe fibrinogen scan aetected Bn]y 50%. Major reasons for
failure to detect thrombi were the presence of the wound and the small
size of some thrombi. In definiqg whether or not fresh venous tnrombosis

was present in a given patient, the scan was accurate in 3/4.of the cases.

Thus although fibrinogen scanning is a useful examination in patients

~ after elective hip surgery, it has definite limitationé if used alone.

Because of this, in patients undergoing elerctive hip surgery or emergeﬁéy
hip surgery, additional tests such as impedance plethysmography and/or
venography at a fixed interval are necessary to detect the proximal thrombi
ié the }edion of the wound. . ‘

Ad&itiona] information is prﬁvidednby a compdarative study\of patients

+

undergoing general sﬁrger& and“hip surgery performdd at McMaster Univer-

. sity® in which impedance plethysmo§raphy (a'test sensitive to proximal .

vein thrombqsis)“was added to ‘zsﬁ—fibrinogeﬁ leg scanning. (Table 7).



Hull and Hirsh -]6~

The combined approach of impedance plethysmography and 1251,

f{Brinogen leg scanning was evaluated and compared in 630 patient§ who.

had genera] surgical procedures éndr385 patients who had hip surgery.

The addition of impedance plethysmography to leg scanning resulted in

the detection of proximal vein thrémbosis in only 1 ad¢itiona1 patient
(0.2%) in the general surgical group but it led to the detection of

proximal vein thrombosis in 25 additional patients (6%) with hip sur-

gery. Therefori, the addition of impedance plethysmography to leg scan-
ning in hip surgery almost doubled the frequency of detection of ngfi;/’”’_\\\\
mal vein thrombosis. The results of this study support the findings

of others suggesting that the majority of venous thrombi which occur

in general surgical patients are associated with thrombi in the calf and -
thus can be detected by‘leg scanning whereas a considerable number of

thrombi in hip surgery patients are isolated to the femoral vein and

pass undet%pted by leg scanning. -
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PLEASE NOTE . CHALGE IV ORAER OF CLynIChAL INNICATIONS - SEE
Bf=tow) AN) ALSo TRELE § -

CLINICAL APPLICATION OF '251-FIBRINOGEN LEG SCANNING

Clinical indications for using 1251-fibrinogen leg scanning are
listed in Table 8. These are 1) screening selected high risk patients in

PROPHYLAYI I
whom pvephy%e*eg are contraindicated or ineffecgive,‘%& as an adjunct
to impedance plethysmography or Doppler ultrasound in the diagnosis of
clinically suspected venous thrombosis, 3) as a diagnostic test when
acute venous thrombosis is suspected in patients with chronic {nsufficiency
and {3 to detect proximal extension in patients who develop calf vein
thrombosis when there are short-term relative or absolute contraindications
to anticoagulant therapy. .

“\\

The Use of Leg Scanning‘for Screening High Risk Patfents:

Screening with 1251- fibrinoéen leg scanning cannot be recommended
as a routine method o fdigrophy1ax1s since it is 1ess cost- effective than
pr1mary prophjlax1s. However, this approach provides an alternative
wetnod of prophylaxis in patients at high risk of venous thrombosis in
uhom pr1mary prophylaxis is ineffective or contra1nd1cated

A number of 1nvest1gators]0’29 39 41,44,89-52 y, e compared results
of expectant scanning and venography in general surgical and medical
patients and have repo;ted agreement between'the results of these two
techniques in about 907, (Tané 9). We performed53 a study in whicﬁ the
results of expectant scanning‘and venography were.comﬁared in 205 legs.

The majority of patieﬁts studied had abdominal or thoracic surgical ’

B
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procedures, but some were studied afte? suspected myocardial infarction.
Indication for venography was an abnormal leg scan and, as bilateral veno-
graphy was usually done even if the scan was only unilaterally abnormal,
venograms were obtained in a large number of legs with normal scans.

The leg scan was positive in the calf in 96 of 104 (92%) instances of
calf vein thrombosis demonstrated bj venography, 20 of 28 popliteal vein
thrombi (71%) and 17 of 26 femoral vein thrombi (65%). These results
therefore support previous suggestions that the leg scan is highly sen-
sitive to calf vein thrombosis but is less sensitive in the thigh, |
particularly éhe upper thigh. The venogram was normal in 24 of 99
instances of positive leg scans. Of these, 11 were associated with
obvious superficial phlebitis, hematoma or skin rash. A1l of these
conditions are known to produce a falsely positive leg scan result.

As discussed in the'second section, leg scanning has special
limitations when it is used to screen patients for thrombosis after
surgery to the 1eg§. It is unreliable over the operated thigh in patients
having hip surgery; a major limitation because up to 20% of all thrombi
may develop as isolated thrombi in the femorgl vein under the surgical
wound. harfis and.associates?’ found that 1251-fibrinogen leg scanning
had a sensitivity of only 50% in 83'patients who undervent elective
hip surgery and who have been leg scannéd prospectively. Our results

53

are very similar;™" thus,-in 219 patients undergoing hip replacement

A
-

who were screened prospectively, the leg scan detected 20 of 43 (47%)

instances of popliteal or femoral vein thrombosis and 33 of 40 (83%)
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instances of calf vein thrombosis for an overall sensitivity of 64%.
Iq patients undergoing elective knee surgery, the leg scan is
uninterpretable in the lower thigh, popliteal and upper calf regions
due to extravascular accumulation of isotope and furthermore, leg
scanning is often performed through a plaster cast or bulky post-
operative dressing which may further hinder the accuracy of the test.
We have reportéd a study54 in which the accuracy of leg scanning was
evaluated in 29 consecutive patients who had elective knee surgery.
Venography was performed in all patients between 7 and 14 days after
surgery. Deep vein thrombosis was demonstrated in 19 patients and in
14 of these (74%) it was correctly identified by leg scanning. Only

1

one patient had a positive leg scan which was not associated with
thrombosis detected by venography. L

. Because of its redu;ed sensitivity in the upper thigh, and in-
ability t6~detect pelvic thrombi, the relevance of leg scanning for
early detection of deep. vein thrombosis has been questioned.by some
investiga;JZ;.46’55 In an editorial, Blaisdel1°% comments that “the
fibrinogen 1-125 scan lacks sensitivity where it is needed most -‘in
%he upper 1/3 of the thigh and the pelvis." We have reported a study48
in which leg scanning was coﬁbined with a test sensitive to thrombosis
in the popliteal, femoral, gxterna] and coﬁmon iliac veins. This test,
impedanceIpJethysmdgraphy allowed us to evaluate the frequency with
which prdximaf vein thrombosis detected by impedance plethysmography

(and confirmed by venogrhphy)ywas not detected by leg scanning, (see

Section 2).

A
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As reported jn Section 2, the addition of {mpedance plethysmography
to leg scanning in general surgical patients identified only one additional
patient with'proximal vein thrombosis (0.2%) whereas in hip surgery
patients, the addition of IPG detected 25 additional pafients with
pﬁpxima1 vein thrombosis (6%). Thus the addition of impedance plethys-
mography to leg scanning was not useful among general surgical patients
as a screening test, but was of substantial clinical value in hip surgery
patients. The results of this study were consistent with previous
findings which suggested that the majority of venous thrombi which occur
in general suréical patients arise from the ca]f‘aﬁd so can be detected ’
by leg scanning while a considerable number of thrombi in hip surgery
patients ariée in the femoral vein and make an isolated event. Thus
the use of ieg scanning alone whi}e appropriate in general surgical
patients is c]eér]y inappropriate in patients undergoing hip surgery.
Clinical Approach to the Positive Leg Scan in General Suréica] Patients:

The, management of patients with a positive ieg scan in the calf
s pontrerrsial (Table 10).‘ Three.approaches for selecting patients
who require';;ticoagulant therapy, have beeq/sugbe§teda

The first is to commence treatment gﬁf} when the raised counts
detected over the calf have extended to involve the 1qwer thigh region.
Kakkar? based this approach on ear]ier.observations that isotopic throubi
confined to the calf region did not produce significant pulmonary embolism.

In contrast, scan detected popliteal or femoral vein thrombosis carried

—~
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a high risk of embolism. Using this approach between 2% - 5% of non-
orthopedic patients would &e treated (this represents the number of
' |
. proximal extensions) including 95% of patients with proximal thrombosis.

56

A second approach advotated by Adar and Salzman®® is to treat all

patients with leg scan dete#ted venous thrombosis confirmed by venography
irrespective of whether it ﬂs confined to the ‘calf or not. The investi-
gators argue that left untre%ted, a proportion of these calf thrombi
may propagate into the popli&ea] and femoral veins at a later time when
leg scanning has been d1scont1nued placing the pat1ent at h1gh risk of
major pulmonary embolism. AwI1m1tat10n of this approach is that many
of these leg scan detected vebous thrombi occur in the first week post-
operétively at which time anticoaéu]ant therapy places the patient at
.high risk of bleeding.. =~ - \ .

The third approach advg& Led by Gallus et a157 is to perform veno-
graghy on all patients with a‘bos1t1ve fibrinogen leg scan to confirm

\
the presence of venous thrombo#is and to base the patient's management

rd

K

on the Qenographic result. Pa%ients with ‘hrombosis involving the Rajor
veins above the knee joint are &reated'with anticoagulant therapy but
the dec1s1on to treat patients w1th calf vein thrombosis is based on the
size, site and extent of the ca\f vein thrombos1s and whether or noq the
patient is at high risk for b?ead1ng Since th1s report was published

we have modified our approach, (see below).

The Uge of ]ZSI-Fibrinogen Leg Scanning to Detect Extension of Calf Vein

Thrombosis in Patients who are at Short-term High Risk of Bleeding on
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Anticoagulant Therapy:

If contraindications to anticoagulant therapy exist in patients with
venographically confirmed calf vein thrombosis, then leg scanning pro-
vides a valuable management tool by providing a method’for detecting
extension of calf vein thrombosis should anticoagulant therapy be witheld.
Anticoagulant therapy can thus be delayed or witheld until the period of
high risk for bleeding has passed (e.g. the early post-operative period).
Should proximal extension occur, the benefit versus risk ratio is
tipped in favour of active treatment in view of the h%gh %isk of massive
pulmonary embolism. If extension does not occur, anticoagulant therapy

can be initiated when the risk of bleeding is Towef.

The Use of ]ZSI-Fibrinogen Leg Scanning as an Adjunct t5~1mpedance
Plethysmography in Patié;is with Clinically Suspected Venous Thrombasis:
The sensitivity of diagnostic leg scanning depends upon the deposi-
tion of radjofibrinogen-into or around an established thrombus, or its
incorporation into a new thrombus if extension occugi. Diagnostic leg
scanning has not been as extensively investigated as e§pectant scanning
\

57

but thelresu]ts of a number of studies”™ suggest that the leg scan becomes

abnormal in over 70% of patients with established acute ﬁhrombosis. In

these patients, the test result is frequently positive in 24 hours, but
‘\

may not become positive for up to 72 hours. ] |
\

Leg scanning fails to detect approximately 30% of thrdTbi in sympto-
matic patient353q(many of which involve the femoral or iliac veins).

Furthermore, there may be a delay of hours or even days bequ%\a suffi-

-~z [ \

\

/ |
- \



cient amount of fibrinogen accumulates in a thrombus to make the test
positive. Clearly, leg scanning %hou]d never be used alone as the only
diégnostic test in patients with clinically suspected venous thrombosis.
. Fibrinogen leg scanning, however, {s a useful diagnostié test in sympto-
matic patients when used to complement impedance plethysmography.

We have evaluated the combined use of '22]-fibrinogen leg scanning
and impedance plethysmography in patients with clinically suspected venous
thrombosis . 28 Iﬁ.the study, the patients were injected with ]251—
fibfinogen and had impedance plethysmography performed on the day of

referral. Patients had leg scanining and impedance plethysmography per-

formed daily forbthe next three g¢ays. A1l patients underwent bilateral

ascending venography which was~6cheduled to be performed on the third
day if the tests were negative, or earlier if either of the tests became
positive. Either leg scénning or iﬁ;édance p]eth&smography was positive
in 81 of 86 patients with positive venograms (sensitivity 94%) and both
tests were negative in 104 of 114 patients who had negative venogranms
(specificity 91%). These two tests detected all 60 patients with proxi-
mal vein thrombosis and 21 of 26 patients with calf vein thrOmbosisi

Impedance plethysmography detected 59 of 60 patients with proximal
vein thrombosis and 5 of the:26 patients with calf vein thrombosis. The,
addition of leg scanning resulted in the dete&tio: o% all 60 patients
with proximal vein thrombosis and 21 of the 26 patieﬁts with calf vein

\ c

thrombosis. Twenty-one of the 26 patients with calf vein thrombosis had

symptoms for less than one week and leg scanning.was positivé’in 20 of

.,‘
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these, whereas leg scanning was negative in 4 of the 5 patients with
calf vein thrombosis who had symptoms forn7 days of greater.. This study
has now been repeated in another 300 patients with essentially similar
results. |

Based on these results, our present approach is to inject 125 1.
fibrinogen after the results of impedance plethysmography are shown to be
negative and then to scan the patient the next day and then at 72 hours.
This approach isasafe because proximal vein thrombi and many large calf
vein thrombi are excluded by the negative impedance plethysmograph
result. Ve have now studied 300 symptomatic Eatients with négative
results for impedance plethysmography in this way, and none have deve-‘
loped extension or clinical evidence of pulmonary embolism while awaiting
the result of the ]ZSI-fibrinogen leg scan. The 12SI-ﬁ'brinogen Teg
scan becomes positive in gatients with acute venhous thrombosis even
though the thrombus is not extending, since the radioactive fibrinogen
pérfuses into the thrombus and is incorporated into it as radioactive

fibrin.

Management of the Positive Fibrinogen Leg Scan Result in Patients with
Clinically Suspected Veﬁous Thrombosis:
In our experience, 10% - 16% of patients with clinically suspected

venous thrombosis have a negative impedance plethysmograph result and

s x 1

a positive leg scan result. If clinical conditions known to.produce a
H b

false Rositive leg scan result are excThded then the patient may be
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treated with anticeagulants on the basis of'the leg scan result. If
ce}lulitis; previous knee surgery or trauma, arthritis of the knee,
superficial phlebitis or muscle injury are suspected and the leg scan is
pos1t1ve, then the presence or absence of venous thrombosis should be
clarified by performing venography betore initiating ant1coagu]ant

therapy.

The Use of 125]-Fibrinogen Leg Scanning as a Diagnostic Test in Patients
with Chronic Venoué Insufficiency Who Present with Symptoms Suggestive
of Acute Recurrent Venous Thromeosis:

Barnes 5uggests,59 "a unique application of leg scanning is in the
identification of active' venous thrombosis in patients with suspected
recurrent deep venous disease. Patients with reeewed leg pain, sweﬁ]ing,
or inflammation with proven prior deep vein thrombosis may have post-
phlebitic seguelae due to incompetent venous valves or chronic venous
obstruction, rather than recurrent active venous thrombosis. In the
past, most patients with recurrent symptome were trdgted with hospitelj-
zation and anticoagulation for recurreet"diggase". Barnes reports that
in his experience, "only 20% of patients with proven brior deeé vein

&
thrombosis had abnormal fibrinogen scans indicative of active thrombosis.

.
. -

The remaining 80, of patients responded to symptomatic measures such as

leg elevation and elastic support and did not require anticoagulation”.

e agree that leg scanning is a clinically useful test distinguishing

acute recurrent venous thrombosis from the non-thrombotic complications
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of chronic venous insufficiency. Venography is of limited diagnostic

value in these patients unless the results can be compared with a

¢

previous venogram and unless a new filling defect is demonstrated.
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TABLE 3. FREQUENCY OF LEG SCAN DETECTED VENQUS THROMBOSIS IN PATIENTS -

/ UNDERGOING ELECTIVE HIP SURGERY
"Authors . ﬁrequency of Thrombosis *
Gallus et al., 1973 (5) - A 11/23 (48%)
DeChavanne et al., 1974 (27) = - 13/27 (48%)
Manucci et al., 1976 (28) 14/23 (58%)
Manucci et al., 1976 (28) A - 22/51 (45%)

» .
« I

* The rates of thrombosis depicted in this table are derived from.’

untreated control groups.



TABLE 4. FREQUENCY OF LEG"SCAN DETECTED VENOUS THROMBOSIS IN
PATIENTS UNDERGOING EMERGENCY HIP SURGERY

Authors * o, . ‘ Frequency of Thrombasis*
Pinto et al, 1970 (29) | 8/25 (32%)
Hamilton et al, 1970 (30] 18/38 (492)
p
\

* The thrombosis rates shown in this.table are derived from

untreated control groups.
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TABLE 5. OTHER PATIENT;GROUPS: LEG SCAN DETECTED VENOUS.THROMBOSIS

.

® Reported frequency of DVT
Neurosurgery (31,32) 18 - 25 %
Stroke patients (33) . ’ L 60 %
Myocardtal infarction (34-37) 19,- 37 %
Post partum women - . . 3%




TABLE 6. PULMONARY EMBOLISM IN PATIENTS MONITORED EXPECTANTLY WITH

b

‘ ‘ (\. 2
. Authors

. Kakkar, et al- (39)

"+ . Lambie, et al (41) )
Williams (42)
Hills et al (43)

© Bonnar & Walsh (44)
Gordon-Smith et we‘ﬁdwv.
Murray et al-(34)

‘Warlow et al Aqu

TOTALS.. .. ..
" :

it LTI R PP S Y Yo

.

Negative

0/92 -
0/62
_0/40

0/116
0/246
SRVARE:
0737

" 0/12

1251 -FIBRINOGE!! LEG SCANMING
Positive

4/40
0/49
0/16
2/35
1/16
1/32
: a3

4/18

16/218
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TABLE 7. THE VALUE OF ADDING IMPEDANCE PLETHYSMOGRAPHY TO 125 I-.

“

FIBRINOGEN LEG SCANNING FOR THE DETECTION OF DEEP VEIN

UNDERGOING HIP SURGERY

General Surgical Patients - Total 630 patients

~

Isolated Proximal* Proximal & Calf*

Leg Scan 1 ' 10

i 1 (+1) E?9>(+0) :
. \

Addition of

IPG to leg . ¥ (+0)
scan \ ) ,

Hip Surgery Patiemts.- Total 385 patients

: :
Leg Scan .4 035
Addition of ‘ ,
IPG to leg 12 (+8) 52 (¥17)
scan ' ' -

¥

* Venous thrombosis by venography

THROMBOSIS IN GENERAL SURGICAL PATIENTS AND PATIENTS

Calf Only=*
29

A}

ral
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TABLE 8. CLINICAL APPLICATION OF '251-FIBRINOGEN LEG SCANNING
9

Y

1. Screening selected high rjsk patients in whom prophylaxes
; aré contréindica?ed or jngffective
3 Q. As an adjunLt to 1mp?dahce plethysmography or Doﬁp]er

ultrasound-in the diagnosis of clinically suspected:
venous thrqmbésis

Lf Sx As a diagnostic tesé %Qen acute venous thrombosis is
suspected in patients with chronic insuff%ciency

2 \ To detect proximal *expension in paéients who de.ve1op

calf vein thrombosi’s when there are short-term relative

or absolute contraindications to anticoagulant therapy.

“
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Prevention of Venous Thrombosis and
Pulmonary Embolism With Particular
Reference To The Surgical Patient

RUSSELL HULL‘ahd JACK HIRSH
Departments of Medicine & Pathology,
‘ Chedoke Hospital & Mc¢Master
University Medical Centre, Hamalton,

Ontario, Canada ‘

t

It has been estimated tth 100,000 hospitalized
patients in the United States die each year from
massive pulmonary embolism.! The majority of these
embolic deaths occur: in‘terminally 111 patients but
a significant proportion occur in patlents who
would have otherwise led a normal life.

A number of clinical risk factors for venous
thrombosis haveibeen identified." These ipclude
advanced age, previous venous thromboembollism, the
presence of malignancy, cardiac failure, prolonged
immobility or paralysis, obesity and varicose veins.
In addition, cartain surgical procedures including
orthopedic surgery to the lower limbs and operat-
ions involving extensive pelvic surgery carry a
particularly high risk of postoperatlve ‘venous
thromboembolismn.

The frequency of fatal pulmonary embolism ranges
from 0.1-0.8% in patients underg01ng eleotive gen-
eral surgery,“”® to 0. 3 1.7% in patlents undergoing
elective hip surgery,’”® to 4-7% in.patients under-
going emergency hip surgery.!®:!! It has been
suggested that the routine use of effective prophy-
laxis in patients undergoing elective general .sur-
gery, for example, could prevent 4,000-8, 000 post-
operative deaths annually.'?

Two approaches can be taken to prevent fatal pul-
monary’ embolism. These are early detectlon of sub-
clinical venous thrombosis by ‘screening hlgh risk
patients (e.g. .screening postoperative high risk

‘patlents with 1258 I#flbrlnogen leg scanning), and {

primary prophylaxis using either drugs or phys;cal :
methods which are effective against deep vein (

thrombosis. Primary prophylaxis is 1likely to be the \

.
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more effective approach and is 1less expen31ve The
ideal primary prophylactic method should-be. safe,
effective, well accepted by patients, nurses and
medical staff, and easily administered. It should
also pe .inexpensive and require minimal monitoring.

Venous thrombi usually develop at sites of slow
+ or disturbed flow and begin as smal} deposits of
platelets, fibrim and red cells in lyalve cusp pock-
ets or in the intramuscular sinuses Wf the'leg
veins.!®s/!* As the thrombus grows, it\occludes the
.lumen of the vein producing stasis and then extends
both proximally and distally as a ‘coagulation
thrombus composed of red cells with interspersed
fibrin. The mechanisms which. are recognized to be
‘important ip the pathogenesis of venous thrombo-
embolism are venous stasis, activation of blood
coagulation, and endothelial damage. The prophy-
lactic methods which have been evaluated clinically
have been directed at one or more of these patho-
genetic factors and include mechanical devices
which prevent stasis; anticoagulants which counter-
act the activation of blood coagulation; and drugs
which'suppress platelet function and their inter-
action with the damaged vessel wall.

A number of important design criteria should be
considered when assessing the valldlty of results
of clinical trials evaluating prophylactlc agents.
The clinical trials should be prospective, with a
concurrent c¢ontrol group and the patients should be
randomly allocated to avoid the danger of conscious
,0r unconscious bias in patient selection. Ideally,
the study should be double blind but, if.this is
not possible, the interpretation of the endpoints
should be carried out by an observer who does not
have knowledge of the patient's treatment - category
Comparablllty of the groups with respect to impor-
tant prognostic factors should be demonstrated and
properly defined endpoints should be used for eval-
uation: Appropriate statistical methodsfshould be
used to analyse the data. Because of the inaccuracy
of clinical diagnosis, it is essential that relia-
ble objective diagnostic methods are used to deter-
mine the endpoint. These techniques include 'Z?5I-
fibrinogen leg scanning, impedance plethysmography
and ascending venography for the diagnosis of
venous thrombosis; and ventllatlon/perfus1on lung
scanning, 'pulmonary angiography or pulmonary embo-

\




lism demonstrated at autopsy for pulmonary embolism
The ‘most important endpoifit is fatal pulmonary
embolism but because the frequency of fatal embol-
ism is relatlvely low, Jlarge numbers of patients
have to be stQdied if this endpoint is used.. For
this reason, the majority of studies have used
venous thrombdsis detected by either !'?°I-fibrinc-
gen leg scanning or by venography as the endpoint
‘to evaluate prophylaxis. The frequency of !?°I-
fibrinogen leg scan-detected or venographically
detected venous thrombosis ranges from approximate-
ly 10-30% in patients over the age* of 40 who under-
go elective general surgery to 50% in patients
undergoing elective or emergency hip surgery, to
65% in patients undergoing major elective knee
surgery.'!® A relatively high proportion of thrombi
(about 10-20%) in patients having knee or hip sur-
gery involves the popliteal or femoXal venous
segments whereas only 3-5% of patients who have
elective general surgery develop popliteal or
femoral vein thrombosis.!

In this review, only studies which have used an
acceptable method of randomization, which have
included concurrent control groups, and which have
used objective reliable endpoints for assessment pf
venous thromboembolism will be included for rev1ew

\

ORAL ANTICOAGULANTS

Over 20 studies have been performed to evaluate
the effectiveness or oral anticoagulants for prev-
enting venous thrombosis in high risk patients. Of
these, only 7 have used a concurrent control group
and objective endpoints to assess the presence of
venous thromboembolism (Pable 1l). In ‘three, fatal
pulmonary embolism detected at autopsy was used as
the principle endpoint;!%/!1,!'7? in two, venous
thrombosis demonstrated venographically was used as
the endpoint;!®/!% and in two, venous thrombosis
detected by 1251 fibrinogen leg scanning was used
as the endpoint.2?%/2! A1l three studies which used
pulmonary embolism as an endpoint demonstrated
that treatment with oral anticoagulants reduced the
frequency of fatal pulmoﬁary embolism found at aut-
opsy. In the study by Sevitt and Gallagher,!! there
was also a reduction in total mortality which was
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statistically significant. The randomization used
in.the stuwdy by Sevitt and Gallagher would be con-
sidered to be suboptimal by present day standards
because allocation into the treatment groups was
made on the basis of admlsSLOn_ggpé Nevertheless,
the results demonstrated a striking reduction in
death. from massive pulmonary embolism and the other
two studies which’ were methodologically sound lar-
gely confirmed the results obtained by Sevitt and
Gallagher. The, studies which used venography to
detect the endpoint both showed a significant red-
uction in the fre?uency of venous thrombosis in the
treated group. In cantrast, however, the two
studies which used !2?3I-fibrinogen leg scanning as
the endpoint failed to show a reduction in the fre-
quency of venous thrombosis in the treated
group.!®s!® This probably reflects an inabiltiy of
oral anticoagulants, which are started at the time
of or immediately after surgery, to prevent small
1251-fibrinogen scan=detected thrombi from develop-
ing after surgery. Nevertheless, the autopsy and
venographic results suggest that oral anticoaqgul-
ants cormmenced at this time do prevent the format-
ion of large clinically significant thrombi. This
1nterpretat;on is supported by the results of a
recent study?? in which oral. anticoagulants-were
commenced 5 days preoperatively -and were found to
be as effective as low dose heparin in preventing
postoperative venous thrombosis.

BLEEDING COMPLICATIONS

- The frequency of reported bleeding has' varied but
there was a trend towards an increase in the frequ—
ency of cllnlcally 51gn1f1cant major bleeding, in
four studies?®” 2% and in two studies the frequency
of bleeding in patients treated with oral anticoag-
ulants was statistically significant.!!s??® To mini-
mize the risk of bleeding, careful laboratory con-
trol is required to maintain  the prothrombin time
to about twice normal control 51nce it has been
demonstrated that when the prothrombln time ‘is
greater than three tlmes normal ;the risk of bleed-~
ing is lncreased

-
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CONCLUSION

Oral anticoagulants are effective in preventiﬁg .
‘postoperative venous thrombosis. Despité this, the
routine use of oral anticoagulant prophylaxis has
not gained general acceptance because of the slight
increase in the frequency of bleeding complications
and the need for frequent laboratory monitoring.?’

HEPARIN PROPHYLAXIS
ELECTIVE GENERAL SURGERY

The efficacy of low dose heparin has been exten-
sively evaluated in patients undergoing elective-
general surgery. Thirteen randomized sthdies which
satisfied the listed criteria for inclusion into
this review have been performed in patients under-
going elective general surgery. In all, '?°I-fib-
rinogen leg scanning was used as a primary endpoint. -
The first dose, of heparin was given preoperatively,
usually in a dose of 5,000 units subcutaneously 2
hours before surgery and the postoperative dose of
heparin was 5,000 units given subcutaneously which
was administered 12 hourly in seven studies?®-3°®
(Table 2) and 8 hourly in 5 studies“/3®~3%(Table 3)
Six of the eight studies?®?? using the 12 hourly
postoperative regimen showed a significant reduct-
ion in the frequency of leg scan detected venous
‘thrombosis and all five of the studies. in which
heparin was given 8 hourly postoperatively showed a
significant reduction in the frequenc¢y of venous
thrombosis. In the two studies referred to above
which did not show a reduction with heparin, the
frequency of venous thrombosis was very low in the
control group.?*r3%

In four studies, the number of patients included
was large enough to assess the effects of prophy-
laxis on the frequeéncy of popliteal or femoral vein
thrombosis and in all four there was a significant

ﬂ’reduction in the frequency of proximal vein thrombi
(Table 4). In five studies, the effect of low dose
heparin on the frequency of pulmonary embolism was
evaluated. Two of these used perfusion luhg scan-
ning as an endpoint 3%:/3% and three used fatdl
pulmonary embolism found at- autopsy as the end-

13
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point.“r%7,%% In four, there was a reduction in the
Efe%%ency of postoperative pulmonary embolism."r3®?2

, .

The most important of jthese studies was the Int-
ernational Multicentre Trial." Over 4,000 patients
were randomly allocatefl to either a low dose hepar-
in or control group and the major endpoint was pul-
monary embolism found at autopsy. There were 100
deaths in the contrdl group and 80 in the heparin
group. This difference was not statistically sig-
nificant. Pulmonary embolism was foound in 22 of the
72 autopsies in the control group and in 5 of 53
autopsies in the treatment group; a statistically
significant difference (p<0.01). Pulmonary embolisml
was classified as being fatal if it was present in
the pulmonary trunk, in a main pulmonary artery or
in at least two lobar arteries, and if no other
cause of death was found. Using these criteria,
fatal pulmonary embolism was found 'in 16 control
patients and 2 treated patients. This difference
was statistically significant.

Y

PROSTATIC SURGERY

The results of studies of low dose heparin proph-
ylaxis in patients undergoing prostatic surgery are
conflicting. In two studies, low dose heparin was
ineffective!’/"? and in one study a significant
reduction in deep vein thrombosis was seen in the
heparin treated group."?

Bleeding Complications

The major potential complication limiting the
widespread use of low dose heparin is bleeding.
Since bleeding is a complication of any surgical
procedure, the effects of heparin on bleeding can
only be assessed in randomized studies in which the
effects of heparin are compared with a control
group. Ideally, this should be carried out in a
double blind manner but, if this is not possible,
then the observer recording the bleeding complicat-
ion should be unaware of the treatment category.

A prospective evaluation of bleeding comglications
was carried out in seven trials",28~%0,33,38, 44 po¢
in none was the study double blind and so these
assessments could be criticized.

/C
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There was no significant difference ip surgical
bleeding between control and heparin treated pat-
ients in 4 of these 7 trials.?%%%:%3 One of the 7
studies reported an increase in bleeding which was
considered to be both clinically and statistically
significant*"* but in no instance was a fatal bleed-
ing episode attributed to heparin treatment. In the
International Multicentre Trial" there was a slight
but statistically significant increase in the prop-
ortion of patients to-have excessive peroperative
bleeding and in the proportion of patients with
postoperative wound hematoma in the treatment group
Similar findings were also reported by Gallus and
associates.’® Recently, a number of anecdotal rep-
orts have appeared in which bleeding complications
have been reported in patients treated with low
dose heparin. Since there was no concurrent control
group, these reports are impossible to evaluate.

[ 4

HIP SURGERY

Seven randomized clinical studies have evaluated
low dose heparin in patients who had elective hip
surgery.?1/38,45°48 phe results summarized in Tab-
les 5 and 6_are incqQnsistent, some reporting bene-
fit and others reporting a lack of effectiveness of
heparin. One of the difficulties in interpreting
the results of these studies is that venography was
not performed routinely on all patients and so the
frequency of isolated femoral vein thrombosis,
which is not uncommon in this group of patients,
may have been underestimated in both groups. Bec-
ause of this, definite conclusions cannot bé drawn
from the published reports but it is likely that
any protection provided by low dose heparin is in-
complete in this patient’” group.

A randomized climical trial in patients under-
going fractured hip surgery showed that heparin
reduced the total number of thrombi but not the
frequency of large thrombi in the popliteal or
femoral veins.?® .

-

Bleeding Complications

No excessive bleeding in heparin treated patients
was reported in 2 studies®®’*® but, in the 3 less
well documented studies, an increase in postoperat-
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ive wound hematomas was reported in the heparin
treated patients. P 4700

CONCLUSIONS - ) *

Low dose subcutaneous heparln is effectlve in
preventing postoperatlve venous thrombosis and pul-
monary embolism in patients who have elective
abdominothoracic surgery. In this patient group,
the use of low dose heparin appears to be associat-
ed with a slight but statistically, significant risk
of bleeding. Nevertheless}j in high risk .patients
undergoing elective surgery, the benefits of using
low dose heparin outweigh the potential risk. In
patients undergoing hip surgery and prostatic sur-
gery, the role of low dose heparin is uncertain
since reduction in venous thromb051s is incomplete
and is not without risk.

PHYSICAN METHQODS WHICH ENHANCE VENOUS BLOOD FLOW IN
THE LEGS

"It is well established that stasis occurs.in leg

veins peroperatively and postoperatlvely in patien-,

ts who are immobilized.®°=5" A number of modalities
designed to increase blood flow have been evaluated
for the prevention of postoperatlve venous thromb-
osis. These include elastic stockings, leg elevat-
ion, intensive physiotherapy, a combination of
elastic stockings, leg elevation and physiotherapy,
graduated pressure stockings, electricgl calf
muscle stimulation, and intermittent calf compres-
sion.

SIMPLE PHYSICAL METHQDS.

Six stud1e$55‘59 have been performed using relat-

Elvely simple physical methods (Table 7). In two,

leg elevation was used; %%/5% in two, elastic stock-

.ings were used; 5¢3% in one, a compination of elas- -

tic stockings and 1ntensmve physiotherapy and leg
elevation was used;*’ and in one, graduated press-
ure stockings were used.®? Neither elastic stock-
ings alone or leg elevation alone reduced“the

frequency of postoperative venous thrombosis: How-

ever, the combination of elastig stockings, leg

) ¥
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elevation and intensive physiotherapy reduced the
frequency of postoperative venous. thrombosis more
than three-fold although, because only small num-
bers of patients were included in the study, the
difference was not statistically 31gn1f1cant In a
recent study,’? a significant reduction in post-
operative leg scan-detected venous thrombosis was
reported with graduated pressure stockings. Gradu-
ated pressure stockings are hemodynamically super-
ior to elastic stockings so that the different
results obtalned using thése two fmodalities are not
necessarily contradictory. It can be concluded,
therefore, that simple meagures do not usually
provide benefit but may do so if hemodynamically
effective and that this approach warrants further
study.

ELECTRICAL CALF MUSCLE STIMULATION

calf muscle movement induced by electrical stimu-
lation can only be used peroperatlvely because it
produces leg discomfort in the conscious patient.
Five randomized studies?®®r®°7%3 have been carried
out in postoperative patients using peroperative
calf muscle electrical stimulation (Table 8). In
three,®9/81,83 there was a significant reduction in
the frequency of leg scan-detected venous thrombos-
is and in two?®®/%? there was no effect. Notably, in
one of these three studies there was a very high
frequency of thrombosis in both groups. A possible
criticism of these studies is that the patients
were only followed with leg scanning for a relat-
ively short period of time postoperatively so that
‘the results obtained cannot be extrapolated to high
risk patients who remain in bed for long periods. of
time postoperatively. Indeed, there is good evid-
ence (see below) that in such patients, prophylaxis
should be continued postoperatively until the pat-
ient is fully mobile. , .

INTERMITTENT CALF COMPRESSION
Intermittent calf compression has been extensive-
ly investigated for the preventlon of postoperative
venous thrombosis. Pressure is applied to the calf
by intermittent inflation of a cuff or boot. Two
types of compression cycles have been used, a fast
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cycle and a slow cycle. With the fast cycle, a

brief period (5 seconds) of calf compression at

50 mm Hg is followed with a long rest period of

60-100 seconds. With the slow cycle, each leg is

compressed for 1 minute at a pressure of 40—5/;:&

Hg and this is followed by a rest period of th-

ute. . *w)
Intermittent compression of the calf not only

increases femoral blood flow®"“’®5 by emptying the

calf but also increases systemic fibrinolyti¢ act-

ivity®® and it is of interest that intermitteqt

compression of the arm, which also enhances fi

olytic activity,®’ has been reported to incre

the frequency of leg scan-~detected deep vein

bosis in general surgical patients. It is posgible,

stasis and increasing fibrinolytic activiy.
Five studies“2/%%"7lysing a fast co
cycle have shown a significant reduction in leg
scan-detected venous thrombosis in postoperative
‘patients. Two studies’?’7? have used a slow cycle
and in both there was a reduction in the frequency
of venous thrombosis in patients without malignant
disease but in one it was relatively ineffective in
patients with malignant disease’? (Table 9). Alth-
ough the results of these studies are promising,
only limited conclusiohs can be made about the pot-
ential effectiveness of these approaches in high
risk patients. In many of the reports, the pneumat-
ic compression boots were applied peroperatively
and continued for a maximum of 24 hours postoperat-
ively and the patients were screened with leg scan-
ning for between 3 and 7 days postoperatively. We
noted that pneumatic compression of the calf for 5
days significantly reduced the frequency of throm-
bosis while the pneumatic devices were worn but
that this protection was lost, negating its early
benefit, after the devices were removed. Many of
the new pneumatic devices in current use are un-
comfotable because they produce excessive sweating
of the legs and are inconvenient because .they can-
not be worn while the patient is ambulant and so
they need to be removed frequently during the per-
iod between complete bed, rest and full ambulation.
The ideal pneumatic device is one which does not
produce excessiveé sweating and which does not have
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nmmmm?&mﬁw@ﬁmmﬁw&mﬁwﬁﬂ%ﬁywma@aﬁmwmam«mnA

‘s

(852)8b/2T (36°8)LY/V A1abansoanan
(852)vT/9 (sL) 62/2 1eotbhoto1gn
(287)69/6 (s2) £5/1 i’ L1sbansoanay
(861)9¢/L {$0) 9¢£/0 "
(32)¥01/L2 (39) v6/9 .
(s€£10L/€2 (x01)0L/L ;
Awamvmm\ww {$6) 6¢£/2 jeasusn
Q3 LVILIND RERR L X9304NS J0 3IdAL
S1S0gHOYHL SAONTA
TINIOdand N¥OS 93a1) SISOgWO¥HL SAONIA
TAILVYAdO-450d 40 AONINOI¥I IHL NO
NOISS3¥dN0D-3T¥D INILLIWEIINI JO0 103333
2y
o

gL6T ‘Te I3 UPWUITINS
‘1e 39 20D
‘1e 32 ay1dang

‘1e 33 N1e1D

‘yo330) % 5318Q0Y

‘{e 38 SI1TH

ZL6T '1° 38 Taqeg

SYOHLAY

-




to be removed while the patient is being ambulated.
We have recently evaluated an inflatable pneumatic
graduated pressure stocking which .does have these’
desirable qualities. Patient compliance was excel-
lent and the stockings did not have to be removed
during ambulation. This approach proved to be
highly effective, reducing the frequency of throm-
bosis in this very high risk group of patients

(66% to 6%). .

The major advantage of intermittént calf compres-
sion is the lack of side effects. It is effective
and therefore may offer an alternative to low dose
heparin in selected patient groups. -

DEXTRAN N

Dextran is a glucose polymer which was introduced
as a volume expander and was then subsequently
evaluated as an antithrombotic agent.’“~7% Two
sizes of dextran polymer have been used clinically;
dextran 70 with a mean molecular weight of 70,000
and dextran 40 with a mean molecular weight of
. 40,000. The antithrombotic properties of dextran
have been attributed to a number of actions’’~ 89
including 1) decreased blood viscocity, 2) reduced
platelet reactivity with the damaged vessel wall,
3) decreased platelet aggregation and 4) an increa-—
sed susceptibility for the fibrin clot which is
formed in the presence of dextran to fibrinaelysis.
The results of studies evaluating dextran 70 for
the prevention of deep vein thrombosis in patients
undergoing general surgical and gynecolagical pro-
cedures are conflicting (Table 10). In all of the
six studies®?/83/8178% +hat met the methodological
criteria listed above, dextran was .given intraven-
ously both preoperatively and for a varying period
of time postogeratively. The endpoint used in these
studies was ! S1-fibrinogen leg scanning. In three
studies®!~ %3 the frequency of postoperative venous
thrombosis was si%nificantly reduced while in the
other three??®:%3,%% no benefit was demonstrated. In
contrast to the results of studies in general sur-
gical patients, dextran has been reported to cons-
istently reduce the frequency of postoperative
thrombosis in patients following hip surgery.®5-88
"In these studies, the test used to detect the end-
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point was venography (Table 11). Dextran was infus-—
ed peroperatively and then postoperatively for 5-10
days.:

There “are two possible reasons for the more imp-
ressive results with dextran in hip surgery. The
first is that the dextran was given for a longer
period of time postoperatively and the¥second is’
that a venographic endpoint was used to -detect ven-
ous thrombosis. With regard to the,latter point, it
has been noted that fibrin clots formed in the
presence of dextran are more susceptible to fibrin-
olysis.’®+®%% 1t is possible, therefore, that }25I-
fibrinogen detectable thrombi may have undergone
lysis and therefore not been detected when venogra-
phy was performed at a fixed time postoperatively.

SIDE EFFECTS

The major side effect of dextran is volume over-
load which can result in cardiac failure, particu-
larly in the elderly patient with reduced cardiac
reserve. Allergic reactions have been described but
these are relatively uncommon. Excessive oozing has
been reported in some patients but bleeding has not
been a serious problem.

CONCLUSION

The major drawback with dextran is that it is
relatively expensive and it has to be given by
intravenous infusion. For these reasons, it is not
an ideal prophylactic agent.

DRUGS WHICH SUPPRESS PLATELET FUNCTION

Histological studies have demonstrated that
Platelet aggregates occur at the site of origin of
some venous thrombi, suggesting that platelets may
sometimes be involved in the initiation of venous
thrombosis. Aspirin, dipyridamole, hydroxychloro-
quine and sulphinpyrazone, drugs which suppress
platelet function, have been evaluated as prophyla-
ctic agents against postoperative venous thrombosis.
The results of these studies are described in det-
ail in cChapter
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TABLE 12

A COMPARISON OF DIFFERENT APPROACHES TO PROPHYLAXIS FOR DEEP VEIN

AUTHOR TYPE OF SURGERY ENDPOINT CONTROL

Myre & Holen, | .
1969 Fracture Venography 22/55(40%)

b

*

Hume et al,

1973 Elective Hip Leg Scan 8/19 (42%)
Becker & General surgery

Schampi, 1973 & Urology ’“ 11/35(31%)
Scottish

Study, 1974 General Surgery " 47/128(39%)
Rosenberg, et General Surgery .

al, 1975 & Urology " 50/121(41%)
Gruber et Jy

al, 1977 General Surge " 36/100(36%)

Taberner et

al, 1978 Gynecology " 11/48(23%)
. Ay

Coe et al \\\

1978 Urology " 6/24(25%)




/ e g
.. ~ <
THROMBOSIS, RANDOMIZED TRIALS WITH AN UNTREATED CONTROL GROUP
ELECTRICAL PNEUMATIC
LOW-DOSE DE XTRAN CALF LEG
HEPARIN 7~ COUMARIN STIMULATION COMPRESSION
- 11/40(20%) 9/50 (18%) - -
6/18(33%) - 10/17(59%) - -
- 13/42 (318%) - 2/39(5%) -
15/125(12%)  32/128(25%) - - -
12/79 (158) - - 22/73(30%) -
12/94 (13%) 20/92 (22%) - - -
3/49 (6%) - 3/48(6%) - -
6/28(21%) - - - - 2/29(7%)
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TABLE 13
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4

COMPARISON OF DIFFERLNT -APPROACHLS TQ PROPHYLAXISIFQR DEEP VEIN THROMBOSIS RANDOMIZED STUDY

WITHOUT AN UNTREATED CONTROL GRQUP

N TYPE OF . LOW DOSE DEXTRAN
AUTHOR * SURGERY ENDPOINT HERARIN 40/70
\
Lambie ct Gynecological Leg Scan - 4/40(10%)
al, 1970 surgery
Davidson et " - " " - 3/30(10%)
al, 1972 -
Vrodnhaven Gencgral B " 1/50(2%) -
et al, 1974 Surgery
Bronge ¢t tip Venoqram - 31/74(42)
al, 1971 Fracture .
Lindquist et " N - 28/67({42%)
al, 1970 .
Berquist " " - 25/75(331%)
et al, 1972 .
Berquxét & " Leg Scan - 19/43(44%)
Dahlgrand ¥
1973
"Myrvold et " " 16/39(41%) 20/55(36%)
al, 1973 :
llarris et Elective venogram 11/15(73%) 14/56(18%)
al, 1974 Hip
Barber ct » Ley Scan 10/19(52%) 26/51(51%)
al, 1977 . .
-
. Van Geloven General " " - 9/70(111})
et al, 1977 Surgery
. Elective
Hip
3 <
)
g i )
Al
/"\ .
k!
. ; )
[
~ \'3'

~

COUMARIN ASPIRIN
12/40(30%) - N
a/30(13%) . -
9/50.(187) .
21/61(34 '
23/67(34%) -
19/63(30%) -
16/32(500) -
10/51(20%)  18/50(36%)
as58(s88) < .
20/80(258)  15/65(18%)
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COMPARISON OF.DIFFERENT PROPHYLACTIC(APPROACHES

A number of studies have been carried out compar-
ing the effectiveness of a number of prophylactic

ragents. In those listed Ln Table 12, there was an

untreated control group?!,22,33,36,37,83,87 yhjle
in those listed in Table 13 there was no control
group.’ 782798 The number of patients in each of the
‘comparative groups was relatively small and it is
difficult to draw definitive conclusions from these
studies. However, the recent report by Coe and
associates provxdes convincing evidence that low
dose heparin is less effective in patients under-
going prostatic and genito-urinary surgery than
intermittent calf compression. “?

SUMMARY AND CONCLUSIONS
GENERAL SURGICAL PATIENTS

, .
TWwo acceptable and practical forms of prophylaxis
have been shown to be highly effective in high risk
patients undergoing general surgical procedures.
These are low dose heparin and inflatable mechani-
cal devices. Of these, only low dose heparin has
been shown to reduce the frequency of fatal pulmon-

ary embolism but it is likely that this would also -

be reduced by hemodynamically effective physical
methods such as intermittent calf compression..

The evidence that these two modalities are effec-
tive is sufficiently persuasive to recommend one of
these two forms of prophylaxis in high risk general
surgical patients.

SPECIAL SUB GROUPS

: Prostatic Surgery

Results in patients undergoing prostatic surgery
with low dose heparin prophylaxis have been incon-

‘clusive but in the one study evaluating intermitt—

ent calf compression this approach was found to be
effective. Until more information is available in
this patient group, it is recormended that they be
treated prophylactically with a _hemodynamically
effectlve intermittent compression deV1ce



| ey

Neurosurgical Patients -

Low dose heparin and mechanical devices have both
been shown to be effective in patients undergoing
- neurosurgery. Although in the one study using low
dose heparin there was not an increased frequency
of serious bleeding, this potential exists and
therefore the mechanical device approach would be
favoured in this patient group.

Orthopedic Patients

Hip Surgery

\ .

‘Three forms of prophylaxis have been shown to be
effective in patients undergoing elective hip re-
placement. These are oral anticoagulants, dextran
and aspirin. Of these, the effectiveness of oral
anticoagulants has been most conclusively demonst-
rated. Dextran is effective but is associated with
the same frequency of bleeding as oral anticoagu-
lants and has the disadvantage of requiring intra-
venous infusion. Aspirin has been shown to be
effective in some studies but this has not been
consistent. Aspirin is the safest, least expensive
and most convenient of the three methods but prot-
ection is incomplete so, at present, there is no
very effective method of prophylaxis in patients
undergoing elective hip surgery. It is possible
that a combination of aspirin and mechanical dev-
ices will prove to-.be effective but this needs to
be demonstrated. Until more information is avail-
able, it would be reasonable to treat these pat-
ients with aspirin.

Elective Knee Surgery
.
Mechanical devices which increase blood flow have
been shown to be highly effective in this group and
~ should be recommended.

Hip Surgery for Fractured Hip )
Although oral anticoagulants have?been shown to
be.effective in' this group, this has not been acc-
epted because of the potential risk of bleeding and

the need for laboratory control. At present, no
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safe, acceptable, proven form of prophylaxis is
available in this group. If screening with !'25I-
fibrinogen leg scanning and impedance plethysmog-

raphy is available, it should be used in this group

If these screening tests are not available, it
would be reasonable to treat these patlents with
oral anticoagulants starting 3 or 4 days post-
operatively. Although this approach is unlikely to
prevent fatal thrombosis, it might decrease their

growth and therefore the frequency.of pulmonary
embolism.

FUTURE DEVELOPMENTS

The recommendation has been made that all high
risk general surgical patients should be placed on
low dose heparin prophylaxis. This recommendation
has had mixed acceptance due to the continuing
concern of many surgeons that the hazards of venous
thromboembolism will be replaced by the hazards of
bleeding. On review of the literature, it is evid-
ent that the magnitude of the risk of bleeding due
to low dose heparin has not been convincingly
defined. Recent reports document clinically signi-
ficant bleeding but the design of these studies was
deficient and the findings are therefore uninter-
pretable. To clarify this issue beyond doubt,
additional double blind studies will be .required

with well defined endpoints addre581ng the problem
of bleeding.

Of the other prophylactlc agehts currently under

evaluation intermittent compyession of the legs
appears to be the most promising. Design improve-
ments have resulted in the development of devices
which are much more acceptable than those which
were prev1ously available.
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POSTSCRIPT

The prophylactic effect of low dose heparin 5,000
units 12 hourly on postoperative fatal and on
clinically apparent but non-fatal thromboembolic
events was studied in a double-blind, prospective,
randomized study of 1,296 patients who underwent
elective surgery of the thorax, abdomen or lower
extremities. Sixteen out of 653 patients in the
placebo group developed thromboembolic complicat-
ions during the first postoperative week compared
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with 4 of 643 in the heparin group (p<.05) of which
4 cases in the placebo group andg 1l in the heparin
group were fatal. Each group had identical trans-
fusion requirements and increased bleeding was not
observed in the heparin group. The, important obser-
vation was also made that after heparin prophylaxis
was discontinued at the end of the first postoper=~
ative week, the subsequent rate of thrombocembolic
complications was equal for both groups suggesting
that prophylaxis should be continued until the
patient is fully .ambulant. )

In conclusion, this study supports and extends
the findings of previous studies that low dose
heparin is effective and associated with an accept-
able risk of bleeding in general surgical patients.

Kiil J,. Axelsen F, Kiil J, et al: Prophylaxis
against postoperative pulmonary embolism and deep-
vein thrombosis by low-dose heparin. Lancet 1:

+1115-1116, 1978
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Venous thromboembolism |
Applymg epidemiology to controversies S .
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Instructions to CME Enrollees

The multiple-choice examination that appears on page 32 is designed
to test your understanding of the following article according to the
educational objectives listed below 1t you have not registered for this
18-unit Category | cuutse and wish (o entoll, refer to the announce
ment on page 40.

Edt;cational Objectives

Given a Jysed-buok, muluple-chuce examinauun, the eprvllee
should be able ta apply the mformation learned in the journal article in
answering all the test items that require him/her to- 1. Recognmize
objective 'risk factors associated with venous thromboembolism. 2.

. idenufy various criteria used to determine the efficacy of a diagnostic

test, 3. Assess the relatonship between objective critena and diagnos-
uc tests used for venwus thrombusis and pulmunaiy embolism 4,
Assess objective criteria used to determine efficacy of prophylactic
agents, 5. Recognize the need for objective assessment of treatment

for venous thrombosis and pulmonaty embolism, N

The application of the fundamentals of clinical epidemiol-
ogy to studies of venous thromboembolism should enhance
the capability of clinical trials to resolve controversial issues.
Essential study criteria for appropriate clinical trials are
illustrated by specific examples béaring on pathogenesis,
diagnosis, prevention, and treatment.

pathogenesis, diagnosis, prevention, and treatment.

) bosis i in hospitalized patients.

executed Jinidl trigls relating to the diagnosis, treat-
ment, and prevenuon of venous thromboembolism
have profoundly influenced the clinician’s perception of thns
common problem. However, many specific clinical issues Te-
mawn unresalved owingto alack of adequate trials, resudting in
uncertainty and confusion as to the most apf)ropriate man-
agement for individual patients.
The development and refinement of readily repealed objec-

T he findings uf adequately designed and appropriately

.tive noninvasive tests that are sensitive to and specific for deep

vein thrombosis have greatly enhanced the ability of clinical
trials to resolve controversies conceriing venous thrombo-
embolism. The use of these tests has provided important in-
formatiun about pathogeness, natuial history, diagnosis, tieat
ment, and prevenuan. The tests include leg scanning with use
of fibrinogen labeled with 10dine | 125, impedance plethysmog-
raphy, and Doppler ultrasonography.”™

The application of the fundamentals of clinical epidemiol
ogy to chinial tnals s consdered here under the headings

v
\

- Patho’genesis s

Theclinical applitation ofleg scanning has greatly increased
out knowledge of the natural history of venous thromboem-
bolism. Studies using "*'I-fibrinogen leg scanning have drawn
attention to the high frequency of ccurrence of venous throm-
' Other objective tests, lnclud-
ing impedance plethysmography, " Doppler ultrasonography,”™
and ascending venography,'"""* have provided insightinto the
location and distribution of venous thrombi in both sympto-
matic and high-risk asymptgmatic patients.

Clinical diagnosis and autopsy—traditional measures of the
frequency of occurrence of thromhoembolism—are prone to
error. Clinical -examination is unreliable because it is both
insensitive and nonspecific.' Autopsy studies, although gbjec-
tive and potentjally hlghly accurate, may be misleading (see

elow).

By means of ob;ecttve testmg, a number of clinical risk fac-
tors for venous thromboembolism have been identified in
medical and surgical patients.' These include 4dvanced age,
previous venaus thromboembollsmwmahgnant disease; car-
diac faiture, prolonged immobility or_paralysis, obesity, and
varicose veins. In addition, certain surgical procedyres includ-
ing orthopedic surgery of the lower limbs and exlefxsive pelvic

©1981 by Barrington Publicatians, Inc. All rlghts reserved Reproduc-
tion in who!e or part without written permission is stnctly prohibited.
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Clinical diagnosis and autopsy
studies of thromboembolism
have been shown to be

' prone to error

~

surgery carry a particularly high risk of pustoperauve venous
thromboembolism,

In addition, 1, 1s accepted—rnightly or wrongly—that the use
of oral contraceptive may be associated with an increased risk
ot venous thromboembolism. An examination of trials evaluat-
Ing this purported association illustrates the importance of
tncluding essential criteria in the evaluation of a polennaJ risk

factor.
i The dictum that women who use an estrogen-containing

oral contraceptive have an increased risk of venous thrombosis
and pulmonary embolism'* **1s based on the results of multipte
studies. However, on wareful scruting the majority of thesé
studies are seen to be flawed by (1) falure to use objective tests
to diagnose venous thrombosis and (2) failure to ensure that
the diagnosis of venous thrombosis or pulmonary embolism
was made independently, without knowledge of the patient’s
use of oral contraceptive, )

The clinical diagnosss of vendus thrombosis is highly non-
specihic.” More than halt the patients who are given a chimal
diagnosts ot deep vein thrombosts are found on objective
testing not to have the disorder. Thus, any study of the rela-
tonship between use of oral contracepuve and deep vein
thrombosis that rehed on chimical dlagno&\oﬁhe latter would
be highly inaccurate. This inherentinaccuracy s compounded
by the hkelihood that the investigators in the majority of stud-
1es were aware of the pauents’ use of the agent. Thus, patients
using 1t were more likely to be scrutin\zed more closely for
venous thrombosis and given this clinical diagnosis more read-

" 1ly thin patients not using oral contraceptive. Thus bias is re-

ferred to as the diagnostic suspicion bias.''*

The majority ot studies demonstrating a positive association
between oral contraceptive and thromboembolism were carried
out after a number of case reports suggesting such an associa-
tion appeared 1n the hiterature. itis possible if not likely that
knowledge ot these case repgrts resulted jn the more frequent
chrucal diagnosis ot deep vein thrombosis 1n patients taking
otal contraceptive, thus giving rise to a spurious association.

The diagnostic suspicion bias also applies to studies in which
the autopsy diagnosis of fatal thromboembolism is used as an
end point. The autopsy diagnasis of fatal thromboembohsm s
perhaps surprisingly subjective, because the frequency with
which pulmanary emboli are found depends on the scope of
the dissection. For example, with careful dissection down to
the third- and to,urlh -order pulmonary vessels, the observed
trequency of occurrence of pulmonary embolism is as high as
.50% among subgects who died suddenly. However, if dissec-
tion 1s limited to major pulmonary vessels, the obseryed fre-

Table 1. Determination of the Efficacy of a Diagnostic Test

1. Test should be evaluated in consecutive patients, all of
whom undergo reference test. This allows determination of
thefourmdexesofeffncacy sensitivity, specificity, and posi-
tive and negative predlcuve values

2. Evaluation should be performed in a wide spectrum of
patients with and without the disease in question, or effn-

7 cacy may be judged faisely high

3, Diagnostic suspicion bias should be avorded by studying
consecutive patients and interpreung results uf diagnostic
and reference tests independently and without knowledge
of each other or of clinical findings

4. To determine the safety of withholding treatment from
patients with negative tests, the validity of negative results
should be evaluated by long-term folluw-up ubservation

‘

quency 1s much less, 10% or so. Therefore, fature of Investiga

tors tu ensure that the pathologist was unaware that the autopsy
subjects took oral contraceptive leaves the possibility that an
increased incdence of fatal pulmonary embolism in these
subjects 15 attributable to a more intensive search ﬁlor pufmo

nary embol. Thus, a strong case can be made for retesting the
assouiation between oral cuntraceptive and venous thrombo

embolism by studies using objective diagnosis and interpreta

tron of the results without knowledge of whether the sub;eqs
used oral contraceptive.

\

Diagnosis

", After a promising intiuduction, many diagnostic lestx prb»e

with further experience to be either imited in clinjcal applica
tion or valueless. An example that s relevantto verous throm
boembolism s the triad of increased lactic dehydrogenase,
nostmal SGOT, and increased bilirubin to diagnose pulmonary
embolism. This triad hay fallen into disrepute because of a
demonstrated lack of sensitivity and’ speaficity '’ Simitarly,
falsely high sensitivity and speufnuty were attributed to the
measurement of -arterial blood gases '*

There are twu major reasons for inapprogiate application of
diagnastic tests. First, the dlinical assumption of their value is
based onincorrect equation of physiologic ar pathophysiglogic
evaluations with hard evidence for clinical efficacy Second,

_studies af diagnostuc efficacy have frequently falled to include

the essential design features for adequate assessment of the

sensitivity, speuficity, and preduﬂme values of the tests The‘s\J

essential design features are sumn’ganzed in table 1.
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The efficacy of a diagnostic test—its ability to indicate the
presence or absence of disease'"—1s measured by four indexes.
sensitivity, the proportion of positive test results among pa-

tients with the disease, specificity, the proportion of negative

results among patients without the disease, positive predictive
values, the likelihood that patients with positive tests have the
disease, and negative predicuve values, the likelthood that
patients with negative tests de not have the disease."”
Essential to an accurate determination of the efficacy of a
diagnostic test 1s evaluation of the test in a wide spectrum of
patients with and without the disease in question.'” In this way
it 15 possible to assess the effect on the four indexes of efficacy
of three important types of vaniables. pathologic eg, extent of
disease as characterized by presence of proximal deep vein
thrombosis versus calf vein thrombosis), cimeal (symptomatic

deep vein thrombosis versus asymptomatic deep vein throm-
bosis), and comorbid (effect of coexisting conditions such as
peppheral vascular disease or cardiac fatlure). Faillure to assess
the effect of these variables in awide spectrum of patients may
result in falsely high indexes of efficacy.

Itis also crucial to avord bias when performing the study and
evaluating the test results. Bias—defined as 4 systematic error
which deviates from the truth—can be caused by failure to
perform both the diagnostic test and the reference test in all
ehgible patients and also uperates if the tests are not assessed
without knowledge of certain facts, ie, blindly (see table 1).

The final step in thg prucess of evaluating a new diagnostic
test s to confirm the chimical validity of a negative result. Clini-
cal vahdity should be determined by long-term follow-up ob-
servatiun of comsecutive patients in whom treatment has been
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More than half of the patients
given a diagnosis of deep vein
thrombosns do not have the
disorder

~ .
Mingaer # T~

!

Table 2. Determination of Efficacy of an Agent for
Prophylaxis or Tréatment

1. btudyshouldmgorporaledwntrblg‘roup,andalluaanonof
patients should be random

2. To avord diagnostic suspicion bras, 5tudy should be blind ur,
ideally, double-blind

3. Use of clearly defined er\d points is mdndatory

4. Comparability ot groups for important prognostc tactors
should be demonstrated

5 Appropnate statistical methods must be used tor data
analysis

6. Rehable, objecuve diagnostic methods to determine the
end point are essenutal

withheld on the basis of the negative tests. .

Noninvasive testing for the diagnosis of venous thrombosis
15 gaIning Increasing acceptance uwing tu the availability ot
techniques which satisfy the majority of the criteriain table 1
Noninvasive apptoaches gaining inureasing acceptance are
impedance plethysmography {with or without leg scanning)
and Doppler ultrasunography. One approach inparucular, the
combined appruach of impedance plethysmogiaphy and leg
scanning, has been evaluated by multiple studies incorpor at-
ing the critena (see table 1) fur determining the efficacy of a
diagnostic test.” " In compartson with venography (the diag-
nostic reference test), this combined approach s highly sensi-
tive and specific for deep vein thrombosis and in the majority
of patients provides a replacement for the more invasive as-
cending venography. The other noninvasive approaches have
been less extensively evaluated,

In the diagnoss ot pulmonary embolism, surpnsmgly the
predictive values of abnormalventilation-perfusion lung scans
are uncertain. This s because an adequately designed prospec-
uve study of a large number of consecutive patientsin whom
the presence of pulmonary embolism s suspcted has not
been performed. The data that would allow the chinician to
determine with confidence the predictive values ot abnormal
ventilatan-perfusjun jung scans are not available. Nune ot the
published studtes evaluating ventullanon-perfusion lung scan-

" ning fulfill the criteria in table 1. Unfortunately, ventilauon-

perfusnon lung scanning has had an imitial uncritical chinical
acceptance which has made the performant.e of adequate
studhes difficult.

ininal studres companng ventifation- perfuswn lung scan-,
ning and pulmonary angiography suggested that the scans

_ monary angiographic findings ang the patients! condition

distingwshed. pulmunary emboli frum uther lung disorders
with a high degree of efficacy,”’  Subsequent larger studies
cast doubt on the specifiaty of a ventilaton-perfusion mis-
match for diagnosing pulmonary embolism.” ™ In the most
recent retrospective studies, the incidence of false-positive
results was observed to be 20% to 487, if ventilation-perfusiun
mismatches per se were used to diagnose pulmonary embolism,

The concept of swize and number of perfusion defects is
currently in dinical use 10 an attempt to increase the positive
predictive value of ventilauon-perfusion lung scans Multiple
laige defects which ventilate nurmally are generally accepted
as indicating a high probability of pulmonary embolism, This
may be true, but the subjects of the studies demonstrating this
fmdmg were nonconsecutive, highly selected pautients, and no
assurance .was made that the results of lung scanning were
m(erpreled independently and without knowledge of the pul-
AL IR

For thisreasun, theie remains considerable uncertainty as tu
the predictive ability of lung scanning, the exceptiun, as noted,
being multiple large defects which ventilate nurmally Unfor -
tunately, this pattern is seery in the minuiily of patients with g
ventilation-perfusion.mismatch

Resolutton ot thes diagnostic dilemma requires prospéctive
studies of consecutive patients with abndimal ventlation-
peitusion findings, all of whom undergu pulmounary angiog-

" raphy and whose test results are interpreted blindly Fuither,

the (linical validity uf negative (low probability) tests should be
confirmed by withholding teatment and observing the patients
over a long follow-up penod.

Prevention

The results of randomized chaical trials torm the basis of
wurrent understanding of prophylaxis for venous thrombu
embolism.'"

The (himician should consider o number of study aiteria
when assessing the vahidity qf the tesults of imiedl trials eval-
uating prophylactic dbcnls " These essential crnitenia are listed

.in table 2,

Objeciive diagnustic methuds fur determinafyon of the end
point wdude l-fibrinugen leg scanning, impedance ple-
thysmography, and ascending venugmphy fur the diagnusss uf
venous thrombuosis, and anbnugraphlc vl autopsy demonstra-
tion of pulmonary emboliism. The majanity uf studies have used
venous thrombosis detected by esther ,\hl\flbnnugen leg scan-
ning or venogaphy as the end point for evaluaing prophylaxis

A number of prophylactic appruaches incldding low-duse
subcutaneous hepann, de} ran, dnd nnlermnllen\l\gneumam
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The positive association reported

between oral contraceptives
and thromboembolism may be
partly due to diagnostic
suspicion bias

- ” PR

compression have been evaluated in a large number of ade-
quately designed studies fulfilling the essential criteria.'” Be-
cause of the consistent findings obtained, these three ap-
proaches are now accepted as effective methods of prophylaxis
in selécted high-risk patient groups.

v Treatment

* The availability of accurate, objective, nonmvasive testing
which s readily repeated together with modern clinical trial
destgns has méde possible the evaluation of long-term treat-
ment of venous thrombosis '* The fundamentals of a clinical
trial of long-term treatment are identital to those outined in
table 2. In addition, special precautions must be taken to pre-

veot.the confoundinggifluence of diagnostic suspicion bias .

An approach for avoiding this confounder is as follows:

tn view of the nature of the long-term treatment, a double-

blind study design (eg, subcutaneous heparin versus sodium
warfarin) frequently 1s'not feastble To avoid bias, the search
for recurrent deep vein thrombosis (or pulmonary embohsm)
should be equal in both groups, with use of objective end
posnts.' This can be achieved by (1) repeating objectivetesting
at predeterminedintervals, (2) performing objective testing of

"all patients who present on an emergency basis with symptoms

suggesung recurrent venous thrombosis (or pulmonary embo-
lism), and (3) interpreting the results of the -diagnostic tests
without knowledge of the treatment group to which the pa-
tients were randomized “For example, each patient could
undergo repeated impedance plethysmography and leg scan-
ning at three- or six-week intervals and serial lung scanning (at
the beginning and end of active treatment) as well a§ on emes-
gen?y presentations With use of a study design incorporating

the features in table 2 plus th'e added precautions discussed in
thissection, sodium warfarin has been shown to be effective in
preventing venous thromboembolism."’

Conclusion

The essential criteria for clinical studies of venous throfbo-
embolism have been illustrated by specific examples in the
areas of pathogenesis, diagnosts, preventton, anhd treatment,
These criteria are not all-encompassing, but their application
in appropriate chmical trials should enhance the capabihity of

tnals to resolve unknown, uncertain, or controversial 1ssues,

‘
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Test Instructions

The following questions make up the CME examination based on the article
“Venous thromboembolism. Applying eprdemiology to controversres’ by Hull. The
intent of this test and its educational objectives are explained at the beginning of the
article (page 28) There is one and only one correct answer to eagh test item. Please
complete the test without referring back to the article. Answers must be submitted on

Test Items

1. Which one of the following epidemiologic
terms is matche:d incorrectly?
a) Specifiuty —pioportion of negative tests
1 patients without the disease.
b Sensitivity—proportion of posiuve tests
. n total population.
¢) Posive predicive value—likehhood
that patient with positive tests will have

authorized computer cards provided in the registration packet, and all cards must be disease

postmarked no later than six weeks after receipt of issue. This article and examination
have been reviewed and approved by Russell Hull, MD, FRACP, FRCP(C), author of the -
article If you have notalready registered for this CME program and wish to enroll refer

to the announcement on page 40.

.

d) Negative predictive value—likelihood
, that patient with negative tests won't
have disease., .
e) None of the above.

2. Which one of the following steps is least
consistent with proper design for study of
the effect of an antiplatelet agent in the
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Iong-term(reatmentofdeepxenoust om-
bosis?, —

a) Identification gf ob;ecuve endpoimts in
determining deep venous throml‘,\osrs
or pulmonary embolism

b) Randomization of pauents into test and
control groups

¢) Repeated objective testing of both
groups at random intervals

d) Interpreting results of diagnostic tests
without knnowledge of which treatment
group the patient 1s in

e) Objective testing of all patientswho ap-
pear on an emergency basis

Which one of the following reference tests

a) Sulfinpyrazone

b} Dextran. .

) Intermittent pneumatic compression.
d) Low:-dose subcutaneous heparin.

e) Sodium warfarin,

8. Which oneof the following s not consistent
with an objective randomized clinical trial
of a possible prophylactic treatment?

a) Concurrent random allocation of pa-
tients to test and control groups.

b) Double-blind design, if possible.

c) Appropriate statistical methodology

d) Varyingindependent chnical end points.

e} Rehable diagnostc tests used to establish
chinical values.

risk factor for venous thromboembolism?
a) Malignancy.

b) Paralysis.

¢} Estrogen-containing oral contraceptives.
d) Previous venous thromboembolism.

e) Orthopedicsurgery to lower extremities

Which one of the following is not consis-

tent with an objective chinical trial demon-

strating efficacy of a diagnostic test?

a) Long-term follow-up of patients with
negative tests.

b) A patient population including those
with and without the disease.

) Interpreting results of a diagnostic test
with prior knowledge of reference test -

e AR, Ko
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1s most indicated for determining the effi- - results

cacy of a dragnostic test for venous throm- 9 If ubjective critenia are used, which one ot J) All patientsundergoing reference tests

bosis? the following s least established as a high- e) None of the above 7453 ®

a) "t fibrinogen test

bj Doppler ultrasonography

c) Impedance plethysmography. .

d) Ascending contrast venography ;

e) Lacuc dehydrogenase, SGOT, and bih- .
rubin levels ;

4 What s the significance of the imprecise .
nature of clinical diagnosts in the objective 4
determunation of the efficacy of a prophy-
lactic treatment?
. a) Only retrospective studies can determine :
efficacy of a prophylactic agent . :
b) All end-point findings must be diag- ‘
nosed independently by at least two re- . ] :
searchers. .
<) Reliable objective diagnostic methods
must be used to determine end points
. d) Statistical methodology will account for
chimical inaccuracy.,
e) None of the above. .

7 g
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5. Which one of the following i1s not consid- . t
ered a contributing factor to the lack of ob- ’ T
jectivity i clinical studies which evaluate
the relation among ‘estrogen-containing
contraceptives, venous thrombosis, and
pulmonary embolism? N
a} Knowledge of contraceptive use before

autopsy diagnosis of thromboembolism

.y
e .
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° is determined. ; i

& b) Failureto use objective critertafor diag- . . *
b nosing venous thrombosis.

] ¢)"Low physician suspicion‘for diagnosis of ’ :

«venous thrombosis if patientis not using
contraceptives.

d) Diagnosis of venous thrombosis with
previous knowledge of patient’s use of
contraceptives

e) None of the above,

Lo oot

4

6. What is the significance of a high false-
positive rate when retrospective studies of
venuilation-perfusion ate used to diagnose :
pulmonary embolism?

N a) ltincreases the sensitwity of ventilation- .
perfusion mismatch for diagnosmg pul-
monary embolism,

b) It eliminates the use of ventilation-per- | . ) .

. . fusion mismatch as a diagnastic test for ’ [ ' '
pulmonary embolism. ) . 3

) ltdecreases thespecificity of ventilation- ‘

perfusion mismatch for diagnosing pul- . . .

. monary embolism. N
d) Itincreases the negative predictive value
of ventifation-perfusion mismatch. . . .

e) None of the above. : . ’ ) o

7. Which one of the following has been least . : . . ' '
objectively ' evaluated as’ a prophylactic* . . .
agent for the treatment of deep venous. . . )
thrombosis? . .
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THE VALUE OF ADDING IMPEDANCE PLETHYSMOGRAPHY TO lzsI-FIBRINOGEN
LEG SCANNING FOR THE DETECTION OF DEEP VEIN THROMBOSIS HIGH
. RISK SURGICAL PATIENTS: A COMPARATIVE STUDY BETWEEN PATIENTS .

UNDERGOING GENERAL SURGERY-AND HIP SURGERY

R. Hull, J. Birsh, D.L. Sackett, P. Powers,
A.G.G. Turpie, I. Walker and J. McBride

Chedoke Hospital, St. Joseph's Hospital, Hamilton General
Hospital, Henderson Hospital, McMaster University Medical Centre
Hamilton, Ontario, Canada

(Received 20.11.1978; in revised form 26.2.1979.
Accepted by Editor H. L. Nossel)

ABSTRACT |
The clinical value qf adding impedance plethysmography
(IPG) to 125 I-fibrinogen leg scanning was evaluated and
compared in 630 patients who had general surgical proc-
edures and 385 patients who had hip surgery. Patients
were screened by both tests and venography was performed
if either test was positive to determine a) the frequen-
cy with which proximal VT, confirmed by venography, was

* detacted by IPG but not by leg scanning, and b) the

positive predictive value of these tests used either
alone or in combination. Either the IPG or leg scan re-~
sult was abnormal in 67 of 630 general surgical patients
(11%) and in 158 of 385 hip surgery patients (41%). The
positive predictive values of the tests in general sur-
gical and hip surgery patients was 79% and 86% respect-
ively for the leg scan alone, 33% and 90% for IPG alone
and 87% and 95% when both the leg scan and IPG were .
positive. The addition of IPG to leg scanning in general
surgical patients identified only 1 addition patient
with proximal vein thrombosis (0.2%) whereas in hip sur-
gery patients the addition of IPG identified 25 addit-
ional patients with proximal vein thrombosis (63%). It is
concluded that the addition of IPG to leg scanning is
not useful among general surgical patients but is of
substantial clinical value in hip surgery patients.

INTRODUCTION ‘

The screening procedure mogt widely used for the detaction
of venous thrombosis is 125 I-fibrinogen leg scanning (l1~6).
This is highly accurate in detecting calf vein thrombosis but is
limited by its inability to detect iliac vein.thrombosis and its
relative  insensitivity to high femoral vein thromboais.

Recently, another diagnostic test, impedance plethysmog-
227
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raphy (IPG) has been introduced and shown to be sensitive to
proximal vein thrombosis (thrombosis involving the popliteal,
femoral or iliac veins) in symptomatic patients (7-10). The.
addition of IPG to leg scanning, therefore, has the potential of
increasing the frequency of detection of deep vein thrombosis in
high risk patients, particularly when thrombosis is confined to
proximal veins.

We have used a combination of 1eq scanning and IPG to
screen a large number of general surgical patients (in whom iso-
lated proximal deep vein thrombosis is thought to be uncommon)

N (5,6) and a large number of patients who have uhdergone hip
surgery (in whom isolated proximal vein thrombosis is thought to ,
be a relatively common event) (1ll-~l13). Venography was performed
when either the leg scan or IPG result became pogitive, making
it possible to determine the positive predictive value of these
two tests.

The aim of the study was to test the clinical value of
adding IPG to leq scanning in each group by determining the
frequency with which proximal vein thrombosis detected by IPG
was undetected by leg scanning.

PATIENTS AND METHODS

1. Patients

Between August 1975 and January 1977, 630 high risk general
surgical patients and 385 patients undergoing hip surgery admit-
ted to five hospitals participating in the Hamilton District
Thromboembolism Program were screened with both impedance pleth-
ysmography and leg-scanning. All of the patients wers over the
age of 40 and had operations which lasted at least 30 minutes
performed under general anesthesia. Of the 385 hip surgery pat-
ients, 176 (46%) had elective hip replacement and 209 (54%) had
emargency surgery for fractured hips.

125

2. I-fibrinogen leg scanning

Each patient was injected postoperativel} with 125 I-fibri-
nogen within eithexr 24 hours of surgery or 48 hours of admission
to hospital and the fibrinogen injection was repeated at 7 day

. intervals as necessary. Leg scanning was carried out daily for
‘ the first three days and then every second day until the 28th

¥ day or discharge. The msthod for preparing the 125 I-fibrinogen
“ and for performing and interpreting the fibrinogen leg scans

N have been described previously (14). In hip surgery patients,
the scan results were considered to be uninterpretable over
points on the operated thigh due to extravascular diffusion of
radio fibrinogen into and around the site of suxgery.

3.- Impedance plethysmography

Occlusive cuff impedance plethysmography was performed bet-

H ween the 3rd and 5th day after surgery or admission and’'then on
e .days 7, 10 and 14 and then twice weekly up to 28 days or dis-
charge. In addition, impedance plethysmography was performed
daily up to 7 days in all patients who developed positive lea
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scans. The methods for performinq and interpreting .this proced-
ure have been described previously (8).

4. Ascending venoqraphy

' Bilateral ascending venography was performed in all pat-
ients with positive leg scan and/or IPG results. Venography was
performed immediately in patients with a positive IPG resulé.
Venography was also performed immediately if the leg scan was
positive in the thigh in general surgical patients or in the
non-operated thigh in hip surgery patients but was delayed bet-
ween 72 hours and 7 '‘days_in patients with a positive leg scan
rasult confined to the calf. Venography was performed by the
method of Rabinov and Paulin (15) at two hospitals and by a
previously described method at the other three hospitals. (14).
Two experienced observers independently interpreted the veno-
grams and any disputes were resolved by adjudication by a third
observer. The radiographic criteria used for venous thrombosis
was the presence of a constant intraluminal filling defect. If
non=-£filling of a venous segment occurred, venography was repeat-
ed and if, despite repeated examinations, poor visualization
persisted the venogram was judged inadequate. Venograms were
raported as negative, positive for proximal vein thrombosis
(popliteal, femoral or iliac vein thrombosis), positive fox calf
vein thrombosis or inadequate for interpretation. Patients were
treated with intravenous heparin when the presence of venous
thrombosis-was confirmed by venography.

/’
5. Comparison between leq scanning, impedance plethysmography
ang venography

The resultg.of leg scanning, IPG and venography were inter-
preted independently of each other and without knowledge of the
patient's condition. The IPG and leg scan results were then com-
pared with the venographic results and the results dxpressed in

terms of the positive predictive value (likelihood that patients
with positive results of leg scanning and/or IPG would have ven-
ous thrombosis demonstrated by venography) (16).

RESULTS

Either the leg scan or IPG result was abnormal in 67 of 630
general surgical patients (11%) and in 158 of t@e 385 hip surg-
ery patients (41%). Venography was judged as being adequate in
52 of the general surgical patients who had a positive screening
test, was unsuccessful or inadequate in 5 patients,.and was not
done in 10 patients all of whom had a positive leg scan result
in the calf only. Venography was considered adequate in 148 of
the 158 hip surgery patients in whom either the leg scan or the
IPG was positive, was unsuccessful or inadequate in 4 patients
and was not performed in 6 patients. Four of the ten patients
‘who either had inadequate venography or had no venography had a
positive IPG result and- 6 had a positive leg scan result. The
reasons for failure to perform venography were refusal by the
patient or the attending physician, technical difficulties, or
contraindication to venography due to allergy to the radio-

opaque dye.
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Pogitive Predictive Value of the Screeniqg&rests

Positive predictive values were calcuiéted for the 52 of 630
general surgical patients who had adequate venography and 148 of
158 hip surgery patients who had adequate venography.

Positive leg scan rasult only: The leg scan result alone
was positive in 34 general surgical patients and in 79 patients
who underwent hip surgery. Venography confirmed the presence of
deep vein thrombosis in 27 of the 34 general surgical patients
for a positive predictive value of 79% and in 68 of the 79 hip
surgery patients, a positive predictive value of 86%.

Positive IPG result only: The IPG result was positive in
the presence of a negative leg scan in an add@itional 3 of 630
general surgical patients and in an additional 30 of the 385 hip
surgery patients. Venography confirmed the pregfnce of deep vein
thrombosis in only one of the 3 additional gengral surgery pat-
ients, a positive predictive value o0f 33% and 27 of the 30

addition hip surgery patients, a positive predictive value of
90%.

Both IPG and leg scan results positive: Both the IPG and
the leg scan results wers positive in 15 patients who had general
surgical procedures and in 39 patients who had hip surgery. Veno-

graphy confirmed. the presence of deep vein thrombosis in 13
the 15 general surgical patients, a positive oredictive valde of
87% and in 37 of the 39 hip surgery patients, a po e p:édict—
ive value of 95%,
L. . . )

Either a positive leg scan and/or positive IPG result: Veno-
graphy confirmed the presence of deep vein thrombosis in 41 of
52 general surgical patients who were positive either by IPG
and/or leg scanning (positive predictive value 79%) and in 132

of 148 patients who had hip surgery and who were positive by
either leg scan or IPG (positive predictive value 89%).

Clinical Value of Combining IPG and Leg Scanning

The clinical value of combining IPG with leg scanning in
the two patient groups is shown in Tables I and II.

Forty-one of the 630 general surgical patients had deep
vein thrombosis confirmed by venography. The addition of IPG to
leg scanning resulted in the detection of only one additional
patient, an improved detection rate of 0.2% for all patients and
2.5% for patients with thrombosis (Table I). One hundred and
thirty~ of the 385 hip surgery patients had deep vein throm-
bosis confilwed by venography. The addition of IPG to leg scan-
ning resulted in the detection of thrombosis in 27 additional
‘patients, an improved detection rate of 7% for all patients and
20% for those with venous thrombosis (Table II, next page).
Twenity-five of the 27 thrombi detected by IPG in hip surgery pat-
ients were proximal vein thrombi so that the addition of IPG to
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leg scanning resulted in an improved detection rate of 39% for
proximal vein thrombi.

TABLE I

The Addition of IPG to Leg Scanning in General Surgical Patients
Rasulted in the Detection of One Additional
Patient With Deep Vein Thrombosis (0.2%)

GENERAL SURGICAL PATIENTS
. TOTAL =630 PATIENTS
DETECTED BY
ADDITION OF IPG
LEG SCAN TO LEG SCAN -
ISOLATED PROXIMAL * 9 1 Q’

PROXIMAL + CALF * 10 " 1

CALF ONLY * 3 29 Yj |

»venous thrombosis by venography

)

TABLE II

The Addition of IPG to Leg Scanning in Hip Surgery Patients
Resulted in the Detection of 27 Additional Patients (7%)

'HIP SURGERY PATIENTS

TOTAL =333 PATIENTS
l DETECTED 8Y
: ADDITION OF IPG
) LEG SCAN TO LEG SCAN .

ISOLATED PROXIMAL * 4 . 12 \g
PROXIMAL + CALF* | 33 52 \

3]

CALF ONLY * 63 68 {

» venous thrombasis by venogrephy
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DISCUSSION
The results of this study are consistent with previous »

findings which suggested that the majority of venous thrombi
which occur in general surgical patients arise in the calf (1,6)
and so can be detected by leg scanning while a considerable
number of thrombi in hip surgery patients arise in the femoral
vein and may occur as an isolated event (12,13).

This study also provides previously unavailable data on the
positive predictive values of an abnormal IPG or leg scan resylt
in these patients and so provides a rational basis for making
mnanagement decisions in patients who are screened and have posi-
tive results. Thus, the likelihood that a patient would have
venous thrombosis confirmed by venography if both the IPG and
lag scan results were abnormal was 87% in general surgical pat-
ients and 95% in hip surgery patients. The positive predictive
value of an abnormal leqg scan alone was 79% in patients who had
general surgery and 86% in patients who had hip surgery, while
the positive predictive value of an abnormal IPG result alone

" was only 33% in patients who had general surgical procedures and
30% in patients who had hip surgery. The poor positive predictive
value of an abnormal IPG result in general surgical patients is
likely to be related tp the low prevalance of proximal vein
thrombosis in this group since prevalance is an importa?t var-
{abla which influences the positive predictive value (17).

It is likely that the true frequancy of proximal vein
thrombosis was higher than the recorded fraquency since it is
known that the IPG fails to detect non-obstructive proximal vein
thrombosis (8). Nevertheless, this study does provide clinically
important information about the value of adding IPG to leg scan-
ning as a screening procedure in patients who undergo general
surgery or hip surgery. The results indicatae that the addition of
IPG to leg .,scanning is of limited clinical value in patients who
have general surgical procedures but is of considerable value in
patients who have hip sukgery. Thus, the addition of the IPG to
the leg scan resulted in the detection of thrombosis in only one
additional patient (0.2%) in the general surgical group but it
led to the detection of thrombosis in 27 additional patients (7%)
for hip surgery. Twenty-five of these 27 patients had proximal
vein thrombosis, therefoxae, the addition of the IPG to the leg
scan in this patient group almost doubled tha frequency of
detection of proximal vein thrambosis.
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