
A COST-EFFEcrtvENESS ANALYSIS

OF

THE ALTERNATIVE APPROACHES TO

THE PROPHYLAXIS OF VENOUS THROMBOEMBOLISM

By

RUSSELL DOUGLAS HULL, M.B.B.S., F~R.C.P. (C)

A Thesis

Submitted to the School of Graduate Studies

in Partial Fulfilment of the Requirements,

for the Degree

Maste r of Sci ence

McMaster University

(June) 1981.
>



. .
COST-EFFECTIVENESS OF PROPHYLAXIS.
OF VENOUS TH~80EMBOLISM.

,
I ,

I

!



MASTER OF SCIENCE

(Medical Science, D.M.E.)

MCMASTER UNIVERSITY

Hamilton, Ontario.

TITLE: A Cost-Effectiveness Analysis of the Alternative

Approaches to the Prophylaxis of Venous

Thromboembolism.

AUTHOR: Russell Douglas Hull, M.B.B.S. (Un·jversity of Sydney)

F.R.C.P. (C).

SUPERVISOR: Professor G.L. Stoddart

NUMBER OF PAGES:

\

v , 53.

i i

..
'.



ABSTRACT:

Up until the 1as t decade, phys i ci ans were content to ,base rnanage-

ment decisions in postoperative surgical patients on the clinical

diagnosis of deep vein thrombosis (DVT). Subsequently, multiple

studies have demonstrated the 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 l25I-fibrinogen leg scanning. We have performed

a cost-effective analysis in 1,000 patients over the age of forty

years undergoing major elec{ive surgery comparing the prophylactic

approaches described above with the IIno-programme" situation (early

ambulation but no other 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;
, S

IPLC $55,803 for 7 lives saved; IV dextran $13~235 for 6 lives saved;

leg scanning $396,599 for 7 lives saved; and ~e "no-programmell

situation $53,472 for 8 lives lost. The "no-progralTlT1ell situation is

clearly cost-inef~ective. Incremen~al cost-effectiveness analysis

indicates that s.c. hep'arin is the most cost-effective) followed by

IPLC. Dextran and leg scanning, although effective, are both

expens i ve; therefore s. c•. heparin or IPLC prophyl axi s are preferred.

\

iii

\ ,,

\
\



TABLE OF CONTENTS

Page

Chapter 1. Introducti on

Objective of Thesis

Clinical ~elevance

,/

Chapter 2. Primary and Secondary Prevention - The Evidence

Supporting the Current Alternative Approaches

a) Primary Prevention

1

2

2

4

Subcutaneous hepari n 6

Dextran 9

Intermittent Pneumatic Compression 11

Simple Physical Methods 12

Electrical Calf Muscle Stimulation 12

Intermittent Calf Comprasston 13

Practical Approaches for Preventing

Venous Thromboembolism in General

Surgi~al Patients

b) Secondary Prevention of PE by Early

Detecti on of DVr

Screening with Combined IPG and

Leg Scan

Chapter 3. Economic Model

Alternative economic models

Viewpoint

15

16

17

20

20

22

\ \

iv



Chapter 4. Alternative Programmes and their Effects 24

Low-dose Subcutaneous Heparin 25

Dextran 25

Intermittent Pneumatic Calf Compression 26

Leg Scanning 27

Chapter 5. Measurement of Costs and Effects 30

Identification of Costs 30

Clinically Suspected DVT 33

Clinically Suspected PE 33

D1 agnos ti c Costs 35

Cost of Treating 36

Chapter 6. Data Analysis 38

~o Programme Situation 39

Subcutaneous Heparin Prophylaxis 39

Dextran Prophylaxis 40
~

Intermittent Pneumatic Compression 41

Secondary Prevention with Leg Scanning 41

Comparison of the Alternative Approaches 42

Incremental Cost-effectiveness Analysis 43

Sensitivity Analyses 44

Chapter 7. Clinical Relevance of the Observed Costs and Effects of the

Alternative Prophylactic Approaches 45

Tables (9)

References

Appendix 1

Appendix 2

Appendi x '3

Appendix 4.



Chapter 1. INTRODUCTION

Pulmonary embolism is the most common pr~ventable cause of death in

hospitalized patients in North America. It is estimated that 0.1-0.8% of

patients over the age of 40 years 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

mijltiple randomized clinical trials (1-36).

Secondary Prevention:

An alternative approach for preventing massive pulmonary embolism is

the early detection (and treatment) of subclinical venous thrombosis by

l25I-fibrinogen leg scanning (37,38). The use of l25I-fibrinogen leg ~can-

ning as a screening test provides the clinician with a method of early

detection of deep vein thrombosis as, in the majority of general surgical

pat; ents t pos toperati ve venous thrombos is is subcl i ni ca1 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 Hamilton region. ranges from 7% to 25% and is influenced by

the risk factors of previous venous thromboembolism. advanced ~ge. prolonged,

'immobility, leg paralysis, obesity. varicose veins. heart failure and the

presence of malignancy.

Screening with leg scanning will therefore, be considered in this analys.is

as an alternative to primary 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 tlse of effective prophylaxis in patients under-
.

going elective general surgery would prev~nt 4.000-8.000 postoperative deaths

annually in the United States (39).

Objective of this Thesis:

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

compari ng:

a) primary prophylaxis using subcutaneous heparin or intravenous

dextran or intermittent pneumatic compression

b) ~econdary prophylaxis using l25I-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
• I

tool which allows comparison of both the effects and costs of health care
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approaches.

At present. there is no organized strategy for preventing veno~s thrombo­

embolism in many hospitals throughout Canada and the United States and thus

this dis~ase 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 reaSOR for this is primarily the fact that each, .
general surgeon would have to operate on approximately 300 patients to see one

death from pulmonary embolism); 2) doubts as to the safety of antico~gulant

prophylaxis have delayed acceptance of low-dose heparin prophylaxis.

However, a recent randomized trial suggest~ that this fear is unfounded in

the majority of general surgical patients; 3) there has been a failure to

develop a cohesive approach to 1preventing thromboembolism in individual

institutions, departments an~ hospitals. Furthermore. there has been a

reluctance to develop new programmes which may increase health costs when
,

the cost-effectiveness of such new programmes has not been adequately evalua-

ted. There;s an extensive and comprehensive body of literature dealing with
~

the efficacy and safety of the various prophylactic measures, some of which

is derived from cllnical studies performed by members of the HamiJton Regional

Thromboembolism Programme. Little or no attention, however, has been addressed

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

SUPPORTING THE CURRENT ALTERNATIVE APPROACHES

Venous thrombi usually develop at sites of slow or disturbed flow and

begin as small deposits of platelets. fibrin and red cells in valve cusp·

ppckets 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 ~

both proximally and distally as a coagulation thrombus composed of red

cells with interspersed fibrin.

The mechanisms which are recognized to be important in the pathogenesis

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 hlgh­

risk patients postoperatively with l25I-fibrinogen 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 clinically have been

directed at one or more of these patho~enic factors and include intermittent
J pneumatic compression of the legs which prevents stasis, low-dose subcutaneous

heparin which counteracts the activation 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 to screen h1gh-risk

patients with l25I-f':ibrjnogen leg scanning to detect venous thrombi 1n the
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early stage thus preventing massive pulmonary embolism by the initiation
.1

of treatment before massive embolism can ensue.

Randomized clinicpl tr~ls evaluating prophylactic agents provide the

backbone for the current understanding of prophylaxis for venous thrombo­

embolism. The clinlclan should consider a number of important study criteria

when. assessing the validity of the results of these clinical tr\als.

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

a) The study should incorporate a concurrent control group with patients

~andomly 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-bliod de.sign or, if the nature of the inter­..
vention does not allow this, interpretation of the endpoints must

be carried out by an observer who does not have knowledge 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 f~r 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 endpoi nt.

The objective methods include l25I-fibrinogen leg scanning, impedance

plethysmography and ascending venography for the diagnosis of venous

thrombosis; and pulmonary angiography (or pulmonary emboli demonstrated at
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autopsy) for the diagnosis of pulmonary embolism. The most important endpoint

is fatal pulmonary embolism but because the frequency is relatively low~1

large numbers of patients have to be studied be{ore ~hiS endpoint is used.

For this reason. the majority of studies have used venous thrombosis detected

by either 125I-fibrinogen leg scanning or by venography as the endpoint for

ev~luation of prophylaxis.

A number of prophylactic approaches including low-dose sub~utaneous

heparin) dextran and intermittent pneumatic compression have been evaluated

in a large number of adequately designed 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 increased 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:

The effi<;:acy of low-dose heparin has been extensively evaluated in,-_.......-

patients undergoing elective gen~ral surgery in more than fifteen randomlZed

studies (1 )4-14) satisfying the criteria outlined on page 5 and i~ appendix 3.
I

The heparin was administe'red subcutaneously in a dose of 5)000 units. The
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first dose was given preoperatively two hqurs befor~ surgery and Q postopera­

tive dose was administered 12 hourly in nine studies and 6 hourly in six

studies. All 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) howev;:, the frequency of venous thrombosi-s

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 th~ frequency of venou~ thromboembolism

was evaluated in si~f the above studies. Two of these {8,10} used 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~frequency of postoperative pulmonary embolism. The most important

of these studies was the International Multicentre Trial (l). Four thousand

patients were randomly allocated to either a low-dose hep?rin 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 significa~t. 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(O.Ol).

Pulmonary embolism was classified as being fatal if it was present i~ the
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pulmonary trunk, in a main pulmonary artery, or in at least two lobar 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 was 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 until the patient is fully

ambulant.

A recent large multicentre study (45), using death due to pulmonary
i
I

embolism as the endpoint, compared low-dose heparin with dextran 70. O~r

4,000 patients were entered into" the study. There were 38 deaths during the

period of the study in the dextran group and 37 in the low-dose heparin group.

The autopsy ~ate was high in ~ach group; pulmonary embolism was considered
\

the sole or contributory cause of death 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 prescribed course of prophylaxis compared with only. .
t~o 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 general surgical patients and may be comparable with

low-dose subcutaneous heparin in this patient group.

The ~ajor potential cOTplication limiting the widespread use of low­

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

procedure, the effects of heparin on bleeding can only be assessed in ran-
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Qomized ~tudies in which the effects of heparin are compared with a control

group in either a doub~~-blind manner or with the observer unaware of which

treatment group the patient is in.

A prospective evaluation of bleeding complications was carried out in eight

trials (1,4-6,9,14,44,47) invblving 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 surgic~l bleeding between control and heparin group patients
.r

in five of these eight 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 ~ial (1) comparing

low-dose subcutaneous heparin with a no treatment group there was a slight

but statistically significant increase in the proportion of patients with

excessive perioperative bleeding. An increase in the proportiQn 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

and increased bleeding was not observed in the heparin group.

Dextran:

Dextran is a 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












































































































































































































































































































