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ABSTRACT

The introduction of a new radiologic imaging technology

requires an assessment of its proper place in the diagnosis and

treatment of specified conditi~~s. In terms of its use in

diagnosis. computed tomography must be evaluated with reference

to the existing diagnostic process to determine whether i.'"

contribution is 1ikely to have any beneficial impact on the patient.

In terms of its use in therapy. the special ability of computed

~om()graDhy to make an image of soft tissue roints to its potpnrii'l

lJ'~ in the initial staging of mal ignant ne-oplastic disease.

The objective of this thesis is to propose a methOdology

of evaluation of Computed Body Tomography that may be carried out

in association with normal clinical practice. and to illustrate

this with a diagnostic example and a therapeutic example. In

both instances there are two steps to the evaluation. First. a
;

{ompari son of the accuracy of the information of computed tomography

against the conventional diagnost~c tests. Second. the strategy

for evaluating the benefit of the introduction of computed

tomography in the diagnostic and therapeutic examples .

•

iii



•

ACKNOWLEDGEMENTS

I wish to Day a debt of gratitude to the staff of the

Thunder Bay District Health Council and to Denis Lyons and

Lowell Gerson all of whom played an important part in the

developmental stages of this project.

To Dave Sackett whose initial enthusiasm and continuous

interest and support for this thesis. and to Peter TUQwell and

lOayne Taylor. whose qenerosity in respect of clinical and

q't;<;tical advice (and admoniShments). a warm thank you.

i am indebted to Carl Zylak and his medical and technical

staff at the McMaster Department of Radiology for their support.

encouragement and the introduction to clinical radiology they

kindly offered.

I wish also to thank Jane Sicurella who Prepared

expertly the final draft of this thesis and Judy Frulling and

Orla Olson who tyPed earlier versions.

Without the generous financial s~port of a National

Health Student Fellowship from Health and Welfare Canada. this

project. not to mention my graduate training in Health Care

Research Methodology, would not have been possible.

Finally. an affectionate thank you to Maggie.

iy



CONTENTS

Abstract

Acknowledgements

iii

iv

CHAPTER 1

1.1
1 ~

2.1
2.2
2.3
? 4

CHAPTFR 3

, ,
~ ..
3.2
3.2.1
3.2.2
3.2.3
3.3
3.4
3.5
3.6
3.6.1
3.6.2
3.7
3.8
3.9
3.10
3.11
3.12

Rationale for Evaluation

The Issues and the Agruments
Cnnclusions

Cnmputed Tomoqraphy

Computed Tomography - The Image
Diffusion of Computed Tomography Scann~'<

Technological Change
ron<~quence< of Technnlnqical Chanqe

Methodological Requirements for Studies
of Innovation in Diagnostics and Therapeutics

CT in Diagnosis
Diagnostic Accuracy
Sensitivity and Specificity
Predictive Value
Prevalence
Attributes of the Patients Tested
Description of the Technic •
Definition of Test and Disease Outcome
Impact on the Diagnostic Process
Improvement Over Existing Tests
Effects on the Patient
CT in Therapeutics
Accuracy in Staging
CT Technic
Description of Patients
Benefit in Staging
Conclusions

v

1

1
6

c

9
12
13
14

16

,.
.0

16
17
19
22
23
24
25
25
26
27
33
35
35
36
36
36



CHAPTER 4 Computed Body Tomography in a Diagnostic
Situation

Page

38

4.1
4.2
4.3
4.3.1
4.3.2
4.3.3
4.3.3.1
4.3.3.2
4.3.3.3
, ' ,
"t • .) ...

4.3.5
4.3.6
~ ~ 7

- 1
~ ..
- ?
~.-

5.3- ,
~.~

- , 1
~ .....
5.4.2
5.4.3
5.4.4- , .
~ ..... :J

REFERENCES

Introducti on
Research Questions
Research Strategy
Patient Population
Protocol I

Interpretation of CT Results
Evalu&tion of Intraheoatic Bile Ducts
Evaluation of Extrahepatic Bile Ducts
Evaluation of the Site of nhstruction
Definite Diagnosis
Samole Size
Measuring Accurarv
""~':P;lI' ; no Tmt\art'

Computed Tornngraphy in .hQ '.'oine r(

RronrhOQPn;r Carcinoma

Scope and Objectivp<
Research Questions
Review of Research
Research Strategy
Patient Population
The Protocol
Sample Size
Analysis
Impac t

vi

38
38
41
42
44
47
48
48
49
49
50
52

56
60
60
63
63
64
67
68
69

71



• CHAPTER 1
•

Rationale for Evaluation

" 7,.,£ boC:- c....... qO..J'Z.eege ~r..c~ _....Q~.s ~;...e ?rc.c~:'oe o..~..
~ed~~:'r..e is c ~L-:'~~ ~:=~-e 0; ~~hZ~'8::ec~iue ~or.r~~' i~te~
s?e~se,i J.,-~ -:i-: is:c:r.ds Q ...... c.o~c, err:;;i~~:'sr.:, C'07::;er.-:ior..c: :..:·":'sccx:"-, ::rod
""'. _~'..... .. .... _ :... ...... ... _ ..":' ,... .............. i.: .. ,............... .... _ ..e;.;S) Su.pe. S ~ ••• ...r..e: ?C... 5 .... 5-...'""1': .... 8 ""' ..' ~:JC ... :.cc::eC

:.ecb"~:ogies :ec.:: nc: 0?'::2 ':c se~:'Q:.LS ciic..::-r.os-::--:'c e:"!'"or, but ~
:.JCS:< =....- SK"'::~ se~...·ices =""..i "~O'r'.e~'; i: c:'sc ~-::~:'bu-::es to -:r..e
ir.c;~~s~r.; :~~ or ~~c{oc::~ "':r~u~ec, i .. ~., "':~:~OGcr.~~ cisecse,
::r..d ~"r' .;::,.: riQ':> ~r 1.....,~r4,-7 ;":":""~"'7'J"':.::~,.. s::;.., I"M"lr .... :n.,::>...-..... (K.--nQr'm('lt"t".
~ 0 ...... \

~he :s~ues and ihe Arg~ments

c;y~t~tlr ~valLJ(I!tion nf tpchniC1uPS th;"t yipld rl;~Qnnc;tir:-';nfonnil'

~;on tn thp rlinir;;"n

/
",.

,

undergoing investigation.

ihe Institute of Medicine (1977). in its report on

computed tomography (ei). argues that the tradition of medical

practice has tended to accept evidence of the value or usefulness

of a clinical innovation based on informed judgment and personal

observation. They propose that this method. being susceptible

to biases wbich tend to invalid conclusions. be replaced by the

more systematic application of clinical trials methodology. This

is particularly difficult. they remark, in the case of modern

1
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technologic innovations like computed tomography. The initial

period of utilization during which well-designed ·evaluations might

be performed. can be confounded by technical revision; to the

basic instrument and by widespread diffusion into clinical practice

for use without protocol.

The introduction of technologic innovation to the diagnostic

process has beert,addressed by a numbpr of authors. ~ulff (1976)

r'r('\("'pc;c; h~c:. nnt ~@n c;uh.ip("teri tn ,p, intI, c;rrlltiny ;c; n('l~pwnrthy

\
r1P rnintp<j out thnt thp ;ntrndurt"inn nf (l npw l.1hnrntnry tpc;t ron

\

0thPY ,;mil<H aidS f.rn thp rlit\cnn,t;r d~("ic:ion m;'l~inq rY'orp~c:: ;, nnt

can havp similarly p~mparf on hpalth care costs and on

the health and well-being of the patient. The continuing increase

in the number of unproven investigative procedures available to

the clinician, and the suspicion that patients are often subjected

to more di~gnostic manoeuvres than is necessary. formed the basis,
-~of his argument for the appl i~tion of rigid standards of evaluation

to diagnostic tests.

Murphy's analysis of the place of diagnosis in health care

lends some support.to Wulff's notion of the problems associated

with evaluation:

•
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co,,?cssior:, ~os; =r.c !"€C.ur.cc:r.cy" (Murphy. 1976).

He argues·~ case for the introduction of rationality into

the c1 inical arts. including diagnosis. Somewhere between the

extremes of blind superstition on the one hand. and strict

~t"Iif'iric;m nn t"hp l1ther. he se-pkc; a pragmatic ('ourse nf action

7he objective of each of the elements of the diagnostic

process i'e; clear~ it ;s intonnation - infonnation which must have

utility for the clinician in his progress toward the diagnostic

decision. and as a consequence. utility to the patient whose

condition is being assessed. To be able to discriminate between

diseases or between variants of a disease is trivial if it does

not affect the prognosis. herita~it~or transmission of disease

(Murphy. 1976).

Feinstein (1967) makes'a contribution to what M~rphy has

loosely termed the clinical arts. In his schema a key feature

is the clinician-as-scientist. an individual who possesses a

who has acquired a sense of

He is quite clear in defining
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the purpos~of clinical arts; that is, behaving in such a way that

the results are a benefit to the patient:
\

. .
or -:.r.::.e1'"es::-:.r..g ~

(

'\
\~ ::-:..secse. lie mc~I' r..cr..J

" '~ cic..:'7"':;s~s

:.JO!"::i:.:ess" (Feinstein, 1967).

"Given the proliferation of diagnostic manoeuvres, the skill

~f ~he clinician in selecting the appropriate tests and in their

appr~Driate ~rder bec~mes paramount. Selecting too many manoeuvres

fpnd< ~~ bp inefficient by providing redundant or misleading

information; it represents a less than optimal utilization of

diagnostic resources which might be better used with another

patient. The selection of too few tests by the clinician increases

the risk of missing the true nature of the patient's complaint;

this tends to affect therapeutic decisions and prognosis.

Given the widespread diffusion of diagnostic manoeuvres.

Feinstein points to the increasing likelihood of iatrogenic

consequences for the patient. This risk is of two types: the

direct result of the application of an investigative technic,

and the indirec~ .result of hospitalization and deterioration of

function incurred by the patient undergoing evaluation. Ansell

(1976) provides a comprehensive review of complications and ill

effects associated with the more invasive diagnostic procedures

used in radiology.
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Further discussion of the need for a rational assessment in

health· care is found in Cochrane's (1972) book: Effectiveness and

Efficiency. He postulates a need to receive optimal bentfits~from

the health care system, and. this is realized ultimately by the

appllcation of cost-to-benefit analysis to alternative courses of

clinicial action. The prior condition for this procedure is the

construction of indexes of effectiveness; these are measures of the

effect of a p~rticular medical action in altering the natural
,

history of a particular disease for the better.

The most reliable, though not the most frequently employed,

technic for assessinq effectiveness in medical care is the

experiment - the contro11ed clinical trial. The most frequent

appl.ication of the experimental method in clinical research is to

test a derivative of· the hypothesis that a therapeutic regimen will

do more good than harm to the patient. Less well developed is the

use of the trial .in eval uating the effectiveness of diagnostic

p·rocedures. Cochrane proposes the use of the ~r·la=l·in the assess-

ment of tests used in screening as well as those used in diagnos~s .

.,,

In applying a screen of known

asymptomatic population there

.
sensi~ivity and specificity to an

l.'

are ~o results: in a small propor-

•

tion the disease being sought is discovered, and in the majority

the disease is excluded. In clinical practice, however, the aim

is to assess a patient's symptoms, signs, and comp~nts. Given

the data generated from the history, phy~ical examination and

laboratory tests, the cliEician poses an answer to the presenting

problem, and proceeds to initiate therapeutic· plan. In screening,
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the- likelihood of dtscovering a disease for which there exists no

beneficial~reatment should be nil, while in clinical practice this

is a very frequent occurrrence.

Despite the noted difficulties of evaluation of diagnostic

I tests by a sound methodology, Cochrane feels that it is an

appropriate course of action. The typical course of evaluation,

he says, gives not enough weight to the welfare of the patient.

1.2 Conclusions

A case has been presented for the necessity to evaluate

those technics which provide information about a patient~s condition.

The technic may be diagnostit insofar as it yields information

that leads to a therapeutic solution to the patient's presenting

problem. It also may be a management technic when applied to

assessing the extent of disease or the patient's response to a

~peutic regimen.

" ~The two crucial questions to be answered with regards to

the use of any such innovative technics are:

(1) How accurate is the diagnostic information it is
•

providing?

(2) What effect will the use of this new technic have

on the patient?

When these questions are addressed to an innovative technic, they

must be answered in a comparative framework, i.e., in relation to

the existing diagnostic or management process.
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Table 1.1 illustrates each authors' position with regard

to the problem of appropriate utilization of innovative diagnostic \ ..

- I)lanoeuvres.

\

"
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Table 1.1

I
1

Problems and Solutions of Selected Authors in Respect of

Technological Innovation in Health Care

. ;..
Author

McDermott (1977)

Problem

persistence of unvalidated
technologies

Solution

Institute of
Medicine (1977)

Murphy (1976)

(nchrane (1972)

Wulff (1976)

Conclusion

,

personal and informal
evaluation

inherent irrationality
in diagnostic process

proliferation of diagnostic
and therapeutic manoeuvres

suboptimal use of health
rare manoeuvres

insufficient scrutiny of
diagnostic innovation

problems within the
delivery system, particu
larly in relation to the
lntegration of new
diagnostic tests

8

clinical trials
methodology

rational ity in
cl inical arts

clinician as
scientist

eYaluation of
effect i veness
and efficiency

fo 11 ow model
of evaluation
of therapeutics

require evaluation
prior to widespread
diffusion into
clinical practice
























































































































































