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Modemn technology itself has provided a
mechanism whereby we can by-pass the
dilemma caused by the indefinability of
quality. The technique comes from opera-
tions research. In this practical approach,
quality is defined operationally in terms of
the final product or the objectives of the
system. In our case, these are the nuclear
medical services themselves. Using this
mechanism, the first step is to establish
the goals. The second stage is to make
measurements of outcome and compare
the two. Corrections at regular intervals
improve the match between the outcome
and the goals, which can be routinely up-
dated to match the objectives of the over-
all health care delivery system. This ap-
proach to quality allows us to continuously
change our expectations for nuclear medi-
cine and to continually improve the sys-
tem, without requiring an arbitrary defini-
tion of quality.

The use of this approach to achieve
quality in nuclear medicine begins with
a description of nuclear medicine using the
terminology of the systems analyst. Once
the parts are identified, standards can be
devised and quality control tests estab-
lished to compare day-by-day performance
with the accepted standard. Feedback
loops can then be created to correct the
performance of each part. Examples of
feedback loops that work very well in nu-
clear medicine include the initial film read-
ing by the staff required before the tech-
nologist is allowed to release the patient.

If the physician finds the film quality to
be less than he expects, he may suggest
changes in technique and request addi-
donal films. In this situation the stan-
dard is a hypothetical film existing in the
mind’s eye of the physician. This standard
is usually an evolving image that changes
as the understanding and experience of
the physician increases. Feedback is often
immediate and provides a constant impe-
tus for improving the image-acquiring pro-
cedures. Another feedback loop occurs at
the same time. If the distribution of the
tracer in the patient, as revealed by the
image, deviates from the expected distri-
bution, this information is usually relayed
directly back to the radiopharmacy, along
with a request to correct the radiophar-
maceutical preparation before a dose is
prepared for the next patient. These feed-
back loops are useful on a day-to-day basis
to maintain and improve the performance
of individual components of the system.
These might be termed as the first level of
quality control.

The second level of quality control fo-
cuses on the interrelated functions of the
component parts, such as matching the
tracer to the collimator and the nuclear
detection device. The third level is the se-
lection of an optimized set of operating
parameters for all the component parts.
The final level is matching the perfor-
mance of the whole nuclear medicine
clinic to the requirements of the hospital,
the community, and the national health
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10 The nuclear diagnostic system

care delivery system. Again, evolving
standards, quality control procedures, and
feedback loops are essential. However, at
these higher levels they are not as easy
to specify and institute as they are at the
basic level.

A basic principle of quality assurance
in a system is that it is not enough to
check out the performance of each compo-
nent part or individual worker. Rather, a
random sample of final products must be
taken from the end of the line and tested
against standards. A failure to use outcome
measures of quality means a failure of
quality control in the overall system. A sys-
tem not managed or directed by objectives
tends to become inefficient and to maxi-
mize secondary objectives. Thus, the sys-
tem tends to focus on factors that affect
one outcome in a thousand, such as record
keeping of radioactive inventory, while
neglecting factors that may affect one out-
come in ten, such as physically examining
each patient prior to administration of the
tracer. Another potential system failure re-
sults in ineffective linkages of the nuclear
medical clinic to other parts of the overall
health care system. An example of this
would be failure to ensure that patients
from our clinic find their way to the next
specialist and failure to ensure that in-
formation we have obtained follows the pa-
tient to the next station within the system.,
A significant long-term failure often re-
sults when a system cannot learn from
itself. The feedback loops, at all levels, al-
low for the system’s self-learning process.
Nuclear medicine often accomplishes self-
learning in the area of acquiring images
and of correcting radiopharmaceutical fail-
ures, What are needed, however, are feed-
back loops that will allow corrections at
higher levels.

System evaluation and adjustment

The following are steps necessary in
a system analysis® to adjust outcomes to
achieve quality in nuclear medicine:

1. Determine the objectives of the sys-

tem.

2. Identify outcome measures that can

be used to test the effectiveness with
which the objectives are achieved.

3. Identify input variables and classify
them as controllable and uncontrol-
lable.

4. Develop strategies, for example, con-
figurations of controllable variables,

5. Design apparently effective strategies
using experiment or analysis.

6. Implement one or more strategies,

7. Evaluate strategies using outcome
Imeasures.

8. Loop back to step 4 when objectives
remain constant or to step 1 when
objectives are changed.

OBJECTIVES OF NUCLEAR MEDICINE

The overall objective of nuclear medi-
cine clinics is to provide diagnostic radio-
tracer tests and radiotherapeutic adminis-
tration of isotopes. In addition to these
clinical services the unit often provides
training for technologists, residents, and
perhaps graduate students. Research proj-
ects may also be carried out in conjunction
with the routine clinical activities.

The clinical diagnostic services are de-
signed to provide information that will
make a contribution to overall patient care.
Usually the objective includes improve-
ment and updating of services to provide
the latest and most effective technological
advances, upgrading the sensitivity and
specificity of diagnostic tests, and increas-
ing the availability of the test while hold-
ing down costs. At times this means in-
stituting a“ tracer test to replace an inva-
sive procedure such as a biospy or using a
tracer to screen patients for arteriography,
as when using a kidney scan to select can-
didates for surgery prior to the preopera-
tive renal arteriogram. At other times it
means selecting or developing a tracer test
in which radiation exposure is minimized
without compromising on the required di-
agnostic information. Minimizing risks
also means avoiding the use of toxic levels
of ingredients in the tracer formation. It
may also mean avoiding long or traumatic
experiences for the patient.

The training and research objectives are
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also important to the lt?ng-term qgah‘ty of
atient care. Training is uspally aimed at
increasing individual effectiveness and at
roviding adequate numbers of trained
persormel. Research is carried out to im-
rove and update nuclear medical practice,
specifically, and to increase our overall
understanding of health and disease, gen-
erally. The research may also be designed
1o obtain objective evaluations of other
components of the health care system. An
example of this is the use of gallium-67
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Fig. 2-1. Dr. Starfield recommended that we consider
these seven criteria when we measure outcome,
Resilience is the ability of patients to cope with ad-
versity on a long-term basis. Achievement is mea-
sured by objective tests, which determine if our sys-
tem has really improved the health of the patients
in terms of what they can do. Another unique aspect
of nuclear medicine is that its physiologic measure-
ments can provide objective tests to measure the
achievements of other parts of the overall program
of health delivery. The old standard measurements of
outcome were of whether the amount of disease in
the population actually decreased. Satisfaction is
measured from the patients’ point of view. Are they
satisfied with their states of health as a result of what
we have done? Another measurement is of comfort.
In the long run have we done something to reduce
the pain or reactions that the patients have to their
diseases? Activity, or the long-term functional capac-
ity of the individual, and how it is affected by going
through our clinic is also measured. Longevity is
expressed in terms of changes in life expectancy.

whole body scans to evaluate the results
of cancer therapy.

OUTCOMES AND THEIR MEASUREMENT

The systems analysis approach requires
identification of outcome measures that
express the effectiveness with which the
objectives are achieved. Starfield® (Fig.
2-1) has proposed seven categories of out-
come that are classified as vectors because
they have both direction and magnitude.
The qualities are measurable but require
cosily long-term follow-up studies done
with parallel control studies. For example,
we could design, in theory, a study to de-
termine if patients with the diagnosis of
cancer who have periodic bone scans to
identify bone metastases live longer than
a control group of patients matched with
respect to symptoms, treatment, age, and
so on, who do not receive bone scans.
These kinds of studies are indeed useful;
howevet, from the practical point of short-
term decision making less involved mea-
sures should be available.

Measures of the progress of care* out-
lined below can be used to evaluate
achievement of objectives on a short-term
basis. Thus, both the measurements of
process in addition to measurements of
outcome are needed.

1. Inclusiveness
a. Proportion of population reached
b. Proportion of health problems covered
2. Content
a. Completeness of services
b. Rationality of services
¢. Appropriateness of services
d. Humaneness of services
3. Productivity
a. Volume of services rendered
b. Health productivity
c. Costs of services

PROCESSES AND THEIR MEASUREMENT

The process of care can be quantified
using three types of measurements. First,
there are measurements of inclusiveness.
What proportion of the population is actu-
ally reached by our procedure? Are all of
their problems recognized and met? We
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realize that the general public does not
feel we are giving quality medical care
when we have great procedures that can
be carried out only for a few patients, Then
there are measurements of content. How
complete is our service? Is the service part
of a logical and necessary process from
the standpoints of patient and referring
physician? Are our services appropriate to
the problem at hand? Finally, are the ser-
vices humane? Do the patients have a hu-
man experience when they pass through
the clinic? The answers to these questions
are given by measures of content of care.
The third measurement of process an-
swers questions of productivity of the sys-
tem. What volume of services are ren-
dered? What is our consumption of re-
sources in rendering these services? What
is our productivity in terms of the overall
health of the population in general?

The following is an outline of specific
objectives and measures in the nuclear
diagnostic system that can be made to
determine how well the system is func-
tioning:

I. Objectives of the system
A. Service objectives
1. To provide information that will im-

prove patient care by:

a. Increasing the specificity and sen-
sitivity of diagnosis

b. Increasing speed of recovery and
patient satisfaction

¢. Decreasing morbidity and mor-
tality

d. Decreasing risks of exposure to
unnecessary nonnuclear proce-
dures

€. Decreasing cost of patient care

2. To minimize risks to the patient due

to:

a. Exposure to radiation

b. Exposure to toxic materials

¢. Exposure to long or traumatic
procedures

B. Training objectives

1. To increase personal effectiveness
2. To provide adequate numbers of
trained personnel

C. Research objectives

1. To improve and update the nuclear
diagnostic system

2, To increase our understanding of
health and disease
II. Evaluation of system performance
A. Service function
1. Benefits

a.

Structural measures
(1) Number of nuclear proce-
dures completed

(2) Number of higher risk proce-

dures eliminated
(3) Number of referring physi-
cians using service
Process measures
(1) Inclusiveness
(a) Proportion of patients uti-
lizing service
(b) Proportion of physicians
utilizing service
(c) Proportion of diagnostic
problem covered
(2) Content
(a) Proportion of definitive
nuclear diagnosis
{b) Proportion of services
performed when re-
quested
(c) Proportion of tests per-
formed on time
(d) Proportion of tests requir-
ing repeat studies
(e) Proportion of patients
having a positive experi-
ence during the study
(3) Productivity
(a) Number of diagnostic de-
cisions influenced
(b) Number of therapies al-
tered ;
Outcome measures ’
(1) Longevity
(2) Activity
(3) Comfort
(4) Satisfaction
(5) Disease
(6) Achievement
(7) Resilience

2. Costs

a0 ow

Dollars spent

Financial restructuring

Number of therapies misdirected
Radijation exposure

Number of patient experiences
(1) Trauma

(2) Adverse reaction

(3) Discomfort

(4) Dissatisfaction
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Fig. 2-2, This is a rough outline of an evaluation scheme that can be applied to a nuclear diagnostic
systemn, For example, patients with a complaint such as acute abdominal pain are admitted and
randomly sorted into two pathways, one of which goes through the nuclear clinic and one that
does not. Measurements of the entire hospital system’s output are taken. Several measurements
are required; examples of three are listed here. If the values for each of these measures are com-
pared, the contribution of the nuclear diagnostic system to the quality of patient care becomes
measurable. This scheme can also be applied to the problem of optimization of the nuclear system.
If similar patents are randomly put into the system, half of them having one configuration and
half the other, the groups can be compared using identical measures of output. In this way, any
differences between the two configurations of input variables become measureably apparent.

B. Training function

1. Benefits

a. Levels of personal competence
b. Number of trained personnel
c. Improvement in service and re-

search functions

2. Costs

a. Dollars spent

b. Losses in service or rvesearch

functions

C. Research function

1. Benefits

a. Improved service and training

functions

b. Increased understanding of
health and disease

2. Costs

a. Dollars spent

b. Losses in service or training func-

tions

The techniques of decision theory are ap-
plied to formulate optimum decision strate-
gies to problems of medical diagnosis and
therapeutic schemes.!*® This approach
is theoretically applicable to decision mak-
ing in which configurations of control-
lable variables produce optimal designs of
nuclear diagnostic systems. Often a cost-
benefit analysis such as that outlined in
Fig, 2-2 is useful. For a more detailed dis-
cussion of diagnostic strategies see Chap-
ter 10,

INPUT VARIABLES

" Many factors influence the nuclear diag-
nostic system. These variable inputs to the
system are broadly classified as controlla-
ble or uncontrollable. In reality, however,
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Uncentrollable
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4. Random component
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5, Human errors
6. Statistical noise

Controllable
variables

—

. Patient selection

2. Procedure
f a. Rodiopharmaceutical
b. Nuclear detection device
¢. Sampling times and
positions
d. Data processing
e. Output display
f. Data reduction
3. Ancillary data
4. Decision criteria and
reporting procedures
5. Manpower
6. Physical and administrative
structures

R
JIAGNOSIS

Fig. 2-3. In system analysis the system is represented as a black box. What goes in and what comes
out of the black box are measured. Testing is accomplished by changing inputs and measuring

the resultant effects on the outputs.

the inputs are rarely totally controllable or
totally uncontrollable. For example, when a
new clinic is being designed, the floor plan
is controllable within certain limits. Later,
as the building is completed, the ability to
control the floor plan is greatly reduced.

Uncontrollable inputs

Fig. 2-3 contains an outline of most of
the input variables we deal with in nuclear
medicine. To be workable, the system
must be flexible enough to accommodate
the ranges of values for the uncontrollable
variables. An example of such a variable
might be the request for three emergency
lung scans at midnight. The timing and
frequency of requests is perhaps the easi-
est of the uncontrollable variables to rec-
ognize. Other random phenomena with
which the system must be able to cope
are inherent patient variability coupled
with the range of pathology associated
with various diseases, hidden interfer-
ences, unpredictable component failures,
human error, and various forms of statis-
tical noise.

Controllable inputs

PATIENT SELECTION. Usually it is con-
sidered good practice for patient selection
to be a controllable variable. This is not a

requirement of the system, however, since
the clinic may test any patient for whom a
study has been requisitioned. In cases of
certain in vitro assays the nonselection of
patients may be cost effective. More often,
carefully followed selection criteria prove
beneficial. Thyroid workups are good ex-
amples of this, since many treatment regi-
mens may alter the test results. Hence, a
review of the history and patient interview
are vital in deciding which tests should
and can be performed to provide meaning-
ful data.- This topic is explored in more
depth in Chapters 7 and 10. ‘

PROCEDURES. Selection of the best radio-
active tracer, imaging device, display, and
so on is the subject of much of the scien-
tific literature in nuclear medicine. These
components are discussed individually in
subsequent chapters. Also it is important
that the different components are prop-
erly matched. For example, collimators are
changed depending on which radiophar-
maceutical and which organ are being
imaged. ‘

ANCILLARY DATA. Ancillary data are ob-
tained from the requisition, the patient’'s
medical record, the patient interview and
examination, and the referring physician.
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This data is useful in patient selection and
in the selection of decision criteria and
may also influence reporting procedures.
It is economically important to get all the
essential facts rapidly. Efficient use of
physician time is directly related to how
this variable is controlled.

DECISION CRITERIA AND REPORTING PRO-
cepURES. It is probably characteristic be-
havior of nuclear physicians to use an-
cillary data to help move up and down
the receiver operator characteristic (ROC)
curve. If a 20-year-old woman with a gen-
eralized severe headache of three years’
duration and no neurologic signs has a
brain scan, the decision criteria may be
appropriately biased in favor of calling the
scan normal, On the other hand, if a pa-
tient with multiple myeloma and visu-
alized bone density changes has a bone
scan, the physician may change his bias
in favor of calling the scan abnormal.
The study and the use of ROC analysis
to adjust observer bias and make it a con-
trollable variable is a recent innovation
in nuclear diagnosis. This is discussed
more fully in Chapter 13.

MANPOWER. The number of personnel
and their backgrounds and levels of train-
ing are obviously major determinants of
quality. The current trend is to estab-
lish minimum requirements of accredited
training programs and to provide certifying
examinations for personnel. The optimum
configuration of people to provide quality
services and acceptable costs is a major
administrative problem (see Chapter 12).

PHYSICAL AND ADMINISTRATIVE STRUC-
TURES. The importance of physical and
administrative structures is so central to
quality that they come under the scrutiny
of hospital accreditation programs. Main-
tenance of sufficient flexibility to keep
these factors as controllable variables is a
major part of the management of nuclear
medicine clinics.

OUTPUTS: COSTS AND EFFICIENCY

Nuclear medicine outputs, in simplest
terms, are two pieces of paper. The first
paper is the report that is sent to the re-

ferring physician telling him the results of
the study; the second is the bill sent to the
patient or third party payers. Efficiency,
defined in these simple terms, is the value
of the report compared to the cost of get-
ting that report to the referring physician. -
Evaluations of the quality of system per-
formance include efficiency, but this is by
no means the total story, since quality in-
volves much more than having an efficient
operation.

The medical output of the nuclear medi-
cal clinic is characterized by the sensi-
tivity and specificity of the reported diag-
nosis. These are related to the controllable
inputs; thus they can to a certain extent be
controlled by how the constellation of input
variables is arranged. For example, we may
change the decision criteria and as a result
alter the specificity and sensitivity of the di-
agnosis. We can also change things such as
the detection devices or the tracer; these
also change specificity and sensitivity.
Each change also has its associated cost
and change in the level of productivity.
In addition to dollar costs there are the
risks associated with radiation exposure
and the other hazards of the test proce-
dures, including patient discomfort.

Quality control

Quality control has three essential in-
gredients: standards, surveillance, and re-
sponsiveness, or corrective action. When
surveillance indicates substandard prod-
ucts or performance, the quality is re-
stored by taking the appropriate correc-
tions. Standards for quality control check-
ing of radiopharmaceuticals and nuclear
instrumentation performance are still
evolving. Standards for intercomparing
radioactivity measurements are well es-
tablished and traceable to national and
international standards.

Standards come from different sources
—research, group judgment, or obser-
vation of practice. In nuclear medicine
there are usually a few well-documented
tissue distribution or follow-up studies. For
example, the paper, “Pharmacodynamics
of Some Technetium-99m Preparations,”
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chalk in 1966.% has served as the key ref-
erence data to which many subsequent
biodistribution studies of technetium ra-
diopharmaceuticals can be compared. An-
other example is follow-up studies’ to
evaluate the accuracy of brain scanning.
This initial study revealed a diagnostic
sensitivity of around 80%.*7 Subsequentily,
with the introduction of new tracers, in-
strumentation, or procedures, diagnostic
sensitivity has often been remeasured and
the results compared to the earlier re-
ports.2!

What is done when the surveillance pro-
gram indicates that performance is not
up to standard? If quality is to be con-
trolled a corrective action must be taken.
Four levels of corrective action have
been recognized: education, procedural
changes, reinforcement and encourage-
ment, and intervention. Often the recogni-
tion that the result is substandard is suf-
ficient motivation for making the adjust-
ment. A technologist looks at the film and
sees that the contrast is not right, read-
justs the instrument, and takes new film.
This type of response is dependent on
education. If the technologist is aware of
the required levels of quality, can evaluate
the quality of his films, and is well aware
of what adjustments can be made to im-
prove quality-—in other words, is well edu-
cated—often this is sufficient to control
quality.

Sometimes standard quality can be re-
stored only by making procedural changes.
When #mTc-albumin was being labeled by
the tedious iron-ascorbate method, preser-
vative-free ascorbic acid was a key re-
agent. When this ingredient became com-
mercially unavailable, substitutions were
made, but quality of the tracer remained
unsatisfactory until appropriate procedural
changes were instituted.

Motivation is very important to-quality.
Reinforcement by appreciation of high
quality work and by providing encourage-
ment to improve and maintain quality is
a major contribution to the sustained prac-
tice of quality nuclear medicine.

" published by Harper Lathrop, and Gotts-  Finally, poor

“quality can be stopped
actual intervention. Local hospital comn
tees or administrators, state boards a
licensing agencies, federal regulat
agencies—the Nuclear Regulatory Co:
mission (NRC), the Food and Drug A
ministration (FDA), and others—have tl
authority to intervene when the practic
of nuclear medicine fails to meet leg:
standards. This is rarely necessary in nu-
clear medicine because poor quality is
often immediately and visually apparent.
If a physician gives a patient an aspirin
that for reasons of poor quality fails to pro-
vide the standard response, how does het
know that this has occurred? If a physi-:
cian gives a patient a bone scanning agent
that does not accumulate in the bone, he
has within about three hours a picture re-
vealing that problem and also indicating
the cause of the failure. Corrective action .
is almost always taken. Also medical ethics
and financial considerations are powerful
forces operating to assure high quality in
nuclear medicine,

In current practice, nuclear medicine is
overregulated to a point of loss of quality,
High expenditures of efforts and talent to
meet governmental requirements take at-
tention away from the patient and the sup-
porting staff. John McAfee!® has expertly
focused our attention on the negative as-
pects of the current “regulatory jungle”
and its waste of public funds. A most ob-
vious example of this is to see someone
standing by a radiation source filling out
legally required documents. The purpose
of the initial regulation was to limit radia-
tion exposure, but the user is unneces-
sarily exposed to radiation in order to pro-
vide proof to a regulatory agency that he
has complied with the letter of the law.
In following the letter of the law, the spirit
of the law is violated. We must encour-
age governments to invest in education,
the first level of corrective action. This
is more cost effective in improving qual-
ity than investments in regulation, the
final level of corrective action, where in-
tervention is often more harmful than
kelpful.
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standards and standardization

gtandardized radioactive sources are
widely available. Standardized radiophar-
maceutical preparations are not. Standard-
ized animal models and procedures for
Jetermining biodistributions are not. Indi-
vidual specifications are established for
each NDA-approved radiopharmaceutical;
however, these specifications are not pub-
lic information. Standardized performance
characteristics for nuclear instrumentation
are under development, and some instru-
mentation testing procedures are available.
standardized diagnostic procedures are not
available. Thus, some components of the
system can be standardized; other parts
cannot.

While standardized evaluations of sys-
temn components are essential to quality in
nuclear medicine, standardization of the
whole procedure may not be. Watts!® has
argued that the art and science of medi-
cine as practiced by an individual physi-
cian is a unique thing. He notes that a pa-
tients’ response to his disease and to the
medical system is also highly individual.
A third unique part also exists; this is the
process of interaction of the patient with
the system; that is, each experience that
the patient has with the medical system
is also unique. Consequently, three inde-
pendent, unique factors are involved when
a patient comes for medical care. Watts’
argument, in brief, is that to have high
quality care, these three unique processes
must be carefully considered. Standardi-
zation of the whole process ignores the
uniqueness of these three human interac-
tions. Watts’ conclusion is that quality is
lost roughly to the extent that standardi-
zation takes place,

Thus, it appears that on the one hand
we are saying that standardization is a
good thing, and on the other hand we are
saying that standardization may indeed be
the opposite. But it should be clear that
we are calling for use of quality control
standards for system components, being
sure that each component of the nuclear
diagnostic system has been compared to
the appropriate standard, and that each

procedure has been controlled by compari-
son to reference procedures. If this is
done, and if the physician and patient are
assured that this is done, then they are
free to interact in their own unique and
individual way.

Summary

The essentials of quality assurance in
nuclear medicine depend upon system and
component performance standards, sur-
veillance, and corrective actions. Assess-
ment of the quality of overall performance
is based on measurements of structure, of
process of care, and of outcome. The eval-
uation of quality must take into account
the values and objectives of the patient, the
physician, the health care system, the
third party payers, and society at large.

The dilemma and difficulties inherent in
quality assurance program design include
(1) societal demands for a guarantee of
highest possible quality for all patients at
all times, coupled with the difficulties of
amassing quantitative measures that dem-
onstrate this guarantee has been fulfilled;
(2) the possibility of an inverse relation-
ship between quality and rigidly standard-
ized procedures; (3) the diminished re-
sponsiveness to change imposed by stan-
dardization; and (4) the conflict posed if
those responsible for the service are the
same as those responsible for its eval-
uation.

References

1. Collen, M. F.: Technology and health care sys-
tems in the 1980’s, Proceedings of a Conference,
DHEW Pub (HSM) 73-3016, Jan. 19-21, 1972,
San Francisco, Calif.

2. DiChiro, G.: RISA encephalography and con-
ventional neurclogic methods, Acta Radiol,
suppl. 201, 1961.

3. Donabedian, A.: Promoting quality through eval-
uating the process of patient care, Med. Care
6:181-202, 1968.

4. Flagle, C. D.: Assessment of quality of the pro-
cess of care. An International Conference on
Health Technology Systems, San Francisco, Nov.
14-16,"1973.

5. Flagle, C. D.: Evaluation of health care systems.
Problems-directed and medical information sys-
tems, Symp. Specialist, Miami, pp. 187-194,
1973.



18 The nuclear diagnostic system

6.

10.

11

12.

13.

Flagle, C. D.: Evaluation techniques for medical
information systems, Comput. Biomed. Res. 3:
407-414, 1970,

- Goodrich, J. R., and Tucker, F. T.: The isotope

encephalogram in brain tumor diagnosis, J. Nucl
Med. 6:541, 1965.

. Harper, P. V., Lathrop, K. A., and Gottschalk, A.:

Pharmacodynamics of some technetium-99m
preparations in radioactive pharmaceuticals, In
Andrews, G. A., Knisely, R. M., and Wagner,
H. N. Jr., editors: Conf. 651111, Springfield, Va.,
1966, U.S. Dept. of Commerce, National Bureau
of Standards, Clearinghouse for F ederal Scientific
and Technical Information.

. Lovegrove, F., Langan, J., and Wagner, H. N..

Jr.: Quality control in nuclear medicine proce-
dures, J. Nucl, Med. Technol. 2:44-31, 1974.
McAfee, J. G.: Is nuclear medicine in trouble?
Am. J. Roentgenol. Radium Ther. Nucl. Med.
126:908, 1976,

McKillop, W.: Assessing quality of medical care,
Hosp. Admin, 19:4, 20-43, 1974.

McNeil, B. J., and Adelstein, S. F.: Measures of
clinical efficacy: the value of case finding in hy-
pertensive renovascular disease, N. Engl. J. Med.
293:221, 1975.

McNeil, B. J., Carady, P. D., Burrows, B. A., and
Adelstein, S. J.: Measures of clinical efficacy:

14.

16.

17,

18.

19.
20,

21

BERE i

cost-effectiveness caleulations in the diagnosig

and treatment of hypertensive renovascular dig. |

ease, N, Engl. J. Med. 293:218, 1975,

McNeil, B. J., Keeler, E., and Adelstein, S. J.
Primer on certain elements of medica] decisior
making, N. Engl. J. Med 293:211, 1975.

. Pauker, S. G, and Kassirer, J. P.; Therapeutic

decision making: a cost-benefit analysis, N. Engl,
J. Med. 293:229 1975,

Schonbein, W. R.: Analysis of decisions and in-
formation on patient management, In Potchen,
E. J., editor: Current concepts in radiology, vol,
2, St. Louis, 1975, The C. V. Mosby Co.

Slee, V. N.: How to know if you have quality
control, Hosp. Prog, 93:38-43, Jan., 1972.
Starfield, B.: Measurement of outcome: a pro-
posed scheme, MMFQ/Health and Society, Win-
ter, 1974, pp. 39-50.

Watts, M. §. M. The price of quality in medical
care, Calif. Med. 119:1, 1973,

Williams, K. J.. Beyond responsibility: toward
accountability, Hosp. Prog. Jan., 1979,
Witcofskd, R. L., Maynard, C. D., and Roper, T.
J.: A comparative analysis of the accuracy of the
technetium-99m pertechnetate brain scan: fo-
lowup of 1,000 Patents, J. Nucl Med. 8:187,
1967,




Quality Control in Nuclear Medicine.  BA Rhodes Editor.  The C. V. Mosby Company, 1977. Pages 9-18.  Reproduced with permission.




