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Reply
The points made by Dr. Sauer have beencovered in our paper.

We mentioned in the text that early brain imagesare inferior to
delayedonesin detectingCNS lesions,but wealsostatedthat the
use of both may be of help. In our table it is shown that in 2% of
cases the early studies contained diagnostic information not
demonstrated in the delayed images. In addition, in 6% the early
study showedmore radioactivity in the abnormality than did the
delayed images.We discussedthe superiority of earlier imagesin
demonstratingvascularabnormalities. We alsoobtaineda routine
early static image in the projection in which the flow study was
performed. Currently we are not performing routine early studies
exceptin patientswith scalpor skull lesionsand in thosesuspected
of having AV malformation or meningioma. The purposeof our
paperwasto publishthestatisticsof a largeseries,comparingboth
early anddelayedTc-99m glucoheptonatebrain images.Our final
conclusion was that the early TcGH brain scintigram is not a
substitute for a delayed study. However, early scintigraphy was
helpful in our seriesin 8%of thecasesstudied.Thus, if the logistics
in a given institution permit early studiesto bedoneroutinely, we
feel this approach to be warranted.

DOINA E. TANASESCU
Cedars-SinaiMedical Center
Los Angeles, California

Accuracy Requires Precision:A Comment on Un
derstandlng and Using Statistics in Nuclear Medi
cine

In a recentarticle, Levin (I ) reviewedsomeof the fundamental
principles of statistics as they apply to the estimation of mea
surement uncertainties. Although efforts to get practitioners of
nuclear medicine to understand and usestatistics are laudable,
Levin, unfortunately, hasreinforced a common misunderstanding
of the meaningof â€œaccuracy.â€•The distinction betweenprecision
and accuracy is frequently misunderstood (2). Accuracy is not
independent of precision. Accuracy requires precision. The
problem goesbeyond mere definitional semantics, but leadsdi
rectly to a misunderstandingof the measurementprocessand the
requirements necessary for obtaining accurate measurements.

EarlyBrainImages,an ImportantDefinition
I enjoyed the recent paper of D. E. Tanasescu, et al. (1) and I

hope that many of my colleaguesin Germany and Europe have
read it. The authors compare early and delayed Tc-99m gluco
heptonate brain images, performed with an Anger camera, and
conclude that early Tc-99m GH brain imagesare inferior to the
delayedonesand cannot give much additional information to the
physician. I welcome this paper and the former presentationsof
this group demonstrating the effectivenessof brain scanningwhen
3- or 4-hr delayed images are made. But I think that the first
problem in this connection is to define what an early brain image
is. We can agree that delayed scans are superior compared with
20- to 30-mm photos.And I believe, further, that there is no dif
ferencebetween30- and 60-mm images.

Beginning in 1968our brain studieshavebeencarried out fol
lowing a multiple stepapproach: first a dynamic study, followed
by early images I to 5 mm after injection in three planes.Then we
perform 1- and 3-hr delayed brain scans(2). Someyearsagowe
postulatedthat delayedimages(after 3 or morehours)arethe most
important in arriving at a diagnosis. But we havealso found the
early pictures to be necessaryin patients having an AV malfor
mation, i.e., angiomas, aneurysm, etc. In the detection and dif
ferentiation of meningiomas,the I - to 5-mm scintiphotosare very
important, becausethey permit correct diagnosisof meningiomas
(3,4). Photosmade I hr after injection are not very informative
and can therefore beomitted. In my opinion 20- to 30-mm images
will not demonstratea high levelofvascular radioactivity in a Ic
sion.

Our earlier studieswere performed using Tc-99m as pertech
netate, and we concluded, in agreement with H. RosIer, that with
this tracer the nuclide at I to 5 mm after injection must be intra
vascular, therefore demonstrating highly vascularized lesions at
sucha time. Using Tc-99m complexed(5n2@)with citrate, DTPA
and glucoheptonate, we observed,in the early photos, the same
effectsaswith pertechnetate.We conclude,therefore, that images
at I â€”5mm also permit the demonstration of high vascularity if
Tc-99m chclatesare used.Forsomeyearsall our brain studieshave
beenperformed using thesetracers.

I think, therefore, that we must make really early photos im
mediately after tracer injection, but that imagesat 20, 30, or 60
mm can bedispensedwith. I would behappy to find other writers
agreeing, for without suchan agreement,wecannot comparethe
results of our studies.

Finally, I must discouragethe useof a secondtracer dose,after
the delayedscintigramsaredone,in order to getvery early images.
This doubles the radiation doseto the patient, and it is not at all
necessary.I think early imagesimmediately following a dynamic
study are not so expensive that they cannot be performed routinely.
In our department we havebeendoing this for many years.

J. SAUER
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Consider a measurementresult, x, of a quantity obtained from
somegiven measurementprocessand usedto estimate the true
value, r, of thequantity. The accuracyof the measurementprocess
is, asstated by Levin, a measureof the closenessto the truth. In
fact, the absolute error of a particular measurementresult is just
the difference between x and r (2). The exact difference is, of
course, unknowable becausethe true value can never be known
exactly. Although the absoluteerror is unknowable, limits to its
magnitude can be inferred and estimated from the measurement
process itself. This estimate of the limits to the absolute error is
referred to as the uncertainty. For reasonsthat will be demon
strated shortly, the uncertainty, and hencethe inaccuracy, of the
measurementprocessmay beappreciableevenif theabsoluteerror
of a particular result is fortuitously negligible or evenzero. Fore
most, the uncertainty should bea statement,basedon a complete
andcredibleassessment,of the likely inaccuracyor the likely limits
to the absoluteerror in the measurementresult.The overallor total
uncertainty is used to estimate the inaccuracy of x, and can be
thought to becomprisedof two typesof uncertainty, namely ran
dom variability and systematic bias.

The random uncertainty is a statement of precision and is a
measureof the reproducibility or scatter in a setof successivein
dependent measurements. Precision then is a measure of the
closenesstogether. Sample statistics suchasthe standard devia
tion, s,@,which are computed entirely from the measurement data
and used to estimate the population parameters such as o@,are
commonly usedmeasuresof precisionâ€”or,more correctly, mea
suresof imprecision.

In contradistinction, a bias is a deviation from r that is always
of the samemagnitude and direction. It cannot be estimated or
calculatedsolely from a givensetof replicate measurements,since
every measurementis affected by the systematicbias in the same
way. A bias is the difference @s,@-rbetweenthe limiting mean(@)
associatedwith the measurementof the particular quantity by the
given measurementprocess,and the true value, r, of the quantity
(2). The detection of bias in a measurement process may be
achievedby comparisonwith a standard (a defined true value) or
by verification with two or more independentand reliable mea
surement methods (3). There can be many contributing sources
of bias in a given measurementprocess.They can be introduced
by the measurement processand are characteristic of it. Such
systematicbiassesare not amenableto statistical treatments.The
biassesshould be estimated upper limits for each conceivable
sourceof inaccuracy in the measurementprocess.Their magni
tudeswould preferably bebasedon experimentalverification with
standards or other methods,but may have to be estimated from
experienceand judgement.

The very familiar bull's-eye example shown in Fig. I and re
ferred to by Levin shouldhelp to illustrate the distinction between
precision and systematic biasses,and their relation to accuracy.
The bull's-eyeof the target correspondsto the true value,and the
six shotsrepresentindividual measurementresults.The figure il
lustrates the concept of an inaccurate measurementdue to im
precision,a precisebut inaccurate measurement,and an accurate
measurement.In the uppercase,a systematicbiasmay or may not
bepresent.It is impossibleto know for certain becausethe precision
is inadequate. In the middle case,the measurementis precisebut
is inaccurate since a bias is present. Finally in the bottom case, we
havethe desiredcondition (accuracy). There is nosuchcaseasan
accurate but imprecise measurement. Accuracy is not independent
of precision.Precision,in fact, is the first requirementfor accuracy
(2).

One must recognizethat asa practical matter it is necessaryto
achieveprecisionbeforeanything canbelearnedabout the possible
presence of a systematic bias. Furthermore, in reality the location
of the bull's-eye (i.e., the true value) isgenerally unknown.Before
one can begin to deduce the location of the bull's eye, one must first

INACCURATE â€¢
N@ASUREMENT S'YSTEMATIC 814S MA@

BE PRESENT@ POOR
REPRODUCIBILITY (IMPRECISE).

PRECISEBUT
INACCURATE
MEASUREMENT

SYSTEMATIC BIAS PRESENT
LENGTH OF B IS MEASURE
OF BIAS; GOOD REPRODUCIBILITY
(PRECISE)
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MEASUREMENT@@@

SYSTEMATIC BIAS REMOVED@
PRECISION MAINTAINED

FIG.1. Illustrationofdistinctionbetweenprecisionandsystematic
biasses,and their relation to accuracy.

haveprecisionin order to assessthe systematicbiasin a reasonable
way and eliminate it or make corrections for it. When precision
is achievedand maintained, the measurementprocessis said to be
in a state of â€œstatisticalcontrolâ€•(2). The techniquesand details
for testingwhetheror not the measurementprocessis in statistical
control are available (2â€”4)and outside the scopeof this letter.
Their primary objectivesare to test for control, to makepredictions
in the statistical sense,and to aid in maintaining control over the
measurement process.

Precision plays an important role in demonstrating accuracy.
Without statistical control over the measurement process it is
impossible to make a meaningful or complete assessment of the
likely limits to the accuracy in a measurementresult. One benefit
of making such a complete uncertainty assessment is that the
processwill require the evaluation and statistical control of many
previously unevaluated measurementparameters.This will ulti
mately aid quality control within laboratories,improve the quality
of measurements, and lead to the desired result of accurate mea
surements.

Levin's extremely restrictive definition of accuracy as equivalent
to the absenceof bias is inconsistentwith the conceptof accuracy
being â€œclosenessto the truth, â€œand it does not further an under
standing of the meaning of accurate measurements or how to
achievethem.

R. COLLE

National Bureauof Standards
Washington,DC
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Reply
Dr. CollÃ©is, of course, correct in his explanation of the

measurement theorist's definition of the terms accuracy and
precision; I wastaught thesemany yearsago by Dr. Eisenhartat
the National Bureau ofStandards. But I also realize that all def
initions are arbitrary; e.g., most dictionaries useâ€œpreciseâ€•as a
synonym for â€œaccurateâ€•.

I usedthesesamewords to draw a distinction, often ignoredby
researchers,that precision relatesto variability whereasaccuracy
isassociatedwithlackofbias. The problem with usingthe defini
tions advocatedby N BSand others is that becauseof the interre
lationship between the two words, a technically accurate expla
nation tendsto obscurerather than clarify preciselythedistinction
that I wanted to draw.

SHELDONG. LEVIN

Editor'sComment

1 895
2 5 â€” + â€” â€” +

3 5 â€” + â€” + +
4 17 + â€” +

5 3 + â€” â€” +
6 2 + + â€” + +
7 2 + + + â€” +
8 16 + â€” + + +
9 55 + + + + +

value of the negative tests (PVN) are 0.961, 0.994, and 0.979,
respectively.Thus, B is the mostsensitivetest; B andC areequally
specific. B hasthe highest predictive valuesfor both positiveand
negative tests.

In contrast, when the criteria A or (B + C) are used,the fol
lowing figures result. Sensitivity for Tests A, B, and C: 0.812,
0.859, and 0.918. Specificity with thesecriteria are 1.00,0.981,
and 0.997, respectively.The predictive value of a positive test for
the three tests are 1.00, 0.811, and 0.963. Predictive value of
negativetestsare 0.983, 0.987, and 0.992. Using this analysis,C
appearsto be preferable to B by each measureof test utility.

The numbers in this examplewere quickly assembledto illus
trate the point that predictor variablesshouldnot beusedto define
theoutcomemeasure.I did attempt to makethe incidenceof events
comparable to those of perioperative myocardial infarction, to
makeTest A resembleelectrocardiographicdiagnosisin beingthe
leastsensitiveof the threemethods,and to haveTest B with a slight
advantageover Test C. The exampleis not intendedto provethat
enzymeelevation is the most valuable meansof diagnosing per
ioperative myocardial infarction, although this may be true.
Rather, it is to illustrate that, given the approach usedby the au
thors, I cannot concludethat they havedemonstratedthat TcPPi
myocardial imaging is the most valuable means of diagnosing
perioperative myocardiai infarction.

DENNIS M. DAVIDSON
StanfordUniversity School of Medicine
Stanford,California
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Reply
We agreewith Dr. Davidsonthat the useof predictor variables

to determine outcomeis lessthan optimal, but weemphasizethat
there is no definitive procedure short of necropsy to diagnose
perioperative myocardial infarction (POM I). Postoperativeas
scssrnent of regional wall motion adds valuable information, but
is still less than definitive, particularly when damage is confined
to the subendocardium. This problem of a lack of a satisfactory
â€œgoldstandardâ€•hampersall suchcomparative studies.

While we therefore agree with Dr. Davidson's concerns, we
neverthelessbelievethat he is incorrect in hisconclusions.In view

Armed Forces RadiobiologyResearchInstitute
Bethesda,Maryland

(In the minds of many people, including those who edit die
tionaries, the words â€œaccurateâ€•and â€œpreciseâ€•are nearly alike.
Since mostof uswho work with statisticsare not â€˜purists,'perhaps
a simple remedy would be the useof words that are more de
scriptive. Possibly â€œrepeatabilityâ€•wouldbe an improvement over
â€œprecision,â€•and certainly the difference betweenâ€œrepeatabilityâ€•
and â€œaccuracyâ€•is appreciably more obvious. Editor).

Re: Scintigraphic,Electrocardiographic,and
EnzymaticDiagnosisof PerioperativeMyocardial
Infarctionin PatientsUndergoingMyocardial
Vascularization

I read with interest the study by Burdine and coworkers in the
July issueof the Journal ofNuclear Medicine ( I ), in which they
concludethat Tc-99m pyrophosphatemyocardial imaging (TePPi)
is â€œprobablythe mostvaluable meansofdiagnosing perioperative
myocardial infarction.â€•

However, the study design is handicappedbecauseof the lack
ofexternal determination ofthe end point. The authors usecom
binations of the predictor variables to determine the outcome
â€œmyocardialinfarction.â€•

Further, the particular combinations of predictor variables to
define the outcome event appears to bias the study against the
possibility that enzyme elevation is the most valuable variable. By
requiring both enzyme elevation and TcPPi to be positive for
â€œdefinitemyocardial infarction,â€•â€œpositiveâ€•cases cannot be
classified by enzyme elevation alone. To qualify as â€œprobable
myocardial infarction,â€•the authors require that enzymeelevation
must be accompanied by persistent electrocardiographic
changesâ€”usuallythe least sensitivefactor in myocardial infarc
tion.

To illustrate the concerns, I have prepared a hypothetical table
ofdata wherein the â€œtruthâ€•is known. Test A representsthe least
sensitivetest and Test B the most sensitive,with Test C interme
diate in sensitivity.

Using the â€œtruth,â€•the sensitivityof TestsA, B, and C are0.621,
0.947and 0.800, respectively.The specificity of the three testsare
0.989, 0.994, and 0.994. The predictive value of the three tests
when positive (PVP) are 0.855, 0.947, and 0.938. The predictive
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