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Abstract

In whole body positronemissiontomographyit is common
practiceto omit the transmissionscanto shortenthe study
time. Consequentlythe emissionsinogramsarereconstructed
without attenuatiorcorrection. Although this leadsto artifacts
in the reconstructedmages, it has been shovn that these
images still provide valuable diagnostic information in
oncologicalapplications. Analysis of the attenuationartifact
revealsthat it consistsof two components:a multiplicative
and an additve component. The presenceof the additive
componenexplainswhy tumorto backgroundatio decreases
with attenuationcorrection, a puzzling finding reported by
several groups. In casesof strong attenuation,the negative
additve componentcan have an adwerse effect on image
quality in maximum-likelihood reconstruction. The problem
is causedby the non-ngativity constraintof that algorithm.
We proposea nev ML-algorithm in which this constraintis
removed to presere imagequality. Sincethe introductionin
the clinical routinein our departmentthe algorithmhasbeen
appliedto over 2000studieswith satishctoryresults.



. INTRODUCTION

Positron  emission  tomography (PET)  with
fluorodeoxyglucose is being used increasingly in
oncologicalapplications.Often a PET scanis acquiredover a
large partof the body; aimingat detectionof possibleunknown
metastases. Currently these so-calledwhole body studies
are often donewithout transmissiorscanand the imagesare
reconstructedvithoutattenuatiorcorrection.Until recently the
transmissiorscanhadto be doneprior to injection, while the
emissionscanwasonly acquiredaboutan hour afterinjection,
so the transmissiorscanwould increasethe total study time
with morethanan hour. Recently post-injectiontransmission
scanningallowsto correctfor attenuatiorwith only amoderate
increaseof scanningime. However, the effect on visualimage
quality is controversial[1, 2], and mary clinical centersstill
preferthe protocolwithouttransmissiorscanning.

[I. THEORY

Considera infinitely thin ring of activity concentrically
embeddedh anotherwisecold attenuatinglisk. Theattenuated
projectionacquiredalonga line with angle@ at a distancez
from the origin equals
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whereR is theradiusof thering, R4 > R is theradiusof the
attenuatinglisk, A is theradioactvity perunitlengthin thering
andy is thelinearattenuatiorcoeficient.

The sinogramI(z,8) is symmetricaland independenbf
the angle. Consequentlyit is consistenunderthe assumption
of zero attenuation[3], and an exact solution exists. An
integral expressionof this solution can be obtainedby direct
application of filtered backprojection, or by applying an
operatorwhich computesthe point spreadfunction from the
line spreadfunction[4]. Solvingthis integral is cumbersome,
but important featuresof the solution can be easily derived
mathematicallyor numerically In appendixA, we shov
mathematicallythatthe solutionis negative everywherewithin
the radioactve ring. Since an exact solution exists, a good
estimatecan be obtainednumericallywith a discretefiltered
backprojection(FBP) program. The profile in figure 1 clearly
shaws that centralpixel valuesarereconstructedvith negative
values. Since the superpositionprinciple holds, it follows
that reconstructegbixel valuesreceve a negative contribution
which increaseswith increasing amounts of surrounding
actity.

A. Contrast

It is well known that lack of attenuation correction
resultsin a severe underestimatiorof true actiity, becausea
fraction of the photonsemittedtowardsthe detectorhasbeen
eliminatedby attenuation. As shovn above, a more subtle
attenuationartifact resultsin negative additive contributions
from surroundingactivity. This negative additve component

Figure 1: Left: original actiity distribution, dotted line indicates
attenuatinglisk. Center:reconstructionwithoutattenuatiorcorrection
from attenuategrojections. Right: profile throughthe centerof the
reconstructionmage.

is the reasonthat ignoring attenuationcorrection tends to
increasedtumor to backgroundratios, as has beenreported
by several investigators[1, 5, 6]. Assumingtumor actiity
T and backgroundactivity B, and assumingthat the effect
of the attenuationartifact can be describedwith regionally
constantmultiplicative and additve componentsm and a,
reconstructionwithout attenuationcorrectionwould resultin
anapparentatio R of
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The additve component behaes as a “background

subtraction” jncreasinghecontrast.Thereis noindicationthat
this effect would alsosuppressioise,sotheincreasedontrast
doesnot imply improved signal to noise ratio or improved
tumordetection.

B. Negative values

In large patients,the negative additve componentof the
attenuatiorartifactcanmalke entireregionsnegative. However,
these regions may still contain useful visual information,
superimposedon the negative additve componentof the
artifact. In clinical applicationsFBP often producesegative
pixel values in regions where attenuationwas important.
However, FBP is very sensitve to noiseandtendsto produce
disturbingstreakartifacts.Iln contrastthe maximum-likelihood
expectation-maximization(MLEM) is more robust against
noise,but hasa built-in non-neativity constraint. Whenused
with attenuationcorrectionthis is an obvious strength,but if
no attenuatiorcorrectionis includedthe constraintoecomes
weaknessand highly attenuatedegions are reconstructeds
uniform regionswith (nearly)zerotraceruptale. As aresult,
usefulimagedetailmaybelost.

[Il1. THE DEDICATED ML-ALGORITHM

The MLEM algorithm [7] can be regardedas a scaled
gradient ascent algorithm, where the step size is scaled
such that it prevents negative values. In appendixB an
alternatve step size is derived, allowing the inclusion of
negative values while preservingthe desirable features of
the MLEM-algorithm. The new algorithm is a successful
heuristic approachto obtain good visual image quality but
obviously lacks theoretical justification in physics, since
negative actvities aremeaningless.

After apilot study thenew algorithmhasbeenintroducedn



clinical routineandhasbeenappliedto over 2000PET whole probability (ignoring attenuation).A surrogatefunction[8, 9]
body studies. The physiciansacceptit asa goodcompromise is introducedto separatethe variables (the prime denotes
betweenFBP and MLEM, anduseit both for diagnosisand currentreconstructiorvalue):

for documentationFigure2 compares coronalview obtained
with thethreereconstructioralgorithms.

IV. CONCLUSION
A new dedicatedML-algorithm for the reconstructionof

wholebodyimageswithout attenuatiorcorrectionis proposed.

It hasbeenintroducedn clinical practicewith goodresults.

Figure2: Left: FBPreconstruction.Center: MLEM reconstruction.

Right: modifiedMLEM reconstruction.

V. APPENDIX A

Sinceall projectionsareidentical,the reconstructiorof (1)
is radially symmetricaandcanberepresenteds f (2> + y?) =
f(2). Theprojectioncanberegardedasa line spreadunction,
the reconstructiorasthe correspondingoint spreadfunction.
Thesolutionis givenby [4]:
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with A(z?) = I(z, ). Inserting(1) produces
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Substitutingw = v/v/ R? — z andtaking the derivative under
theintegral signresultsin
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whichis negativefor z < R? andyu > 0.

V1. APPENDIX B
Thelikelihoodfor emissiontomographycanbewrittenas

Z hi(r;) = Z (yilnr; —r;) withr; = Z cijAj  (6)

where y; is the measuredcount in detectori, A; is the
(unknawn) activity in pixel j andc;; is the assumedietection
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with equality if A; = /\;-. The constantsr;; must satisfy
> jmij =1 but are otherwisearbitrary Equation(8) follows
from the concaity of h;. Consequentlymaximizing(8) yields
anincreasef thelikelihood(7), unlesshoth have reachedheir
maximum. Applying Newton’s methodto eachterm of (8),
replacingy;/r? with 1/y; in the denominatorand choosing
Tij = Cz'j/ Zk Cik yields:
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Thefactorbetweersquaredracletsis thestepsize,whichdoes
notvanishwhen); approachezero. Thisalgorithmturnsoutto
be conserative; we computealsothe MLEM stepsizein every
pixel andapplythelargerof thetwo.
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