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Abstract Fluorine-18 fluorodeoxyglucose positron sion’s status the anatomical assignment, knowledge of
emission tomography (FDG-PET) has been shown tghysiological uptake and artefacts, and systematic and
improve the diagnostic accuracy in the staging of maligskilful examination of all regions scanned.

nant lymphomas, based on the metabolic signal of the le-

sions. This study was undertaken to determine the effed€ey words:Attenuation correction — Fluorine-18 fluoro-

of attenuation correction in the detection of nodal andleoxyglucose positron emission tomography — Lympho-
extranodal lesions in the primary staging of malignantma — Staging — Hodgkin’s disease

lymphomas. Fifty-one untreated patients with either

non-Hodgkin lymphoma (NHLp=29) or Hodgkin’s dis- Eur J Nucl Med (1999) 26:31-38

ease (=22) were retrospectively evaluated. Static FDG-
PET imaging of the trunk was performed following ad-
ministration of 250-350 MBqg FDG. Attenuation correc- )
tion was performed in all patients. Images were reconlntroduction

structed iteratively with or without transmission scans. , o

Image evaluation was performed independently by twdn the past few years, positron emission tomography us-
observers, who each examined one set of images (i.e. 49 fluorine-18 fluorodeoxyglucose (FDG-PET) has
tenuation-corrected or uncorrected). The final decisiorP€en increasingly recognized as a promising diagnostic
as to whether results were discordant was reached wocedure for funCt|0naI |mag|ng. Its use is based on the
consensus of both observers. Out of 593 evaluategbservation that cells which have undergone malignant
lymph node regions, 187 regions of increased FDG uptransformation are characterized by an e!evated glucose
take were identified by both techniques. Differences bemMetabolism that can be demonstrated with PET [1, 2].
tween the readers concerned mainly the anatomical adhe decisive advantage of this technique is that it allows
signment of lesionsnE33) or the status (benign/malig- characterlz_atlon of tissue essentially independent of
nant) of individual lesionsn24). However, direct com- Mmorphological parameters. FDG-PET has brought about
parison of the two sets of images demonstrated very sin2 Major improvement in tumour staging in a variety of
ilar lesion contrast on attenuation-corrected and non-afhalignant diseases. In lymphoma, FDG-PET is superior
tenuation-corrected images. Real differences could b conventional imaging techniques not only for the de-
determined only in five regions (neck, 1; mediastinum tection of malignant lymph nodes, but also in the defini-
1; upper abdomen, 3). Thirty-seven extranodal lesion§on of extranodal disease (e.g. liver, spleen and bone
(including lung, liver, spleen, bone marrow and soft tis-marrow) [3—8]. Other, more pathophysiologically orient-
sue) were detected by both techniques without Signiﬁgd stqdles have documented a correlation b_etween the
cant differences. It is concluded that in this study, attenintensity of FDG uptake and the degree of malignancy of
uation correction did not improve the diagnostic accuraindividual types of lymphoma [9-12]. Recent therapeu-
cy of FDG-PET in the detection of lymph node or organtiC strategies are basgd on the exact defln!tlon of tumour
involvement during the primary staging of malignantsPread, stressing the importance of a precise staging mo-

lyphomas. Of more importance seemed to be the experdality. _
ence of the reader regarding the classification of a le- Multiple consecutive FDG-PET scans can be restored

to a whole-body scan [13, 14], giving a fast and accurate
Correspondence tod. Kotzerke, Department of Nuclear Medi- OvVerview in three directions. However, there is contro-
cine, University of Ulm, Robert-Koch-Strasse 8, D-89081 Ulm, versy over whether attenuation correction is needed. A
Germany further question is whether transmission imaging must
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be carried out directly prior to emission scanning. Thigdeast 8 hours prior to the examination. FDG, synthesized accord-
procedure is not only time consuming, but requires exadfg to standard protocols, was injected intravenously at a mean

planning of multiple whole-body scans with a singledose of 300 MBq (range 250-350 MBq). Diuresis was stimulated
PET scanner (20 mg furosemide) to reduce the intensity of the urinary activity.

Phantom studies without attenuation correction have Static emission scans from the base of the skull to the lower
demonstrated focus distortion [15]. The aim of mostpelvis, in seven cases including the proximal femora and in one

o ; case the lower legs were obtained 50-60 min after FDG adminis-
PET studies in oncology, however, is to detect or t0 €Xgation. This required scanning in five to eight bed positions with
clude a malignant lesion and not to determine its siz@n acquisition time of 15 min each. For attenuation correction,

and shape. From clinical experience it is the impressiofransmission scans were acquired using a germanium-68/gallium-
that an emission scan alone might be sufficient for thi$8 external ring source prior to FDG injection. Ten-minute trans-

purpose, but a specific comparison of attenuation-cormission scans per bed position were performed in five to eight bed
rected and uncorrected images covering all relevant reRositions on the same day prior to the emission seaf3) or on

gions of the body is still lacking. Therefore, in a retro-another dayr=38). Patients were carefully repositioned by refer-

spective study we have compared the accuracy of norfnce to laser-guided landmarks so as to ensure an identical field of

. . view for emission and transmission scanning. Between the two
attenuation-corrected and attenuation-corrected FDG- 9

PET | ith dt dal and ext dal lesi sets of emission scans patients were allowed to move. Images
Images with regard to nodal and extranodal 1€SI0{ere reconstructed with an iterative reconstruction algorithm [18]

detection in untreated patients with Hodgkin’s diseasgither including or not including the transmission data. The in-
(HD) or non-Hodgkin’s lymphoma (NHL). plane resolution (full-width at half-maximum) for iterative recon-
struction was 7 mm in the centre of the field of view.
Evaluation of PET studies was done “blind” by visual interpre-
Materials and methods tation, independently by two board-certified nuclear medicine
physicians. Transaxial, coronal and sagittal sections were re-
Between July 1992 and October 1995, 60 consecutive patientsewed on film in a standardized manner. Any foci with a signifi-
with biopsy-proven and untreated lymphoma were enrolled in artant increase in FDG uptake in comparison to surrounding tissue
FDG-PET study [16]. The PET data of 51 patients could be rewere considered to be suspicious for lymphoma. These visual
analysed to compare the effect of attenuation correction in the ddindings were graded on a five-point scale (1=lymphoma definite-
tection of small lesions. Twenty-two patients suffered from HD:ly present, 2=lymphoma probably present, 3=equivocal, 4=lym-
12 patients showed histology suggesting nodular sclerosis, eiglthoma probably absent, 5=lymphoma definitely absent). Areas
mixed cellularity and two lymphocytic predominance. Of the 29 classified as “1” and “2” were considered positive for lymphoma
patients with NHL, eight had low-grade, four intermediate-gradeand grouped. Areas classified as “4” and “5" were considered
and 17 high-grade disease according to the Working Formulationegative for lymphoma and grouped as well. The final decision as
[17]. The 30 females and 21 males ranged in age from 11 to 7& whether discordant results were obtained with and without at-
years (median 37 years). All patients gave their informed consertenuation correction was reached by consensus of both observers.
before being enrolled into the study. The final evaluation of areas with different FDG uptake was done
PET studies were obtained using a Siemens-CTI-ECAT Scanby comparison of both image sets to detect even minor differences
ner 931/08/12. The scanner simultaneously acquires 15 contigwlue to the reconstruction procedure. Differences in assessment
ous transverse sections of 6.75 mm covering 10.1 cm of the longere attributed to differences in the anatomical assignment, differ-
axis of the patient (one bed position). Patients had to fast for ances in classification (benign or malignant) or differences due to

Fig. 1. Series of attenuation-corrected
(upper row and uncorrecteddwer row)
transaxial FDG-PET images of the upper
jaw in a 37-year-old man with NHL. The
intense uptake on the attenuation-cor-
rected images is caused by misalignment
of emission and transmission data. The
photon-deficient area is due to a metal
implant
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were differences in the anatomical assignment by the
two readers (e.g. supra- or infraclavicular region, mesen-
teric or para-aortal region) in 33 cases although agree-
ment existed about the status of the lesions in question.
Most of these discrepancies related to the differentiation
of mediastinal and hilar lymph nodes, which belong to
the same area according to the definition of the German
Hodgkin Study Group. In a further 24 regions there was
disagreement about the status of individual lesions (e.g.
unspecific, inflammatory or malignant) although there
was concordance as to the localization. In 17 of these 24
cases one reader classified the lesion as benign while the
other reader classified it as equivocal; inthe other seven
cases one reader classified the lesion as equivocal while
the other reader classified it as malignant. In only five
cases could real differences be determined and related to
attenuation correction. These five cases comprised one
instance of soft tissue uptake (Fig. 1), one of infraclavic-
ular FDG accumulation (Fig. 2), and three cases of dif-
ferent lesion contrast of hepatic hilar and splenic hilar
lymph nodes (Figs. 3-5). There was strong agreement
between the two readers concerning the assessment of
Fig. 2. Attenuation-correcteddft) and uncorrectedight) coronal  malignancy K=0.90) and regional definitionk€0.86).
FDG-PET images in a 58-year-old man with NHL. Thoracic CT Nearly perfect agreement existed with regard to the le-
did not reveal an enlarged lymph n-de sion detection using attenuation- and non-attenuation-
corrected imagex€0.98).
attenuation correction. Quantitative analysis of FDG uptake was, A fotal of 37 extranodal lymphomatous manifesta-
not performed. The degree of agreement between the two readdi®ns were detected concordantly with and without atten-
was measured with thestatistic € equals 0 when there is chance uation correction. Confirmation of organ involvement
agreement and 1 when there is perfect agreement). was established by means of computed tomography
(CT), magnetic resonance imaging (MRI), or biopsy as
described in detail elsewhere [5, 6]. These manifesta-
Results tions included involvement of the bone marraw13),
the spleenr=12), the lungsri=4), the liver (=2), soft
Of 593 lymph node regions examined, 406 showed nortissue (=3), bowel (i=2) and kidneysr=1). Despite the
mal glucose metabolism while 187 demonstrated inchanges caused by attenuation correction, small lung
creased uptake. With regard to these 187 regions, the(Eig. 6) and bone marrow lesions (Fig. 7) were clearly

Fig. 3. Attenuation-corrected«ft)

and uncorrectechiddle coronal
FDG-PET images in a 47-year old
man with NHL (stage 4 S: involve-
ment of spleen and bone marrow). On
the corrected images a small lesion
could be identified in the hilum of the
spleen which was not visible on the
uncorrected imagesight dowr). The
level of the transversal slicesght)

is indicated White ling
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Fig. 4. Series of attenuation-cor-
rected (pper row and uncorrect-
ed (ower row) transaxial FDG-
PET images of the liver in a
46-year-old man with NHL (stage
4 S: involvement of the liver,
bone marrow and splee:n)

Fig. 5. Attenuation corrected

(left) and uncorrectedh{iddle
coronal FDG-PET images in an
11-year-old girl with Hodgkin’s
disease (stage 4: involvement of
liver and bone marrow). The
small liver lesion (0.9 cm, histo-
logically proven) as well as bone
marrow involvement in the spine
could be recognized on both sets
of images. The lymph nodes at
the hilum of the liver are better
visualized on the attenuation cor-
rected images. The level of the
transversal slicesight) is indi-
cated (hile lineg

Fig. 6. Attenuation-corrected
(left) and uncorrected (middle)
coronal FDG-PET images in a
17-year old girl with HD (stage 4:
involvement of lung). The small
lung lesions are detectable on
both sets of images. Anatomical
differentiation of the left-sided
axillary lymph nodes from the
lungs was possible with both
techniques. The level of the trans-
versal slicesr{ght) is indicated
(while lineg
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Fig. 7. FDG-PET images obtained in
a 22-year-old male with HD of nodu-
lar sclerosis histology (stage 4: bone
marrow involvement). In addition to
mediastinal nodular disease, focal
FDG accumulation at L1, indicating
lymphomatous infiltration, is clearly
demonstradte on attenuation-correct-
ed (eft) and uncorrectedh{iddle
coronal FDG-PET images. The lym-
phomatous infiltration was verified
by MRI, which revealed a hypoin-
tense lesion in the left part of the
vertebral body with enhancement af-
ter gadolinium-DTPA injection using
a T1-weighted sequence. The level
of the transversal slicesght) is in-
dicated yvhile lineg

demonstrated on both attenuation-corrected and non-atie status (benign/malignant) of lesions. Only a single
tenuation-corrected images due to similar lesion conpatient revealed a true difference due to a metal implant
trast. in the upper jaw; in this case the hot lesion in the attenu-
ation-corrected study was caused by misalignment of the
emission and transmission data.
Discussion One advantage of attenuation correction might be the
clear delineation of the lungs resulting in better differen-
FDG-PET is an effective modality for demonstratingtiation between hilar lymph nodes and intrapulmonary
nodal and extranodal involvement in malignant lympho-esions or axillary lymph nodes and pleural lesions.
mas even if CT and MRI are inconclusive. This has beeivaluation of images in three directions allows the exact
demonstrated in a number of studies, in some cases usAatomical localization of lesions in most cases. Differ-
ing attenuation correction [4, 6, 9]. It has been assumeeénces in anatomical assignment in the mediastinum (Ta-
that attenuation correction might not be a prerequisite ifle 1) concerned the differentiation of mediastinal and
scanning oncological patients [15], but this hypothesisilar lymph nodes, which belong to the same area; such
has never been verified in a larger series of patients bgifferences would not alter staging.
direct comparison of attenuation-corrected and non-at- Another critical region was the abdomen. Without an-
tenuation-corrected FDG-PET images. atomical landmarking, lesions are difficult to assign to
Non-attenuation-corrected FDG-PET images areeither mesenteric or para-aortic lymph nodes. However,
characterized by “hot skin” and intense representation ahis problem exists in both non-attenuation-corrected
the lungs, whereas attenuation-corrected images demoand attenuation-corrected studies. The main difference
strate a more homogeneous activity distribution. Attenuobserved was in respect of the hilar lymph nodes of liver
ation correction allows quantification of the radioactivity and spleen due to different lesion contrast (Figs. 4-5). In
at any point in the body, but an adverse effect is the adhree patients, minor differences could be discerned but
dition of noise to the information, especially if low- did not affect staging. These problems in anatomical as-
count transmission images are used. This results in th@gnment might be overcome by image fusion of PET
clinical impression that uncorrected images might bamages with CT or MRI images.
simpler and clearer because they include nearly all infor- The use of attenuation correction might be an advan-
mation but minimal noise. tage in very small lesions. In our series, the smallest
Intense representation of the skin might influence thdéone marrow lesion with the lowest FDG uptake could
detectability of small lesions in lymph node regions neabe detected on non-attenuation-corrected as well as on
the body surface (e.g. neck, supraclavicular and inguinattenuation-corrected images (Fig. 7). Another example
regions). In our series, however, lymph node involve-of a small bone marrow lesion clearly visualized with
ment could be demonstrated at the neck and the inguinbbth techniques is demonstrated in Fig. 5. Four cases
region in 42 and 17 areas, respectively, by both techwith negative FDG-PET and positive bone marrow biop-
niques. Differences occurred regarding the anatomicay demonstrated bone marrow involvement neither on at-
assignment (e.g. cervical or supraclavicular region) otenuation-corrected nor on uncorrected images [6].

European Journal of Nuclear Medicine Vol. 26, No. 1, January 1999



36

Table 1. Distribution of lymph node in-

volvement and causes of different assess- Lymph node No. of Differences in Differences in Differences due
ments. regions regions anatomical classification to attenuation
involved assignment (benign or correction
malignant)

Neck or SCL 42 4 4 1

ICL 24 2 2 1

Axillary 19 2 1 0

Mediastinal 29 12 4 0

Retroperitoneal 11 3 4 0

Upper abdominal 18 8 4 3

lliac 27 2 3 0

Inguinal 17 0 2 0

Total 187 33 24 5

ICL, infraclavicular; SCL, supraclavicular
a The upper abdominal lymph node region includes the mesenteric, celiac, hepatic hilar,
and splenic hilar lymph nodas

In a phantom study, Bengel et al. demonstrated lungte-grade lymphoma who had biopsy-proven bone mar-
tumour distortion on non-attenuation-corrected imagestow involvement. However, in these patients, there was
which showed lesion enlargement in the anterior-posterino difference between attenuation-corrected and uncor-
or direction (i.e. the diameter) of less surrounding tissueected images, both techniques failing to demonstrate the
[15]. The target to background ratio, however, was highbone marrow involvement.
er in the uncorrected images. Minor differences of less- Attenuation correction is necessary for quantification
ion contrast to the background. More important was théstandardized uptake value or estimation of the metabol-
localization of a lesion, especially the amount of absorpic rate). However, the value of these procedures might be
tion. Smaller differences were found in the thorax andestricted to therapy monitoring [20]. Lesion character-
larger differences in the abdomen and pelvis (i.e. regiongation (e.g. benign, inflammatory, malignant) based
with higher absorption). However, these calculationssolely on SUV is not feasible in most cases; furthermore,
were carried out with filtered backprojection (FBP) andFDG uptake is highly variable in high- and low-grade
cannot be transferred to iterative reconstruction withoutymphomas. The screening procedure in malignant
further verification. Diederichs et al. have shown that thdymphomas to detect or exclude nodal and extranodal
apparent tumour distortion is reduced by up to 30% usivolvement is whole body imaging in multiple static
ing the iterative reconstruction algorithm, compared withacquisitions. If a lesion is depicted, a dynamic study for
FBP [19]. Currently, no clinical studies are available thatquantification of glucose metabolism may be added, but
demonstrate the effect of attenuation correction and difit has to be performed on a different day. However, such
ferent reconstruction algorithms on lesion detection andjuantification, which is limited to one bed position,
distortion. might be problematic due to heterogeneity of FDG up-

In our study of the analysed cases showed intense I¢éake of different lymphoma lesions in primary staging or
sion uptake and multiple lesions. Our comparison didduring therapy response.
not include a lesion-by-lesion analysis because for clini- Another possible means of attenuation correction is
cal staging of malignant lymphoma it is not important tothe use of theoretical attenuation values. This method as-
analyse the number of lesions in one lymph node regiorsumes predetermined linear attenuation coefficients and
but rather to detect or to exclude the involvement of a rehas been applied successfully in the brain [21]. Howev-
gion, especially if this could be relevant for staging (e.ger, this approach is ineffective in the thorax, since the
organ involvement). However, if a single lesion occurredabsorption distribution is more complex. This has result-
as nodal or extranodal involvement, the two techniquegd in the development of various post-injection transmis-
were compared regarding differences. sion measurements [22-24]. However, a most recent

Pathophysiologically oriented studies have documentphantom study demonstrated that this approach overesti-
ed a correlation between the intensity of FDG uptakenated tumour activity by a factor of 1.1 in large tu-
and the degree of malignancy of individual types of lym-mours, increasing to up to 1.39 in small lesions [25].
phoma [8, 9, 11]. Therefore, FDG-PET might fail to de-Further investigations are necessary to demonstrate the
tect low-grade lymphoma. In the evaluation of bone marneed for and usefulness of this attenuation correction
row involvement, FDG-PET was able to detect small leprocedure before it enters clinical practice.
sions not causing a positive bone marrow biopsy [6], but Limitations of the study concern the PET scanner
it was negative in four patients with low- or intermedi- (931/08/12), which is not a device of the latest genera-
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tion. Higher spatial resolution might influence the re-
sults. In our series, transmission and emission data were
acquired on the same day in only 13 of 51 patients.3:
However, the problem of misalignment can only be over-
come by simultaneous acquisition of transmission and
emission data. Furthermore, the iterative reconstruction
algorithm used was not supplied with the PET scanner
and other centres might still use FBP. Since each of the
two readers analysed only one set of images, the results
were influenced by the individual experience of the 5.
readers. However, interobserver agreement was strong
for the assessment of malignancy and regional definition
(k=0.90 and 0.86, respectively). Every single difference
regarding a lymph node area (which could cause a®
change in staging) was analysed and the differences
were attributed to the various causes listed in Table 1. As
regards the differences due to attenuation correction, it;.
remained unresolved whether a lesion was false-positive
on attenuation-corrected images (Fig. 3) or false-nega-
tive on non-attenuation-corrected images. In a clinical 8.
setting, however, clarification of such lesions by biopsy
is unethical if there is evidence of other organ involve-

ment.

It is necessary to bear in mind that image quality is
affected by various factors such as sensitivity and resolu-"
tion of the PET scanner, amount of injected radioactivi-
ty, scan time, 2D or 3D acquisition (statistics), interval
between injection and scanning, the reconstruction algoro.
rithms used, the quality and alignment of the transmis-
sion scan, and motion artefacts. Furthermore, the clinical
experience of an observer in detecting lesions and recog-
nizing artefacts will strongly influence the assessment of

FDG-PET images [26—28].

In conclusion, the agreement between attenuation-
and non-attenuation-corrected images was higher thap,
the agreement between the two readers regarding the an-
atomical assignment and the assessment of a lesion’s sta-
tus. Differences following attenuation correction oc-13.
curred in only 5 of 187 lymph node areas with increased
FDG uptake. With regard to organ involvement, no dif-
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