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Summary

Aim of this study was to validate a newly developed high
energy probe (positron emission probe, PEP) optimised for
localising PET tracers in vivo. Patients and methods:
Physical investigations included determination of full width
athalf maximum (FWHM) values at a distance of T cm and
angular resolution using different point sources. Values ob-
tained with the new probe were compared to those of a con-
ventional gamma probe (C6P). Additionally, PET studies
were performed in 36 patients (6 women, 30 men) with
proven head and neck cancer and suspected lymph node
metasfases (Axis, Marconi/Philips) after administering
250—320 MBq "8F-FDG. Subsequent to PET investigations
18F_FDG uptake in cervical regions was measured using the
PEP. PEP invesfigations were carried out bilaterally in 5
lymph node (LN) levels (Robbins” classification of the
neck). Results of probe studies were correlated with visual
and semiquantitative PET evaluations, US and histological
findings. Results: FWHM of the new probe was 7 mm (CGP
22 mm) at 662 keV (*¥7Cs) and angular resolution resulted
in 8° (CGP 60°). In 29 out of 36 patients LN metastases
were suspected due to ultrasound investigations. After neck
dissection, histology confirmed LN metastases in 21 pa-
tients. Sensitivity (sens.) of US amounted to 95% and spe-
cificity to 40%. In 18/21 patients LN metastases were de-
tected by PET (sens. 86%). PET scans failed to diagnose the
LN status correctly in 6/36 patients (accuracy 83%). Em-
ploying the PEP probe in 20/21 patients LN metastases
were identified (sens. 95%), and LN status was determined
accurately in 29/36 patients (accuracy 81%). Tumour/
background ratios of PEP measurement and results of semi-
quantitative PET analyses were comparable. Conclusions:
PEP measurement is a promising method for preoperative
planning of the extent of neck dissection in patients with
head and neck cancer and further for radioguided localising
PET tracer accumulation during surgery.
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Schlisselworter
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Lusammenfassung

Ziel dieser Arbeit war es, eine neu entwickelte Hochener-
gie-Sonde (Positronenemissionssonde, PES) die fiir die Lo-
kalisation von PET-Tracern optimiert wurde, zu validieren.
Patienten und Methoden: Die physikalischen Unter-
suchungen umfassten die Bestimmung der Ortsauflsung
(FWHM) sowie der Winkelauflsung. Die ermittelten Werte
wurde mit denen einer konventionellen Gammasonde
(KGS) verglichen. Zusiitzlich wurde bei 36 Patienten mit ge-
sicherten Kopf-Hals-Tumoren und fraglicher Lymphkno-
ten(LK)-Metastasierung eine  PET-Untersuchung  (Axis,
Marconi/Philips) mit 250-350 MBq 'F-FDG durch-
gefihrt. Die Ermittlung des 'F-FDG-Uptake in den zervika-
len Regionen mit der PES erfolgte im Anschluss an die PET-
Untersuchungen, hilateral in jeweils 5 LK-Level (Robbins’
Klassifikation des Halses). Die Resultate der Sondenmes-
sungen wurden mit den visuellen und semiquantitativen
Auswertungen der PET-Untersuchungen sowie mit den Er-
gebnissen der Ultraschalluntersuchung (US) und der His-
tologie verglichen. Ergebnisse: Die FWHM der neuen Son-
de betrug 7 mm (KGS 22 mm) fiir die 662 keV (¥7Cs) Quel-
le, die Winkelouflosung betrug 8° (KGS 60°). Bei 29 der
36 Patienten wurden aufgrund der US LK-Metastasen ver-
mutet. Nach der Neck-Dissektion wurde dies bei 21 Patien-
ten besfitigt. Die Sensitivifdt (Sens.) der US betrug 95%,
die Spezifitit 40%. Die PET konnte bei 18/21 die LK-Me-
tastasen nachweisen (Sens. 86%). Bei 6/36 Patienten
wurde mittels PET der LK-Status nicht korrekt ermitfelt
(Richtigkeit 83%). Durch Einsatz der PES konnten bei
20/21 Patienten die LK-Metastasen defektiert werden
(Sens. 95%), der LK-Status wurde bei 29/36 Patienten
korrekt beurteilt (Richtigkeit 81%). Die Tumor/Back-
ground-Verhdiltnisse der PES-Messungen und der semi-
quantitativen ~ PET-Auswertung  waren  vergleichbar.
Schlussfolgerungen: Die PES-Messung ist eine vielver-
sprechende Methode fir die prioperativen Planung der
Neck-Dissektion bei Patienten mit Kopf-Hals-Tumoren und
kinftig fir die radioaktivitdtsgefihrte intraoperative Lo-
kalisation von PET-Tracem.
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Hochenergie-Sonde zur
Detektion von L){mphknofen-
metastasen mit "°F-FDG

bei Patienten mit
Kopf-Hals-Tumoren

ne of the most important nuclear
O medicine procedures in oncology

is 18F fluorodeoxyglucose positron
emission tomography (*F-FDG-PET) (17,
19, 21). Furthermore, radioguided surgery
plays an important role combining diag-
nostic investigation and surgical interven-
tion (2, 15, 24). In conventional gamma
probes lead collimators discriminate target
radioactivity from background. Lead colli-
mators in a hand-held supply, however, can
be primarily used only for low energy emit-
ting isotopes. For high-energy emitters,
such as PET tracers, a different technical
principle is crucial since efficient shielding
would be too heavy and bulky and thus
could hardly be used during surgery. So far,
physical properties of PET tracers hinder
successful combination of PET and radio-
guided surgery. Similar to the development
of gamma cameras to detect 511 keV quan-
ta using PET collimators, first investi-
gations using collimated conventional
gamma probes to determine '*F-FDG in
vivo were reported (8, 9, 20). The usefulness
of this approach has been demonstrated in
first phantom studies and later in a few pa-
tients with colorectal cancer and melanoma.
Other approaches are focussed on direct
measurement of B (3, 31).

The aim of our work was to develop and
test a new gamma-sensitive probe with elec-
tronic collimation capable to detect 511 keV
positron annihilation quanta. The first
prototype was investigated using phantom
studies. Additionally, the positron emission
probe (PEP) was clinically validated by pre-
operative transcutane measurement of
18F-FDG accumulation in lymph node meta-
stases of patients with head and neck cancer.
Results were compared to those of ultra-
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sound (US), PET, and — as gold standard —
the histological findings.

Patients, material, methods

Physical data

We aimed at developing a new probe to de-
tect high-energy gamma quanta and, as well,
positron emission annihilation quanta
(PEP). PEP works with electronic colli-
mation using multiple Csl-crystals to
measure tracer uptake and background ac-
tivity and does not require lead or tungsten
shielding (10). While target activity is pre-
ferably detected by the central crystal, back-
ground and scatter quanta are mainly de-
tected by the concentric tapered detector
ring (Fig. 2). Counts obtained from the cen-
tral detectors and the crystals of the outer
ring are compared to receive spatial in-
formation. Electronic collimation allocates
target and background activity by special al-
gorithms. Aperture angle for the central de-
tector can be varied by algorithms. There-
fore, electronic focusing can be individually
optimised for different applications. For op-
timised results, detectors are calibrated
daily using a point source located 1 cm from
the central detector.

Physical characteristics of PEP were de-
termined in comparison to a conventional
gamma probe (Navigator (14 mm), USSC/
Tyco). Measurements were carried out ac-
cording to the methods described by Wen-
genmair et al. (27-29). Spatial resolution
(lateral sensitivity distribution) was deter-
mined measuring different point sources at a
distance of 1 cm orthogonally. Count rates
were recorded in 1 mm steps along a line
perpendicular to the central axis of the
probe head. Full width at half maximum
(FWHM) values represent a measure for the
minimal distance at which two point sources
can be detected separately, and, thus for spa-
tial resolution. Therefore, FWHM values of
both probes were analysed using point
sources with different g-ray energies (*’Co
(122 keV, 86%); 133Ba (356 keV, 62%); *Na
(511 keV, 64% +1275 keV, 36%) and ¥'Cs
(662 keV, 85%)) to cover the energy range of
standard tracers, i.e. ™Tc, 13! and PET iso-
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topes. Additionally, full width at tenth maxi-
mum (FWTM) values of the PEP were de-
termined. The angular resolution was evalu-
ated at two defined distances to the central
detector of 3 cm (nearfield) and of 30 cm,
respectively, moving the probes in steps of
2°. Probe sensitivity was determined di-
rectly in front of the central detector using
either #™TcO, or '®F-FDG. Lateral elec-
tronic “shielding” was determined by scan-
ning the probe with *™T¢ or '®F hot spots.

Patient investigations

A total of 36 consecutive patients (6 women,
30 men), aged 34-84 years (m = 57) with
biopsy-proven head and neck cancer and
suspected lymph node metastases were
scheduled for surgery including tumour ab-
lation and lymph node dissection (locali-
sations of the primary see Table 2). The indi-
cation for neck dissection was based on the
dimension and localisations of the primary
tumour and/or suspicious enlarged lymph
nodes detected by ultrasound, CT or MRL
Depending on these criteria, neck dissection
was carried out ipsilaterally in 20 and bilat-
erally in 16 cases.

Sonography

Ultrasound investigations (Siemens, 7.5
MHz linear transducer head) were carried
out by an experienced investigator bilat-
erally in 5 lymph node levels according to
the Robbins’ classification of the neck (22).

Fig. 1 PEP measurement in five anatomically defined
levels (1-5) of the neck according to Robbins’ classification
(22)

Criteria for malignant lymph node involve-
ment were size, shape, status of echogenic
hilus, echogenicity, micronodular appear-
ance and intranodal necrosis.

PET

Within a 2-week period prior to surgery
each patient underwent 'F-FDG-PET.
Whole body PET scans were performed
under routine conditions after application of
250-350 MBq '8F-FDG. Acquisition was
started 1 h p. i. using a dual head coinci-
dence gamma camera (Philips AXIS) in 2-D
mode (128 matrix, 180° rotation, 6° steps,
70 s/step). Emission data were rebinned and
reconstructed using an iterative algorithm
(OSEM) with implemented attenuation cor-
rection. Target/background ratios were cal-
culated from count rates obtained by gener-
ating ROIs over the tumour and contralat-
eral regions.

Probe investigations

PEP measurements in patients were per-
formed bilaterally in 5 lymph node levels
(Robbins’ classification, 22) 2-3 h p. i. in
most patients subsequent to the PET scan
(Fig. 1). Lymph node levels were slowly
scanned using the PEP, and maximum count
rate was documented after integration over
15 s, irrespective of the results of PET or
US. Investigation time was 10-15 min for
each patient. A cut-off criterion for lymph
node involvement was derived from maxi-
mum background count rates in lymph node
levels without pathological findings.
BE-FDG uptake in the primary tumour was
measured (if accessible without administer-
ing sedatives) and compared to count rates
over shoulder and brain.

Data analysis

Since PET scans could not be evaluated
level-dependent, suspect findings in the
concordant regions were rated as true posi-
tive. Sonography and PEP measurements of
each level were directly compared with his-
tology. Non-dissected neck sides were used
to define the criteria of lymph node involve-



ment for PEP measurements. Sensitivity,
specificity, positive and negative predictive
values as well as accuracy were calculated
from these data.

Results
Physical data

Before measurements on patients were car-
ried out, basic physical properties such as
spatial and angular resolution of the new
preliminary prototype were determined and
compared to those of a conventional gamma
probe (CGP). In contrast to the CGP, the
spatial resolution of the PEP was almost in-
dependent of the source energy as shown in
Table 1. Thus, two 3’Cs point sources posi-
tioned at a distance of 1 cm could be distin-
guished with the PEP. FWTM values of PEP
were lower than the FWHM values of CGP.
FWHM values of CGP increased from
18 mm (*’Co) up to 27 mm (**Na). Depend-
ing on energy, angular resolution of the PEP
was 6°-8° (GP 60°-75°). Probe sensitivity
increased with source energy from 5 cps/
kBq for ™Tc to 18 cps/kBq for '°F. Due to
the special construction without colli-
mators, leak sensitivity of PEP was time-de-
pendent. It reached a maximum of 9 cps/
MBq 1 s after exposure with a '*F hot spot,
decreasing to >1 cps/MBq after 3 s at the
surface of detector‘s cylinder, 1.5 cm from
its tip.

Patient investigation

Table 2 shows a summary of the results. His-
tology revealed lymph node metastases in
21/36 patients. In 12 patients only one af-
fected level could be found. In 9 patients ex-
tensive metastatic spread to more than one
level (in 6 patients ipsilateral, in 3 patients
bilateral) was confirmed by histology. In
15/36 patients histology showed no lym-
phatic metastatic spread.

Ultrasonography

In 20/21 patients affected lymph nodes were
detected by ultrasound. However, 9/15 pa-

Fig. 2

Picture of the first proto-
type positron emission
probe (A) used in this
paper and the actual ver-
sion (B). Weight of inves-
tigated probe was 350 g.

tients without lymphatic metastatic spread
exhibited suspect findings in at least one
cervical level. In this subgroup, false posi-
tive cases due to inflammatory processes
had to be considered. The resulting ultra-
sound sensitivity was 95%, while specifi-
city amounted only to 40%. Accuracy was
72%.

PET

In 5/36 patients primary tumours had al-
ready been removed. In 30 of the remaining
31 patients, increased glucose metabolism
in primary tumours was visualized by PET.
In one patient suffering from adenoid cystic
carcinoma of the tongue the primary could
not be detected. As to lymphatic metastatic
spread, PET resulted true positive in 18/21
patients amounting to a sensitivity of 86%.
Semiquantitative analyses resulted in target/
background ratios of 1.3: 1t0 6.2 : 1. Find-
ings were true negative in 12/15 patients
(specificity 80%). False negative results
were obtained in 3 patients. Micro-anatomy
of lymph nodes revealed large cystoid and
necrotic areas in one of those patients. The
other two patients presented a total of 3 pre-
dominantly small metastases with a max.
diameter of 0.7, 0.8, and 1.7 cm, respec-

Tab. 1 Head-to-head comparison of spatial resolution
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tively. False positive findings were caused
by unspecific lymphadenitis (2 patients)
and sarcoidosis (1 patient). No differences
in visual or semiquantitative estimation of
data were found. In 3 patients distant meta-
stases or secondary carcinomas were sus-
pected. In those, histology confirmed one
distant metastasis in the lung (Fig. 3) and
metastatic breast cancer in another patient
(Fig. 4). The third patient suffered from sar-
coidosis (false positive finding).

Probe measurement

Count rates varied individually (range:
100-350 cps over sholder, 270-1400 cps at
cervical region and 700-1650 cps over
brain). Cut-off criterion for lymph node in-
volvement was a count rate exceeding 15%
of the respective rate in contralateral and/or
adjacent levels. Based on this criterion, PEP
investigation resulted true positive in 20/21
individuals, and a sensitivity of 95%, re-
spectively. Tumour/background ratios of
PEP measurements and results of semi-
quantitative PET analyses were comparable.
Analyses resulted in target/background ra-
tios of 1.2 : 1 to 4.8 : 1. In 9/15 patients
probe measurement demonstrated no evi-

(FWHM: full width at half maximum values; FWTM: full width at tenth maximum)

point source (o

133Bu 22N(l ]37CS

gamma-ray energy infensity 122 keV, 86%

356 keV, 62% | 511keV, 64%, | 662 keV, 85%
1275 keV, 36%

positron emission  FWHM 7 mm 9 mm 9 mm 7 mm
probe T 12mm 12mm 20 mm 12mm
convential gamma probe (FWHM) 18 mm 19 mm 27 mm 22 mm
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dence of cervical lymph node involvement
(specificity 60 %). In analogy to PET, false
positive results were caused by unspecific

lymphadenitis (n = 2) and sarcoidosis
(n=1). In 3 patients extensive '*F-FDG up-
take in the primary tumour superimposed

Tab. 2 Clinical data and lymph node involvement due to histology and diagnostics prior to neck dissection
(f: female; m: male; ipsi: ipsilateral; bilat: bilateral; I: left; r: right; L: level; —: no suspectfindings; + : lymph node involve-
ment suspected; met: distant metastasis or secondary carcinoma)

patient- | age (years) / | location of neck histology sonography | PET PEP
no. sex primary dissection measure-
ment
1 47/m tonsil ipsi (1) + /2 - + +
2 53/m larynx bilat +/12,3 + + +
3 67/m tongue ipsi (1)
4 61/w hypopharynx ipsi (1) +/121 4 +/met | +
5 65/w tonsil ipsi (1)
6 59/m tonsil ipsi () +/121 + + +
7 56/m larynx ipsi (1) + L2/4r + + +
8 58/m tongue bilat +L21/L1r I I I+
9 55/m larynx bilat + +
10 51/m larynx bilat +12/r + +
11 69/m tonsil ipsi (1) +12/t + + +
12 84/m lip bilat +/met | +
13 44/m tonsil ipsi (1) +12/1 + +
14 47/m uvula bilat +12/1 A +* 4+
15 49/m oropharynx ipsi ()
16 44/ hypopharynx ipsi (1) + +
17 62/m larynx bilat +/L1-3r s + +
18 48/m tonsil ipsi (1) + + +
19 53/m larynx ipsi (1) +/121 + + +
20 62/m tonsil ipsi (1) +/121 4 4 4
21 48/m larynx bilat +/12,31 + + +
22 70/m larynx bilat +
23 34/w tongue bilat I
24 59/w oropharynx ipsi (1) + -/met
25 5T/ tongue bilat +U0-4,2-31 | + I I+
26 59/m larynx bilat 4+
27 65/m larynx ipsi (1) +* +
28 53/m larynx bilat +/12,3 + + +
29 57/m uvula ipsi (1)
30 56/m larynx bilat +/13| I I +
31 60/m tonsil ipsi () +/135l +
32 64/m parotis ipsi (1) +/L2r + + +
33 48/m oropharynx bilat +
34 54/m tonsil ipsi (1) + +
35 47/m tonsil ipsi (1) +/Lr + + +
36 66/m larynx bilat +/13~4r, L4l | + + +
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the signal in the adjacent cervical level. In 4
cases with false negative PET results (3 pa-
tients with lymph node metastases and one
patient with adenoid cystic carcinoma of the
tongue) PEP was able to detect the foci. His-
tology revealed cystic degeneration of meta-
stases in 2 of these cases and two-dimen-
sional growth of metastasis in one patient.

Comparison of methods

Sonography and PEP investigation were
both found to exhibit a high sensitivity of
95% in detecting cervical lymph node in-
volvement. PET investigations had the hig-
hest specificity (80%) of the investigated
methods (PEP 60%, US 40%). Using differ-
ent cut off criteria for PEP measurements,
specificity could be further increased but
sensitivity would be inversely reduced. As
shown in Table 3, accuracies of PET and
PEP measurement were nearly identical (83,
81%) and thus nearly 10 % higher than ac-
curacy of ultrasonography (72%).

Discussion

In nuclear medicine and especially in PET
techniques, the development of new me-
thods for clinical applications was at most
preceded by a wide diversification of tech-
nical solutions. In the field of PET, beside
the use of scanners multiple variants like
gamma cameras with collimators (4, 26),
coincidence gamma cameras (33), different
detector types and detector materials have
been investigated.

While radioguided surgery became more
important during the last years, the devel-
opment of new probes including imaging
probes is still in progress (14, 20). Conven-
tional gamma probes have been optimised for
the application of low-energy isotopes using
various probe types and collimators (27-29).
Lead collimators have also been proposed to
detect positron annihilation quanta (8, 9, 32).
However, due to their large size and high
weight they can hardly be used intra-oper-
atively under routine conditions. Thus, the in
vivo detection of positron annihilation quanta
was an unsolved problem up to now.



As a consequence, different other sol-
utions are under investigation. Axially
orientated dual detector systems using
either phoswich detectors composed of a
plastic scintillator and a BGO crystal or an
aligned photo diode and a Csl crystal are
able to distinguish between f* decays and
gamma quanta from scatter or annihilation
(3, 31). The additional use of a collimator
was described to obtain spatial information
at primary intraoperative orientation (3).
Hickernell et al. described another dual de-
tector probe to detect low energy gamma
quanta. This probe contained two concentric
collimated detectors (13, 30). In analogy to
electronic collimation in gamma cameras
and PET-scanners, an approach for elec-
tronic collimation for hand-held devices
based on single photon measurement was
developed in our project (patent pending,
10). The electronic background reduction
by a concentric tapered ring of crystals is
definitely effective, not only in the high
energy range. Head-to-head comparison of
CGP and PEP resulted in significantly
higher spatial resolution of PEP (PEP 7 mm,
CGP 20 mm) in the high energy range as
was primarily expected, since CGP was not
optimised for measurements in the high
energy range. Additionally, spatial resol-
ution of PEP was superior in the low energy
range (PEP 7 mm, CGP 14 mm). Data ob-
tained with the CGP were in the range as
previously reported (28, 29). However, spa-
tial resolution of the used CGP was rather
low compared to other devices as reported
in that overview. Even in the high energy
range FWHM values of our preliminary
prototype were superior to those of the con-
ventional gamma probe in the low energy
range. Additionally, angular resolution was
found to be improved. These results indi-
cated the usability of the new principle for
investigations in vivo, too. Since the probe
described is a preliminary prototype re-
stricted to one default mode, this article is
not focused on the complete physical char-
acterisation of this device. Up to now, the
third version of PEP is under approval as a
medical device. In this new probe lager
crystals are implemented to achieve a higher
sensitivity and shorter integration times.
Supplementary data will be presented at
maturity phase of the PEP project.
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Fig. 3

Coronal slices of '8F-FDG-
PET of a 48 year-old man
(patient no. 21, Tab. 2)
with larynx carcinoma and
lymph node metastases

RvL
e
L
Fig. 4 ,L
18E_FDG-PET images (3D,
maximum pixel raytrace) Y

of a 61 year-old woman
(patient no. 4, Tab. 2)
with lymph node metasta- )
sis of recurrent hypo- -
pharynx carcinoma
(arrow), distant meta-
stases and metastases of LdR
breast cancer.

R lat

L lat

As physical data are only one important
criterion, we evaluated the potential of the
new principle under clinical conditions. The
biodistribution of '®F-FDG was a powerful
counterpart in this respect.

Tab. 3 Comparison of diagnostic modalities for detec-
tion of lymph node involvement; patient-based results
(n = 36)

% us PET | PEP
true positive 95 86 95
true negative 40 80 60

positive predictive value 69 85 77

negative predictive value 86 80 90
accuracy 72 83 81

Patient investigations

Patient investigations were performed in indi-
viduals with head and neck cancer (HNC), be-
cause '8F-FDG uptake is significantly en-
hanced in most entities of these tumours and
their metastases (7, 23). In addition, the ab-
sence of cervical lymph node metastases at
the time of diagnosis is one crucial deter-
minant of survival (6). Thus, FDG-based
diagnostic allows correct staging as a basis for
optimal patient management. However, as al-
ready demonstrated in a patient with recur-
rence of thyroid carcinoma (18) the new probe
might be helpful during surgery, especially in
cases of scar tissue in the operative field.
All diagnostic approaches in HNC pa-
tients, as investigated in the present study,

Nuklearmedizin 4/2006



158
|

Meller et al.

should be aimed at the highest achievable
sensitivity to avoid insufficient treatment of
cases diagnosed as false negative. This is
also accepted for ultrasound (11). Despite of
this, sensitivity of ultrasound to localise
lymph node involvement was reported to
reach only 70% (1, 12, 25). Higher sensitiv-
ities between 70 and 89% are associated
with a rather low specificity in the range of
70%. Limited specificity is generally toler-
ated to avoid false negative results which
could reduce patients’ life expectancy.
Ultrasound evaluations in our study were
carried out with an even higher sensitivity
(95%), accepting a further decreased spe-
cificity (40%) in this clinical setting. Use of
the PEP resulted in a comparably high sensi-
tivity in diagnosing lymph node involve-
ment (20 out of 21 cases, sensitivity 95%).
Only in one patient with histologically prov-
en metastases of a tonsil carcinoma with
diameters of § mm and 17 mm, respectively,
results obtained with PEP turned out to be
false negative. Considering the rather large
sizes of the metastases (5), this may be ex-
plained by an only slightly increased glu-
cose metabolism, since PET was false
negative, too. Interestingly, PEP was able to
detect "F-FDG-uptake in 3 patients with
lymph node metastases, which were PET
negative. One reason for the superiority of
PEP in this application might be that the me-
thod does not require complex 3-D recon-
struction algorithms. The method is simply
based on planar measurement at a close dis-
tance. In addition, the good physical proper-
ties of the probe which could be docu-
mented promote the superiority in the in
vivo applications. Direct measurement of
glucose metabolism via PEP turned out to
be superior to PET even in cases with cystic
degeneration of metastases (2 cases) or pri-
mary (1 case). When weighing these results,
a small bias caused by the larger delay from
tracer application to measurement has to be
taken into account.

In summary, PEP measurements had a
higher sensitivity in accessible regions than
PET. However, one limitation of PEP is that
it can be applied to superficial localisations,
only. Preoperative PEP measurements can
therefore only be supplementary to PET in-
vestigation, especially when considering the
need to detect distant metastases or when

Nuklearmedizin 4/2006

additional primary tumours are suspected to
be present. Specificity of PEP was found to
be considerably higher (60%) than ultra-
sound (40%) at a comparable level of sensi-
tivity, but it was lower than in PET (80%).
However, due to the immanent fact that not
only malignant but also inflammatory pro-
cesses in adjacent structures cause in-
creased glucose uptake (16), a high specifi-
city (e. g. in the range of 90%) would be un-
realistic.

Conclusions

In this study, a newly developed high energy
probe, being capable to detect positron an-
nihilation quanta, too, was introduced. We
were able to demonstrate preliminary physi-
cal properties, a first view at clinical useful-
ness and to estimate the future potential of
the device. The investigated first prototype
matched the capability of established rou-
tine methods in detecting cervical lymph
node metastases, and resulted superior in
some respects. This prototype was intended
to prove the principle of electronic colli-
mation, and does not provide the complete
functionality of standard probes. Therefore,
an improved probe e.g. with shorter and
variable integration time is being devel-
oped. Additional features like a threshold
function are planned to optimise locali-
sation of radiopharmaceuticals like
BF-FDG with widespread accumulation in
the patients’ body. In our view, PEP has the
potential to become a further valuable op-
tion to anchor nuclear medicine procedures
in interventional patient care.
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