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Metabolic imaging with PET using 18F-Fludeoxyglucose (18F-FDG) as well as other

imaging biomarkers has achieved wide acceptance in oncology, cardiology and

neurology because of not only the unique metabolic information generated by the PET

modality, but also its ability to quantify biological processes. However, PET

quantification is affected by many technical and physiologic factors, and then

recognized as an important issue for diagnosis, determination of prognosis, and

response monitoring in oncology. In particular, when the injected tracer activity is

reduced to nano-Curies level, the coincidence detection generated by the injected

tracer is severely corrupted by random coincidences. To quantify such low activity

tracer, there is a substantial interest in moving PET quantification in the direction of

analyzing the counting statistics at the earliest possible stage to avoid information-loss

during filtering or iteration in the reconstruction process.

In this work, we investigated the effect of reduced PET emission count statistics on

the accuracy of tracer quantification, and proposed Inhomogeneous Poisson Process

Parameters Estimation (I3PE) method to quantify the ultra low activity directly from

listmode data. In this method, the event counts in each LOR (Line Of Response) are

modeled as an Inhomogeneous Poisson Process (IPP) whose rate function can be

represented using a biased exponent function with time constant of 6588/ln2 s. An

estimate of these rate functions is obtained by maximizing the likelihood of the arrival

times of each detected photon pair. An experiment with low activity tracer was

conducted as follows, and the results demonstrated the effectiveness of I3PE for

quantification of ultra low activity.
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We proposed the I3PE method to quantify the trace of ultra low activity directly

from the listmode data. In this method, we analyzed the counting statistics of ultra low

activity and modeled the coincidence events as Inhomogeneous Poisson Process with

specified rate function. A Majorize-Minimization iteration was constructed to estimate

the parameters of the rate function. The experimental results show that the proposed

I3PE method has the capability to perform quantitative measurements either in very

short PET scanning duration or with low source activities. Considering the spatial

inhomogeneity in PET, more results with adequate testing phantoms will be presented

at the conference.
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To evaluate the performance of I3PE method for the low activity positron emitter, a

continuous experiment was implemented on a preclinical scanner--Trans-PET

BioCaliBurn LH, which mainly consists of twelve independent detector modules. Each

detector module of size 13×53×53 mm3 contains 2×2 arrays of lutetium yttrium

oxyorthosilicate (LYSO)/position-sensitive photomultiplier tube (PSPMT) blocks. We

configured the activity of the positron emitter by dilution and decay, which kept the

accuracy of the given radioactivity. The experiment lasted 16 hr. and 19 min. totally.

The procedures were executed as follows:

(i) Radioactive Source Preparation We prepared FDG mother liquor with activity of

92 uCi and volume of 88 ml. The activity was measured by radioactivity meter RM-

905a. We collected 0.3 ml liquor from the mother liquor, obtaining 11605 Bq FDG.

(ii) Radioactive Source Positioning The prepared source was positioned paralleled to

the axial direction and located at the center of the FOV. The position was indicated

with laser positioning as in Fig. 2.

(iii) Data Collection with Radioactive Decay We executed the PET scanning along

with the radioactivity decay. The activity of the first data collection was 10093 Bq,

which is owing to the 18F decay of 1329 s. During the scanning, the raw event data

were all transmitted to and restored in the computer workstation. The encoding of the

LORs of the listmodes is shown as Fig. 1.

The Counting Statistics Model

The positron emissions from the radioactive source are modeled as IPP. The counting

process observed at the detectors is corrupted by random and scatters that can also be

modeled as IPP. In particular, scintillation detectors employing LYSO have evidential

backgrounds, which produce severe random events and limit the quantification of ultra

low activity. When the radioactive source is approximately a point source, the effect of

scatters deduced by the radioactive source is negligible comparing with random

component. Combining random and true components, we have the coincidence count

rate model in low activity condition:

λ𝑖
′(t) = λ𝑖

𝑡(t) + λ𝑖
𝑟(t).                                               (1)

where λ𝑖
𝑡(t) = λ0𝜔𝑖(t) exp{−𝑡(ln2)/6588} and λ𝑖

𝑟(t) = C are the trues and scatters rate

functions for the ith detector pair and λ𝑖
′(t) is the rate function for the process actually

observed at the ith detector pair. In the estimation of the rate function parameters, the

response weigh 𝜔𝑖 for the given radioactivity have been determined through a

calibration procedure in normal counting rate and can be treated as known parameters.

Inhomogeneous Poisson Process Parameters Estimation Method

We estimate the required parameters λ0 and C in Eq. (1) according to Max

Likelihood criterion from the obtained coincidence listmode {ti,j}. {ti,j} are the

streaming data, and j is the index of LORs, which are arranged as Fig. 1. The

parameters estimation was conducted by Majorize-Minimization iteration alternately

for λ0 and C as follow:

λ0,𝑘+1 = 𝑎𝑟𝑔 𝑚𝑎𝑥 𝐿 ({𝑡𝑖,𝑗};𝐶𝑘).                                          (2)

𝐶𝑘+1 = 𝑎𝑟𝑔 𝑚𝑎𝑥 𝐿({𝑡𝑖,𝑗};λ0,𝑘+1).                                         (3)

where the L(·), 𝐶𝑘 and λ𝑘 are the likelihood function, the calculated C and λ0 of the kth

iteration, respectively.

Fig. 2. (Left) Scheme of the scanner geometry employed in this work. (Right) The experiment setup using 

the low activity positron emitter.
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where the B(·) = L(·)Pp(·), Pp(·) is prior probability, መ𝐶 and λ0 are estimation acquired

from the Bayesian Statistics.

Fig. 3. The histogram of the raw listmode data. (Left) 100 nCi activity. (Middle) 50 nCi activity. (Right) 5 nCi activity.

In data analysis, whether the positron emitters can be detected by PET system is

derived from statistical analysis. Fig. 3 shows the histogram of the raw listmode data.

Table I shows the minimum detectable activity with different scanning duration and

Mean Error Rates (MER).

在此处键入公式。

Scanning Duration (min) MER (%) Minimum Detectable Activity (nCi)

5 0.3 125.3

10 0.3 98.3

50 0.3 59.8

5 5 25.3

10 5 18.3

50 5 7.3

Table I
THE MINIMUM DETECTABLE ACTIVITY

Bayesian Statistics Parameters Estimation Method

On the basis of λ0,𝑘+1 and 𝐶𝑘+1, We take the Bayesian Statistics Method based on

Max Likelihood criterion to estimate λ0 and C from the listmode{ti,j} again. Parameter

estimation is for λ0,𝑘+1 and 𝐶𝑘+1 carried out as follows:
λ0 = 𝑎𝑟𝑔 𝑚𝑎𝑥 𝐵({𝑡𝑖,𝑗};λ0,𝑘+1) .                                      (4)

መ𝐶 = 𝑎𝑟𝑔 𝑚𝑎𝑥 𝐵({𝑡𝑖,𝑗};𝐶𝑘+1).                                        (5)

Fig. 1. The arrangement of the coincidence listmode data. (Left) LORs of 0-degree View. (Right) LORs of 30-degree View.


