
Summary
Purpose: Benign and malignant pulmonary lesions are 
not easy to distinguish in a clinical setting. We investigated 
the feasibility of using parametric imaging of the rate con-
stant Ki to diagnose the nature of pulmonary lesions.

Methods: Dynamic multi-bed scanning followed by a 
routine examination was performed on 21 patients with 
pulmonary lesions who were divided into two groups with 
malignant or benign lesions based on biopsy and follow-up. 
The number of patients in the malignant and benign groups 
were 10 with 15 lesions and 11 with 14 lesions, respectively. 
The left ventricular blood pool was used for an image-de-
rived input function. The influx rate constant Ki of the pul-
monary lesions and parametric images was generated with 
the Patlak plot method, and the inter-group differences for 
Ki, maximum standardized uptake value (SUVmax), and the 
time-activity curves (TAC) of fluorine-18-fludeoxyglucose 
(18F-FDG) were analyzed. At the same time, we investigated 

the correlation of Ki to SUVmax.  

Results: The maximum diameters of the pulmonary le-
sions were not significantly different between the malig-
nant and benign groups (p>0.05). Ki and SUVmax were sig-
nificantly higher in malignant lesions compared to benign 
lesions (p<0.05). Ki was highly correlated with SUVmax in 
pulmonary lesions (r=0.815, p<0.01). The malignant le-
sions showed gradually increasing TAC, and benign lesions 
exhibited gradually decreasing curves. The parametric 
images of Ki were useful to distinguish malignant lesions 
from normal tissue.    

Conclusion: Our results indicate that Ki parametric imag-
ing in 18F-FDG PET/computed tomography (CT) dynamic 
multi-bed scanning may be useful in the differential diag-
nosis of pulmonary lesions.

Key words: cancer, diagnosis, 18F-FDG PET/CT , paramet-
ric imaging, pulmonary lesions

Differential diagnosis of pulmonary lesions by parametric 
imaging in 18F-FDG PET/CT dynamic multi-bed scanning 
Qiang Wang1, Rong-fu Wang1, Jianhua-Zhang1, Yun Zhou2 
1Department of Nuclear Medicine, Peking University First Hospital, Xichengqu, West District, Beijing, P. R. of China; 2The Russell H. 
Morgan, Department of Radiology and Radiological Science, Johns Hopkins University, School of Medicine, Baltimore, USA

Correspondence to: Rong-fu Wang, MD, PhD. Department of Nuclear Medicine, Peking University First Hospital, Xichengqu, 
West District, Beijing, P. R. of China. Tel: +86 1083572954, E-mail: wang-qiang1983@163.com 
Received: 23/04/2013; Accepted: 08/05/2013

Introduction

Fluorine-18-fludeoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/
CT) is the best method for diagnosing tumors 
and guiding treatment. The standardized uptake 
value (SUV) is commonly used in clinics to esti-
mate 18F-FDG uptake in normal tissues and tum-
ors. However, SUV is semi-quantitative, and its 
accuracy can be compromised by blood glucose 
concentration, dynamics of plasma 18F-FDG, and 
the distribution of 18F-FDG in the human body 
[1]. These factors can easily lead to false-positive 
results. A quantitative method can overcome the 
limitations of more routine methods. Consequent-

ly, more researchers recently investigate the utili-
ty of absolute quantitative dynamic imaging [2,3].

There are two methods to realize quantitative 
dynamic PET/CT imaging, including single- and 
multi-bed dynamic scanning. Single-bed dynamic 
imaging only adapts to regional imaging, where-
as multi-bed dynamic scanning allows whole-
body imaging. Arterial input function (AIF) and 
the influx rate constant Ki are the most important 
factors in 18F-FDG PET/CT absolute quantitative 
dynamic multi-bed imaging. The AIF consists of 
blood time-activity curves (TAC) and can be ac-
quired invasively by continuously phlebotomiz-
ing from an artery, a procedure that most patients 
are unable or unwilling to undergo [4], or nonin-
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vasively, as done in this study. An image-derived 
input function (IDIF) has been developed and 
validated as a noninvasive technique in quantita-
tive dynamic multi-bed imaging [5,6]. At present, 
most researchers utilize the left ventricular blood 
pool and aorta for IDIF. Both the two-tissue-com-
partment model and Patlak plot methods require 
AIF and tissue TAC to generate Ki. The two-tis-
sue-compartment model is a standard method in 
dynamic multi-bed imaging, but its calculation 
is complex. Patlak plots neglect the process of 
dephosphorylation because the levels of glucose 
6-phosphatase in myocardium, tumor, brain, and 
inflammatory lesions are near zero [7]. Therefore, 
the calculation of a Patlak plot analysis is simple, 
and easy to generate a parametric image.

The clinical identification and diagnosis of 
pulmonary lesions is always difficult. Most re-
searchers advocate SUVmax>2.5 as important pos-
itive evidence for the diagnosis of a malignant 
pulmonary lesion [8,9]. However, some benign 
pulmonary lesions may have a SUVmax>2.5 (e.g., 
inflammatory granuloma and pulmonary tubercu-
losis) [9]. 

The following new quantitative PET/CT dy-
namic multi-bed imaging technology study may 
facilitate the identification of benign lung lesions 
and could potentially prevent false-positive imag-
ing in cases with SUVmax>2.5. 

 

Methods 

Patients

Twenty-one patients with pulmonary lesions un-
derwent 18F-FDG PET/CT dynamic multi-bed imaging 
and a routine examination in our hospital. No patient 
had history of diabetes or heart disease. None of the 

patients had any treatment prior to PET/CT examina-
tion, and they were divided into malignant and benign 
groups. The malignant group had 10 patients with 15 
lesions; 8/15 lesions were  from primary lung cancer 
and 7/15 metastases to the lung. The benign group had 
11 patients with 14 lesions; 4/14 were inflammatory 
granuloma, 3/14 tuberculosis and 7/14 inflammatory 
lesions. All pulmonary lesions were confirmed patho-
logically and by 6-month follow-up. Patient and tumor 
clinical characteristic are listed in Table 1. 

The experimental protocol was approved by the 
clinical research ethics committee at the Peking Uni-
versity First Hospital. All patients provided written in-
formed consent. 

18F-FDG PET/CT dynamic multi-bed imaging and routine scan 

All patients fasted for at least 6 h, and blood sugar, 
height, and weight were measured before performing 
PET/CT scan. The radiochemical purity of 18F-FDG was 
over 95%, and the injected dose ranged from 233.1 to 
307.1MBq. The mean value of the injected dose was 
258.8±23.4MBq.

The dynamic whole-body 18F-FDG PET data acqui-
sition protocol was implemented on a Philips Gemini 
GXL 16 PET-CT (Philips Medical Systems, Cleveland, 
OH). Patients laid with their arms up to ensure that 
their heart was positioned in the PET field of view 
(FOV). First, the CT scan (120keV and 10mA) was per-
formed before 18F-FDG injection for attenuation cor-
rection, and the 18F-FDG injection point was defined as 
time 0. Immediately after the intravenous bolus injec-
tion of 18F-FDG, 6 min of three-dimensional (3D) list 
mode in the dynamic PET/CT scan began with over 20 
frames (18×20s) with the patient’s heart located in the 
center of the FOV. Finally, a PET systemic six-sequence 
whole-body scan was performed with 30sec/bed only 
in the cranial to caudal direction. The time of the en-
tire 18F-FDG PET/CT dynamic multi-bed scan was ap-
proximately 60 min. Afterwards, patients underwent a 
routine PET/CT scan with 90sec/bed from foot to head 
that took approximately 12 min. All dynamic multi-bed 
imaging and routine scan data were reconstructed with 
2D modes and corrected for attenuation, dead time, and 
random coincidences.

Arterial input function

The non-invasive plasma AIF estimation tech-
nique was used to facilitate clinical acceptance. The 
left ventricular (LV) pool is the largest blood pool that 
allows minimized partial volume effects. Therefore, we 
adopted the LV blood pool for IDIF, continuously at the 
early stage of the scan and sparsely in subsequent mul-
ti-bed passes through the heart. The region of inter-
est (ROI) concerning the LV cavity was sketched, and 
overlap with the myocardium was avoided in order to 
prevent myocardial spillover effects. We took the max-

Table 1. Clinical features of the malignant and benign 
group

Features Malignant group
mean±SD

Benign group
mean±SD p-value

Age (years) 52.25±4.62 50.00±8.68

Gender  
(male/female) 6/4 6/5

Prior  
treatment 0 0

Lesions 15 14

Lesion  
maximum 
diameter (cm)

2.993±1.25 2.821±1.22 >0.05

SUVmax 2.793±0.47 2.294±0.68 <0.05

Ki values 
(KBq/mL) 0.325±0.22 0.116±0.18 <0.05

SD: standard deviation
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imum counts of ROI to generate the TAC. To avoid the 
bias of statistical noise, we sketched the ROI of six ad-
jacent cross sections of the left ventricle and then gen-
erated average data, as shown in Figure 1. 

Influx rate constant Ki

The Patlak plot is a graphical analysis approach 
that has been extensively validated for 18F-FDG uptake 
rate constant estimation [10]. The Patlak plot method 
obtains Ki with the equation:    

                                          
                                 

,where Ci(t) is tissue 18F-FDG concentration change 
with time, Cp(t) is the plasma 18F-FDG concentration 
change with time, V is the intercept of regression com-
prised of the effective plasma volume and the distri-
bution of volume of reversible compartments, and Ki 
is the slope of linear regression that equals the tissue 
18F-FDG influx or uptake rate constant. We utilized an 
adaptive Bayesian estimation framework that used the 
powerful theory of ridge regression to regularize line-
ar regression. From the above equation, it can be seen 
that Ki measures the changes of tissue concentration 
normalized with respect to the time-course of plas-
ma 18F-FDG, while SUV-based metrics measure tissue 
concentration without considering plasma 18F-FDG dy-
namics. 

Analysis of pulmonary lesions and parameter estimation

Three experienced nuclear medicine physicians 
assessed the PET/CT images. The pulmonary lesions 
were sketched, and the Patlak plot was used to gener-
ate Ki and parametric images. The parametric images 
generated by conventional linear regression or nonlin-
ear regression methods for multi-bed 18F-FDG PET data 
are too noisy for routine clinical use. Members from 
our team demonstrated that spatial-constraints based 
on parametric imaging algorithms can be used to mod-
ify dynamic multi-bed 18F-FDG PET/CT imaging and 

remarkably reduce the noise in parametric Ki images 
[11,12]. At the same time, the pulmonary lesions of rou-
tine PET/CT images were analyzed to obtain SUVmax for 
comparison with Ki.

Influx rate constant Ki estimation of dynamic 
multi-bed PET data was done with the PMOD software 
package (version2.75, Technologies Ltd., Zurich, Swit-
zerland), which was provided by Johns Hopkins Univer-
sity. 

Statistics

All data were analyzed by SPSS 17.0 (SPSS Inc., 
Chicago, IL, USA). Quantitative data were expressed as 
mean±standard deviation (SD). Lesion maximum di-
ameter, influx rate constant Ki and SUVmax obtained in 
both groups were analyzed by Wilcoxon-Mann-Whit-
ney U tests, and p<0.05 was considered statistically sig-
nificant. The correlation of  Ki values and SUVmax were 
analyzed with Spearman test. 

Results 

The TAC of malignant pulmonary lesions 
demonstrated gradual increases in 18F-FDG up-
take until 60 min, whereas benign lesions exhib-
ited gradual decreases in TAC over 60 min (Figure 
1). Typical TAC and Ki parametric images for ma-
lignant and benign lesions are shown in Figures 2 
and 3, respectively.

The maximal lesion diameter was not signif-
icantly different between groups (p>0.05). Malig-
nant pulmonary lesions demonstrated significant-
ly higher Ki values (p<0.05) and SUVmax (p<0.05) 
than benign lesions. All 15 malignant lesions had 
SUVmax values > 2.5. We found that 10 (out of 14) 
benign lesions had SUVmax values < 2.5, and the 
remaining 4 benign lesions had SUVmax values > 
2.5 but gradually decreased activity on TAC, as 
shown in Figure 3. The Ki values were significant-
ly correlated with SUVmax values in pulmonary le-

Figure 1. (A) Mean arterial input function for 21 patients generated by image-derived input function.   
(B) Mean time-activity curves for 10 patients with 15 malignant pulmonary lesions. (C) Mean time-activity 
curves for 11 patients with 14 benign pulmonary lesions.
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Figure 2. (A) A lesion in the right lung in a 56-year-old man is evident with Ki parametric imaging (left: trans-
verse, middle: coronal, right: median sagittal). (B) The SUVmax and Ki of this lesion were 3.7 and 0.616 kBq/mL, 
respectively. The TAC of this lesion gradually increased over 60 min. (C) Microscopic examination with hema-
toxylin and eosin (×40) shows a small cell lung cancer lesion.

Figure 3. (A) A 40-year-old man with a lesion in the right lung which is evident with Ki parametric imaging 
(left: transverse, middle: coronal, right: median sagittal). (B) The SUVmax and Ki of this lesion are 3.8 and 0.231 
kBq/mL, respectively. The TAC of this lesion gradually decreases over 60 min. (C) Microscopic examination 
with hematoxylin and eosin (×20) shows an inflammatory granulomatous lesion.
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sions (r=0.815, p<0.01). The inter-group differenc-
es in maximum lesion diameter, Ki, and SUVmax 
are shown in Table 1. 

Discussion

Tissue metabolism is susceptible to blood 
levels of insulin; therefore, diabetics should take 
measures to control their blood glucose levels be-
fore undergoing 18F-FDG PET/CT scanning. The 
best noninvasive method to acquire AIF is IDIF 
and requires rapid PET data acquisition. There-
fore, this method can only be applied to the LV 
and the aorta [13,14]. We selected the LV for IDIF 
because the LV sketch was easier than the aorta, 
and the LV has the largest blood pool. Cardiac dys-
function may impair heart contraction and relaxa-
tion, thereby affecting the radioactive count of the 
LV. None of the patients included in this study had 
a history of diabetes or heart disease.

 The two-tissue-compartment model and 
the Patlak plot are the most important methods 
for generating the influx rate constant Ki. The 
two-tissue-compartment model makes use of AIF 
and tissue TAC from 0 to 60 min to generate k1-
k4 and calculate Ki. The rate constant values k1, 
k2, k3, and k4 represent the course of 18F-FDG for-
ward transport, reverse transport, phosphoryla-
tion, and dephosphorylation, respectively [15,16]. 
The Ki was calculated as shown in the following 
equation Ki=k1k3/(k2+k3). The Patlak plot method 
assumes that k4 is zero and uses the linear regres-
sion diagram to generate Ki. We also made use 
of spatial-constraint-based parametric imaging 
algorithms to improve Ki parametric images. The 
Patlak plot has many advantages over the two-tis-
sue-compartment model. The calculation of this 
method is simpler and is not susceptible to the 
influence of image noise [16,17].

 18F-FDG PET/CT has been widely used to de-
tect and diagnose tumors, especially pulmonary 
lesions. In most cases, SUVmax is considered a 
reliable method in the differentiation between 
benign and malignant lesions. In our study, ma-
lignant pulmonary lesions demonstrated signifi-
cantly higher SUVmax (p<0.05) than benign lesions, 
and the maximum diameters of the two types of 
lesions were not significantly different (p>0.05). 
The majority of benign lesions had SUVmax values 
< 2.5, whereas the SUVmax values of most malig-
nant lesions were > 2.5. Therefore, SUVmax>2.5 can 
be considered a criterion for the differential diag-
nosis of benign and malignant lesions. However, 
SUV is a semi-quantitative method that is easily 
affected by many factors, such as plasma glucose 

levels and 18F-FDG distribution and clearance 
[18]. In addition, benign and malignant lesions 
can overlap. Some benign lesions can also have 
a SUV max>2.5, which can lead to false-positive 
imaging. Dual-time-phase is a useful method for 
differentiating between benign and malignant le-
sions at two points, usually at 60 and 120 min. 
However, some studies have shown that the dual-
time-phase method cannot differentiate between 
some lesions, including benign and malignant 
pulmonary lesions [19-21]. This is especially true 
for solitary pulmonary lesions. 18F-FDG PET/CT 
dynamic multi-bed imaging as an absolute quan-
titative method can reflect the organization of cell 
metabolism. Therefore, dynamic imaging can con-
tribute to the diagnosis of benign or malignant 
lesions and help avoid false-positive imaging.

 The false-positive imaging diagnosis of ma-
lignant pulmonary lesions is mainly due to the 
existence of benign lesions that also take up 
18F-FDG; SUVmax can be > 2.5 in these lesions. In 
our study, the SUVmax of 4 benign lesions was > 
2.5. Inflammatory cell infiltration explains high 
SUVmax values of some benign lesions, such as tu-
berculosis, inflammatory granuloma, and bacteri-
al infection [22]. These inflammatory lesions are 
rich in inflammatory cells, such as macrophages, 
lymphocytes, and eosinophils that express high 
levels of glucose transporter 1 (Glut-1), and hex-
okinase-like malignant lesions [23]. Therefore, 
these benign lesions can take up 18F-FDG that can 
lead to a SUVmax>2.5. We investigated quantita-
tive dynamic multi-bed Ki parametric imaging to 
identify a solution to the above-mentioned limita-
tions of SUV-based approaches.

 In our study, the TAC of 15 malignant lesions 
gradually rose during the dynamic scans, whereas 
those of 14 benign lesions gradually fell. The influx 
rate constant Ki showed higher values in malig-
nant lesions compared to benign lesion (p<0.05), 
which may reflect different cellular structures. 
Theoretically, SUVmax is correlated with Ki, but 
this correlation may be affected by the false-posi-
tive or negative results of SUV-based imaging. In 
our study, the SUVmax values of 4 benign lesions 
were > 2.5, showing a significant correlation be-
tween Ki and SUVmax (r=0.815, p<0.01). 

 The use of dynamic 18F-FDG PET studies and 
PET parametric images can be particularly useful 
for the detection and characterization of small le-
sions in the oropharynx, lung, liver, and pancre-
as. Despite its utility, dynamic PET imaging has 
been primarily confined to research centers and 
has not been used in busy clinical settings main-
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