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Rationale and Objectives: This study explored the clinical value of dual time-point 18F-fluorodeoxyglucose (18F-FDG) positron 
emission tomography (PET) imaging for differentiating lymph node metastasis from lymph nodes with reactive hyperplasia.

Methods: 250 lymph nodes from 153 bladder cancer patients who underwent 18F-FDG PET/computed tomography (CT) delayed diuretic 
imaging were analyzed. The maximum and mean standardized uptake values (SUVmax and SUVmean, respectively), metabolic tumor volume 
(MTV), and related delay indices before and after PET delayed imaging were obtained. Relationships with outcomes were analyzed using non-
parametric and multivariate analyses. Receiver operating characteristic curves and nomograms were drawn to predict lymph node metastasis.

Results: Delayed PET/CT imaging showed better detection of hyperplasia and metastatic lymph nodes. Delayed imaging with a cutoff 
SUVmax of 2.0 or 2.5 increased the detection rate of metastatic lymph nodes by 4.1%, and 6.9%, respectively. Delayed imaging often 
showed speckle-like radioactive foci in lymph nodes with reactive hyperplasia and increased FDG uptake throughout the nodes in 
metastatic lymph nodes. The lymph node short-axis diameter, SUVmean, and delayed index of MTV (DIMTV) were independent pre-
dictors for differentiating metastatic lymph nodes from reactive hyperplasia, and their combination showed better differentiation per-
formance than the individual predictors. In high-risk patients, the probability of lymph node metastasis was as high as 97.6%.

Conclusion: Dual time-point imaging can detect more metastatic lymph nodes. Some lymph nodes with hyperplasia show speckle-like 
radioactive foci on delayed imaging. The lymph node short-axis diameter, SUVmean, and DIMTV are three important parameters for 
predicting lymph node metastasis.
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INTRODUCTION

B ladder cancer is the most common malignant tumor 
in the urinary tract, and urothelial carcinoma accounts 
for 90% of all bladder cancers (1). Abdominal and 

pelvic lymph nodes are the primary sites of metastases from 
urothelial carcinoma of the bladder. Metastases in those sites 
reduces the survival rate by 25 to 31% (2–4). Radical cy-
stectomy and pelvic lymph node dissection are the main 
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treatments for these metastases, and an appropriate extent of 
lymph node dissection can reduce the incidence of complica-
tions while ensuring the therapeutic effect (5). However, ac-
curate preoperative information about lymph node metastasis is 
crucial for appropriate therapeutic decision-making.

Positron emission tomography/computed tomography 
(PET/CT) is a functional imaging technique that can si-
multaneously visualize anatomy and metabolism. The most 
frequently used tracer for PET/CT imaging is 18F-fluor-
odeoxyglucose (18F-FDG). PET/CT examinations can de-
tect lymph node metastasis in bladder cancer early, which 
usually manifests as a nodular radioactive accumulation 
around the pelvis and abdominal aorta in PET images (6,7). 
Clinical comparative studies have confirmed that the clinical 
value of 18F-FDG PET-CT in diagnosing lymph nodes in 
bladder cancer is higher than those of CT and magnetic 
resonance imaging (MRI) (8,9). In the 2019 European As-
sociation of Urology (EAU) consensus statement on bladder 
cancer management, 88% of experts endorsed the use of 18F- 
FDG PET/CT for preoperative evaluation of regional lymph 
nodes in bladder cancer (10). However, in clinical practice, 
stimulation of the lymph nodes by bacteria, viruses, and 
metabolites can induce reactive hyperplasia, enlarged lymph 
nodes, and/or increased FDG metabolism, which can cause 

false-positive assessments in PET/CT imaging (11–14). 
Thus, the accuracy of FDG PET/CT for diagnosing lymph 
node metastasis needs to be improved further to facilitate 
appropriate treatment.

Delayed diuretic imaging has been used to locate primary 
lesions in bladder cancer and has shown some value for 
differentiation of inflammatory and residual malignant lesions 
after transurethral resection of bladder tumor 
(TURBT) (15). Comparisons of changes in lymph node 
metabolic parameters before and after delayed dual time- 
point imaging may help distinguish lymph node metastasis 
from reactive hyperplasia. Therefore, this retrospective study 
explored the clinical value of delayed FDG PET imaging for 
differentiation of lymph node metastasis and reactive hy-
perplasia by analyzing and comparing the FDG PET/CT 
parameters before and after delayed diuretic imaging.

MATERIALS AND METHODS

Patients and Study Design

The present study retrospectively analyzed 250 lymph nodes 
in 153 bladder cancer patients from January 2016 to August 
2022 (Fig 1). All patients underwent 18F-FDG PET/CT and 

Figure 1. Flowchart showing the study inclusion and exclusion criteria. A total of 153 patients with bladder cancer underwent 18F-FDG PET/ 
CT. After PET/CT, lymph node dissection or lymph node biopsy for bladder cancer was performed within two weeks between January 2016 
and April 2021.
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lymph node biopsy within two weeks after the PET/CT 
examination. The lymph node pathology was confirmed by 
pathological examinations. The study population included 
cases in which fine-needle aspiration or open abdominal 
biopsy of the lesion was performed under PET/CT or CT 
imaging guidance after detailed multidisciplinary team 
(MDT) discussions, and lymph node pathological results and 
a clear pathological diagnosis were available. A total of 153 
patients met all eligibility criteria and were enrolled in the 
study. The study design was approved by Ethics Review 
Board, and all participants provided written informed 
consent.

18F-FDG PET/CT Acquisition

18F-FDG PET/CT was performed using a PET/CT scanner 
(Biograph mCT 64; Siemens Medical Systems, Erlangen, 
Germany). All patients fasted for 6 h before receiving 18F- 
FDG (0.95% radiochemical purity; Shanghai Kexin 
Pharmaceutical). The first 18F-FDG PET/CT scan was ob-
tained 50  ±  10 min following intravenous drug administra-
tion (3.7  ±  0.37 MBq/kg activity per body weight) with 
the following parameters: 120 kV; 140 mA; and section 
thickness, 5.0 mm. PET imaging was performed immediately 
in 5–6 bed positions after the CT scan (acquisition time, 
3 min/bed position). PET raw data were reconstructed using 
iterative reconstruction with system-specific point spread 
function modeling and time-of-flight analysis. Projection 
data were reconstructed with a 5-mm slice thickness (rows, 
512; columns, 512; voxel size, 1.5 × 1.5 × 5.0 mm). The 
patients received oral furosemide 40 mg immediately after 
the routine first PET/CT scan, drank 1500 mL of water, and 
urinated several times. At 120  ±  15 min after oral fur-
osemide administration, delayed PET/CT imaging acquisi-
tion was performed with 1–2 bed positions in the pelvic 
district.

18F-FDG PET/CT Image Analysis

All 18F-FDG PET/CT images were reviewed in a work-
station (IntelliSpace Portal 7.0; Philips, Amsterdam, the 
Netherlands) for metabolic parameter measurement and in-
terpreted by two nuclear medicine physicians. The spherical 
volume of interest (VOI) was delineated using a 40% contour 
threshold method based on the standardized uptake value 
(SUV). VOIs were carefully placed in the same anatomical site 
on both standard and delayed PET/CT scans. SUV was au-
tomatically calculated as follows: SUV = tissue radioactivity 
concentration (MBq/mL) injected dose (MBq)/body weight. 
The workstation also automatically calculated metabolic 
parameters before delayed imaging, including maximum up-
take value (SUVmax), mean standard uptake value 
(SUVmean), and metabolic tumor volume (MTV). The 
corresponding parameters obtained after delayed imaging were 
named DSUVmax, DSUVmean, and DMTV, respectively, 

while the corresponding delayed indices were named 
DISUVmax, DISUVmax, and DIMTV, respectively and 
calculated as follows (16): DISUVmax = (DSUVmax − 
SUVmax) × 100/SUVmax; DISUVmean = (DSUVmean − 
SUVmean) × 100/SUVmean; and DIMTV = (DMTV − 
MTV) × 100/MTV. The size of suspicious lymph nodes was 
measured on CT. The calculation of PET/CT parameters, 
delineation of the region of interest, and visual evaluations 
were completed by the imaging technology team of the de-
partment of Nuclear Medicine of Inselspital at the University 
of Bern.

Statistical Analysis

Statistical analysis was performed with SPSS software (SPSS, 
version 16.0; SPSS, Chicago, Ill). Data were presented as 
mean ±  standard deviation. The Mann–Whitney U analysis 
was used to compare the PET metabolic parameters and the 
lymph node sizes between inflammatory and malignant 
nodes. Multivariable analyses with logistic regression were 
performed to identify predictive factors for malignant lymph 
nodes. Differences in the sensitivity and specificity of each 
parameter in standard and delayed PET/CT were de-
termined using the chi-square or Fisher’s test. On the basis of 
the associated predictors, the R language nomogram was 
used to predict lymph node metastasis. A p-value <  0.05 was 
considered statistically significant.

RESULTS

Study Population and Conventional SUVmax Values for 
Differentiating Between Lymph Node Metastasis and 
Reactive Hyperplasia in Bladder Cancer

A total of 153 patients with bladder urothelial carcinoma were 
included in this retrospective study. The numbers of pT0–T2- 
and pT3–T4-staged patients were similar. High-grade urothelial 
carcinoma accounted for 96.73% of the cases (n = 148). A total 
of 250 lymph nodes showed clear pathological findings, in-
cluding metastatic lymph nodes (n = 145, 58%) and reactive 
hyperplasia (n = 105, 42%) (Supplement Table 1).

Both metastasis and reactive hyperplasia showed enlarged 
lymph node volume and increased FDG metabolism (12), 
making it difficult to diagnose lymph node metastasis by 
PET/CT. Although SUVmax cutoff values of 2.0 (17) and 
2.5 (18,19) have shown high sensitivity for identifying lymph 
node metastasis in bladder carcinoma, in our study, as shown 
in Table 1, these cutoff values showed low diagnostic spe-
cificity (17.1% and 29.5%, respectively) for identifying 
lymph node metastasis in bladder urothelial carcinoma and 
could not effectively differentiate metastatic lymph nodes 
from lymph nodes showing reactive hyperplasia.

We also analyzed whether delayed 18F-FDG PET/CT 
imaging could improve the identification of hyperplasia and 
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metastasis in lymph nodes (Table 1). A cutoff SUVmax value 
of 2.0 identified 13 more hyperplastic or metastatic lymph 
nodes, of which six were identified as metastatic lymph 
nodes in delayed imaging in comparison with standard 
imaging; thus, delayed imaging identified 4.1% more meta-
static lymph nodes than standard imaging. Similarly, a cutoff 
SUVmax value of 2.5 identified 17 more hyperplastic or 
metastatic lymph nodes, of which 10 were identified as 
metastatic lymph nodes in delayed imaging in comparison 
with standard imaging; thus, delayed imaging identified 6.9% 
more metastatic lymph nodes than standard imaging.

Metabolic Parameters for Identifying Lymph Nodes 
Showing Metastasis and Reactive Hyperplasia in Dual 
Time-Point Imaging of Bladder Cancer

Since tumors and hyperplasia may differ in the rate of FDG 
uptake and excretion (14,20), delayed imaging may help 
differentiate lymph nodes with reactive hyperplasia from 
lymph node metastases (21,22). However, the changes in 
metabolic parameters before and after delayed imaging of 
metastatic lymph nodes and lymph nodes with reactive hy-
perplasia in bladder cancer have not been studied in detail.

Therefore, we first analyzed dual time-point PET images 
of lymph nodes showing metastasis and reactive hyperplasia. 
After delayed imaging, FDG uptake in lymph nodes with 
reactive hyperplasia tended to gradually aggregate to the 
central area or other local areas of the lymph node and de-
creased at the edge of the lymph node, even showing 
speckle-like or spot foci (Fig 2, case 1, 2). However, most 
of the metastatic lymph nodes showed a persistent increase in 
FDG uptake throughout the lymph node (Fig 2, case 3, 4). 
Speckle-like foci are more likely in reactive hyperplasia than 
in metastatic lymph nodes, whereas metastatic lymph nodes 
are more likely to show globally increased fluorodeox-
yglucose uptake in delayed PET/CT imaging.

We further compared the changes in SUVmax, 
SUVmean, and MTV before and after delayed imaging of 
metastatic lymph nodes and reactive hyperplasia. The 
SUVmax and SUVmean in both types of lymph nodes sig-
nificantly increased after delayed imaging (Fig 3a–c), with 
87.6% and 81% of metastatic lymph nodes and lymph nodes 
with reactive hyperplasia showing increased SUVmax after 

delayed imaging. Similarly, SUVmean values increased in 
77.9% of metastatic lymph nodes and 63.8% of lymph nodes 
with reactive hyperplasia after delayed imaging (Fig 3a–c). In 
contrast, while 85.5% of metastatic lymph nodes showed 
increased MTV values, 61.9% of lymph nodes with hyper-
plasia showed decreased MTV values after delayed imaging. 
Thus, the MTV parameters of metastatic lymph nodes in-
creased significantly, while those of lymph nodes with hy-
perplasia decreased significantly (Fig 3a, d).

Comparison of PET/CT-Related Parameters Before and 
After Delayed Imaging Between Metastatic Lymph 
Nodes and Lymph Nodes with Reactive Hyperplasia

We compared the PET/CT-related parameters and analyzed 
the differences in lymph node length, short-axis diameter, and 
metabolic parameters in dual time-point imaging between 
metastatic lymph nodes and lymph nodes showing reactive 
hyperplasia. Since these data did not show a normal dis-
tribution, we used the Mann–Whitney U test to compare the 
differences between the two groups. All indicators except 
DISUVmax showed significant differences (Supplement 
Table 2). Multivariable logistic regression analysis to identify 
the predictive factors for metastatic lymph nodes identified the 
lymph node short-axis diameter, SUVmean, and DIMTV as 
independent factors for the diagnosis of lymph node metas-
tasis, among which the DIMTV index was the best parameter 
for predicting lymph node metastasis (Table 2).

Receiver Operating Characteristic Curve and 
Nomogram Predicted Lymph Node Metastasis

The short-axis lymph node diameter, SUVmean, and 
DIMTV predicted lymph node metastasis. We also used 
receiver operating characteristic (ROC) curve analysis to 
evaluate the usefulness of these parameters and their com-
bination for differentiating between lymph node metastasis 
and reactive hyperplasia. The results showed that the short- 
axis lymph node diameter, SUVmean, and DIMTV could 
distinguish metastatic lymph nodes, and their combination 
showed an AUC, sensitivity, and specificity of 0.938, 82.8%, 
and 89.5%, respectively, for predicting lymph node metas-
tasis. Thus, the combination of these indicators allowed 

TABLE 1. Conventional SUVmax Values in the Lymph Nodes 

Parameter TP FP TN FN Sensitivity Specificity

SUVmax
2.0 138 87 18 7 95.2% 17.1%
2.5 133 74 31 12 91.7% 29.5%

DSUVmax
2.0 144 94 11 1 99.3% 10.8%
2.5 143 81 24 2 98.6% 22.9%

DSUVmax, maximum uptake value in delayed imaging; FN, false-negative; FP, false-positive; SUVmax, maximum uptake value; TN, true- 
negative; TP, true-positive
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better prediction of lymph node metastasis than that achieved 
using a single indicator or a combination of the short-axis 
diameter and SUVmean (Table 3, Fig 4a). To facilitate more 
intuitive diagnosis of lymph node metastasis, we drew a 
nomogram using the short-axis lymph node diameter, 
SUVmean, and DIMTV to predict lymph node metastasis. 
DIMTV and SUVmean were more important indicators 
than the short-axis diameter for predicting lymph node 
metastasis (Fig 4b).

Differentiation of Lymph Node Metastasis from Lymph 
Node Inflammatory Hyperplasia by the Combination of 
the Three Parameters

To facilitate clinical application, we divided the lymph nodes 
into four groups based on the threshold values for the short- 
axis diameter, SUVmean, and DIMTV: a high-risk group 
(short-axis diameter ≥ 7.53, SUVmean ≥ 2.59, and DIMTV 
≥ 0.03), a moderate–high-risk group (any two parameters 

above their cutoff values), a moderate–low-risk group (only 
one parameter above its cutoff value), and a low-risk group 
(all three parameters below their cutoff values). The prob-
abilities of lymph node metastasis in these four groups were 
97.6%, 75.9%, 36.8%, and 3.6%, respectively, while the 
probabilities of hyperplasia were 2.4%, 24.1%, 63.2%, 96.4%, 
respectively. Thus, the rates of metastatic lymph nodes dif-
fered significantly among the four risk groups (P  <  0.001; 
Table 4).

DISCUSSION

In PET/CT imaging, lymph nodes with reactive hyperplasia 
are usually enlarged and show increased FDG metabolism, 
similar to metastatic lymph nodes (12,14). Consequently, 
reactive nodes cannot easily be distinguished from lymph 
node metastases, resulting in a high misdiagnosis rate. Since  

Figure 2. Typical dual time-point PET imaging of reactive hyperplasia and metastatic lymph nodes. After delayed imaging in reactive 
hyperplasia lymph nodes, some lesions with high FDG metabolism gradually aggregated to the central or other areas of the lymph node and 
showed a star or spot pattern. The white arrow indicates lymph node reactive hyperplasia in cases 1 and 2. The yellow arrow indicates FDG 
uptake of the ureter in the standard imaging in case 2. In comparison with standard PET/CT imaging, the pelvic cancerous lymph nodes 
showed a persistent increase in FDG uptake, and the FDG uptake in the whole lymph node diffusely increased in delayed imaging. The white 
arrow indicates metastatic lymph nodes in cases 3 and 4. (Color version of figure is available online.)
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18F-FDG is mainly excreted by the urinary system and shows 
a high rate of accumulation in the bladder, furosemide, 
which can reduce the activity of FDG in the bladder by more 
than 90%, is used in clinical delayed imaging (15,23).

At our clinical research center, dual time-point PET 
imaging is routinely performed for diagnosing urinary tract 

tumors, especially primary bladder cancer. Delayed scanning 
can avoid the influence of radioactive tracers on the urinary 
system and more clearly indicate primary bladder cancer and 
lymph node metastasis near the bladder. Studies have de-
scribed the usefulness of delayed imaging for diagnosing 
lymph node metastases in bladder (15), lung cancer (24), 

Figure 3. Graphs showing the changes in metabolic parameters in metastatic lymph nodes and reactive hyperplasia after delayed imaging. 
(a) The percentage of lymph nodes showing increased SUVmax, SUVmean, and MTV after delayed imaging in metastatic lymph nodes and 
reactive hyperplasia. (b–d) Comparison of changes in SUVmax, SUVmean, and MTV before and after delayed imaging in metastatic lymph 
nodes and reactive hyperplasia, respectively. (Color version of figure is available online.)

TABLE 2. Independent Parameters Identified by Stepwise Multivariate Logistic Regression Analysis of Early and Delayed Images 
for Diagnosing Lymph Node Metastases 

Parameters B SE OR 95% CI P

Short-axis diameters 0.172 0.085 1.188 1.005-1.403 0.027
SUVmean 1.121 0.188 3.069 2.125-4.432 <  0.001
DIMTV 1.445 0.390 4.242 1.976-9.106 <  0.001

CI, confidence interval; DIMTV: delayed index of metabolic tumor volume; OR, odds ratio; SE, standard error; SUVmean, mean standard 
uptake value.

ZHOU ET AL  Academic Radiology, Vol xx, No xx, xxxx xxxx 

6 6



vulvar cancer (16), and breast cancer (25). However, the 
exact diagnostic mechanism underlying this utility of delayed 
imaging remains unclear. One possibility is that FDG uptake 
in hyperplasia or other inflammatory lesions shows a peak 
followed by rapid FDG excretion while metastatic lymph 
nodes show continuous uptake or slower excretion of FDG, 
allowing the differentiation of reactive hyperplasia from 
metastatic lymph nodes (21).

The use of dual time-point 18F-FDG PET/CT imaging in 
bladder cancer for differentiation between lymph node me-
tastasis and reactive hyperplasia has not been reported pre-
viously. Although several studies have shown that reactive 
hyperplasia may excrete FDG faster and show a lower 
SUVmax during delayed imaging while metastatic lymph 
nodes would continue to take up FDG and thereby show a 
higher SUVmax, our results indicated that the SUVmax and 
the SUVmean of both metastatic lymph nodes and reactive 
hyperplasia increased on delayed imaging after 2 h.

Interestingly, the MTV significantly increased after de-
layed imaging in most metastatic lymph nodes, whereas it 
decreased in lymph nodes showing reactive hyperplasia. 
Image comparisons showed that after delayed imaging, some 
lymph nodes with reactive hyperplasia showing high FDG 
metabolism gradually aggregated to the central area of the 
lymph node, and the FDG uptake at the edge of the lymph 
node decreased. On delayed FDG imaging, lymph nodes 
with reactive hyperplasia were more likely to show increased 
regional FDG uptake than metastatic lymph nodes, whereas 
metastatic lymph nodes were more likely to show whole, 
diffuse increased FDG uptake. The mechanism underlying 
these differences remains unclear, but we speculate that it 
may be related to the abnormal blood supply to the lymph 
nodes with hyperplasia. Some investigators have shown that 
delayed washout distinguishes adrenal metastases from be-
nign adrenal adenomas, which may be the same phenom-
enon (26–29). During delayed imaging, some lymphocytes 
in the lymph nodes with reactive hyperplasia can quickly 
excrete FDG, but because of the abnormalities in blood 
supply, the FDG transported to these lymph nodes is not 
rapidly excreted from the entire lymph node but is con-
tinuously taken up by lymphocytes in the center of the 

lymph node. This may explain the increase in the SUVmax 
observed in the central area of some lymph nodes with re-
active hyperplasia and the decrease in the FDG and MTV in 
the marginal area after delayed imaging. In our study, most 
cancerous lymph nodes showed a persistent increase in FDG 
uptake, with a diffuse increase in the FDG uptake in the 
entire lymph nodes. However, additional evaluations using 
methods such as autoradiography are required to elucidate 
the mechanisms underlying these findings. These imaging 
results can help radiologists visually analyze and identify 
lymph nodes with reactive hyperplasia and provide imaging 
and parametric data for artificial intelligence image analysis of 
lymph nodes with reactive hyperplasia.

We further analyzed the value of metabolic parameters and 
the related delay indices in differentiating metastatic lymph 
nodes from reactive hyperplasia and found that the lymph 
node short-axis diameter, SUVmean, and DIMTV were three 
independent predictors for differentiating metastatic lymph 
nodes from reactive hyperplasia. The DIMTV, which is as-
sociated with delayed imaging, showed the highest predictive 
ability for lymph node metastasis, while the short-axis dia-
meter of lymph nodes showed a relatively low predictive 
ability. The combination of these three predictors yielded an 
area under the ROC value higher than the individual values 
of all three factors. We also plotted nomograms and prepared a 
prediction table of lymph node metastasis risk based on these 
three parameters. In high-risk patients, the probability of 
lymph node metastasis and hyperplasia was 97.6% and 3.6%, 
respectively. Conversely, in low-risk patients, the probability 
of lymph node metastasis and lymphadenitis was 2.4% and 
96.4%, respectively. Thus, the combination of these para-
meters could facilitate the analysis of pelvic lymph nodes, 
improving the accuracy of identifying lymph node metastasis 
and lymph node hyperplasia.

In this study, we used delayed imaging multi-parameter 
analysis to more accurately distinguish lymph node metastasis 
from lymph node hyperplasia. Nevertheless, this study had 
some limitations, including a lack of confirmatory cohort 
studies and the limitations of delayed imaging itself, such as 
the increased examination time, long waiting periods for 
patients, and the increased workload for technicians.

TABLE 3. Comparison of Receiver Operating Characteristic Curves of the Prediction Models for Lymph Node Metastasis 

Parameter AUC P value 95% CI Threshold value Sensitivity Specificity

Short-axis diameters 0.764 <  0.001 0.706-0.822 7.530 67.6% 73.3%
SUVmean 0.883 <  0.001 0.841-0.925 2.590 83.8% 81.9%
DIMTV 0.832 <  0.001 0.778-0.885 0.032 85.5% 78.1%
Short-axis diameters + DIMTV 0.887 <  0.001 0.846-0.928 0.493 82.1% 83.8%
Short axis diameters + SUVmean + DIMTV 0.938 <  0.001 0.891-0.958 0.530 82.8% 89.5%

AUC, area under the curve; CI, confidence interval; DIMTV, delayed index of metabolic tumor volume; SUVmean, mean standard uptake 
value
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Figure 4. (a) ROC curve of the lymph node short-axis diameter, SUVmean, DIMTV, and combined detection for the diagnosis of lymph node 
metastasis. (b) Nomogram for prediction of lymph node metastasis using 18F-FDG PET/CT. The compact model includes the three most relevant 
predictors (short-axis diameter, SUVmean, DIMTV). For the nomogram, points from the selected clinical variables (top scale) are summed to a total 
score (lower scale) associated with the estimated probability for 18F-FDG PET/CT positivity. ROC, Receiver operating characteristic. (Color version 
of figure is available online.)
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CONCLUSION

In conclusion, delayed imaging can facilitate initial detection 
of more suspicious lymph nodes. On delayed FDG imaging, 
lymph nodes with reactive hyperplasia are more likely to 
show regional FDG uptake than metastatic lymph nodes, 
whereas metastatic lymph nodes are more likely to show 
increased global FDG uptake throughout the nodes. 
Multivariate analysis indicated that the lymph node short- 
axis diameter, SUVmean, and DIMTV could differentiate 
between lymph nodes showing reactive hyperplasia and 
metastatic lymph nodes, and their combination could better 
differentiate lymph nodes with reactive hyperplasia from 
lymph node metastases. Thus, the combination of lymph 
node short-axis diameter, SUVmean, and DIMTV could 
guide treatment plans in bladder cancer.
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