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Background: Inflammatory pseudotumors (IPTs) are often misdiagnosed as malignant solitary pulmonary 
nodules (SPNs) because their imaging features overlap with those of malignant SPNs, leading to overtreatment. 
The purpose of this article was to investigate the value of first-pass enhanced time-to-peak (TTP) in 
distinguishing IPTs from malignant SPNs using dual-input volume computed tomography perfusion (DI-CTP). 
Methods: This retrospective study included consecutive patients from No. 82 Group Hospital of Chinese 
People’s Liberation Army with IPTs or malignant SPNs by surgery or biopsy from June 2016 to October 
2021. Pulmonary artery flow (PF), bronchial artery flow (BF), perfusion index (PI), time-density curve, total 
perfusion (TLP), and first-pass TTP for all SPNs were determined by DI-CTP. The receiver operating 
characteristic (ROC) curve was used to analyse the values of TTP and other perfusion parameters in the 
differential diagnosis of IPTs and malignant SPNs. 
Results: Ninety-eight patients were enrolled, including 25 with IPTs and 73 with malignant SPNs. The 
intraclass correlation coefficient (ICC) for inter-observer and intra-observer reliability of all parameters was 
perfect (all ICCs >0.90, P<0.01). Compared with IPTs, the malignant SPNs showed significantly higher PF, 
TLP, and TTP (all P<0.01), without significant differences in BF and PI (all P>0.05). The area under the 
curve of TTP was 0.987, which was higher than those of the other perfusion parameters (0.987 vs. 0.752 
vs. 0.609 vs. 0.728 vs. 0.628). With a cut-off TTP of 18.10 s to distinguish IPNs from malignant SPNs, the 
sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were 92.0%, 97.3%, 
97.3%, 96.0%, and 96.9%, respectively. The sensitivity, specificity, and accuracy of CT plain scan combined 
with DI-CTP in diagnosing pulmonary nodules were 100%, 96.83%, and 98.97%, respectively.
Conclusions: Compared with other perfusion parameters, TTP may be a more valuable parameter to 
differentiate IPTs from malignant SPNs.

Keywords: Computed tomography (CT); perfusion imaging; lung neoplasms; receiver operating characteristic 

curve (ROC curve); inflammatory pseudotumor

Submitted Jun 22, 2024. Accepted for publication Mar 03, 2025. Published online Mar 28, 2025.

doi: 10.21037/qims-24-1261

View this article at: https://dx.doi.org/10.21037/qims-24-1261

2765

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-24-1261


Quantitative Imaging in Medicine and Surgery, Vol 15, No 4 April 2025 2755

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(4):2754-2765 | https://dx.doi.org/10.21037/qims-24-1261

Introduction

The solitary pulmonary nodule (SPN) is a common imaging 
sign, whose detection rates are gradually increasing due to 
advances in imaging technology and improved awareness of 
physical examination. Adenocarcinoma and squamous cell 
carcinoma account for approximately 75% of all malignant 
SPNs (1-3). The lung is the second simultaneous organ 
for pulmonary metastasis, and almost one-third of cancer 
deaths involve lung metastasis (1). The inflammatory 
pseudotumor (IPT) is an inflammatory, proliferative tumor-
like nodule, and a rare benign SPN in the lung (4). IPTs are 
often misdiagnosed as malignant SPNs and overtreated with 
procedures such as surgical resection and puncture biopsy 
since their imaging features overlap with those of malignant 
SPNs (5-11). However, biopsy is an invasive procedure 
that carries the risk of pneumothorax, bleeding, and even 
tumor metastasis (12). Therefore, a non-invasive method to 
differentiate between IPTs and malignant SPNs is needed 
to avoid overtreatment of IPTs.

In recent years, the advent of dual-input volume 
computed tomography (CT) perfusion (DI-CTP) allowed 
the differential diagnosis of pulmonary nodules. Previous 
studies have demonstrated that lung tumors have a dual 
blood supply by the pulmonary and aortic systems (13,14). 
The dual vascular supply of lung tumors can be quantitated 
with DI-CTP perfusion parameters, and dynamic first-
pass enhanced CT perfusion volume data can be obtained 
(13,15-17). Indeed, Yuan et al. (13) found that compared 
with malignant SPNs, benign SPNs had significantly 
higher pulmonary artery flow (PF) and perfusion index 
(PI), and bronchial artery flow (BF) was significantly lower. 
Meanwhile, PI had the highest diagnostic efficiency in 
differentiating between benign and malignant pulmonary 
nodules, with a sensitivity of 95% and a specificity of 83%. 
In addition, Bohlsen et al. (18) reported that malignant 
lesions showed statistically significantly higher PF than 
benign lesions, with no significant differences in BF and PI 
between malignant and benign lesions. Malignant tumors 
often invade the pulmonary artery of the affected lung 
segment, causing pulmonary artery stenosis or occlusion. 
With its aggravation, hyperplasia of fibers induces the 
obstruction of the pulmonary artery, and bronchial arteries 
supplement blood supply to the ischemic lung tissue 
(19,20). Therefore, a new parameter is needed to effectively 
differentiate between benign and malignant SPNs.

The time-to-peak (TTP) derived from time-density 
curve (TDC) reflects the features of the dominant blood 

supply in pulmonary nodules, which is physiologically based 
on dual blood supply in the lung (15). Previous studies 
applying contrast-enhanced ultrasound or 64-detector row 
CT systems have reported lower TTP in benign SPNs 
compared with malignant SPNs (21,22). Currently, studies 
using TTP to differentiate between IPTs and malignant 
SPNs are scarce, especially those examining different 
subtypes of malignant SPNs, based on the 320-detector row 
CT system. 

Therefore, this study aimed to investigate the value of 
DI-CTP for differentiating between IPTs and malignant 
SPNs using TTP and direct visualization of the TDC. 
We present this article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-1261/rc).

Methods

Study population

This study included consecutive patients from No. 82 
Group Hospital of Chinese People’s Liberation Army who 
underwent surgery or biopsy from June 2016 to October 
2021 to confirm the nature of SPNs. This retrospective 
study was approved by the ethics committee of No. 82 
Group Hospital of Chinese People’s Liberation Army (No. 
2021011) and conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The requirement of 
informed consent was waived due to the retrospective 
nature of the study. 

Inclusion criteria were: (I) SPNs manifesting as solid 
pulmonary nodules with a diameter of 1–3 cm; (II) 
pathologically confirmed IPTs or malignant lesions (squamous 
cell carcinoma, adenocarcinoma, or lung metastases) within 
2 weeks after DI-CTP; (III) solitary lesions. Exclusion 
criteria were: (I) ground glass nodules (GGNs) or subsolid 
nodules (solid content ≤50%); (II) merged mediastinal 
and hilar enlarged lymph nodes (diameter ≥1.5 cm);  
(III) respiratory dysfunction; (IV) previous reactions to 
iodinated contrast media; or (V) poor image quality or 
impossible body registration; (VI) patients with a confirmed 
history of primary pulmonary nodules.

CT perfusion imaging technique

Per routine practice, all patients were informed of radiation 
exposure and potential harm. The radiation dose was 
calculated from the dose-length product (DLP) listed in the 

https://qims.amegroups.com/article/view/10.21037/qims-24-1261/rc
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exposure summary sheet generated by the CT system and 
multiplied by a k-factor of 0.014.

Before examination, all patients underwent breathing 
training to ensure they could hold their breath for the 
entire perfusion procedure (i.e., 34 s). DI-CTP was 
performed using a 320-detector row CT scanner (Aquilion 
ONE, Canon Medical Systems, Japan). Before perfusion 
CT, plain scan localization was performed, and the 16-cm 
coverage included the nodule, pulmonary artery trunk, left 
atrium, and thoracic aorta. The contrast medium (CM) dose  
(350 mg I/mL) was adjusted according to patient weight: at 
least 30 mL for patients ≤60 kg and 0.5 mL/kg for patients 
>60 kg (maximum of 50 mL). The CM was injected with a 
dual-head power injector (Ulrich Medical, Ulm, Germany) 
at a rate of 6 mL/s via a 20-G intravenous catheter placed 
in the antecubital vein, followed by a 20 mL saline flush at 
the same injection rate. Two seconds after starting the bolus 
injection, 17 intermittent low-dose volume acquisitions 
were made at 2-s intervals with no table movement. The 
dual-input CT imaging was performed with the following 
parameters: tube voltage, 100 kV; tube current, 30 mA; 
gantry rotation speed, 0.5 s; slice thickness, 0.5 mm; 
reconstruction layer thickness, 0.5 mm. The total scanning 
time was 34 s. The data were processed with adaptive 
iterative dose reduction (AIDR 3D) and automatically 
reconstructed with 320 images per volume and a total of 
5,440 images for the entire volume perfusion data set.

Data post-processing and image analysis

The dual-input maximum slope analysis method was used 
to process the perfusion volume data. Volume registration 
was performed and loaded into the body perfusion analysis 
software to reduce misregistration respiratory artifacts 
and facilitate the evaluation of perfusion CT datasets (13). 
Two radiologists (Observer 1 and Observer 2, with 5 and  
10 years of experience in lung DI-CTP, respectively) 
measured the parameters independently using operator-
defined regions of interest (ROIs). Both radiologists were 
blinded to the clinical characteristics of the patients. In 
order to ensure the consistency of the ROIs, a freehand ROI 
based on the slices of the entire lesion was drawn manually 
along the edge of the nodule, avoiding visible blood 
vessels, lung tissue, necrotic liquefaction areas, cavities, 
calcifications, fat density, and artifacts and the TDC was 
generated for the contrast medium first-pass attenuation 
in the SPN. PF, BF, PI (PI = PF/PF + BF), and TDC were 
obtained by DI-CTP. Total perfusion (TLP, TLP = PF + 

BF) was calculated. The first-pass TTP obtained from the 
TDC was measured. 

The averages of the measurements from three ROIs were 
calculated for each parameter. In order to assess the intra-
observer agreement, these parameters were measured twice 
by Observer 1 (2 weeks apart). In order to assess the inter-
observer agreement, the averages of parameters measured 
twice by Observer 1 were compared with those measured 
once by Observer 2.

Statistical analysis

All statistical analyses were performed using SPSS 27.0 
(Chicago, IL, USA) and MedCalc software (Mariakerke, 
Belgium). Intra-observer and inter-observer agreements 
were evaluated using intraclass correlation coefficients 
(ICCs), and Bland-Altman plots with 95% limits of 
agreement were used. ICC <0.40, 0.40–0.75, >0.75 
indicated poor, fair-to-good, and excellent agreement. 
The correlation between each index’s first and second 
measurements was also assessed using Pearson’s correlation. 
The coefficients of variation (CVs) were calculated, and the 
target CV was <20% (23). Assessment of PI with scattered 
plots was performed to estimate the 95% percentile 
confidence interval. The Levines test was performed to 
assess the normality and homogeneity of variance. The 
parameters among IPTs, adenocarcinoma, squamous cell 
carcinoma, and pulmonary metastases were compared with 
one-way analysis of variance (ANOVA) and Bonferroni post 
hoc tests. Student’s t-test and the 95% confidence intervals 
(CIs) were used to compare perfusion parameters between 
malignant and benign SPNs. Independent sample t-test was 
used for comparison of parameters for IPTs with small IPTs 
and large IPTs. The diagnostic accuracy of the perfusion 
parameters in identifying SPNs was evaluated using receiver 
operating characteristic (ROC) curves, and the area under 
the curve (AUC) was calculated to evaluate the diagnostic 
efficacy of all perfusion parameters. AUC of 0.50–0.70 
indicated a low diagnostic value; 0.71–0.90 indicated a 
moderate diagnostic value; ≥0.90 indicated a high diagnostic 
value. Two-sided P values <0.05 were considered statistically 
significant.

Results

Patient characteristics

Ninety-eight consecutive patients were analyzed, including 
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25 with IPTs (small IPTs: 11 cases with diameters of 1≤ IPTs 
≤2 cm, larger IPTs: 14 cases with diameters of 2< IPTs ≤3 cm)  
and 73 with malignant SPNs (30 with adenocarcinoma, 

27 with squamous cell carcinoma, and 16 with pulmonary 
metastases: metastatic adenocarcinoma from digestive tract 
7 cases, liver metastases 6 cases, and breast cancer 3 cases). 
All patients had analyzable image sets. The patients were 
59.20±3.50 years old, and 53 (54.08%) patients were male. 
The nodules were 2.77±0.46 cm (Table 1). Representative 
cases are shown in Figures 1-4. The total DLP was  
516.64 mGy·cm (32.29 mGy × 16 cm), and the effective 
dose was 7.23 mSv based on a k-factor of 0.014.

Diagnosis of IPTs and malignant SPNs using plain CT, 
DI-CTP, both plain CT and DI-CTP

The diagnosis of IPTs and malignant SPNs by plain CT, 
DI-CTP, and CT plain scan combined with DI-CTP are 
shown in Table 2. Plain CT diagnosis of IPTs and malignant 
SPNs has a sensitivity of 41.1%, specificity of 24%, 
and accuracy of 36.73%. The sensitivity, specificity, and 
accuracy of DI-CTP in diagnosing pulmonary nodules are 
96%, 97.26%, and 96.93%, respectively. The sensitivity, 
specificity, and accuracy of CT plain scan combined with 
DI-CTP in diagnosing pulmonary nodules are 100%, 

Table 1 Characteristics of the patients

Characteristics Values (n=98)

Age (years), mean ± SD 59.20±3.50

Sex, n (%)

Male 53 (54.08)

Female 45 (45.92)

Nodule size (cm), mean ± SD 2.77±0.46

Types of pulmonary nodules, n (%)

IPTs 25 (25.51)

Malignant SPNs 73 (74.49)

Squamous cell carcinoma 27 (27.55)

Adenocarcinoma 30 (30.61)

Pulmonary metastases 16 (16.33)

IPT, inflammatory pseudotumor; SD, standard deviation; SPN, 
solitary pulmonary nodule.

Figure 1 DI-CTP and pathology of patient with a poorly differentiated adenocarcinoma. (A-G) Axial non-contrast CT showing pulmonary 
lesions with varying short and length burrs in a 53-year-old female patient located in the left upper lobe (A), moderate CT enhancement (B) 
with a CT value of 41.4 HU in Area1 (ROI). Perfusion profile: the ascending branch was steep, slightly decreased after reaching the peak, 
and then maintained at a high level. The first-pass TTP was 20.3 s (C), a PF of 87.0 mL/min/100 mL (D), a BF of 58.1 mL/min/100 mL 
(E), and a PI of 56.2% (F) in Area1, pathologically confirmed as a poorly differentiated adenocarcinoma staining with hematoxylin and eosin 
(×400) (G). BF, bronchial artery flow; CT, computed tomography; DI-CTP, dual-input volume CT-perfusion; EP, end phase, tissue peak 
enhancement; HU, Hounsfield unit; PF, pulmonary artery flow; PI, perfusion index; ROI, region of interest; SM, spleen peak time; SP, start 
phase; TTP, time-to-peak.
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Figure 2 DI-CTP and pathology of patient with a moderately differentiated squamous cell carcinoma. (A-G) Axial non-contrast CT showing 
pulmonary lesions with lobulation sign in a 65-year-old male patient located in the left superior lobe (A), moderate CT enhancement with a CT 
value of 32.3 HU in Area1 (ROI) (B). Perfusion profile: flat straight line with low amplitude enhancement peak. The first-pass TTP was 22.5 s 
(C), a PF of 37.7 mL/min/100 mL (D), a BF of 59.1 mL/min/100 mL (E), and a PI 35% (F) in Area1. Pathologically confirmed as a moderately 
differentiated squamous cell carcinoma staining with hematoxylin and eosin (×40) (G). BF, bronchial artery flow; CT, computed tomography; 
DI-CTP, dual-input volume CT-perfusion; EP, end phase, tissue peak enhancement; HU, Hounsfield unit; PF, pulmonary artery flow; PI, 
perfusion index; ROI, region of interest; SM, spleen peak time; SP, start phase; TTP, time-to-peak.

Figure 3 DI-CTP and pathology of patient with pulmonary metastasis (from the liver). (A-G) Axial non-contrast CT showing pulmonary 
lesions with lobulation sign in a 56-year-old female patient located in the left lower lobe (A), mild CT enhancement with a CT value of  
18.5 HU in Area1 (ROI) (B). Perfusion profile: the ascending branch of the curve reaches its peak value and then slowly decreases, but the 
density at the end of the curve is higher than that before enhancement. The first-pass TTP was 20.4 s (C), a PF of 39.3 mL/min/100 mL (D), 
a BF of 47.1 mL/min/100 mL (E), and a PI of 41.3% (F) in Area1. Pathologically confirmed as pulmonary metastasis (from the liver) staining 
with hematoxylin and eosin (×400) (G). BF, bronchial artery flow; CT, computed tomography; DI-CTP, dual-input volume CT-perfusion; 
EP, end phase, tissue peak enhancement; HU, Hounsfield unit; PF, pulmonary artery flow; PI, perfusion index; ROI, region of interest; SM, 
spleen peak time; SP, start phase; TTP, time-to-peak.
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96.83%, and 98.97%, respectively.

Reproducibility, intra/inter-observer agreement, and 
scattered plots of DI-CTP parameters

The Bland-Altman analysis for intra- and inter-observer 
agreement and assessment of patterns of PI with scattered 
plots showed that most of the plots of absolute difference 
were within the 95% limits of agreement, suggesting 
that the test-retest variability of the DI-CTP parameters 
in pulmonary nodules was acceptable in this study  

(Figures S1,S2).
The ICCs in the measurement of all the parameters 

and reproducibility coefficients (RCs) for each observer 
are presented in Table 3. The ICCs for inter-observer and 
intra-observer reliability of all parameters were perfect (all 
ICCs >0.90, P<0.01). The correlations between the two 
radiologists were excellent. The RCs for all parameters 
between the first and second measurements ranged from 
0.87 to 8.03 (intra-observer agreement) and from 1.06 to 
9.90 (inter-observer agreement). The CV for each index 
was <20%. 

Figure 4 DI-CTP and pathology of patient with IPT. (A-G) Axial non-contrast CT showing pulmonary lesions with varying short burrs in 
a 53-year-old male patient located in the right inferior lower lobe (A), uneven mild CT enhancement with a CT value of 21.4 HU in Area1 
(ROI) (B). Perfusion profile: the ascending branch of the curve rapidly reached the peak and then declined sharply, with the density at the 
end of the curve returning to the same level as before enhancement. The first-pass TTP was 16.1 s (C), with a PF of 40.0 mL/min/100 mL  
(D), a BF of 29.1 mL/min/100 mL (E), and a PI of 38.7% (F) in Area1. Pathological examination confirmed the lesion as an IPT, as 
demonstrated by hematoxylin and eosin staining (×400) (G). BF, bronchial artery flow; CT, computed tomography; DI-CTP, dual-input 
volume CT-perfusion; EP, end phase, tissue peak enhancement; HU, Hounsfield unit; IPT, inflammatory pseudotumor; PF, pulmonary 
artery flow; PI, perfusion index; ROI, region of interest; SM, spleen peak time; SP, start phase; TTP, time-to-peak.

Table 2 Diagnosis of IPTs and malignant SPNs using plain CT, DI-CTP, both plain CT and DI-CTP

Pathological type
Plain CT, n (%) DI-CTP, n (%) Both plain CT and DI-CTP, n (%)

IPTs Malignant SPNs IPTs Malignant SPNs IPTs Malignant SPNs

IPTs 6 (24.0) 19 (76.0) 24 (96.0) 1 (4.0) 25 (100.0) 0

Malignant SPNs 43 (58.9) 30 (41.1) 2 (2.74) 71 (97.26) 1 (1.36) 72 (98.63)

Total 48 (48.97) 50 (51.02) 26 (26.53) 72 (73.46) 26 (26.53) 72 (73.46)

CT, computed tomography; DI-CTP, dual-input volume computed tomography perfusion; IPT, inflammatory pseudotumor; SPN, solitary 
pulmonary nodule.

Time (s)

SP                              SM                                      EP

Artery
Liver
Portal
Spleen

CT #
700

600

500

400

300

200

100

0
0.0      4.0      8.0    12.1    16.1    20.4    24.6    28.7   32.8

A B C D

E F G

https://cdn.amegroups.cn/static/public/QIMS-24-1261-Supplementary.pdf


Guo et al. IPT vs. malignant SPN based on dual-input CT TTP2760

© AME Publishing Company.   Quant Imaging Med Surg 2025;15(4):2754-2765 | https://dx.doi.org/10.21037/qims-24-1261

DI-CTP parameters in malignant SPNs and IPTs

The comparisons of perfusion parameters between 
malignant SPNs and IPTs are shown in Table 4. Compared 
with IPTs, malignant SPNs had higher PF (65.66±12.06 vs. 
56.29±9.24 mL/min/100 mL, P<0.01; TLP: 113.64±5.88 
vs. 100.50±15.55 mL/min/100 mL, P<0.01), and TTP 
(20.62±1.71 vs. 15.51±1.12 s, P<0.01), without significant 
differences in BF (P=0.09) and PI (P=0.13). 

Subgroup analysis showed significant differences in 
PF, TLP, and TTP among patients with adenocarcinoma, 
squamous cell carcinoma, pulmonary metastases, and IPTs (all 
P<0.01) but not in BF (P=0.06) and PI (P=0.08) (Table 4). PF 
was significantly higher in adenocarcinoma and pulmonary 
metastases compared with IPTs (adenocarcinoma, 73.86±9.57 
vs. 56.29±9.24 mL/min/100 mL, P<0.01; pulmonary 
metastases, 67.77±11.46 vs. 56.29±9.24 mL/min/100 mL, 

P<0.01). Compared with IPTs, TLP in adenocarcinoma 
and PI in pulmonary metastases were higher (TLP, 
124.09±14.12 vs. 100.50±15.55 mL/min/100 mL, P<0.01; 
PI, 48.76%±3.70% vs. 45.29%±4.42%, P<0.05). TTP was 
lower in IPTs compared with adenocarcinoma, squamous 
cell carcinoma, and pulmonary metastases (adenocarcinoma, 
19.96±1.30 vs. 15.51±1.12 s, P<0.01; squamous cell 
carcinoma, 19.45±1.60 vs. 15.51±1.12 s, P<0.01; pulmonary 
metastases, 19.78±1.11 vs. 15.51±1.12, P<0.01).

Subgroup analysis showed significant differences 
in PF, and TLP among patients with gastrointestinal 
metastatic adenocarcinoma, liver metastases, and breast 
metastatic cancer (all P<0.01), but not in BF (P=0.64), 
PI (P=0.66) or TTP(P=0.94). PF was significantly 
higher in gastrointestinal metastatic adenocarcinoma 
(72.78±10.14 mL/min/100 mL) compared with liver 
metastases (62.35±2.80 mL/min/100 mL, P<0.05) and 

Table 3 Intra- and inter-observer agreement in measurement and coefficient of variation of DI-CTP parameters

Parameters
Intra-observer agreement Inter-observer agreement

ICC1 f P RC CV ICC2 f P RC CV

PF (mL/min/100 mL) 0.97 (0.95–0.98) 68.07 <0.01 6.22 19.19 0.95 (0.95–0.97) 44.30 <0.01 6.94 18.72

BF (mL/min/100 mL) 0.92 (0.89–0.94) 25.21 <0.01 6.05 18.87 0.93 (0.88–0.94) 25.89 <0.01 6.60 19.27

TLP (mL/min/100 mL) 0.97 (0.95–0.98) 66.11 <0.01 8.03 15.11 0.95 (0.93–0.96) 41.88 <0.01 9.90 15.04

PI (%) 0.95 (0.92–0.96) 37.96 <0.01 3.34 11.10 0.92 (0.89–0.95) 25.87 <0.01 4.02 11.72

TTP (s) 0.98 (0.97–0.98) 126.21 <0.01 0.87 13.07 0.97 (0.96–0.98) 82.46 <0.01 1.06 12.67

ICCs are mean (95% confidence interval). BF, bronchial artery flow; CV, coefficient of variation, expressed in percent; ICC, intraclass 
correlation coefficient; ICC1, ICC between two measurements by Observer 1; ICC2, ICC between average measurements by Observer 
1 and measurements by Observer 2; PF, pulmonary artery flow; PI, perfusion index; RC, reproducibility coefficient, expressed in percent; 
TLP, total perfusion; TTP, time-to-peak enhancement.

Table 4 Comparison of DI-CTP parameters between malignant SPNs and IPTs

Parameters IPTs (n=25)
Malignant SPNs 

(n=73)
P# Adenocarcinomas 

(n=30)
Squamous cell 

carcinomas (n=27)
Pulmonary 

metastases (n=16)
P&

PF (mL/min/100 mL) 56.29±9.24 65.66±12.06** <0.01 73.86±9.57** 57.84±9.17 67.77±11.46** <0.01

BF (mL/min/100 mL) 44.20±8.59 47.97±8.36 0.09 50.23±7.06 48.34±11.07 45.53±5.69 0.06

TLP (mL/min/100 mL) 100.50±15.55 113.64±5.88** <0.01 124.09±14.12** 106.25±15.03 112.30±12.05 <0.01

PI (%) 45.29±4.42 47.29±5.45 0.13 47.63±6.06 45.56±5.12 48.76±3.70* 0.08

TTP (s) 15.51±1.12 20.62±1.71** <0.01 19.96±1.30** 19.45±1.60** 19.78±1.11** <0.01

Data are mean ± standard deviation for PF, BF, TLP, PI, and TTP. #, P values for IPTs vs. malignant SPNs; &, P values for IPTs vs. 
adenocarcinomas vs. squamous cell carcinomas vs. and pulmonary metastases. *, P<0.05; **, P<0.01 vs. the IPTs. SPN, solitary 
pulmonary nodule; IPT, inflammatory pseudotumor; PF, pulmonary artery flow; BF, bronchial artery flow; TLP, total perfusion; PI, perfusion 
index; TTP, time-to-peak enhancement. 
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Table 5 Diagnostic performance of DI-CTP parameters in the differentiating IPTs and malignant SPNs

Parameters AUC Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

PF (mL/min/100 mL) 0.752 56.2 68.0 74.0 78.4 66.7 75.5

BF (mL/min/100 mL) 0.609 45.7 64.0 61.6 68.0 52.2 64.3

TLP (mL/min/100 mL) 0.728 105.2 76.0 64.4 75.6 60.0 72.5

PI (%) 0.628 46.7 76.0 56.2 71.2 40.0 63.3

TTP (s) 0.987 18.1 92.0 97.3 97.3 96.0 96.9

DI-CTP, dual-input volume computed tomography perfusion; IPT, inflammatory pseudotumor; SPN, solitary pulmonary nodule; PF, 
pulmonary artery flow; BF, bronchial artery flow; TLP, total perfusion; PI, perfusion index; TTP, time-to-peak; AUC, area under the curve; 
PPV, positive predictive value; NPV, negative predictive value.

breast metastatic cancer (51.63±10.75 mL/min/100 mL,  
P<0.01). TLP was lower in breast metastatic cancer 
(97.30±10.43 mL/min/100 mL) compared with gastrointestinal 
metastatic adenocarcinoma (118.44±8.12 mL/min/100 mL, 
P<0.01).

Subgroup analysis showed the larger IPTs are associated 
with richer blood supply than the small lesions (PF, 
59.51±8.66 vs. 50.97±7.31 mL/min/100 mL, P<0.05; BF, 
48.27±8.45 vs. 39.94±5.86 mL/min/100 mL, P<0.05 and 
TLP 107.78±14.66 vs. 91.19±10.47 mL/min/100 mL, 
P<0.01). 

ROC curve analysis 

The diagnostic characteristics according to the threshold 
values are summarized in Table 5. Compared with other 
perfusion parameters (PF, BF, TLP, and PI), TTP had a 
larger AUC (0.987 vs. 0.752 vs. 0.609 vs. 0.728 vs. 0.628) 
(Figure 5). With a cut-off TTP of 18.10 s to distinguish 
IPNs from malignant SPNs, the sensitivity, specificity, 
positive predictive value (PPV), negative predictive value 
(NPV), and accuracy were 92.0%, 97.3%, 97.3%, 96.0%, 
and 96.9%, respectively. 

Discussion

Good management of the SPNs was supposed to reduce 
lung cancer mortality. Differentiating malignant from 
benign SPNs when only conventional CT data are 
available is always a challenge for the radiologist because 
of the huge overlap in morphological findings between 
malignancy and benignity (1,24,25). The advent of DI-
CTP with 320-row volume CT allows the immediate 
acquisition of isotropic volume data within a 16-cm area 
through continuous dynamic scanning. It has made it 
possible to differentiate between benign and malignant 
SPNs non-invasively (15,20,26). However, previous 
findings on DI-CTP perfusion parameters such as PF, BF, 
and PI in differentiating benign from malignant SPNs 
have been inconsistent (13,18). The TTP derived from 
TDC reflects the characteristics of its dominant blood 
supply in pulmonary nodules. Studies have demonstrated 
that benign SPNs have lower TTP than malignant SPNs 
(21,22). IPT is one of the rare benign SPNs in the lung 
(4,27). It is often misdiagnosed as a malignant SPN because 
its imaging features overlap with those of malignant SPNs, 
leading to overtreatment (6-9). Research on the use of TTP 

Figure 5 ROC curve analysis of the five perfusion parameters 
(PF, BF, PI, TLP, and TTP) for detecting malignant SPNs. BF, 
bronchial artery flow; PF, pulmonary artery flow; PI, perfusion 
index; ROC, receiver-operating characteristic; SPN, solitary 
pulmonary nodule; TLP, total perfusion; TTP, time-to-peak 
enhancement.
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to distinguish IPTs from malignant SPNs, particularly 
different subtypes of malignant SPNs, is currently lacking. 
Therefore, the present retrospective study investigated the 
value of first-pass TTP to distinguish IPTs from malignant 
SPNs using DI-CTP. The results suggested that PF, 
TLP, and PI were similar in IPTs, adenocarcinoma, and 
squamous cell carcinoma, and BF had similar values in IPTs 
and pulmonary metastases. These four parameters may 
not perform well in distinguishing IPTs from certain types 
of malignant SPNs. In contrast, TTP was significantly 
lower in IPTs compared with all three types of malignant 
SPNs and could be a valuable parameter for differentiating 
between IPTs and different types of malignant SPNs. 

The comparison of intra-observer agreements for each 
index assessment revealed that all indexes featured excellent 
correlation between first and second measurements, and the 
RC was good enough for clinical purposes as established 
in previously published studies (17,28-30). This suggests 
that first-pass DI-CTP parameters are reproducible and 
applicable to routine clinical practice.

Blood supply analysis of pulmonary nodules is of great 
clinical significance for preoperative diagnosis of diverse 
pathologies, including benign and malignant nodules 
(16,31). The quantification of PF and BF in lung disorders 
has been achieved with DI-CTP analysis based on dynamic 
volume CT, producing helpful information for treatment 
planning (32), antitumor therapy (33), and embolization 
treatment (15). Still, the available studies showed that not 
all malignant lesions are mainly supplied by the bronchial 
artery (20,22,34). Some malignant lesions may have a dual 
blood supply or even be mainly supplied by the pulmonary 
artery. These findings were confirmed by CT imaging in 
human and animal studies (35). In this study, both IPTs and 
malignant SPNs had dual bronchial and pulmonary artery 
blood supply. IPTs and malignant SPNs showed significant 
differences in PF and TLP, but were similar in BF and PI, 
which were in line with previous studies (16,18,24).

TDCs represent  the  microvascular  dens i ty  of 
pulmonary nodules. TTP, derived from TDC, reflects the 
characteristics of its dominant blood supply in pulmonary 
nodules, which is physiologically based on dual blood 
supply in the lung (15,22,34). The pulmonary artery phase 
is earlier than the bronchial artery phase, and the peak 
time of the pulmonary artery is earlier than that of the 
bronchial artery (36). Generally, benign pulmonary lesions 
are mainly supplied by the pulmonary artery (34,36,37). 
Previous studies have shown that TTP is lower in benign 
SPNs than malignant SPNs (21,22). Sartori et al. (37) and 

Caremani et al. (34) found that after injection of ultrasound 
contrast agent, the arrival time (AT) of benign nodules was 
below 7.5 s (or 10 s), while that of malignant nodules was 
above 7.5 s (or 10 s). We found that TTP was significantly 
lower in IPTs than in all three types of malignant SPNs 
(adenocarcinoma, squamous cell carcinoma, and pulmonary 
metastases), and ROC curve analysis for diagnostic 
performance assessment clearly showed an AUC of 0.987 
for TTP in the differential diagnosis of malignant SPNs 
and IPTs. With TTP =18.1 s as a cutoff, sensitivity and 
specificity were 92.0% and 97.3%, respectively, indicating 
a high diagnostic value. DI-CTP-derived TTP was longer 
than contrast-enhanced ultrasonography (CEUS)-derived 
AT. A reasonable explanation might be that TTP reflects 
the contrast agent accumulates at the peak time of the 
lesion, while AT is the time that the contrast agent reaches 
the lesion.

Regarding the radiation dosage, this study used  
320-row volume CT with a tube voltage of 100 kV and 
a tube current of 30 mA (5.16 mSv). Therefore, the 
present study, as well as previous studies (15,16,18,20,38), 
showed that first-pass DI-CTP obtained by 320-row CT 
significantly reduced radiation dose in comparison with 
conventional contrast-enhanced CT and CTP (39-41).  
Meanwhile, DI-CTP is based on the maximum slope 
method and requires a high contrast injection flow rate (15). 
In this study, a flow rate of 6 mL/s was used, requiring only 
30–50 mL of the contrast agent, which reduces contrast 
agent usage and related adverse reactions.

In addition, the present study had several limitations. 
Firstly, to reduce the influence of partial volume effects, 
GGNs or subsolid nodules <1 cm were not included. 
Secondly, only IPTs were included, and the findings should 
be confirmed in other benign lesions, as well as in other 
rare malignant lesions. Thirdly, this study did not compare 
the performance of other imaging tests for the diagnosis of 
benign and malignant SPNs, such as magnetic resonance 
imaging, positron emission tomography-CT, dynamic 
CT enhancement, etc. Fourthly, the morphological 
characteristics of SPNs, including nodule size and volume, 
could not be analyzed because of the small sample size.

Conclusions

In conclusion, because of excellent diagnostic capability, 
first-pass enhanced TTP obtained from DI-CTP with  
320-row volume CT is better for differential diagnosis of 
IPTs and malignant SPNs. This may help to avoid excessive 
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lung biopsy, especially for IPTs.
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