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Abstract

Background: Imaging plays a critical role not only in the detection, but also in the characterization of lung masses as benign or
malignant.
Objectives: To determine the diagnostic accuracy of dynamic magnetic resonance imaging (MRI) in the differential diagnosis of
benign and malignant lung masses.
Patients andMethods: Ninety-four masses were included in this prospective study. Five dynamic series of T1-weighted spoiled gra-
dient echo (FFE) images were obtained, followed by a T1-weighted FFE sequence in the late phase (5th minutes). Contrast enhance-
ment patterns in the early (25th second) and late (5th minute) phase images were evaluated. For the quantitative evaluation, signal
intensity (SI)-time curves were obtained and the maximum relative enhancement, wash-in rate, and time-to-peak enhancement of
masses in both groups were calculated.
Results: The early phase contrast enhancement patterns were homogeneous in 78.2% of the benign masses, while heterogeneous
in 74.4% of the malignant tumors. On the late phase images, 70.8% of the benign masses showed homogeneous enhancement,
while most of the malignant masses showed heterogeneous enhancement (82.4%). During the first pass, the maximum relative
enhancement and wash-in rate values of malignant masses were significantly higher than those of the benign masses (P = 0.03 and
0.04, respectively). The cutoff value at 15% yielded a sensitivity of 85.4%, specificity of 61.2%, and positive predictive value of 68.7% for
the maximum relative enhancement.
Conclusion: Contrast enhancement patterns and SI-time curve analysis of MRI are helpful in the differential diagnosis of benign
and malignant lung masses.
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1. Background

Imaging plays a critical role not only in the detection,
but also in the characterization of lung masses as benign
or malignant. As the therapy depends on the nature of
the mass, a lung mass detected in a patient requires care-
ful differential diagnosis to choose the optimal treatment
for each patient. The growth rate of the mass on low-
dose computed tomography (CT) and the metabolic up-
take of fluorodeoxyglucose (FDG) on positron emission to-
mography (PET)-CT are two different non-invasive current
acceptable imaging modalities (1, 2). However, these two
methods have increased radiation exposure. In addition,
the sensitivity of PET-CT is low in nodules smaller than
20 mm (2, 3). Therefore, another non-invasive method is
required in the differential diagnosis of indistinct lung
masses to avoid unnecessary biopsies that carry potential
risks. Over the years, the imaging rates have increased with
the development of new techniques such as multidetector

CT (MDCT) and gradient echo (GRE) magnetic resonance
imaging (MRI) techniques (4, 5). In the recent years, a few
recent reports suggested that dynamic contrast-enhanced
imaging with MDCT or MRI might be helpful in this regard
(6-8). Incremental acquisitions with an interval of 1 minute
were used in studies with CT (6, 9, 10). However, a higher
temporal resolution is necessary to evaluate the first pass
of the contrast agent. This is possible with CT, but there is
very high radiation exposure (9, 10). As a result, MRI seems
to have the potential utility for evaluating the first pass.

2. Objectives

The purpose of this study was to evaluate the diagnos-
tic accuracy of contrast wash-in patterns on dynamic (0
- 100 seconds) spoiled GRE MRI for the differentiation of
lung masses, by both quantitative and qualitative analysis.

Copyright © 2016, Tehran University of Medical Sciences and Iranian Society of Radiology. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://iranjradiol.com/?page=home
http://dx.doi.org/10.5812/iranjradiol.23026


Inan N et al.

3. Patients andMethods

3.1. Patients Selection

The study protocol was approved by our institutional
review board for human investigations, and informed con-
sent was obtained from all patients. The sample sizes were
determined for a study (4) with 95% power. Between April
2012 and May 2013, 94 lung masses in 66 consecutive pa-
tients (23 females, 43 males) detected by CT of the thorax
were included in this prospective study. Patients were se-
lected according to the following criteria: a, presence of
a newly detected mass; b, absence of calcification or def-
inite fat attenuation of the mass at CT; c, absence of con-
traindication to administration of contrast material. Be-
cause of the limited resolution of the MR imaging, eight le-
sions (six patients) smaller than 1 cm in diameter were not
included. Seven metastases (seven patients) were excluded
because of insufficient histopathological diagnosis. Four
claustrophobic patients also had to be excluded from the
study. Thus, 49 patients (14 females, 35 males) with 75 lung
masses were enrolled into the study and were examined by
dynamic MRI at our hospital.

Diagnosis of the primary malignant masses was con-
firmed by either biopsy or surgery. All of the solitary pul-
monary nodules, fibrosis, and atelectasis with a tentative
radiological diagnosis of benign mass showed no change
in either clinical or radiological (CT every 6 months)
follow-ups (6 - 15 months). A patient with infarcts and a pa-
tient with acute pneumonic consolidation had typical clin-
ical, laboratory, and radiologic findings. Diagnosis of the
hydatic cysts (HCs) was confirmed by positive serology for
hydatidosis (hemaglutinin inhibition).

3.2. MR Imaging

All patients were examined with a 1.5 Tesla MR scanner
(Gyroscan Intera; Philips medical systems, Eindhoven, The
Netherlands) using a four-element phased-array body coil.
This system had a maximal gradient strength of 30 mT/m
and a slew rate of 150 mT/m/ms. All patients were examined
initially with the routine MR imaging protocol for the tho-
rax that included precontrast axial T1-weighted (W) breath-
hold spoiled gradient echo (fast field echo: FFE) with and
without fat suppression (TR/TE/FA/NEX:169/4.6/80/1), coro-
nal and axial T2-W single shot turbo spin echo (SS-TSE)
(TR/TE/NEX/TSE factor: 700/80/1/72), and axial T2-W SS-TSE
with fat suppression (TR/TE/NEX/TSE factor: 700/80/1/72).
Subsequently, 0.1 mmol/kg Gd-DTPA (Magnevist, Scher-
ing, Germany) was administered as a hand-injected bo-
lus in 5 seconds followed by a rapid flush with 10 -
20 mL of saline. Five dynamic series of T1-W breath-
hold FFE (TR/TE/FA:169/4.6/80) images were acquired at
0th, 25th, 50th, 75th and 100th seconds and an additional

late phase (5th minute) imaging was performed with fat
suppressed axial T1-weighted breath-hold FFE sequence
(TR/TE/FA/NEX:169/4.6/80/1). The scan was initiated simul-
taneously with the start of contrast injection. Imaging in-
cluded a multi-section acquisition with a slice thickness
of 4 mm, an intersection gap of 0.4 mm, and an acquisi-
tion matrix of 256 × 512. The field of view varied between
455 and 500 mm. All sequences were acquired using a par-
tially parallel imaging acquisition and sensitivity encod-
ing (SENSE) reconstruction with a reduction factor (R) of
2. Total imaging time was 15 - 20 minutes.

3.3. Image Analysis

The visual evaluation was determined by two radiolo-
gists (N.I., H.T.S.) with 10 and 12 years of experience in chest
radiology. The radiologists were blinded to the clinical his-
tory, results of the prior imaging studies, and the pathol-
ogy. The raters were also blinded to the other rater’s scores.
All the quantitative measurements were done by one of the
radiologists (N.I.) on the computer workstation using a re-
gion of interest (ROI). The ROI was placed manually in the
center of the tumor, with an effort to avoid interference
from the surrounding lung tissue and vascular structure.
The size of the ROI was kept as large as possible, covering at
least two thirds of the masses. The average of the two con-
secutive measurements was recorded as the final value.

3.3.1. Visual Evaluation

On precontrast conventional T1-and T2-W images; the
contours, internal structure, and signal intensities (SIs) of
the masses were visually assessed. On post contrast im-
ages, contrast enhancement patterns in the early (25th sec-
ond) and late phase (5th minute) images were evaluated
visually. The contrast enhancement patterns in the early
phase were classified into two categories: 1, homogeneous;
2, heterogeneous. Homogeneous enhancement refers to a
uniform increase in the signal intensity. Heterogeneous
enhancement refers to an enhancement in which the ir-
regular portion of the mass demonstrates lesser signal in-
tensity. The late phase images were examined for presence
of contrast enhancement in the periphery and or in the
center of the masses and the lesions were classified into
three categories: 1, peripheral; 2, homogeneous; 3, hetero-
geneous. Peripheral enhancement (PE) refers to lesions
with a central contrast washout. Heterogeneous enhance-
ment refers to residual contrast either in the periphery or
center of the masses. Homogeneous enhancement refers
to homogeneous signal in the late phase.

3.3.2. Quantitative Evaluation

Quantitative evaluation was performed by obtaining
SI-time curves and calculating the wash-in rate (WIR), max-
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imum relative enhancement (MRE), and time-to-peak (TTP)
enhancement of the masses, automatically on the work-
station (Dell workstation precision 650, view forum release
3.4 system) according to the following formulas.

(1)MRE =
SI lesionmaximum − SI lesiont0

SI lesiont0
× 100

The relative MR SI is measured at five time points along
the enhancement curve (postcontrast 0th, 25th, 50th, 75th,
100th seconds).

WIR is defined as the maximum SI gradient that can be
calculated between successive time points with the follow-
ing formula.

(2)Wash− inRate = MAX(
Si − Si−1

ti − ti−1
)

(Si and Si-1 are the measured SIs at consecutive time
points ti and ti-1, respectively).

3.4. Statistical Analysis

Inter- and intra-observer agreements in the interpre-
tation were evaluated and reported using Kappa (K) coef-
ficient statistics and its 95% confidence interval (CI). The
guidelines of Landis and Koch were followed in interpret-
ing Kappa values: 0.00 - 0.20, slight agreement; 0.21 - 0.40,
fair agreement; 0.41 - 0.60, moderate agreement; 0.61 -
0.80, substantial agreement; and 0.81 - 1.00, almost perfect
agreement.

The fitness of numeric data set to normal distribution
was determined by Kolmogorov-Smirnov test. The statisti-
cal significance of the differences in WIRs, MREs, and TTPs
were analyzed by student t test. A P < 0.05 was considered
as statistical significance. To evaluate the diagnostic per-
formance of the quantitative tests for differentiating be-
nign and malignant masses and to describe the sensitivity
and specificity of the tests, receiver-operating characteris-
tic (ROC) analysis was performed. The areas and standard
errors for each ROC curve were calculated by the method
described by Metz (11). The area under the ROC curve re-
flects the performance of the tests. The optimum cut-off
point was determined as the best discriminative value be-
tween the two groups in terms of maximum sensitivity and
minimum false-positive result. All statistical analyses were
performed using SPSS ver. 20 (IBM Corp. Released 2011. IBM
SPSS statistics for windows, Armonk, NY, USA) software.

4. Results

During the study period, a total of 49 patients (14 fe-
males, 35 males) with 75 lung masses met our inclusion
criteria and all patients were examined by dynamic MRI.
Of the masses, 35 (in 24 patients; 4 females, 20 males)

were malignant and 40 (in 25 patients; 10 females, 15
males) were benign. The malignant masses consisted of
30 primary malignant tumors (eight adenocarcinomas, six
squamous-cell carcinomas, 12 non-small cell carcinomas,
three small cell carcinomas, and one schwannoma) and
five lymphadenopathies. The benign masses consisted of
12 benign solitary pulmonary nodules, 19 post-obstructive
atelectasis, three parenchymal fibrosis, three infarcts, two
HCs, and one acute pneumonic consolidation.

The mean diameter for malignant and benign masses
was 32.12 ± 21.75 mm and 52.63 ± 21.78 mm, respectively.
The mean age of the patients was 54± 13 years. Most of the
malignant masses were located in the right lung (76%), es-
pecially the middle lobe (31%) or superior segment of the
lower lobe (12%). Benign masses showed an approximate
equal distribution (49.4% were located in the right lung
and 50.6% were located in the left lung).

4.1. Visual Evaluation

Results of the visual evaluation of the SIs and morpho-
logic features of the masses are shown in Table 1. The pre
contrast morphologic features and SIs showed substan-
tial to almost perfect inter-observer agreement. The high-
est agreement was found in contour (K = 0.85) (95% CI:
0.80 - 0.92). Furthermore, the agreement for SIs and in-
ternal structure were found as substantial (K = 0.66, K =
0.68) (95% CI: 0.60 - 0.72; 0.61 - 0.76). Most of the benign
masses had smooth margins and homogeneous internal
structures (Figure 1). On the other hand, most of the malig-
nant masses had irregular margins (Figure 2). There were
no significant differences of SIs on T1 and T2W images.

Visual evaluation of the contrast enhancement pat-
terns of the benign and malignant masses in the early (25th

second) and late (5th minute) phases are shown in Table
2. The inter-observer agreement for the early (homoge-
neous and heterogeneous) and late phase (homogeneous,
heterogeneous, and peripheral enhancement) contrast en-
hancement patterns was found as almost perfect (K = 0.91,
K = 0.94, K = 0.83, K = 0.94, K = 0.94) (95% CI: 0.88 - 0.95;
0.90 - 0.98; 0.75 - 0.92; 0.90 - 0.98; 0.90 - 0.99). In the
early phase, most of the benign masses (78.2%) showed ho-
mogeneous enhancement, while most of the malignant
masses showed heterogeneous (74.4%) enhancement. In
the late phase, while 70.8% of the benign masses had ho-
mogeneous enhancement and 18.8% had PE, most of the
malignant masses (82.4%) had central heterogeneous en-
hancement.

4.2. Quantitative Evaluation

Results of the quantitative analysis of the dynamic con-
trast enhanced MR images are reviewed in Table 3. The
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Figure 1. A 61-year-old man with benign solitary pulmonary nodule. A, Axial T1-weighted FFE and B, T2-weighted TSE MR images show a nodule in the right lower lobe of the
lung. C, This nodule (arrow) shows peripheral ring-enhancement on the axial post contrast fat-suppressed T1-weighted image (5th minute). D, SI-time curve and quantitative
interpretation of the curve obtained from the nodule. Maximun relative enhancement (27%) and wash-in rate (1.48 seconds) implied benign mass.

intra-observer agreement for measurements of WIR, MRE,
and TTP were found as almost perfect (K= 0.86, K= 0.94, K=
0.94) (95% CI: 0.81 - 0.91; 0.88 - 0.98; 0.89 - 0.98) which indi-
cates satisfactory reliability. WIR of the malignant masses
were significantly higher than that of the benign masses (P
= 0.046) (Table 3). The area under the ROC curve was 0.619
±0.062 (95% CI: 0.58 - 0.65). However, we could not obtain
a sufficiently discriminative cut-off value by ROC analysis.
MRE of the malignant masses were significantly higher
than the benign masses (P = 0.038). The best discriminative

parameter was MRE. The area under the ROC was 0.683 ±
0.059 (95% CI: 0.65 - 0.72). Setting the cut-off value at 15%, we
found a sensitivity of 85.4% (95% CI: 0.81 - 0.89), a specificity
of 61.2% (95% CI: 0.50 - 0.71), and a positive predictive value
(PPV) of 68.7% (95% CI: 0.62 - 0.74) for the MRE. The malig-
nant masses showed a longer but statistically insignificant
TTP compared to the benign masses. When we analyzed
subgroups of the masses, except for HCs, there were no sig-
nificant differences among the groups.
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Figure 2. A 77-year-old woman with adenocarcinoma. A, Axial T1-weighted FFE and B, T2-weighted TSE, MR images show a mass in the right upper lobe of the lung; C, This mass
shows prominent central homogeneous enhancement on the axial post contrast fat-suppressed T1-weighted image (5th minute); D, SI-time curve and quantitative interpreta-
tion of the curve obtained from the mass. Maximum relative enhancement (30%) and wash-in rate (2.28 seconds) implied benign mass.

5. Discussion

Dynamic contrast enhanced imaging on MRI using
spoiled GRE sequence have been widely used for character-
ization of many lesions as benign and malignant such us
adrenal (12), pancreas (13), liver (14), and breast masses (15).
The main advantages of this sequence is its ability to ac-
quire a data set rapidly during a single breath-hold to allow
dynamic imaging with reduced motion artifacts resulting
in an increased quality of images.

The contrast enhancement patterns and kinetic pa-
rameters vary on CT and MRI studies; hence, results of
these two methods are not comparable. Because while the
contrast enhancement on CT examination is affected by
concentration of contrast, the enhancement on MRI is af-
fected by the vascularity, capillary permeability, and vol-
ume of the extracellular space (4, 16). These features re-

flect the nature of the masses. On MRI, during the first
pass, approximately 50% of the contrast agent enters the
interstitial space through the capillary network (17). Rapid
and strong enhancement is related to rich vascularity and
increased permeability of capillaries resulting in intersti-
tial accumulation of the contrast (18, 19). On the basis of
these findings, malignant lung masses must show strong
enhancement with faster wash-in (20-24). In our study,
malignant masses showed higher MRE and WIR than be-
nign masses as expected. The sensitivity, specificity, and
PPV of dynamic images were 85.4%, 61.2%, and 68.7%, respec-
tively by using a threshold value of 15% for MRE. Our results
are slightly lower than some previous studies with CT (5)
and MRI (19). For example, in a previous report using dy-
namic MRI, the sensitivity, specificity, and accuracy were
reported as 100%, 70%, and 95%, respectively for a thresh-
old value of 15% for MRE (19). In another previous report
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Table 1. Visual Evaluation of Signal Intensities and Morphologic Features of the
Masses on Precontrast Conventional T1 and T2W Imagesa

BenignMasses MalignantMasses

Number 40 35

Size (mm),mean (SD) 32.12 (21.75) 52.63 (21.78)

Contour

Smooth 81.2 22.8

Irregular 18.8 77.2

Internal structure

Homogeneous 89.7 45.7

Heterogeneous 10.3 54.3

Signal Intensity on T1W image

Hypointense 22.7 20.3

Isointense 52.5 75.2

Hyperintense 24.8 4.5

Signal Intensity on T2W image

Hypointense - -

Isointense 17.2 3.2

Hyperintense 82.8 96.8

aValues are expressed as % unless otherwise indicated.

Table 2. Visual Evaluation of Contrast Enhancement Patterns of the Masses on Post
contrast MR Images at 25th Second and 5th Minutea

BenignMasses MalignantMasses

Number 40 35

25th second

Homogeneous 78.2 25.6

Heterogeneous 21.8 74.4

5th minute

Homogeneous 70.8 10.6

Heterogeneous 10.4 82.4

PE 18.8 7.0

Abbreviation: PE, peripheral enhancement.
aValues are expressed as %.

using dynamic CT, the sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and ac-
curacy were reported as 100%, 76.9%, 90.2%, 100%, and 92.6%,
respectively for a threshold value of 20 HU (5). However,
overlap in enhancement has been observed among malig-
nant and benign masses in our study and other previous
studies.

Morphologic distribution of the contrast agent related
to invasion of the normal arterial system by malignant

Table 3. Quantitative Analysis of Dynamic Contrast Enhanced Magnetic Resonance
Imaging of Lung Masses

MalignantMasses BenignMasses P Value

WIR 2.25 (5.15) 2.45 (2.28) 0.046

MRE 26.34 (24.81) 43.21 (32.52) 0.038

TTP 63.65 (33.72) 73.36 (26.82) > 0.05

Abbreviation: WIR, Wash-in rate; MRE, Maximum relative enhancement; TTP,
Time to peak.

cells results in heterogeneous early enhancement. In our
study, malignant masses showed heterogeneous enhance-
ment. Tozaki et al. (25) reported prominent internal en-
hancement with PE for malignant masses and negligible
internal enhancement with PE. Our results are in accor-
dance with that report.

When we analyzed subgroups of malignant masses, we
did not find any statistical significance. However, Schaefer
et al. (4) reported that adenocarcinomas show higher MRE
and faster WIR than squamous cell carcinomas. This result
may be related to histological differences in vascularity be-
tween these two tumor types.

The limitations of our study were: 1, the relatively
small number of benign solitary pulmonary nodules; 2,
the above mentioned, time-dependent nature of the per-
fusion parameters and; 3, the nature of the software for the
calculations. The distribution of contrast agent can be af-
fected by the composition of the extracellular space and ve-
nous outflow, as well as the extracellular and intravascular
volume fractions of the patients. Further studies on larger
series are needed to achieve a better understanding of the
contribution for each of these parameters.

In conclusion, in most patients with a newly detected
lung mass, analysis of the morphologic features (size, con-
tours, internal structure, and SI on conventional MR im-
ages) with clinical and laboratory data is sufficient. Our
study of dynamic MR imaging of lung masses demon-
strates that differentiation between benign and malignant
masses is feasible. When comparing the dynamic CT ex-
aminations, the advantage of MRI is the fact that it lacks
radiation exposure. We believe that the combined use
of morphologic and quantitative parameters on dynamic
contrast-enhanced examinations may be useful for differ-
ential diagnosis in distinct cases of lung masses.
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