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Abstract

Objective: The aim of our study was to determine whether
or not dynamic magnetic resonance imaging (MRI) with ki-
netic and morphological parameters can reveal significant
differences between malignant and benign pulmonary le-
sions, and thus to evaluate the use of dynamic MRI in the
management of pulmonary nodules. Patients and Meth-
ods: Thirty-one patients (4 women and 27 men) underwent
1.5 T MRI, where 10 consecutive dynamic series were per-
formed every 30 s by using 3D fast low-angle shot sequenc-
es. The percentage increase in the signal intensity of the le-
sions was determined for each time point. Time-enhance-
ment curves of the lesions were drawn and classified into
four types: A, B, Cand D. Early peak (EP) and maximum peak
(MP) values of the curves were calculated and compared
with the diagnoses of the patients. The usefulness of these
parameters was tested statistically. In addition to the com-
parison of the parameters between the groups, receiver-op-
erating characteristic analysis was used to assess sensitivity,
specificity, and both positive and negative predictive values
of EP and MP parameters. Results: Of the 31 pulmonary le-

sions, 16 (52%) were malignant. These showed a stronger en-
hancement with higher median values of EP and MP (77.08
and 123.15, respectively) than those corresponding to the
benign lesions (14.45 and 32.53, respectively). There were
significant differences between the benign and malignant
lesions (p < 0.001). Sensitivity, specificity, positive predictive
value and negative predictive value were 75, 93,92 and 78%
for EP and 93, 86, 88 and 93% for MP, respectively. Conclu-
sion: A combination of kinetic and morphological evalua-
tion in dynamic MRI provided accurate differentiation be-
tween benign and malignant pulmonary lesions. It was a
useful and noninvasive method of evaluating pulmonary

nodules. Copyright © 2012 S. Karger AG, Basel

Introduction

Indeterminate lesions are still one of the most chal-
lenging problems in current clinical practice. In such cas-
es, computerized tomography (CT) serves as the standard
of reference and its use is recommended for the evalua-
tion of these nodules in the current guidelines [1-8]. Al-
though magnetic resonance imaging (MRI) is not used as
a first choice in the evaluation of indeterminate nodules,

KARGER ©2012 S. Karger AG, Basel
1011-7571/13/0221-0080$38.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/mpp

Dr. Yener Aydin

Department of Thoracic Surgery, Faculty of Medicine, Ataturk University
TR-252400 Erzurum (Turkey)

Tel. +90 442 316 6333/2181

E-Mail dryeneraydin @ hotmail.com


http://dx.doi.org/10.1159%2F000339475

the advantages of using dynamic MRI for tumor cathe-
terization have been demonstrated in several studies [9,
10], and due to technical improvements MRI has gained
importance for tumor detection and interpretation [11-
13].

In this study, we aimed to determine whether MRI
with kinetic and morphological parameters revealed sig-
nificant differences between malignant and benign pul-
monary lesions, and thus to evaluate the use of dynamic
MRI in the management of indeterminate pulmonary le-
sions.

Subjects and Methods

Case Selection

This prospective study included 31 patients, 27 men and 4
women, from January 2009 to January 2010. They all signed in-
formed consent forms. All the patients were diagnosed by direct
chest X-ray and underwent a CT scan. The morphological char-
acteristics of the lesions were evaluated. Dynamic MRI was per-
formed on selected patients who required further evaluation. The
2 patients who could not tolerate MRI were excluded from the
study.

Imaging Technique

MRI was performed with a 1.5-tesla scanner using body coil
(Magnetom Symphony; Siemens, Germany). The localizations of
the lesions were detected by localizer images which were achieved
in three planes. The images obtained in the sagittal and transverse
planes at the greatest diameter were evaluated by dynamic MRI.
Breath-hold fat-suppressed T;-weighted FLASH 3D (TR/TE:
6/2.51; FA: 10, voxel size: 2.3 X 1.4 X 5 mm) was sequenced. Fol-
lowing the first images without contrast delivery, the contrast me-
dium (iv. 0.1 mmol/kg gadolinium-DPTA) was administered
through an automatic injector with an 18- to 20-gauge cannula
positioned in an antecubital vein at a flow rate of 3 ml/s; about
15 ml saline was injected following the gadolinium. Dynamic im-
ages were obtained at 30, 60, 90, 120, 150, 180, 210, 240 and 600 s
with an 8- to 12-second breath-holding episode per series.

Evaluation of the Images: Morphological Evaluation

The lesion size, contour, presence of cavity formation, inten-
sity of adipose tissue and signal characteristics were also assessed
using a T;-weighted gradient echo and a T,-weighted turbo spin
echo. The signal characteristics (isointense, hypointense, hyper-
intense and heterogeneous) were established comparing thoracic
wall images to muscle images. CT scans and direct X-ray images
were compared to evaluate the size of the nodules.

Kinetic Evaluation

Signal intensity (SI) measurement was performed to evaluate
the dynamic images by positioning the circular region of interest
(ROI) at the most contrast-enhancing part of the lesion for each
case. While establishing the size and region for the ROI, position-
ing it in the larger area was considered in order to minimize the
effect of the region on hemodynamic inhomogeneity of the tumor
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without necrosis or calcification. In addition, any pulmonary pa-
renchyma and pulmonary veins adjacent to the lesion area were
excluded in order to avoid partial volume effect. The same physi-
cian positioned the ROI manually in the same region of the lesion
in all images, and the SI measurement was performed from the
peripheral solid area for the necrotic lesions. The area of the ROI
varied between 0.23 and 1.60 cm?. After the SI measurement, the
following equation was used to establish the ratio increase (SI%)
for each time point (t): SI%t = [(SIt - SIt0)/SIt0] X 100. t0 refers to
the value before the injection of the contrast medium.

Time-SI curves were converted to time-contrast curves (SI%)
for each lesion using this equation. These curves were evaluated
using the classification of Schaefer et al. [14]. This classification
includes type A: a strong increase in SI within the first minute
followed by a rapid decrease through the early peak (EP); type B:
a strong increase in SI within the first minute followed by a pla-
teau or slow increase without washout; type C: a moderate or mild
increase in SI without a rapid EP value, and type D: no significant
increase in SI (those with a mean increase of <10% were included
in this group).

The other parameters evaluated were the EP value, i.e. the
maximum relative contrast level within the 1st minute following
t0, and the maximum peak (MP) value, i.e. the maximum relative
contrast level during the procedure.

Statistical Analysis

Statistical analysis was performed using frequency distribu-
tion. The x? test, Fisher’s exact test and the Mann-Whitney U test
were used to compare variables between the groups. Also, receiv-
er-operating characteristic (ROC) analysis was used to assess sen-
sitivity, specificity, and both positive and negative predictive val-
ues of the EP and MP parameters. SPSS 17.0 software was used to
analyze the data.

Results

Of the 31 patients, 15 (48%) were diagnosed with be-
nign and 16 (52%) with malignant lesions. The overall
mean age was 57 * 12 years (range: 40-70 years). The
mean age of the patients with benign lesions was 55 + 14
years, while that of patients with malignant lesions was
60 £ 9 years and the difference was not statistically dif-
ferent (p > 0.05).

The mean size of the benign lesions was 26.5 £ 5.2
mm (range: 11-59 mm), while the mean size of the ma-
lignant lesions was 48 * 21.2 mm (range: 21-92 mm); the
longest diameter was measured on the axial images. The
difference in size between the benign and malignant le-
sions was statistically significant (p < 0.05). Five (33%) of
the benign lesions were =30 mm, while 3 (19%) of the
malignant lesions were <30 mm.

A total of 8 benign lesions had a smooth surface, while
6 had a lobulated contour. Three of the malignant lesions
were lobulated, 5 were irregular, and 8 had a spiculated
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Fig. 1. The distribution of the 4 different patterns (types A, B, C and D) according to time-contrast enhancement curves.

border. In addition, all lesions diagnosed with squamous
cell carcinoma were irregular with spiculated borders.
On the other hand, 2 lesions with a lobulated contour
were considered adenocarcinoma, while 1 was considered
large cell carcinoma.

Of the 16 patients with malignant lesions, 8 (50%) un-
derwent CT-guided transthoracic needle aspiration biop-
sy, and 5 (31%) underwent transbronchial biopsy. In ad-
dition, 3 (19%) patients were diagnosed by thoracoscopic
wedge resection. The number of patients diagnosed with
squamous cell carcinoma was 8 (50%), which included 6
(38%) adenocarcinoma, 1 (6%) non-small cell carcinoma
and 1 (6%) large cell carcinoma. Of the 15 patients with
benign lesions, 6 (40%) were diagnosed histopathologi-
cally. Of these, 4 patients had granuloma including 1 with
tuberculoma, while 2 had hamartoma. The remaining 9
(60%) patients with benign lesions were diagnosed by
means of clinicoradiological features as well as by the
findings of direct X-ray, CT and MRI during a 2-year fol-
low-up period.
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In the T;-weighted images, heterogeneous (4 vs. 1) and
isointense signals (11 vs. 9) were higher in the malignant
lesions whereas hypointense (2 vs. 0) and hyperintense
signals (3 vs. 1) were seen in the benign ones. In the T,-
weighted images, the heterogeneous signal was higher in
the malignant lesions (9 vs. 4), whereas the hyperintense
signal was higher in the benign ones (11 vs. 6). There was
no isointense signal in the benign lesions and only 1 in
the malignant ones. In both images, there was no statisti-
cal difference between the malignant and benign lesions
in terms of signal intensities (p = 0.179 and p = 0.113 for
T,- and T,-weighted images, respectively). Lack of benefit
of signal characteristics on differential diagnosis resulted
in the necessity of further dynamic evaluation. Time-
contrast enhancement curves obtained from the 10 con-
secutive dynamic series of pulmonary lesions and inter-
preted using the equation SI%t = [(SIt — SIt0)/SIt0] X 100
are shown in figure 1 based on the disease type.

Only 1 patient with malignant disease showed the
type A pattern. Fourteen patients with malignant dis-
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Fig. 2. Dynamic images of a 63-year-old man showing a 29 X 25 mm nodule (N) with lobulated contour adja-
cent to the heart (H), with a significantly increased SI ratio in the early phase. The nodule also has cystic (C)
and necrotic components. Time-contrast enhancement curve showing type B pattern characterized by a strong
increase in SI within the first minute with EP. The patient was diagnosed with adenocarcinoma. S = Solid.

Table 1. The proportion of malignant and benign lesions based on the dynamic curve types

Diagnosis TypeA(n=1) TypeB(n=17) TypeC(n=11) TypeD (n=2)
Malignant 1 (100%) 14 (82%) 1(9%) 0 (0%)
Squamous cell carcinoma 1 6 1 0
Adenocarcinoma 0 6 0 0
Small cell carcinoma 0 1 0 0
Large cell carcinoma 0 1 0 0
Benign 0 (0%) 3 (18%) 10 (91%) 2 (100%)
Hamartoma 0 1 1 0
Granuloma 0 2 1 1
Follow-up diagnosis of benign cases 0 0 8 1

ease and 3 with benign disease showed the type B pat-
tern. While 10 patients with benign disease and 1 with
malignant disease showed the type C pattern, only 2 pa-
tients with benign disease showed the type D pattern.
All diagnoses made and data based on the types of the
curve are shown in table 1. A higher proportion of the
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patients with malignant disease had type A and B curve
patterns (p = 0.001), while a higher proportion of the
patients with benign disease had type C and D curve
patterns with some overlapping of B and C curve pat-
terns among the patients with benign and malignant le-
sions (fig. 2, 3).
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Fig. 3. Dynamic images of a 61-year-old man. Time-contrast enhancement curve showing EP within the first
minute followed by a relatively slower increase in intensity through the peripheral cavitary lesion containing
solid mass. The patient was diagnosed with squamous cell carcinoma. C = Cavitary; S = solid; F = fluid.
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Fig. 4. ROC curves of MP and EP.
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A comparison between the SI% ratio of the steepest
slope, EP, of the time-contrast enhancement curve with-
in the first minute following injection and the maximum
SI% ratio, MP, in all dynamic series showed significant
differences between benign and malignant disease. As a
result, the patients with malignant disease had a signifi-
cantly higher value of EP and MP (p < 0.001). The me-
dian values of kinetic parameters in time-contrast en-
hancement curves are shown in table 2.

The ROC analysis showed a threshold value of 46.73%
for EP with 75% sensitivity and 93% specificity. The anal-
ysis also showed a threshold value of 64.86% for MP with
93% sensitivity and 86% specificity. The area under the
ROC curve was 0.929 and 0.954 for EP and MP, respec-
tively, suggesting that the MP was more effective than the
EP in differentiating between benign and malignant dis-
ease (fig. 4).
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Table 2. Time-contrast enhancement curve parameters

Param- Benign (n = 15, 48%)
eter

Malignant (n = 16, 52%) p

median quartiles median quartiles

EP 14.45 7.75-37.50 77.08 44.68-113.70 <0.001
MP 32.53 17.24-56.60 123.15 101.00-149.90 <0.001
Discussion

The findings of this study indicate that dynamic con-
trast-enhanced MRI in the management of indetermi-
nate lesions was used to differentiate malignant from be-
nign lesions and to evaluate lesion morphology, although
there is no recommendation about its use in the algo-
rithm of such lesions in current guidelines [15, 16].

It has been reported [17] that the maximum enhance-
ment rate and slope as determined in the time-contrast
enhancement curve correlated with tumor angiogenesis
(microvascular density), while the washout correlated
with tumor interstitium (the ratio of elastic and collagen
fibers). Within this context, a rapid and strong uptake of
contrast medium is associated with interstitial aggrega-
tion of the medium due to increased vascularity and cap-
illary permeability. These findings are commonly associ-
ated with malignant tumors [18].

Washout of the contrast medium was found in 57% of
patients with malignant nodules (n = 58) in a study by
Schaefer et al. [14]. However, two other studies observed
it only in inflammatory lesions and a carcinoid tumor,
while there were no quantitative data regarding washout
characteristics of pulmonary nodules [19, 20]. In our
study, we found that only 1 patient with malignant dis-
ease showed a type A curve characterized by a washout
pattern. The biggest overlap was seen in the type B curve.
Increased SI within the first minute was seen in both
curve types even without washout, which was consistent
with the data obtained from the literature, suggesting
thatan increased SI rate of the first passing of the contrast
medium was associated with malignant lesions [18, 21,
22]. However, most of the patients with benign disease
showed the type C pattern characterized by a slow in-
crease in SI without a rapid peak. Among the patients
with malignant disease, only non-small cell carcinoma
patients showed the type C pattern. This finding might
be associated with low vascularity of the tumor.

In this study, kinetic analysis was performed using EP
and MP values. As the concentration gradient between
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the tissue and blood after the first passing reaches the
maximum level, a rapid increase is observed in the time-
contrast enhancement curve parallel to tissue vascular-
ization, resulting in acquiring quantitative data regard-
ing tissue vascularization. In this study, EP values ob-
tained at the steepest slope drawn within the first minute
following bolus injection were compared. Significantly
increased SI was observed in the malignant nodules com-
pared to the benign ones. In addition, the MP values of
the malignant lesions were higher (p < 0.001).

Although CT also allows quantification of tissue per-
fusion, it leads to exposure to an increased radiation dose
without higher specificity [23-26]. Today, perfusion study
with MRI is also possible without exposure to radiation
[27, 28]. Because the contrast media used in CT and MR
do not have similar behavior, contrast enhancement val-
ues of both techniques are not directly comparable. The
results of the studies using dynamic MRI have revealed a
comparable sensitivity value with CT, despite higher
specificity [14, 20, 21].

The limitations of our study were the small number of
patients in the study group and probably the characteris-
tics of the lesions. In this study only 1 lesion with type A
was observed, but in our clinical practice we commonly
encounter a type B curve in patients with malignant le-
sions. Another limitation of our study was that we had no
histopathological confirmation of some benign cases.

Conclusion

The results of our study suggest that MRI with kinet-
ic and morphological analysis may reduce the ratio of
resection of benign nodules as well as invasive proce-
dures and confirm that MRI is applicable and repeatable
in reducing the radiation burden. This technique is also
used for multiple lesions, even those with different char-
acteristics.
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