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Abstract

Background: Conducted studies showed that the ADC (apparent diffusion coefficient) values of malignant
mediastinal lesions are significantly lower than those of benign lesions. Investigators determined cut-off ADC values
to differentiate the two; concluding that ADC value is a promising noninvasive, imaging parameter that helps
assess and characterize mediastinal tumors.
Taking this a step forward, the primary objective of our prospective study was to investigate the potential of DW-
MRI (diffusion-weighted magnetic resonance imaging) to characterize malignant mediastinal lesions using their
ADC values.
Thirty-three patients that underwent MRI of the chest with DWI and latter pathologically diagnosed with a
malignant mediastinal lesion were included in this study. Lesions’ ADC values were measured and correlated with
the histopathological results. The statistical significance of differences between measurements was tested using the
one-way ANOVA (analysis of variance) test; p values equal to or less than 0.05 were considered significant.

Results: There was no statistically significant difference between the ADCmean values of the histopathological
groups of lesions assessed with the overlap of their ADCmean values. The average ADCmean value of NHL (non-
Hodgkin lymphoma) was evidently lower than that of HD (Hodgkin disease) with no overlap between their
ADCmean values. DWI failed at characterizing one lesion in this study as a malignant tumor, namely an immature
teratoma (germ-cell tumor). Again DWI could not be used to evaluate a mass, latter pathologically diagnosed as an
angiosarcoma, because of its overall hemorrhagic nature showing no definite non-hemorrhagic soft tissue
components. The aforementioned results did not differ considerably when minimum ADC was used instead of
mean ADC.

Conclusion: There was no statistically significant difference between the ADC values of the malignant mediastinal
lesions evaluated. However, regarding lymphoma subtypes, our limited sample study of lymphoma suggested a
considerable difference between the ADC values of Hodgkin disease and non-Hodgkin lymphoma.
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Background
The mediastinum comprises the thoracic compart-
ment anatomically bounded by the thoracic inlet su-
periorly, the diaphragm inferiorly, the posterior
sternal border anteriorly, and posteriorly by the ver-
tebral column. It is an intricate segment of the
thorax that contains vital intra-thoracic structures

such as the heart and great vessels, trachea and main
bronchi, esophagus, thymus, venous and lymphatic
structures, and nerve tissue. Lesions of the mediasti-
num span a wide histopathological and radiological
spectrum. Both anatomical information (location)
and internal characteristics (composition) are essen-
tial to formulate the differential diagnosis of a mass
in the mediastinum and therefore determine thera-
peutic options [1–3].
A cross-sectional imaging-based classification that divides

the mediastinum into anterior (prevascular), middle

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

* Correspondence: eman.zaki5@gmail.com
2Radiodiagnosis, National Hepatology and Tropical Medicine Research
Institute (NHTMRI), 10 (A) Kasr El-Aini St, Cairo, Egypt
Full list of author information is available at the end of the article

Egyptian Journal of Radiology
and Nuclear Medicine

Sabri et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:32 
https://doi.org/10.1186/s43055-020-0132-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-020-0132-6&domain=pdf
http://orcid.org/0000-0002-8428-0366
http://creativecommons.org/licenses/by/4.0/
mailto:eman.zaki5@gmail.com


(visceral), and posterior (paravertebral) compartments was
recently published by the International Thymic Malignancy
Interest Group (ITMIG). Contents of each mediastinal
compartment, as well as the most commonly encountered
lesions, are reviewed in Table 1 [4].
Computed tomography (CT) is considered the

imaging modality of choice for evaluating most me-
diastinal masses; however, the role of magnetic res-
onance (MR) imaging continues to expand given its
high soft-tissue contrast. It is superior to CT in dif-
ferentiating between cystic and solid masses, identi-
fying cystic and solid components within complex
lesions, and distinguishing thymic hyperplasia and
normal thymus from thymic epithelial neoplasms
and other neoplasms—the result is added diagnostic
specificity or virtual biopsy of the lesion. Assessment
of preoperative relationships with the pericardium,
heart cavities, spinal cord, and vascular involvement
is a common indication of MR imaging of a medias-
tinal lesion [6].
With the recent advances in MR systems, DW-MRI

(diffusion-weighted magnetic resonance imaging) of
the thoracic cavity has become possible with fast
imaging time that minimizes the effect of gross
physiological motion from respiration and cardiac
movement. DWI, a non-contrast functional MR im-
aging technique, allows the analysis of tissue charac-
teristics based on the diffusivity of water molecules
within tissues. Quantitative assessment of a tumor is
possible by calculating its apparent diffusion coeffi-
cient (ADC) value which is inversely correlated with
tissue cellularity. Hence, DWI has been proposed as a

cancer biomarker with the diagnostic potential to dis-
tinguish benign from malignant tumors because of the
tendency of the latter to show more restricted diffu-
sion, i.e., lower ADC values (Table 2) [9–12].
Studies, conducted over the past few years, showed

that the ADC values of malignant mediastinal lesions
are significantly lower than those of benign lesions
and determined cut-off ADC values to differentiate
the two; concluding that ADC value is a promising
noninvasive, imaging parameter that helps assess and
characterize mediastinal tumors. Further studies were
recommended [11, 13–17].
Thereby, the primary objective of this prospective

study was to further investigate the potential of
DW-MRI to characterize malignant mediastinal le-
sions using their ADC values; in an attempt to im-
prove non-invasive approaches by which patients
with mediastinal lesions are diagnosed/managed. On
searching the literature, no studies, aiming primarily
to differentiate between the various pathological
types of malignant mediastinal lesions using DWI,
were found.

Methods
Subjects

� Institutional ethical clearance was taken before
conducting this prospective study.

� Written consent was obtained from patients or their
authorized representatives.

� Forty-eight patients (29 males and 19 females; age
range: 2 to 73 years; mean age = 40 years) presenting

Table 1 Contents of each mediastinal compartment and the most commonly encountered lesions [1, 4, 5]

Compartment Major contents Common lesions

Anterior (prevascular) Thymus
Fat
Lymph nodes
Left brachiocephalic vein

• Thymic lesions/masses
• Germ cell neoplasms
• Lymphoma
• Intra-thoracic goiter
• Metastatic lymphadenopathy
(50% of all mediastinal masses)

Middle (visceral) Non-vascular:
trachea, carina, esophagus, lymph nodes
Vascular:
heart, aorta,
superior vena cava, intra-pericardial pulmonary
arteries, thoracic duct

• Lymphoma
• Metastatic lymphadenopathy
• Foregut duplication cysts
• Tracheal lesions
• Esophageal masses
• Aortic aneurysms
• Cardiac masses
• Pericardial masses/cysts
(Congenital cysts are the most common)

Posterior (para-vertebral) Paravertebral soft tissues • Benign and malignant peripheral nerve sheath tumors
• Sympathetic ganglia tumors
• Lateral thoracic meningocele
• Extramedullary hematopoiesis
(Neurogenic tumors are the most common)

Central bronchogenic carcinoma may be allocated to/involve
any one or more of the three mediastinal compartments.
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with a mediastinal mass recently identified on CT
were referred from the Thoracic Surgical Oncology
Clinic to the Radiology Department of National
Cancer Institute for MRI of the chest with DWI over
a period of 20months (February 2016 to October
2017). After MR imaging, patients were scheduled for
biopsy and histopathological diagnosis.

� Inclusion criteria:
� Patients with a mediastinal lesion identified on CT.

� Exclusion criteria:
� Patients with contraindications to MRI including

pacemakers, cochlear implants, cerebral aneurysm
clips, ocular metallic foreign body, and bullets or
shrapnel near great vessels or vital organs.

� History of previous biopsy/treatment of the
mediastinal mass.

� Patients whose images showed motion artifacts
(n = 2).

� Patients with pathologically proven benign
mediastinal lesions (n = 10) or indeterminate
pathological diagnosis (n = 3).

Methods
MRI of the chest with DWI (image acquisition and
evaluation)

1. Image acquisition: MRI of the chest with DWI
was done for all patients with a 1.5 Tesla unit
(Achieva; Philips Medical Systems, Best, The
Netherlands) using a 16-channel phased array

Table 2 Qualitative (Visual) assessment of DW images: signal intensities seen in the high b value images and corresponding ADC
maps [7, 8]

High b value (DWI) ADC map

Facilitated diffusion (e.g. benign cyst)

Restricted diffusion (e.g. malignant tumor)

Pitfalls of DWI

T2 – Shine through effect
E.g. a cyst will demonstrate high signal intensity on T2-weighted images and on diffusion images obtained
at high b values but also on the ADC map. Unlike a cyst, a region with truly restricted diffusion will
demonstrate low signal intensity on the ADC map.

Slow-flowing blood within a region may demonstrate the signal intensity characteristics of a highly cellular lesion. This pitfall is readily observed on
DWI of a hemangioma. In this situation, interpretation of the findings obtained with other MR sequences is very helpful.

Table 3 MR imaging parameters

TR/TE (ms) Direction of frequency
encoding

Section thickness (mm) Inter-slice gap (mm) FOV (mm) Matrix

Axial T1-WI (TSE) 10/4.6 AP 9 2 420 × 325 × 306 212 × 179

Coronal T1-WI (TSE) 10/4.6 R/L 9 1.5 425 × 425 × 208 284 × 246

Axial T2-WI (TSE) 738/100 AP 9 2 420 × 325 × 306 248 × 167

Coronal T2-WI (TSE) 738/100 R/L 9 1.5 425 × 425 × 208 284 × 246

Sagittal T2-WI (TSE) 738/100 AP 8.5 1 400 × 299 × 284 268 × 195

STIR-WI 1788.3/20 AP 10 2 450 × 333 × 334 216 × 161

DWI (SS-SE-EPI-with fat suppression) DWI were acquired in a transverse plane, using three b values: low (0–50 s/mm2), intermediate (500 s/mm2) and
high b value (1000 s/mm2).

1407/66.5 AP 9 2 420 × 324 × 306 140 × 107

ADC map ADC maps were calculated by the MR system via linear regression analysis of the natural log of signal intensity
using all three b values

Abbreviations: TR: repetition time, TE: echo time, FOV: Field-of-view, WI: Weighted image, TSE: Turbo spin echo, STIR: Short tau inversion recovery, R/L: Right to left,
A/P: Antero-posterior, SS-SE-EPI: Single-shot spin-echo echo-planar imaging
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torso coil (Sense XL Torso; Philips Healthcare)
to acquire axial and coronal unenhanced T1-WI,
axial, coronal and sagittal T2-WI, and axial
STIR and DWI. Respiratory triggering was used.
MR imaging parameters are listed in Table 3.

2. Image evaluation: MR images were qualitatively
analyzed by means of visual assessment of the
different pulse sequences and quantitatively
assessed by measuring the ADC values of the
depicted mediastinal lesions.
2.1 Qualitative assessment:

The following was recorded:

� Lesions’ location (anterior, middle, and posterior
mediastinum), morphological features (e.g., shape
and margin) as well as the extent and relations to
adjacent structures.

� Signal intensity on the T1, T2, and STIR WI relative
to that of muscles in the same pulse sequence.
Signal intensity on the high b value (b = 1000 s/
mm2) DWI and corresponding ADC map.

� Associated MR imaging findings, e.g., pleural effusion.

Fig. 1 Malignant B3 thymoma. A 42-year-old female patient clinically presenting with back and right upper limb pain underwent MDCT of the
chest that revealed an anterior mediastinal mass. a Axial T1 WI, b axial T2 WI, and c axial STIR WI show a small well-defined oval-shaped anterior
(prevascular) mediastinal mass displaying intermediate T1 and relatively bright T2 and bright STIR signal intensities. The lesion shows restricted
diffusion by being bright on e DWI and dark on the f ADC map. ADCmean = 0.895 × 10−3 mm2/s and ADCmin = 0.769 ×10−3 mm2/s. Associated
findings: mid-dorsal sclerotic vertebra as seen on d coronal T1 WI; latter proven metastatic by bone scan. Right lobar hepatic focal lesion seen on
h axial T1, T2, STIR and DWI and ADC map (from left to right) displaying low T1 and high T2 and STIR signal intensities with evident diffusion
restriction; biopsy proven to be metastatic
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2.2 Quantitative assessment:

ADC values were measured by placing a ROI (re-
gion of interest) within the lesion on the trace ADC
maps. ROIs were positioned within areas visually
judged to be the most restricted (excluding obviously
cystic/necrotic areas). To avoid image selection bias,
three ROIs were placed on at least three sections
(cranial, middle, and caudal portions) within the le-
sion whenever possible and average mean and mini-
mum ADC values (ADCmean and ADCmin) were
calculated.

Histopathological diagnosis
Taking both lesion accessibility and patients’ general con-
dition into account, patients underwent U/S or CT-guided
biopsies, bronchoscopy, mediastinoscopy, or thoracotomy.
Consequently, 33 patients pathologically diagnosed

with a malignant mediastinal lesion were included in
the study; 21 males (63.6%) and 12 females (36.4%)
with age range 10 to 73 years (mean age 42.18 years).

Statistical/data analysis
Data was coded and entered using the statistical package
SPSS version 21. It was summarized using descriptive

Fig. 2 Ganglioneuroblastoma: A 16-year-old female with a posterior mediastinal (left paravertebral) mass identified on CT. The patient clinically
presented with dorsal back pain radiating to the right upper limb and bilateral hip pain with a history of blood transfusion to correct anemia. a
Axial T1 WI, b and d axial and coronal T2 WI and c STIR WI show a well-defined oval-shaped posterior mediastinal (left paravertebral) mass
displaying intermediate T1 and bright T2 and STIR signal intensities with a central scar showing bright signal on all three pulse sequences. Mass is
centered on the adjacent neural exit foramina with no definite neural foraminal or intraspinal extension. Invasion of the posterior aspects of the
adjacent ribs is seen in the form of soft tissue encasement. Associated patchy altered MR marrow signal of the examined bones is seen most
evident on g axial STIR and DWI and the ADC map (from left to right). The mass shows restricted diffusion by being bright on e DWI and dark on
the f ADC map: ADCmean = 0.473 × 10−3 mm2/s and ADCmin = 0.327 × 10−3 mm2/s
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statistics: number and percentage for qualitative values
and mean and standard deviation and median and inter-
quartile range for quantitative variables. One-way
ANOVA (analysis of variance) test was used to compare
means. p values equal to or less than 0.05 were considered
significant. Data was presented by Box-Plot graphs, bar
charts, histograms, pie charts as well as tables.

Results

– Lesions were grouped according to their
histopathological diagnosis into lymphoma

(n = 9; 27.3%), bronchogenic carcinoma (n = 10;
30.3%), metastatic lymph nodes (n = 4; 12.1%),
thymic tumors (n = 4; 12.1%), germ cell tumors
(n = 4; 12.1%), neurogenic tumors (n = 1; 3.03 %), and
angiosarcoma (n = 1; 3.03%) (Figs. 1, 2 and 3).

– Lesions were allocated to one or more
mediastinal compartments according to the
cross-sectional-based mediastinal classification
system recently
published by the ITMIG as shown in Table 4.

– The range of ADCmean and ADCmin values of
lesions in each histopathological group, as well

Fig. 3 Seminoma: 30-year-old male with an anterior (prevascular) mediastinal mass identified on CT. The patient clinically presented with dyspnea and
chest pain. a Axial T1 WI, b axial T2 WI, c axial STIR WI, and d sagittal T2 WI show a large well-defined macro-lobulated anterior mediastinal mass displaying
rather homogeneous intermediate T1, relatively bright T2 and bright STIR signal intensities. The mass shows restricted diffusion; with the predominant
bright areas on the e DWI corresponding to dark areas on the f ADC map: ADCmean = 0.615 × 10−3 mm2/s and ADCmin = 0.494 × 10−3 mm2/s

Table 4 Lesions allocated to mediastinal compartments

Mediastinal compartment Lymphoma Central bronchogenic
carcinoma

Metastatic
lymph nodes

Thymic
tumors

Germ cell
tumors

Neurogenic
tumors

Angiosarcoma Total

Anterior 7 1 2 4 4 – 1 19 (57.6%)

Middle – 4 2 – – – – 6 (18.2%)

Posterior – – – – – 1 – 1 (3%)

More than one compartment 2 5 – – – – – 7 (21.2%)

Total 9 10 4 4 4 1 1 33 (100%)
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as their arithmetic means (averages), are shown
in the Table 5.

– There was no statistically significant difference
between the ADCmean values of the histopathological
groups of lesions assessed (p value > 0.05). Overlap
of their ADCmean values is demonstrated on the Bar-
and-Whisker plot (Fig. 4).

– Since lymphoma and bronchogenic carcinoma were
the two most prevalent lesions in our study, the
following was considered:

– Average ADCmean of lymphoma was evidently lower
than that of bronchogenic carcinoma; however, no
statistically significant difference was found between
their ADCmean values (p value > 0.05).

– Average ADCmean value of lymphoma was the
lowest when compared to those of bronchogenic
carcinoma, metastases, thymic, and germ cell
tumors. Yet, there was no statistically significant
difference between the ADCmean values of
lymphoma and the ADCmean values of these
histopathological groups conjointly (p value > 0.05).

– Similarly, there was no statistically significant
difference between the ADCmean values of
bronchogenic carcinoma and the ADCmean values of
the other malignant mediastinal lesions all together
(p value > 0.05)

– In the context of mediastinal compartments,
anterior mediastinal lesions were the most prevalent
in our study, representing 57.6% of lesions. The
lesions most importantly included lymphoma,
thymic, and germ cell tumors (in ascending order of
average ADCmean values). Difference between their
ADC values was, however, statistically insignificant
(p value > 0.05).

Table 5 Summary of ADCmean and ADCmin values per
histopathological group

Pathological
entity

Number of cases
and percentage (%)

ADCmean range
average ± SD*

ADCmin range
average ± SD*

Lymphoma 9 (27.3%) (0.507–1.08)
0.733 ± 0.191

(0.343–0.846)
0.541 ± 0.164

Central
bronchogenic
carcinoma

10 (30.3%) (0.501–1.633)
0.904 ± 0.342

(0.354–1.474)
0.747 ± 0.336

Metastatic
lymph nodes

4 (12.1%) (0.667–1.391)
1.033 ± 0.3

(0.467–1.212)
0.822 ± 0.307

Thymic tumors 4 (12.1%) (0.847–1.233)
0.959 ± 0.184

(0.708–1.111)
0.827 ± 0.191

Germ cell tumors 4 (12.1%) (0.568–2.44)
1.058 ± 0.921

(0.431–1.701)
0.776 ± 0.616

Neurogenic tumors 1 (3.03%) 0.473 0.327

Angiosarcoma 1 (3.03%) Could not be measured**

Total 33 (100%) 0.884 ± 0.396 0.699 ± 0.326

All values are expressed in units of 10−3 × mm2/s
*SD Standard deviation
**Elaborated later

Fig. 4 Bar-and-Whisker plot: ADCmean values of the different histopathological groups
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– Each histopathological group was studied distinctly
and the following was recognized:

– Among the nine patients, pathologically diagnosed
as lymphoma; five had non-Hodgkin lymphoma

(NHL) and four had Hodgkin lymphoma (HD)
(Figs. 5 and 6). The average ADCmean value of
NHL was evidently lower than that of HD with
no overlap between their ADCmean values on the

Fig. 5 NHL (Burkitt lymphoma): A 13-year-old male clinically presenting with constitutional symptoms (anorexia and weight loss) and left
parasternal and left lateral lower chest wall swellings. a Axial T1 WI, b axial T2 WI, and c axial STIR WI show a well-defined rather ovoid-shaped
anterior mediastinal mass displaying intermediate T1, relatively bright T2 and bright STIR signal intensities. d Axial T2 WI, e axial STIR WI, and f
coronal T2 WI show another oblong-shaped posterior mediastinal (left paravertebral) mass displaying similar signal characteristics. It extends from
the level of D9 down to D12 vertebra. Intraspinal extension in the form of a large epidural soft tissue component is seen opposite D7/8 down to
D12 vertebra on the g sagittal T2 WI with evident displacement and compression of the dorsal cord. The lesions show restricted diffusion by
being bright on the h DWI and dark on the i ADC map: ADCmean = 0.507 × 10−3 mm2/s and ADCmin = 0.343 × 10−3 mm2/s. Associated findings:
left parasternal and left lateral lower chest wall soft tissue lesions (seen encasing the related ribs). The upper abdominal cuts revealed
circumferential gastric mural thickening. Both display similar signal characteristics to the aforementioned mediastinal masses. Minimal left
pleural effusion
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Box-and-Whisker plot (Fig. 7). However, the
statistical significance of this important finding
could not be assessed and a cut-off value be-
tween these two could not be determined be-
cause of the limited number of cases involved.

– Similarly, the ten bronchogenic carcinoma cases
in this study were histopathologically classified
into non-small-cell lung cancer (NSCLC 60%)
and small-cell lung cancer (SCLC 40%) (Fig. 8).
Average ADCmean value of SCLC (0.855 ±
0.324x10−3 mm2/s) was lower than that of
NSCLC (0.936 ± 0.380 × 10−3 mm2/s) but
their ADCmean values showed substantial
overlap (Fig. 9).

– DWI failed at characterizing one lesion in this study
as a malignant tumor, namely an immature teratoma
(germ cell tumor) (Fig. 10). Its soft tissue
component showed facilitated diffusion with an
ADCmean (2.44 × 10−3 mm2/s) higher than

previously reported cut-off ADC values, hence, it
was misdiagnosed as a benign lesion.

– Again DWI could not be used to evaluate the mass
that was later pathologically diagnosed as an
angiosarcoma because of its overall hemorrhagic
nature showing no definite non-hemorrhagic soft
tissue components (Fig. 11).

– Minimum ADC of each lesion was taken into
account when attempting to characterize the
different malignant mediastinal lesions included in
this study. However, the aforementioned results did
not differ considerably when minimum ADC was
used instead of mean ADC.

Discussion
Influenced by the constantly evolving approach to
non-invasive patient management in the era of func-
tional imaging, investigators demonstrated the diag-
nostic potential of DW-MR images and calculated

Fig. 6 Hodgkin lymphoma: A 51-year-old male with an anterior (prevascular) mediastinal mass identified on CT. The patient clinically
presented with constitutional symptoms (unexplained fever and weight loss), dyspnea, cough, and retrosternal chest pain. a Axial T1 WI, b
axial T2 WI, c axial STIR WI, and d sagittal BFFE WI show a well-defined ovoid-shaped anterior mediastinal mass displaying intermediate T1
and heterogeneous T2 and STIR signal intensities. The mass shows restricted diffusion; with the predominant bright areas on the e DWI
corresponding to dark areas on the f ADC map. ADCmean = 0.890 × 10−3 mm2/s and ADCmin = 0.624 × 10−3 mm2/s
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ADC values to differentiate between benign and ma-
lignant tumors including those of the mediastinum.
Hence, serving as a virtual biopsy and in some cases
preventing unnecessary diagnostic intervention.
Conducted studies showed that the ADC values of ma-

lignant mediastinal lesions are significantly lower than
those of benign lesions and determined cut-off ADC
values to differentiate the two.
Taking this a step forward, the main purpose of our

prospective study was to investigate the potential of
DW-MRI to characterize malignant mediastinal lesions
using their ADC values.
The study included 33 patients with a mediastinal

mass identified on CT that underwent MRI of the
chest with DWI and were later histopathologically di-
agnosed with a malignant mediastinal lesion. Patients
were grouped according to their histopathological
diagnosis.
There was no statistically significant difference be-

tween the ADCmean values of the histopathological
groups of lesions assessed. This is in concordance
with the study carried out by Tondo et al., 2011 who
found substantial overlap in ADCmean values of all
examined malignant lesions (n = 30), namely bron-
chogenic carcinoma, thymic carcinoma, and malignant
teratoma [16].

Moreover, the 32 malignant mediastinal lesions stud-
ied by Nasr et al., 2016 included lymphoma, broncho-
genic carcinoma, invasive thymoma, and metastases. No
significant difference between their ADCmean values
was found as well [11].
Likewise, the 30 malignant mediastinal tumors in

Abdel Razek et al., 2009s study were lymphoma, bron-
chogenic carcinoma, invasive thymoma, and angiosar-
coma and again difference between their ADCmean
values was insignificant with evident overlapping of the
ADC values of lymphoma, bronchogenic carcinoma,
and thymoma [13].
These findings may be attributed to a relatively

small sample size and/or heterogeneity of the histo-
pathological subtypes of malignant mediastinal lesions
evaluated.
In agreement with Nasr et al., there was no statistically

significant difference between the ADCmean values of
lymphoma and the ADCmean values of the rest of the
histopathological groups conjointly. Tondo et al., 2011
reported similar results to ours where no significant dif-
ference was found between bronchogenic carcinoma
(adenocarcinomas) and malignant mediastinal lesions in
their study [11, 16].
On comparing the ADCmean values of lymphoma

and bronchogenic carcinoma, lesions most frequently

Fig. 7 Bar-and-Whisker plot: ADCmean values of NHL and HD
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encountered in our study, the difference between
their ADCmean values was statistically insignificant as
well. Among the 26 malignant lesions prospectively
studied by Gümüştaş et al., 2011, 11 were broncho-
genic carcinoma (NSCLC) and 9 were lymphoma.
When their ADCmean values were compared, no sig-
nificant difference was found with an overlap between
these two subgroups; results similar to ours. However,
Maeda et al., 2005, Abdel Razek et al., 2006, Sumi
et al., 2007, Holzapfel et al., 2009 and Kato et al.
2015 reported that the ADC of lymphoma is signifi-
cantly lower than that of squamous cell carcinoma of
the head and neck [14, 18–22].

Anterior mediastinal lesions “most importantly
lymphoma, thymic, and germ cell tumors” in our
study were entitled to be evaluated separately and
again difference between their ADC values was
statistically insignificant. Yabuuchi et al., 2015 con-
ducted a retrospective study in the search of signifi-
cant parameters to characterize anterior mediastinal
tumors; one of the parameters evaluated was tu-
mors’ ADC value. Malignant anterior mediastinal
lesions included in their study were thymic
epithelial tumors (malignant thymoma and thymic
carcinoma), lymphoma, and germ cell tumors. In
agreement with our results, there was no significant

Fig. 8 Squamous cell carcinoma of lung origin (bronchogenic carcinoma: NSCLC): A 62-year-old female clinically presenting with cough,
dyspnea and chest pain underwent MDCT of the chest that revealed an anterior mediastinal mass. a Axial T1 WI, b axial T2 WI and
d axial STIR WI show a well-defined rather ovoid-shaped anterior mediastinal mass displaying intermediate T1 and relatively bright T2 and
STIR signal intensities. Small areas of breaking down exhibiting low T1 and bright T2 and STIR signal intensities are noted. The lesion
(sparing the small areas of breaking down) shows restricted diffusion by being bright on c DWI and dark on the e ADC map. ADCmean =
1.63 × 10−3 mm2/s and ADCmin = 1.47 × 10−3 mm2/s
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difference between the ADC of these histopatho-
logical subtypes at both initial and validation
studies [23].
Regarding the pathological subtypes of lymphoma; in

the retrospective study of mediastinal lymphadenopathy
in children by Abdel Razek et al., 2015, the average
ADCmean of NHL was lower than that of HD—results
similar to ours—but the difference between the two was
insignificant. On searching the literature, no attempts at
using DWI to differentiate between lymphoma subtypes,
in particular, were found [24].
A meta-analysis of 34 studies (conducted in the

years 2007 to 2014) involving 2086 patients with
pulmonary lesions was recently performed by Shen
et al., 2016. One of their objectives was to evaluate
the role of ADC in characterizing subtypes of lung
cancer. Pooled ADC values of SCLC were signifi-
cantly lower than those of NSCLC, which to an ex-
tent agrees with our study (results more or less
similar to ours). The potential histopathological ra-
tionale might be that SCLC has high tumoral cellu-
larity, large nuclei, and almost no cytoplasm, all of
which restrict the diffusion of water molecules
thereby reducing ADC values [25].
Limited data are available on quantitative assess-

ment of thymic epithelial tumors (TETs) by using
DW-MRI from small cohorts of studies which

considered various anterior mediastinal tumors. Not
to mention that those studies did not attempt to
differentiate thymomas based on WHO and
Masaoka-Koga classifications by using ADC. Re-
cently, a study by Abdel Razek et al. involving 30
patients with TETs has demonstrated the ability of
ADC in differentiating low-risk from high-risk tu-
mors, and early from advanced disease. Mean ADC
values of high-risk thymomas and advanced stage
TETs were significantly lower than those of low-
risk thymomas and early-stage TETs respectively.
They determined cut-off mean ADC values of 1.22
mm2/s and 1.25 mm2/s below which a high-risk
thymoma is indicated. In a relatively similar study
by Priola et al., accurate cut-off mean ADC values
of 1.309 × 10−3 mm2/s and 1.243 × 10−3 mm2/s
were determined below which a high-risk thymoma
and an advanced stage TET are indicated respect-
ively. Moreover, mean ADC of B3 thymoma was
significantly lower than that of B2 thymoma. ADC
levels were significantly associated with disease-free
survival of patients with a recurrence rate being
higher for patients with ADC ≤ 1.299 × 10−3 mm2/
s. To conclude, ADC helps to differentiate high-risk
from low-risk thymomas and may be used as a
prognostic indicator of recurrence, yet further stud-
ies are needed to validate these results [26, 27].

Fig. 9 Bar-and-Whisker plot: ADCmean values of SCLC and NSCLC
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Nasr et al., 2016, Usuda et al.,2015, Tondo et al.,
2011, Gümüştaş et al., 2011 and Abdel Razek et al.,
2009 conducted prospective/retrospective studies to
quantitatively assess and differentiate benign and
malignant mediastinal lesions using DWI. They de-
termined highly sensitive and specific cut-off ADC
values below which a malignant mediastinal lesion
is indicated; 1.15 × 10−3, 2.21 × 10−3, 1.25 × 10−3,
1.39 × 10−3, and 1.56 × 10−3 mm2/s respectively.
One lesion, namely a malignant teratoma had an
ADCmean evidently higher than these cut-off ADC

values (ADCmean = 2.44 × 10−3 mm2/s) and was
hence mistaken for a benign lesion. This may be
explained by the fact that when the mass was surgi-
cally excised, it proved malignant only by the pres-
ence of microscopic foci of immature neuroepithelial
component [11, 13, 14, 16, 17].
The one lesion pathologically diagnosed as an angio-

sarcoma was overall hemorrhagic in nature with no
sizeable non-hemorrhagic soft tissue components seen
on the conventional MR images rendering a qualitative
assessment of the DWI and ADC measurement not

Fig. 10 Grade I immature (malignant) teratoma (pathologically proven after thoracotomy and complete excision—excised lymph nodes:
free): A 13-year-old male with an anterior mediastinal (prevascular) mass identified on CT. The patient clinically presented with mild
chest pain (discomfort). b Axial T1 WI, c axial T2 WI, and d axial STIR WI show a well-defined rather wedge-shaped anterior
mediastinal mass displaying overall heterogeneous signal on all pulse sequences by virtue of its fat and calcific components
(confirmed by referring to a axial MDCT of the chest in mediastinal window). Associated findings: Lingular collapse and small
prevascular and left hilar lymph nodes, largest measures 1.5 cm. Lesion’s soft tissue component shows facilitated diffusion. It displays
bright signal on e DWI seen corresponding to bright signal on the f ADC map: ADCmean = 2.44 × 10−3 mm2/s and ADCmin = 1.701 × 10−3 mm2/s
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possible. This was based on the fact stated by Qayyum,
2009: blood demonstrates signal characteristics of highly
cellular soft tissue lesions; a pitfall readily observed on
DWI [7].
A number of authors recommended that minimum

ADC is used instead of mean ADC when quantitatively
assessing a lesion since it theoretically reflects the area
of highest tumor cellularity and unlike mean ADC, it
would not underestimate tumor cellularity in the context
of a largely necrotic tumor [28]. Accordingly, a mini-
mum ADC of each lesion was taken into account when
attempting to characterize the different malignant medi-
astinal lesions included in this study. However, the
aforementioned results did not differ considerably when
minimum ADC was used instead of mean ADC. Never-
theless, most published studies that evaluated medias-
tinal lesions using DWI referred to mean and not
minimum ADC values.

Conclusion
Although highly sensitive and specific cut-off ADC
values to distinguish benign and malignant mediastinal
lesions were published, in this study, DWI could not be
used to characterize the histopathological subtypes of
malignant mediastinal lesions. However, regarding
lymphoma subtypes, our limited sample study of lymph-
oma suggested a considerable difference between the
ADC values of Hodgkin disease and non-Hodgkin
lymphoma.
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Fig. 11 Angiosarcoma (pathologically proven after thoracotomy and complete excision): A 33-year-old male patient clinically presented
with cough, dyspnea, chest pain, and congested neck veins. He underwent MDCT of the chest that revealed an anterior mediastinal mass
encroaching upon the right hemithorax. a Axial T1 WI, b and f axial and coronal T2 WI and c STIR WI show a large well-defined rather
ovoid-shaped anterior mediastinal mass encroaching upon and occupying most of the right hemithorax. It displays heterogeneous signal
on all pulse sequences with fluid-fluid levels reflecting different ages of blood with no sizeable non-hemorrhagic solid components. A
contralateral shift of the mediastinum is noted. Associated findings: ipsilateral pleural thickening and minimal pleural effusion. d DWI and
e ADC map: not assessed because of the lesion’s overall hemorrhagic nature with no definite soft tissue components as apparent on the
conventional MR images
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