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Abstract Objective: To establish the diagnostic performance of diffusion-weighted magnetic resonance imaging (DWI) in discriminating malignant from non-malignant thoracic lymph nodes.
Materials and Methods: This was a meta-analysis involving systematic searches of the MEDLINE, EMBASE, and Web of Science
databases up through April 2020. Studies reporting thoracic DWI and lymph node evaluation were included. The pooled sensitivity,
specificity, diagnostic odds ratio, positive predictive value, negative predictive value, and area under the receiver operating characteristic curve (AUC) were calculated.
Results: We evaluated six studies, involving a collective total of 356 mediastinal lymph nodes in 214 patients. Thoracic DWI had a
pooled sensitivity and specificity of 92% (95% confidence interval [95% CI]: 71–98%) and 93% (95% CI: 79–98%), respectively. The
positive and negative likelihood ratios were 13.2 (95% CI: 4.0–43.8) and 0.09 (95% CI: 0.02–0.36), respectively. The diagnostic
odds ratio was 149 (95% CI: 18–1,243), and the AUC was 0.97 (95% CI: 0.95–0.98).
Conclusion: DWI is a reproducible technique and has demonstrated high accuracy for differentiating between malignant and benign
states in thoracic lymph nodes.
Keywords: Diffusion magnetic resonance imaging; Lymphadenopathy; Lymph nodes/diagnostic imaging; Thoracic neoplasms/diagnosis; Magnetic resonance imaging; Meta-analysis.

Resumo Objetivo: Uma meta-análise foi realizada para estabelecer o desempenho diagnóstico da ressonância magnética com imagem
ponderada em difusão (DWI) na discriminação de linfonodos torácicos malignos de benignos.
Materiais e Métodos: MEDLINE, EMBASE e Web of Science foram sistematicamente pesquisados até abril de 2020. Foram incluídos estudos que relatavam o uso de DWI na avaliação de linfonodos torácicos. Sensibilidade, especificidade, razão de chances de
diagnóstico, valores preditivos positivos e negativos e área sob a curva (AUC) foram calculados.
Resultados: Foram encontrados 356 linfonodos mediastinais de 214 pacientes nos seis estudos incluídos. DWI produziu sensibilidade e especificidade combinadas de 92% (intervalo de confiança 95% [IC 95%]: 71–98%) e 93% (IC 95%: 79–98%), respectivamente. A razão de verossimilhança positiva foi de 13,2 (IC 95%: 4,0–43,8), a razão de verossimilhança negativa foi de 0,09 (IC 95%:
0,02–0,36); A razão de chances de diagnóstico foi de 149 (IC 95%: 18–1.243). A DWI teve uma AUC de 0,97 (IC 95%: 0,95–0,98).
Conclusão: DWI é uma técnica reprodutível que demonstrou alta acurácia na diferenciação de estados malignos e benignos nos
linfonodos torácicos.
Unitermos: Difusão por ressonância magnética; Linfadenopatia; Linfonodos/diagnóstico por imagem; Neoplasias torácicas/diagnóstico; Ressonância magnética; Metanálise.

INTRODUCTION
A wide range of diseases are associated with thoracic
lymphadenopathy(1). Evaluating enlarged lymph nodes is
clinically essential for treatment planning and for the preRadiol Bras. 2021 Jul/Ago;54(4):225–231
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diction of the prognosis(2). The main concern when evaluating a patient with a novel finding of enlarged thoracic
lymph nodes, without a previous diagnosis, is the determination of whether the etiology is malignant or benign.
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Several techniques and procedures are available to
assess thoracic lymphadenopathy. Although biopsy is the
recommended method for diagnosis, the risks associated
with the procedure and sampling error have driven clinicians to search for noninvasive diagnostic methods(3,4).
Computed tomography (CT) is typically the technique of
choice for thoracic assessment and for the morphological description of enlarged lymph nodes. Chest CT is frequently used in the investigation of patient complaints of
respiratory symptoms, often revealing enlarged thoracic
lymph nodes. However, CT cannot accurately differentiate
benign from malignant lymph nodes and exposes patients
to radiation(5,6). Positron emission tomography/CT (PET/
CT) performed with fluorine-18-fluorodeoxyglucose (18FFDG) relies on the biochemical mechanism of increased
glucose uptake by the malignant cells to differentiate malignant from benign lymph nodes, appearing to be better
than is CT alone(7). However, PET/CT is often unavailable and frequently provides false-positive results(8,9).
Diffusion-weighted magnetic resonance imaging (DWI)
is a noninvasive, radiation-free tool that does not require
the use of exogenous contrast agents, is accessible, and is
easy to incorporate into the clinical routine. Over the last
decade, DWI has demonstrated good diagnostic performance in multifarious tumors of various etiologies(10–14).
The aim of this study was to determine the performance
of DWI in distinguishing between malignant and benign
thoracic lymph nodes.
MATERIALS AND METHODS
This meta-analysis was conducted in accordance with
the criteria established in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement(15). The International Prospective Register of
Systematic Reviews was searched in order to identify unpublished systematic reviews. Because the study utilized
anonymous data from previously published studies and
thus presented no risk to the subjects, the institutional
review board waived the requirement for written informed
consent.
Search strategy
We performed searches of the literature in the databases MEDLINE (via PubMed), EMBASE, and Web of
Science, from their inception through April 2020. The
search strategy included the use of the following terms
and medical subject headings: “Magnetic Resonance Imaging” OR “MRI” OR “MR imaging” AND “mediastinum”
OR “chest” OR “thorax” OR “thoracic” OR “hilar” AND
“lymph nodes” OR “lymphadenopathy”. The strategies for
other databases are available upon request. Articles published in English, Portuguese, and Spanish were included.
We also performed manual searches of the references of
the articles selected. Disagreements regarding the selection of articles were resolved by consensus.
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Eligibility criteria
The criteria for the inclusion of articles were the following: reporting results of magnetic resonance imaging
(MRI) evaluation of thoracic lymph nodes; reporting apparent diffusion coefficient (ADC) measurements; and
having used the histopathological analysis as the reference
standard. Studies with missing or poor-quality data were
excluded, as were those not involving DWI of the chest,
those that were nondiagnostic studies, and those that were
published as a conference abstract, letter, review, animal
study, comment, or case report. The following focused
questions were addressed: What is the applicability of
DWI of thoracic lymph nodes in differentiating between
malignant and benign lymph nodes in patients without a
prior diagnosis?; What has been investigated regarding the
application of DWI in thoracic lymph node evaluation?;
What results were obtained by the researchers?
Data extraction
Two of the authors, working independently, evaluated
the titles and abstracts of the articles retrieved, applying
the inclusion and exclusion criteria. Disagreements were
resolved by consensus with the help of a third author. The
same reviewers independently evaluated the full texts of
the articles and made their selection in accordance with
the eligibility criteria. Studies accepted for analysis were
assessed in accordance with the PRISMA guidelines. The
following data were collected: first author; year of publication; study design; country of patient recruitment; patient
demographic characteristics (age and gender); reference
standard (histopathological analysis of surgical resection/
biopsy sample or radiological follow-up); technical details
of the MRI scanner, MRI characteristics (ADC values and
number of nodes assessed); final pathological confirmation of the nature of the lymphadenopathy; and the prevalence of malignant and benign lymph nodes.
Study quality assessment
The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool(16) was the instrument of choice
to evaluate the risk of bias of each study. The QUADAS-2
tool facilitates the process of evaluating studies, on the basis of four main domains: patient selection; index test(s);
reference standard; and flow and timing. Its result is presented in the form of a graph showing whether the risk of
bias or inapplicability is “low”, “unclear”, or “high”.
Statistical analysis
The pooled sensitivities and specificities, together with
the respective 95% confidence intervals (95% CIs), were
calculated by using random-effects analysis. The pooled
positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio (DOR) were also obtained. Summary
receiver operating characteristic curves were constructed,
and the areas under the curve (AUCs) were obtained. To
Radiol Bras. 2021 Jul/Ago;54(4):225–231
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assume an approximate normal distribution, we used the
distribution of logit-transformed sensitivity and specificity,
as well as that of the natural logarithm of DOR(17–19). A
Deeks’ funnel plot was used in order to display any publication bias. All statistical analyses were performed with Stata
software, v. 15.0 (Stata Corp., College Station, TX, USA).
Kosucu et al., 2009

RESULTS

Qi et al., 2018

The search resulted in 864 potentially relevant citations from the electronic databases. After duplicate titles
had been removed, 862 articles remained. During the
screening of the titles and abstracts, another 848 articles
were excluded. We evaluated the full texts of 18 remaining
articles, 12 of which were thus excluded, yielding 6 articles that met our inclusion criteria(20–25). Figure 1 depicts
the article selection process.

Razek et al., 2011
Razek et al., 2015
Sigovan et al., 2018
Usuda et al., 2015

Figure 2. QUADAS-2 summary. The overall QUADAS-2 score for the articles selected suggests that they were of high quality.

Figure 1. PRISMA flow chart detailing the search and article selection processes.

Figure 2 shows the QUADAS-2 results. Although most
of the included studies had a low risk of bias, the chance
of possible confounders was greater in two domains: flow
and timing; and patient selection. In four studies(21–23,25),
the authors do not mention the time between histological
analysis and acquisition of the imaging test. In two studies(8,23), patients with previously identified PET/CT alterations were selected.
The articles selected for review evaluated a collective total of 356 thoracic lymph nodes in 214 patients
(Table 1). The underlying non-neoplastic pathologies, as
described by the authors, ranged from sarcoidosis to reactive lymphoid hyperplasia, necrotizing granulomatous
lymphadenitis, tuberculous nodes, pneumoconiosis/silicosis, Langerhans cell histiocytosis, and histoplasmosis. Malignant thoracic lymph nodes were metastases of small cell
lung cancer, non-small cell lung cancer, or lymphoma, as
well as metastatic lymph nodes from distant sites or leukemia. Two studies did not provided specified diagnosis
per lymph node, justifying that choice by stating that there
were no significant differences between the etiologies of
the malignant lymph nodes and those of the benign lymph
nodes(8,25). The selected studies enrolled patients variously
in Europe(25), Asia(20,23,24,26), and Africa(21,22). Table 1 presents a summary of the studies.

Table 1—Summary of the studies selected.
Reference
(20)

Country

Study design

Number
of patients

Total number of MLNs
(benign MLNs)

Field
strength

Result

b-value
(s/mm2)

TP

FP

FN

TN

Kosucu et al.

Turkey

Prospective

35

91 (72)

1.5 T

50; 400

19

0

0

72

Razek et al.(22)

Egypt

Prospective

35

35 (7)

1.5 T

0; 300; 600

27

2

1

5

Razek et al.(21)

Egypt

Retrospective

32

29 (9)

1.5 T

0; 300; 600

20

2

0

7

Usuda et al.(23)

Japan

Prospective

23

23 (16)

1.5 T

0; 800

5

0

2

16

Qi et al.(24)

China

Prospective

35

91 (49)

1.5 T

0; 50; 100; 200; 400;
600; 800; 1,000

32

5

10

44

Sigovan et al.(25)

France

Prospective

54

87 (65)

3.0 T

0; 400; 800

15

10

7

55

MLNs, mediastinal lymph nodes; TP, true-positive; FP, false-positive; FN, false-negative; TN, true-negative.
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Of the 356 thoracic lymph nodes evaluated, 211
(59.2%) were found to be benign and 145 (40.8%) were
found to be malignant. The pooled sensitivity and specificity of DWI was 92% (95% CI: 71–98%) and 93% (95%
CI: 79–98%), respectively, as shown in Figure 3. The sensitivity and specificity of DWI showed strong heterogeneity (I2 = 82.5% and 83.6%, respectively). A forest plot of
the DOR values was used in order to evaluate the determination of heterogeneity caused by a non-threshold
effect. In the selected studies, heterogeneity was indicated by a nonlinear distribution of the DOR values. The
positive and negative likelihood ratios were 13.2 (95% CI:
4.0–43.8) and 0.09 (95% CI: 0.02–0.36), respectively,
as shown in Figure 4. The DOR was 149 (95% CI: 18–
1,243). As can be seen in Figure 5, DWI had an AUC of
0.97 (95% CI: 0.95–0.98).
DISCUSSION
Recent studies conducted in Brazil have highlighted
the importance of CT in the evaluation of thoracic diseases(27–34). However, the role of DWI has been little
emphasized. DWI is a noninvasive technique that measures the water diffusion in biological tissues. The natural

motion of water can be measured as signal loss and expressed as an ADC value. The ADC depends on the presence of obstacles to diffusion (Brownian motion), such
as increased cellularity and macromolecules that can be
found in neoplastic/malignant disease(35,36). Lymph nodes
affected by metastasis show lower ADC values than do benign tumors. Malignant tumors—due to enlarged nuclei,
hyperchromatic cells, angulated nuclear contours, and
hypercellularity—have reduced water diffusion in their
extracellular and intracellular domains(37,38). Thoracic
analysis utilizing DWI has progressed in recent years. In
comparison with CT, it has the advantages of not exposing patients to radiation, not requiring the administration
of intravenous contrast, and short examination times. In
comparison with 18F-FDG-PET/CT, the use of DWI has
those same benefits, as well as being more widely available and producing fewer false-positive results(8). When
lymph nodes contain inflammation, 18F-FDG PET/CT is
likely to show false-positive results, whereas it is likely
to show false-negative results when lymph nodes contain small amounts of cancer cells(39). All of the included
studies reported results showing that DWI can be useful
in differentiating between lymph nodes with metastasis

Figure 3. Forest plots of the sensitivity and specificity of DWI for differentiating between malignant and benign thoracic lymph nodes. Heterogeneity was high, as
evidenced by the I2 value, which was 82%, values over 75% being considered indicative of high heterogeneity.
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Figure 4. Conditional probability
plot of the ability of DWI to differentiate between malignant and benign mediastinal lymph nodes. LR,
likelihood ratio.

Figure 5. Receiver operating characteristic curve for DWI. AUC suggest a
high diagnostic performance. Numbers within circles represent the studies
referenced.

and those without, with good accuracy in patients with
enlarged thoracic lymph nodes. The studies also showed
that the ADC values were significantly lower for benign
lymph nodes than for malignant lymph nodes.
Whereas other studies on the use of DWI for thoracic
lymph nodes have focused on the nodal stage assessment
for patients with previously identified primary tumors,
ours is the first study to systematically attempt to clarify
Radiol Bras. 2021 Jul/Ago;54(4):225–231

the quantitative distinction between malignant and benign
lymph nodes through the use of DWI in patients without
an initial diagnosis(40,41). This ability of DWI is relevant
because it allows diseases that can manifest primarily in
lymph nodes, such as lymphoma and sarcoidosis, to be
differentiated. Previous articles have demonstrated that
DWI and 18F-FDG-PET/CT both have good diagnostic
performance in evaluating lymph nodes in non-small cell
lung cancer. In the preoperative staging of mediastinal
and hilar lymph nodes(39), DWI has been found to show a
specificity for N staging of 95%, significantly higher than
the 89% observed for 18F-FDG-PET/CT(39). One study(23)
reported that the specificity of DWI was 100%, suggesting that this modality can give fewer false-negative results
for malignant lymph nodes, excluding mediastinal lymph
node metastases. The authors of that study compared DWI
and 18F-FDG-PET/CT in thoracic lymph nodes with 18FFDG accumulation (maximum standardized uptake value
> 3) in 33 patients, demonstrating that the ADC value was
significantly lower in malignant than in benign mediastinal lymph nodes, although the maximum standardized
uptake value did not differ significantly between the two.
Sigovan et al.(25) and Qi et al.(24) demonstrated that DWI
had a specificity superior than 80% for the diagnosis of
malignant lymph nodes. Sigovan et al.(25) tested the applicability of ADC mapping, as well as the relative contrast
ratio between the signal intensity of a lesion (lymph node)
and that of muscle, using a 3-T scanner, unlike the other
five studies included, all of which employed 1.5-T scanners. The authors found no significant difference between
the diagnostic accuracy of ADC mapping and that of the
229
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relative contrast ratio. Qi et al.(24) investigated the value
of an intravoxel incoherent motion diffusion model to the
same purpose as the other studies, with the application of
eight b-values (0, 50, 100, 200, 400, 600, 800, and 1,000
s/mm2), combining perfusion and diffusion in order to
characterize tissues, whereas the use of a low b-value to
calculate the ADC is subject to errors introduced by the
microcirculation of blood. Those authors showed that the
combination of ADC mapping and the microvascular volume fraction provides diagnostic performance better than
that of ADC mapping (mono-exponential model DWI)
alone for discriminating between malignant and benign
thoracic lymph nodes. Kosucu et al.(20) found that the use
of a quantitative measure such as the ADC is more reliable
than is the qualitative description of affected nodes, because malignant and benign lymph nodes can both show
heterogeneous signal intensity. The authors reported that,
of the malignant lymph nodes identified, 47.36% were hypointense on DWI and 73.68% were hypointense on ADC
maps, compared with 80.55% and 79.16% of the benign
lymph nodes, respectively. In 2011, Razek et al.(22) analyzed the role of DWI in predicting malignant and benign
mediastinal lymph nodes. In a subsequent study, conducted in 2015, the same research team compared 18F-FDGPET/CT and DWI for the analysis of mediastinal lymphadenopathy in children (2–15 years of age)(21). In the
2011 study, the authors found that DWI had an accuracy
of DWI of 83.9%, a sensitivity of 96.4%, a specificity of
71.4%, a negative predictive value of 95.2%, and a positive
predictive value of 77.1%, compared with 93.1%, 100%,
77.8%, 90.9%, and 100%, respectively, in the 2015 study,
showing that the ADC map is a promising parameter that
can help in the differentiation between malignant and benign lymph nodes, which is highly desirable in children, in
whom the risks of radiation exposure are greater.
Cutoff values for ADC parameters were not the same
in all of the studies included in our meta-analysis. This
variation may be explained by the ADC values for lymph
nodes due to the type of diffusion data acquisition and
the b-values employed. Variations in b-values can change
the diffusion sensitivity. The highest sensitivity values, of
96.4% and 100%, were seen in the previously cited studies conducted in 2011 and 2015, respectively(21,22). The
lowest sensitivity values, of 68.2% and 62.2%, were seen
in the studies conducted by Sigovan et al.(25) and Kosucu
et al.(20), respectively. That could be explained by the fact
that malignant and benign lymph nodes of different pathologies were compared. However, the use of free-breathing DWI sequences can improve diagnostic performance
for assessing mediastinal lymph nodes over conventional
DWI in terms of the signal-to-background ratio, fat suppression, and the number of motion artifacts(42). The
modalities employed among the studies evaluated in our
meta-analysis included cardiac gating(24), respiratory-triggering(20,23), and free-breathing(21,25). Nevertheless, DWI
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has some limitations, such as the fact that benign lesions
can exhibit restricted diffusion, thus mimicking malignant
lesions(43,44), abscesses, and thrombi(45,46).
The DWI technique is quite useful, particularly for
determining the status of mediastinal lymph nodes. It can
reduce the frequency of unnecessary invasive procedures,
yielding a less harmful diagnostic pathway. Although there
is a need for further studies addressing interobserver reproducibility, as well as for cost-effectiveness analyses, we
encourage the routine use of ADC mapping as an adjunct
tool for the diagnosis of thoracic lymphadenopathy.
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