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Effect of contrast medium on early detection and analysis of
mediastinal lymph nodes in computed tomography

Gokhan Polat™* @, Merve Polat? @, Emrah Meletlioglu®

SUMMARY

OBJECTIVE: This study aimed to evaluate the diagnostic efficiency of contrast-to-noise and signal-to-noise ratios created by the contrast medium
in detecting lymph nodes.

METHODS: Inthis study, 57 short-axis subcentimeter lymph nodes in 40 cardiac computed tomography patients with noncontrast- and contrast-enhanced
phases were evaluated. The contrast-to-noise ratios and signal-to-noise ratios of noncontrast- and contrast-enhanced lymph node-mediastinal fat and
aortic-mediastinal fat tissues were determined. In addition, lymph nodes in noncontrast- and contrast-enhanced series were evaluated subjectively.
RESULTS: There was a significant difference in lymph node-mediastinal fat signal-to-noise values between the contrast and noncontrast phases
(p=0.0002). In the contrast phase, aortic density values were found to be 322.04+18.51 HU, lymph node density values were 76.41+23.41 HU, and
mediastinal adipose tissue density values were -65.73+22.96 HU. Aortic-mediastinal fat contrast-to-noise ratio value was 20.23+6.92 and the lymph
node-mediastinal fat contrast-to-noise ratio value was 6.43+2.07. A significant and moderate correlation was observed between aortic-mediastinal
fat and lymph node-mediastinal fat contrast-to-noise ratio values in the contrast phase (r=0.605; p<0.001). In the contrast-enhanced series, there
was a significant increase in the subjective detection of lymph nodes (p=0.0001).

CONCLUSION: In the detection of paratracheal lymph nodes, the contrast agent increases the detection of short-axis subcentimeter lymph nodes

quantitatively and qualitatively. Contrast enhances and facilitates the detection of paratracheal lymph nodes.
KEYWORDS: Lymph nodes. Contrast media. Computed tomography. Mediastinum.

INTRODUCTION

Lung cancer is the leading cause of death from cancer'.
Mediastinal lymph node evaluation is important in the diag-
nosis, treatment, and follow-up of lung cancer because lung
cancer often causes mediastinal and hilar lymph node involve-
ment"?. In particular, lymphoscintigraphic evaluations revealed
that the dominant route in lymphatic drainage was the bilat-
eral paratracheal area’. Therefore, the detection of paratracheal
lymph nodes is an important factor in tumor staging®. Lymph
node diagnosis, staging, and treatment protocol may vary*’.
A short axis >1 cm is an important criterion in the defini-
tion of the pathological lymph node®. However, some stud-
ies have shown that lymph nodes with a short axis <1 cm can
also be pathological’”. Therefore, determining the early met-
astatic involvement of the lymph nodes is very important for
the patient’s prognosis’. In addition, suspicious lymph nodes
should not be overlooked in lymph node surgeries. Detection
of large lymph nodes is relatively easy during imaging and sur-

gical procedures, while detection of small lymph nodes is quite

difficult. The most accurate detection of small lymph nodes can
change the staging of the patient”'’. Thus, a patient’s surgery,
treatment protocol, and prognosis may change.

Many imaging methods are used in the detection, staging,
and follow-up of mediastinal lymph nodes. Methods such as
computed tomography (CT), positron emission tomography,
magnetic resonance imaging (MRI), and endobronchial ultra-
sonography can be used"'"**. However, these methods have
difficulties in detecting small lymph nodes, and their effec-
tiveness decreases'’. Therefore, optimizing shooting techniques
and increasing the efficiency of these methods by determining
the factors affecting image quality are important problems in
engineering and radiology sciences.

MRI has the advantage over CT that it is radiation free.
However, since MRI does not provide evaluation of lung
parenchyma, CT is still used more effectively in the lung and
mediastinal area'®. CT is an effective and important test in the
diagnosis of early-stage lung cancer'. However, since it has

the disadvantage of containing radiation dose, it should be
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done with optimal and correct techniques. Thus, the patient
is exposed to less radiation dose®. For this reason, protocols
are being made for lung and mediastinal evaluation, and these
protocols are being developed day by day'®.

In our study, we aimed to evaluate the effect of vascular
contrast material on contrast-to-noise ratio (CNR) and signal-
to-noise ratio (SNR) in CT and its effectiveness in subcenti-

metric lymph node diagnosis.

METHODS

Patient selection

This study was approved by the Atatiirk University Scientific
Ethics Committee (dated February 24, 2022; decision no.
2/26). In this study, the images of the patients who had no
known malignancy and who had 62 cardiac extractions were
reviewed retrospectively. Notably, 5 patients with body mass
index >30, 3 patients with mediastinal calcified lymphade-
nopathies, 3 patients whose lymph node evaluation was not
performed due to artifacts, and 11 patients whose mediastinal
paratracheal lymph nodes were not detected were excluded
from the study. Only individuals with mediastinal subcenti-
metric lymph nodes were used in the study. Patients with lung
pathology that may cause mediastinal lymph node formation
and an increase in number were excluded from the study. Thus,
the cardiac patient group in which only cardiac imaging was
performed due to cardiac complaints and the mediastinal area
was evaluated was selected. In total, 40 individuals who met
the criteria were evaluated. In addition, 57 lymph nodes with

a short axis <1 cm were evaluated in 40 patients.

Computed tomography protocol

CT examinations were performed with a 256-section CT scanner
(Somatom Definition Flash®, Siemens Healthcare, Forscheim,
Germany). Prospective ECG-gated high-pitch “flash spiral”
technique was used to acquire the images with the follow-
ing parameters: 120 kVp; 3 mm slice thickness; 256x0.6 mm
slice collimation; z-flying focal spot; 280 ms gantry rotation
time; 3.4 pitch; 75 msn temporal resolution; tube current of
80-140 mA; and topogram-based automatic tube current
selection (CareDose 4D®, Siemens Healthcare). The contrast
amount was 90—100 mL, and the injection rate was 4-5 mL/s.

Image analysis
Noncontrast and 15-s images of 40 patients in the aorta were
evaluated in the mediastinal window (window width, 350 HU;

level, 50 HU). Evaluations were made for lymph nodes located
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1 cm below the short axis at the paratracheal level. Hounsfield
unit mean density and standard deviation (SD) values were
determined by applying 0.10-0.15 cm? to a region of interest
(ROYI) from the aortic lumen, paratracheal adipose tissue, and
paratracheal lymph nodes in the cortical area. Aortic-mediastinal
fat and paratracheal lymph node-mediastinal fat CNRs and
SNRs were determined with the following formulas for con-
trast and noncontrast series. The SNR (Equation 1)

is found by dividing the signal intensity (SI) by the SD.
The CNR (Equation 2) is found by dividing the difference
between the lesion and background ROI values by the square
root of half the sum of the squares of the SD.

ong < SIROI)
~ SD(ROIa) (1)
CNR = ROI(organ) — ROI(background) o

\/% (SD(organ)? + SD(background)?)

In addition, the lymph nodes were evaluated subjectively
by two observers according to the clarity of the lymph node
mediastinal fat border separation. Image quality was evaluated
by two reviewers for lymph node and mediastinal adipose tissue
separation. They were instructed to report lesion conspicuity on
a 4-point scale (1, barely perceptible with presence debatable;
2, subtle finding but likely a lesion; 3, definite lesion detected;
and 4, strikingly evident and easily detected)'”'®. The conspicu-
ity of undetected lesions was recorded as 0. The final data were
obtained by averaging the data of two reviewers.

Statistical analysis

The normality of the data was checked using the D’Agostino-
Pearson test. The correlation between aortic-mediastinal adi-
pose tissue CNR data and lymph node-mediastinal adipose
tissue CNR values was evaluated using the Spearman’s correla-
tion test. The relationship between CNR, SNR, and subjective
evaluation between the contrast and noncontrast groups was

evaluated using the Wilcoxon test.

RESULTS

The mean age of 40 patients was 49.05 years; 20 patients were
male and 20 patients were female, with a female-to-male ratio of
1. In 40 patients, 57 lymph nodes with a short axis <1 cm were
evaluated. In the noncontrast phase, aortic density value was
39.53%13.35 HU, lymph node density value was 29.3£15.85 HU,
and mediastinal adipose tissue density value was -69.74+26.52
HU. Aortic-mediastinal fat CNR value was 5.18+1.49; lymph
node-mediastinal fat CNR value was 4.58+1.85. In the noncontrast
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phase, a significantly high correlation was observed between aor-
tic-mediastinal fat and lymph node-mediastinal fat CNR val-
ues (r=0.833; p<0.0001) (Figure 1A). The noncontrast lymph
node SNR was 2.23%1.68, and the aortic SNR was 3.85%4.63.
No correlation was observed between lymph node SNR values
and aortic SNR values in noncontrast series (r=0.164, p=0.31).

In the contrast phase, aortic density value was found
to be 322.04%18.51 HU, lymph node density value was
76.41%23.41 HU, and mediastinal adipose tissue density value
was -65.73%£22.96 HU. Aortic-mediastinal fat CNR value
was 20.23%6.92; lymph node-mediastinal fat CNR value was
6.43%2.07. A significant and moderate correlation was observed
between aortic-mediastinal fat and lymph node-mediastinal fat
CNR values in the contrast phase (r=0.605; p<0.001) (Figure
1B). The contrast-enhanced lymph node SNR was 6.431+2.07,
and the aortic SNR was 20.2+6.92. A significant moderate cor-
relation was observed between contrast-enhanced lymph node
SNR values and aortic SNR values (r=0.5, p=0.001) (Table 1).

There was a significant difference in lymph node-medias-
tinal fat CNR values between the contrast and noncontrast
phases (p=0.0002) (Figure 1C). As the signal rate created by
the contrast increases, there is an increase in the mediastinal
lymph node signal (Figure 2). Contrast-enhanced lymph node
SNR values were also significantly higher than nonenhanced
lymph node SNR values (p<0.0001) (Table 1).

In the subjective evaluation of lymph nodes among review-
ers, an agreement was high in terms of noncontrast- and con-
trast-enhanced groups (kappa 0.81 and 0.86, respectively). In
the pre-contrast subjective evaluation of lymph nodes, the mean
rating was 3.19+0.9, and in the post-contrast evaluation, the
mean rating was 3.4120.7. There was a significant increase in
the subjective detection of the lymph node in the contrast-en-
hanced series (p=0.0001).

DISCUSSION

Our study showed that as the vascular contrast agent and its
signal strength increase, the signal strength of lymph nodes also
increases. Thus, the detectability of lymph nodes increases sig-
nificantly. Detection and follow-up of lymph nodes are import-
ant in many lung diseases, especially lung cancer"'®. Therefore,
imaging methods, techniques, and evaluation criteria are also
very important®. CT is an important one among these meth-
ods. In fact, with the detection power of CT, changes in staging
guidelines have to be made'. However, lymph node detection in
CT has not reached optimal levels. At this point, the specificity
of CT is still 81%, while the sensitivity is still 55%.% Although
PET-CT increases this sensitivity and specificity, its effectiveness
in small lymph nodes is still low?'. In addition, PET-CT con-

tains a high radiation dose, and false-positive rates are high?.
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Figure 1. There was a correlation between aortic contrast-to-noise ratio values and lymph node contrast-to-noise ratio values in noncontrast-
enhanced (A) and contrast-enhanced (B) series. In the contrast-enhanced series, there was a significant increase in lymph contrast-to-noise ratio (C).

Table 1. Statistical analysis of contrast-to-noise ratio and signal-to-noise ratio values.

Correlation value Correlation value

r=0.605 r=0.5
Contrast phase 20.23+6.92 6.43+2.07 0<0.001 20.2+6.92 6.43+2.07 p=0001
r=0.833 r=0.164
Noncontrast phase 5.18+1.49 4.58+1.85 p<0.0001 3.852+4.63 6.43+2.07 =031
p-value - 0.0002 - - <0.0001 -
394
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Therefore, lymph node biopsy is still the gold standard for diag-
nosis®. At this point in the biopsy, it is an invasive procedure and
can cause complications®. Some studies have shown that even
respiratory activity during a CT scan can affect the detection
of lymph nodes*. Therefore, it is necessary to increase the efhi-
ciency of the techniques and to develop them continuously, and
new protocols are created. This is the first study in the literature
to determine the effect of vascular CNR on lymph node CNR.

Studies are carried out to use MRI in the staging of lung
cancer. Many studies show that MRI plays an important role
in detecting mediastinal lymph nodes®. However, studies that
will establish many standardizations regarding MRI are still
required"®. In addition, CT is a feature that can be used as an
advantage as it provides faster evaluation than MRI.

Huang et al. observed that the densities of metastatic and non-
metastatic lymph nodes increased significantly in contrast-enhanced
CT images®. In our study, these data supported the increase in
lymph node density in contrast-enhanced series. In addition, we
showed that the CNR of the lymph nodes with the ground medi-
astinal adipose tissue increased. Huang et al. found no significant
difference between the arterial and venous phases of the contrast
medium in lymph nodes’. In our study, we examined the effect
of the signal strength created by the contrast agent in the aorta on
the contrast signal strength of the lymph nodes, independent of
the contrast phase. We found a moderately significant correlation
between the vascular CNR and the lymph node CNR.

(=)

46.6 £15.0 HU
; 393.3+12.2HU

19.5+17.3HU

» -53.0+23.3HU

Figure 2. Noncontrast-enhanced aortic-mediastinal fat contrast-
to-noise ratio value 5.18, lymph node-mediastinal fat contrast-to-
noise ratio ratio 4.58; the contrast-enhanced aortic-mediastinal fat
contrast-to-noise ratio value was 20.23, and the contrast-enhanced
lymph node-mediastinal fat ratio was 6.43. In subjective evaluations,
the mean of the lymph node was 3.19 in the noncontrast-enhanced
image, and 3.41 in the contrast-enhanced image.
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Choi et al. found a significant increase in the CNR of lymph
nodes in contrast-enhanced images'®. This study supports the increase
in lymph node CNR, as we obtained in the contrast-enhanced series
in our study. In addition, our study is important in terms of show-
ing the effect of signal strength in the aortic lumen on the lymph
node signal CNR in contrast-enhanced series. Aortic contrast signal
strength can be affected by individual differences between individ-
uals, as well as by contrast delivery protocols (weight, blood pres-
sure, cardiac rate, etc.). Choi et al. found an increase in the degree
of lesion salience in the subjective evaluation of the lymph node
in the contrast-enhanced series of reviewers'®. Our study shows a
significant increase in subjective evaluation and supports these data.

Our study also showed a high correlation between aortic-me-
diastinal fact CNR values and lymph node-mediastinal fat CNR
values in noncontrast series. In addition, the lymph node SNR
value in the contrast-enhanced phase was also significantly higher
than in the noncontrast phase. Many studies in the literature
show that nonmetastatic lymph nodes are vascular dense’**. The
presence of this dense vascularity may explain the high correla-
tion of lymph nodes with major vascular structures such as the
aorta in terms of CNR. However, in contrast-enhanced series,
the moderate correlation between aortic CNR and lymph node
CNR indicates that the increase in the signal created directly
by the contrast in the vascular structure is not as much as the
increase in the signal created in the lymph node. As seen in our
data, the density increase created by the contrast in the aorta is
about 8 times, while the increase in the density created in the
lymph node is about 2.5 times. However, this density increase
rate provided data that would affect the qualitative evaluation.

As a limitation of our study, we evaluated the detectability
of nonmetastatic lymph nodes. Therefore, since the metastatic
lymph nodes are on a variable pathological spectrum (increased
or decreased vascularity, necrosis, etc.), the effect of aortic sig-
nal on the CNR varies?®.

CONCLUSION

The contrast agent increases the detection of lymph nodes
quantitatively and qualitatively. In addition, an increased aortic
CNR facilitates lymph node detection. Contrast enhances and

facilitates the detection of paratracheal lymph nodes.
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