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Objective: To measure the intra-fraction displacements of the mediastinal metastatic lymph nodes by using four-dimensional
CT (4D-CT) in non-small cell lung cancer (NSCLC).

Materials and Methods: Twenty-four patients with NSCLC, who were to be treated by using three dimensional conformal
radiation therapy (3D-CRT), underwent a 4D-CT simulation during free breathing. The mediastinal metastatic lymph nodes
were delineated on the CT images of 10 phases of the breath cycle. The lymph nodes were grouped as the upper, middle and
lower mediastinal groups depending on the mediastinal regions. The displacements of the center of the lymph node in the
left-right (LR), anterior-posterior (AP), and superior-inferior (SI) directions were measured.

Results: The mean displacements of the center of the mediastinal lymph node in the LR, AP, and SI directions were 2.24
mm, 1.87 mm, and 3.28 mm, respectively. There were statistically significant differences between the displacements in the
SI and LR, and the SI and AP directions (p < 0.05). For the middle and lower mediastinal lymph nodes, the displacement
difference between the AP and SI was statistically significant (p = 0.005; p = 0.015), while there was no significant
difference between the LR and AP directions (p < 0.05).

Conclusion: The metastatic mediastinal lymph node movements are different in the LR, AP, and SI directions in patients
with NSCLC, particularly for the middle and lower mediastinal lymph nodes. The spatial non-uniform margins should be
considered for the metastatic mediastinal lymph nodes in involved-field radiotherapy.

Index terms: Non-small cell lung cancer; Four-dimensional computed tomography; Mediastinal lymph nodes; Displacement
measurement

INTRODUCTION

Radiation therapy is a dominated therapeutic modality
for non-small cell lung cancer (NSCLC), and improves the
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long-term survival and local control rates in patients with
locally advanced stages (1, 2). Elective nodal irradiation
(ENI) was once regarded as an essential component in
definitive radiation therapy for locally advanced NSCLC.
Despite the controversies over the range of the irradiated
regional lymph nodes, some studies have suggested that
ENI has no superiority over the involved field radiotherapy
(IFRT) technique, in which only the metastatic lymph
nodes are irradiated, with respect to local control and
survival rate (3-5). Therefore, ENI has been extensively
replaced by IFRT (6-8). Although the irradiated volume is
reduced in IFRT, the overall survival and local control rates
by IFRT are equivalent and even superior to those by ENI.
Meanwhile, IFRT will deliver a higher dose to the lesion
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while decreasing the normal tissue toxicities.
Three-dimensional conformal radiotherapy (3D-CRT) may
allow a dose escalation without excessive toxicity, and
improve overall survival rates (9). With the implementation
of 3D-CRT, radiation oncologists are now able to deliver
radiation with a more precise dose distribution, providing
a higher overall dose to the tumor while limiting radiation
to normal tissue. Even with the ability to improve
radiation dose conformity, the margins are still necessary
to account for both the setup error and organ motion.
The application of 3D-CRT underlines the importance of
accurate quantification of the tumor movement. The modern
radiation planning systems are therefore evolving to
visualize the tumor motion and prevent geographical miss.
Generally, to generate the planning target volume (PTV) in
radiotherapy for NSCLC, an expanding margin of 10-20 mm
is added on the clinical target volume (CTV) to account for
the tumor movement as well as the set-up errors (10, 11).
The positions of the lymph lodes within the mediastinum
are easily affected by the respiratory movement and
heart beat. The lymph node movements will in turn
affect the accurate delivery of radiation to the targets.
Conventionally, a symmetric margin of 5 mm is considered
adequate to account for the lymph node mobility. However,
the respiratory mediastinal lymph nodal motion is not
necessarily symmetric: it may differ among the lymph nodal
regions; and it may be highly variable among individuals (12,
13). Thus, the population-based margins may compromise
the dose received by the tumor or increase the severity of
radiation side effects on the surrounding normal tissues.
Accurate knowledge of the mediastinal lymph node
displacement is important to derive a treatment plan to
deliver a homogeneous irradiation to the highest feasible
dose, and to maintain the normal tissue doses within the
desired constraints. This will improve the overall treatment
efficacy. In previous studies, the investigators have studied
the lymph node movements using the X-ray fluoroscopy, co-
registered computed tomography (CT) scans, and the inhale
and exhale CT scans (14-16). The conventional imaging
methods are often unable to provide accurate delineation of
the tumor size, location and movements.
Four-dimensional computed tomography (4D-CT) is
a new imaging technology used for the assessment of
the anatomic translation and the deformation during
respiration. 4D-CT images can effectively eliminate the
motion artifacts caused by the respiratory motion, thus
reflecting the motion of the tumors and organs throughout
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the respiratory cycle (17-21).

The purpose of the present study was to investigate the
displacements of the mediastinal metastatic lymph nodes
at different respiratory phases using 4D-CT. We further
analyzed the differences in the directional displacements
of the mediastinal metastatic lymph nodes. In addition,
we attempted to investigate whether the ipsilateral
diaphragm movement could predict the movement of the
mediastinal lymph nodes in the superior-interior direction.
We anticipate that our study would provide evidence for
the definition of internal target volume (ITV) for metastatic
mediastinal lymph nodes.

MATERIALS AND METHODS

Patients

Institutional Review Board approval and informed consent
were obtained for the present study. The patients with
pathologically proven NSCLC who underwent 4D-CT at the
Department of Radiology, Shandong Tumor Hospital between
September 2009 and May 2010 were included in the present
study. All the patients had positive metastatic lymph nodes
defined as a short-axis diameter > 1 ¢cm on the contrast-
enhanced CT images.

CT simulation and Image Acquisition

During simulation, all the patients were immobilized
using the vacuum bags in the supine position with their
arms raised above their head. For each person, a thoracic
4D-CT scan was performed under uncoached free breathing
using a 16-slice Brilliance big bore CT scanner® (Philips
Medical Systems, Inc., Cleveland, OH, USA). The total
scanning time was > 60 seconds. In order to clearly identify
the mediastinal metastatic lymph nodes, 100 mL of the
contrast agent labeled as Iobitridol® was injected (350 mg
iodine/mL; Guerbet, Roissy, France) intravenously to each
patient within 50 seconds prior to 4D-CT. During the 4D-
CT scanning, the respiratory signal was recorded with the
Real-time Positioning Management gating system® (Varian
Medical Systems, Palo Alto, CA, USA) by tracking the
trajectory of the infrared markers placed on the patient’s
abdomen. The respiratory signal was sent to the scanner
to label a time tag on each CT image. The reconstructed
4D-CT images were sorted into ten respiratory phases
on the basis of these time tags using Advantage 4D
software® (GE Healthcare, Waukesha, WI, USA). The 0%
phase corresponded to the end-inhalation and 50% phase
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corresponding to the end-exhalation. The 4D-CT images
were reconstructed using a thickness of 3 mm and then
transferred to the Eclipse treatment planning system®
(Eclipse 8.6, Varian Medical Systems).

Classification and Delineation of Lymph Nodes

The mediastinal lymph nodes were classified according
to the definition of Mountain and Dresler (22), and were
delineated following the atlas from the University of
Michigan (23). The mediastinal lymph nodes were divided
into three groups: the upper mediastinal compartment
included lymph nodes from stations 1, 2, and 3; the middle
mediastinal compartment included stations 4, 5, and 6; and
the lower mediastinal compartment included stations 7 and 9.

The image of the 0% phase was regarded as the baseline,
whereas the other phases were overlaid on the baseline
image. The mediastinal metastatic lymph nodes and
the dome of the ipsilateral diaphragm were delineated
on all the images of 10 respiratory phases. The range
of CT image display window was chosen as 40-390 HU
(24). In order to avoid the inter-observor differences in
target volume contouring, only one radiologist was used
(Suzhen Wang). When several small nodes were present
in a specific station, or several lymph nodes were fused
together, the conglomerate volume was contoured. The
lymph nodes located at the borderline between two stations
were counted to the station in which the majority of the
lymph nodes were located. Figure 1 shows the lymph node
contours of 10 phases that were mapped on the CT image of
the 0% (end-inhalation) phase.

The position of each metastatic lymph node was
represented by its geometric center of the volume, which
could be calculated by the planning system. The positions
of the lymph node and the dome of the diaphragm were
compared in all 10 phases of 4D-CT. The lymph node
displacements were measured independently in the three

A

Fig. 1. Four-dimensional computed tomography image of 0%
phase showing contours of 2R lymph node.

These contours are drawn in all of 10 phases and mapped to
current image. A. Transverse view. B. Sagittal view. C. Coronal view
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directions of the patient coordinates: left-right (LR);
anterior-posterior (AP); and superior-inferior (SI). The
displacements of the dome of the diaphragm were measured
in the SI direction. The largest lymph node displacements in
the three directions obtained were denoted with LR, AP, and
SI, respectively. The 3D range of the motion of one lymph
node was arbitrarily represented with the following quantity
JLRZ + AP? + ST (16). The displacements of the metastatic
lymph nodes in the different groups were compared and the
correlations between the displacement of the mediastinal
lymph nodes and the motion of the dome of ipsilateral
diaphragm were analyzed.

Statistical Analyses

All statistical analyses were performed using the
commercially available software SPSS 17.0 package (SPSS
Inc, Chicago, IL, USA). The Wilcoxon rank-sum test was
used to assess the lymph node displacements between
the various directions in the same group, or in the same
direction between different groups. A Pearson correlation
analysis was utilized to study the relationship between
the mediastinal lymph node displacements and the dome
of the ipsilateral diaphragm movement in the SI direction.
A p value of < 0.05 was considered to be statistically
significant.

RESULTS

Twenty-four patients with NSCLC were included in the
present study, consisting of 16 males and eight females. The
average age was 60 years (age range, 39-80 years). Of these
24 patients, adenocarcinoma was diagnosed in 18 patients,
squamous cell carcinoma in four, and adenosquamous
carcinoma in two patients.

The displacement was measured for 53 mediastinal
metastatic lymph nodes. The mean and standard deviation
of displacement in LR, AP, and SI directions for the
mediastinal lymph nodes of the different stations are listed
in Table 1.

The displacement of the mediastinal lymph nodes within
the same region were compared among the three directions
and listed in Table 2. For the upper mediastinal lymph
nodes, there was no statistically significant difference
among the LR, AP, and SI directions (p > 0.05). For the
middle mediastinal lymph nodes, the displacement in the
SI direction was greater than that in the AP direction, and
the difference was statistically significant (z = -2.835, p
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Table 1. Displacement of Mediastinal Lymph Nodes in LR, AP, and SI

Wang et al.

Mediastinal

Ll edles Sesielar Node Number LR (mm) AP (mm) SI (mm) 3D Range (mm)
Upper lymph nodes 15* 1.75 + 0.99* 1.73 + 0.87* 2.65 + 2.53* 3.87 + 2.45*
1L 3 1.20 + 0.20 1.60 + 0.52 3.07 + 2.07 3.77 + 1.85
1R 4 1.83 £ 1.08 2.2 +1.41 4.53 +3.76 5.42 + 4.04

3A 1 2.30 1.90 0.70 3.10
2L 4 1.73 £ 1.11 1.30 £ 0.51 1.77 + 1.85 2.99 + 1.84
2R 3 2.07 £ 1.55 1.73 £ 0.87 1.53 £ 1.14 3.36 + 1.39
Middle lymph nodes 29* 2.62 +1.83* 2.05 £ 1.00* 3.24 + 2.53* 4.97 + 2.75*
4L 9 2.42 +2.17 1.79 + 1.02 2.94 +2.13 4.40 + 2.91
4R 12 2.18 + 0.86 2.13 £ 0.71 3.83 +3.17 5.12 + 2.97
5 8 3.51+2.38 2.23 +1.36 2.70 + 1.88 5.37 + 2.48
Lower lymph nodes 9* 1.80 + 0.92* 1.56 + 0.67* 4.44 + 2.83% 5.23 +2.67*
7 7 1.91 + 1.02 1.64 £ 0.70 3.71 £ 2.40 4.63 £ 2.40
9 2 1.40 + 0.42 1.25 + 0.64 7.00 + 3.54 7.31 + 3.56
Total lymph nodes 53* 2.24 + 1.55* 1.87 + 0.92* 3.28 + 2.59* 4.70 £ 2.66

Note.— *Summary rows. LR = left-right direction, AP = anterior-posterior, SI = superior-inferior, 3D = 3 dimensional

Table 2. Displacements of Mediastinal Lymph Nodes within Same Region are Compared among Various Directions

Mediastinal Lymph LR and AP LR and SI AP and SI
Node Groups Z Value P Value Z Value P Value Z Value P Value
Upper lymph nodes -0.370 0.711 -1.350 0.177 -1.478 0.140
Middle lymph nodes -1.655 0.098 -1.094 0.274 -2.835 0.005
Lower lymph nodes -0.892 0.373 -2.431 0.015 -2.429 0.015
Total lymph nodes -1.329 0.184 -4.069 0.000 -2.639 0.008

Note.— LR = left-right direction, AP = anterior-posterior, SI = superior-inferior

Table 3. Comparison of Displacements for Lymph Nodes in Same Direction among Various Regions

Mediastinal Lymph LR AP SI 3D Range
Node Groups Z Value P Value Z Value P Value Z Value P Value Z Value P Value
Upper vs. middle -1.416 0.157 -0.485 0.628 -0.881 0.378 -1.136 0.256
Upper vs. lower -0.652 0.514 -0.714 0.475 -0.533 0.594 -0.533 0.594
Middle vs. lower -0.415 0.678 -0.701 0.483 -1.007 0.314 -0.533 0.594

Note.— LR = left-right direction, AP = anterior-posterior, SI = superior-inferior, 3D = 3 dimensional

= 0.005). There was no statistically significant difference
between the displacements in AP and SI or LR and SI
directions (p > 0.05). For the lower mediastinal lymph
nodes, there was a statistically significant difference
between SI and LR, as well as SI and AP (SI vs. LR, p = 0.015;
SI vs. AP, p = 0.015). There was no statistically significant
difference between the LR and AP directions (z = -0.892,

p = 0.373). For total mediastinal lymph nodes, there was
statistically significant differences between SI and LR as
well as SI and AP (SI vs. LR, p = 0.000; SI vs. AP, p = 0.008),
but no statistically significant difference between the LR
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and AP directions (z =-1.329, p = 0.184).
The displacements of lymph nodes in the same direction

among different regions are compared in Table 3. There

was no statistically significant difference regarding the

displacement of lymph nodes in the same direction among
the three regions (p > 0.05). The 3D ranges among different
regions are compared and no statistically significant
difference was observed (p > 0.05).
In the SI direction, the displacement of the dome of the
ipsilateral diaphragm was 9.33 + 3.52 mm, 9.67 + 4.65
mm, and 10.17 + 0.98 mm in the upper, middle, and lower
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Fig. 2. Correlation between mediastinal lymph node displacement and ipsilateral diaphragm dome movement in superior-inferior

direction.

mediastinal lymph nodes, respectively.

The correlation between the mediastinal lymph node
displacement and the dome of the ipsilateral diaphragm
movement in the SI direction is illustrated in Figure 2.

In the SI direction, there was no correlation between the
mediastinal lymph node displacement and the dome of the
ipsilateral diaphragm movement (p > 0.05).

DISCUSSION

Radiation therapy for the mediastinal lymph nodes is
an important therapeutic component in the patients with
locally advanced NSCLC. Accurately determining the target
margin is a prerequisite for the successful treatment of
NSCLC. The mediastinal lymph nodes consist of several
lymph node groups along the esophagus and between the
lung and the diaphragm. The mediastinal lymph nodes are
close to the trachea, heart and major blood vessels, and the
movement of the adjacent organs may lead to displacement
of these nodes.

The temporal images acquired during conventional
axial three-dimensional CT (3D-CT) scanning might not
completely encompass the respiration-induced mediastinal
lymph node displacement. Therefore, the CTV contoured
on the 3D-CT image requires expansion with an additional
margin. These margins derived from the previous published
guidelines or clinical experiences are regarded as

kjronline.org Korean J Radiol 13(4), Jul/Aug 2012

population-based. However, such population-based margins
may not account for the variation of nodal motion in a
specific patient. Although X-ray fluoroscopy allows for the
individualized measurement of lung tumor displacement,

it is not accurate for measuring lymph node displacement
due to poor tissue contrast (16). A spiral CT scan at the
end phases of inhalation and exhalation during active
breathing control may reflect the maximum lymph node
displacement. However, this cannot monitor the lymph
node displacement during free breathing and the recorded
lymph node displacement may be overestimated (15). 4D-CT
allows for clear delineation of the anatomical structures and
the lymph node displacements during free breathing, and
can minimize motion artifacts. Therefore, this technique is
widely used in evaluating the displacement of tumor and
organ for thoracic and abdominal cancers (13, 25, 26).

The results of our study suggest that the mediastinal
lymph node displacements vary widely in different
directions during free breathing. We found that the mean
displacements of 53 metastatic mediastinal lymph nodes in
the SI, AP and LR directions were 3.28 mm, 1.87 mm, and
2.24 mm, respectively. These numbers suggest that lymph
node displacement primarily occurs in the SI direction.
Jenkins et al. (14) investigated 21 patients with calcified
lymph nodes using orthogonal fluoroscopic imaging and
found that the mean displacements of the lymph nodes in
the SI, AP and LR directions were 6.6 mm, 2.6 mm, and
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1.4 mm, respectively. Pantarotto et al. (24) investigated
the displacements of 100 mediastinal lymph nodes using
4D-CT, and reported that the mean displacements of the
lymph nodes in the SI, AP and LR directions were 5.2 mm,
3.1 mm, and 2.4 mm, respectively. Both groups reported
that the lymph node SI displacement was significantly
greater than the AP and LR directions (p < 0.001). These
findings suggest that it might not be appropriate to use

a spatial uniform margin for ITV of the mediastinal lymph
nodes since the tumor motion is likely to be anisotropic.
We propose that the internal margin should be greater in
the SI direction than the LR and AP directions. Our present
study suggests that the SI displacements are shorter

than previously reported. This might be explained by the
difference in the lymph node distributions. In Jenkins’
study (14), the hilar lymph nodes which had larger shifts,
accounted for about 50% of the lymph nodes. In Jason’s
study, the lower mediastinal lymph nodes which were also
prone to larger movement, accounted for 25% of the lymph
nodes. In our study, no hilar lymph nodes were included
and the lower mediastinal lymph nodes only accounted

for 17% of the lymph nodes. In addition, using the image
acquisition technique, the immobilization method, and the
difference in respiratory exercise may also contribute to the
difference in lymph node shifts (27, 28).

The results of our study show that the displacements of
lymph nodes in the LR, AP, and SI directions are similar (p
> 0.05). Our results are different from Donnelly’s findings
(29), who investigated 44 paratracheal, subcarinal and hilar
lymph nodes using 4D-CT. They found that the displacement
of the hilar lymph nodes was similar to that of the
mediastinal lymph nodes in the SI direction (p = 0.23).

The subcarinal lymph nodes displacement was significantly
greater than the paratracheal lymph nodes (p = 0.01). The
displacement of the mediastinal and subcarinal lymph nodes
was similar in the AP and LR directions (p > 0.05). This
might be due to different classification methods. In order
to avoid a geometrical target miss and unnecessary doses
to the normal tissues during IFRT, the dependence of target
expansion on the mediastinal lymph node station requires
further study.

The lymph node movements are irreqular in the LR, AP
and SI directions. In our study, the 3D ranges of the upper,
middle and inferior mediastinal lymph node displacements
were 3.87 + 2.45 mm, 4.97 + 2.75 mm, and 5.23 + 2.67
mm, respectively. A geometrical target miss induced by
the mediastinal lymph node motion is considered as one
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of the main reasons of local failure. In the absence of
patient specific information on the nodal motion during
IFRT, we propose that we should expand the internal margin
according to the upper values of the 95% confidence
interval for the 3D range. In our data, these values are

6.47 mm, 6.64 mm, and 7.28 mm for the superior, middle
and inferior mediastinal lymph nodes, respectively. The
results of our study also suggest that for the mediastinal
lymph nodes with 3D motion range > 5 mm, the superior,
middle and inferior mediastinal lymph nodes accounted

for 20.00%, 41.38% and 33.33%, respectively. This is
consistent with Sher’s study, which showed that a 5-mm
uniform expansion would not cover an ITV of 23%, 73% and
55% of the paratracheal, subcarinal, and hilar lymph nodes,
respectively. These suggest that a standard expansion of

5 mm around a gross tumor volume contoured on a helical
scan for the internal margin would have missed the gross
tumor, especially for the inferior mediastinal lymph nodes.

The inferior nodal displacement during inhalation is
consistent with a downward pull from the contracting
diaphragm, which is the primary force of inspiration.
Therefore, the dome-shaped sheet of the diaphragm
affects the movement of the adjacent organs (30). The
mediastinal lymph nodes displacement is greatly affected
by the ipsilateral diaphragm contractions, and is more
obvious in the SI direction. In the previous reports, the
lymph node displacement has been associated with the
size of the primary tumor, lung function and gender (14,
24). However, few studies have investigated the diaphragm
versus lymph node displacements. We initially speculated
that the displacement of the lymph node might be related
to the amplitude of the ipsilateral diaphragm movement in
the SI direction. However, no predictive value was found
between the range of displacement of the lymph node and
the ipsilateral diaphragm. The results of our study suggest
that the mediastinal lymph node displacement is not
associated with the ipsilateral diaphragm displacement (p >
0.05). This might be due to complex breathing mechanisms.
The mediastinal lymph node movements are not only easily
affected by the contraction of the diaphragm, intercostal
muscles, and heart beat, but also affected by its volume
and the degree of adhesion with the adjacent tissue (14,
24, 31).

In summary, the results of our study suggest that the
mediastinal lymph node displacements are different in the
LR, AP and SI directions in patients with NSCLC. It might
not be appropriate to use an isotropic margin in applying
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IFRT to NSCLC. The expansion in the SI direction should be
larger than for the AP or LR directions. The displacement
of the ipsilateral diaphragm is not predictive of the
displacement observed in the mediastinal lymph nodes.
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