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Summary

Purpose: To analyze the error in contouring the brainstem
for patients with head and neck cancer who underwent ra-
diotherapy (RT) based on computed tomography (CT) and
magnetic resonance (MR) images.

Methods: 20 patients with brain tumor and 17 patients
with nasopharyngeal cancer (NPC) were randomly selected.
Each patient underwent MR and CT scanning. For each pa-
tient, one observer contoured the brainstem on CT and MR
images 10 times, and 10 observers from 5 centers delineated
the brainstem on CT and MR images only one time. The
inter- and intra-observers volume and outline variations
were compared.

Results: The volumes of brainstem contoured by inter-
and intra-observers on CT and MR images were similar

Introduction

RT has an important role in the treatment
of head and neck cancer, although it can cause
structural damage and functional impairment of
the brainstem [1]. Progressive and irreversible
complications of RT to the brain are common,
and often occur months or years after treatment
[2,3]. The main risk factors for the development of
brainstem injury include total radiation dose and
fraction size. As a serial organ, the maximum ra-
diation dose to the brainstem represents the most
interesting issue. However, great differences still
exist among the results of studies regarding the

(p>0.05). The reproducibility of contouring brainstem on
MR images was better than that on CT images (p<0.05) for
both inter- and intra-observer variability. The inter- and
intra-observer variability for contouring the brainstem on
CT images reached mean values of 0.81+0.05 (p>0.05) and
of 0.85+0.05 (p>0.05), respectively, while on MR images the
respective values were 0.90+0.05 (p>0.05) and 0.92+0.04
(p>0.05).

Conclusion: Contouring the brainstem on MR images was
more accurate and reproducible than that on CT images.
Precise information might be more helpful for the patients
whose lesion were closed to brainstem.

Key words: brainstem, computed tomography, inter- and
intra-observer variability, magnetic resonance, reproduci-
bility

estimations of the dose-volume index for radia-
tion brainstem injury [4-7]. The most important
reason is the lack of specificity of conventional CT
in distinguishing the brainstem from other brain
tissues, mainly in the direction of pedunculus
cerebri, due to the poor contrast with the cisterna
ambiens that renders difficult its delineation.

The development of advanced computer-aid-
ed image techniques have led to the use of MRI
for RT planning of NPC and brain tumors as a
desirable tool for improving soft tissue delinea-
tion and better definition of tumor margins [8].
Furthermore, MR Tl-weighted images provide
detailed views of the local anatomy of the head
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and neck tumors and the surrounding structures
[9]. Although MR images are always applied for
contouring the target and protecting the subman-
dibular gland [9-13], little attention is paid to oth-
er organs, including the brainstem. Moreover, no
data are available describing the advantages of
MRI over CT for soft tissue delineation.

In this study, we investigated the reproduci-
bility of contouring the brainstem on CT and MR
images, and determined the intra- and inter-ob-
server variability.

Methods

Patient selection

A total of 37 patients (20 with brain tumors and
17 with NPC) who were hospitalized in the Department
of Radiation Oncology, Shandong Cancer Hospital, Chi-
na, between November 2010 and December 2012, were
included in this study. Patient age ranged from 36 to
67 years (median 53); 22 patients were male and 15
female. The Institutional Review Board approved this
study, and each patient provided written informed con-
sent.

MR and CT simulation

All MR images were acquired using a 3.0T super-
conducting MR scanner (Signa CV/I, Philips, Beijing,
China). The acquisition parameters were: 400-500 ms
repeat time and 3 min to obtain images. CT scans (Bril-
liance CT Big Bore, Philips Medical Systems, the Neth-
erlands) had a thickness of 3 mm. A thermoplastic film
mask was used to immobilize each patient.

CT/MRI fusion

For contouring gross tumor volumes (GTVs) and
organs at risk (OARs), all images were transferred to
an Eclipse RT treatment planning system (TPS, version
8.6, Varian Medical Systems, Palo Alto, CA, USA). All
MR images from each patient were fused with the CT
images and the accuracy of registration was visually
inspected by the operator using the software provided
by the TPS.

Contouring brainstem on MR and CT images

Eleven observers (Table 1) from three centers in
Shandong, one center in Hebei and one center from
Tianjin were involved in contouring the brainstem on
CT and MR images. One contoured the brainstem 10
times on CT and MR images, and the others contoured
the brainstem on CT and MR images once. The estab-
lished contouring criteria were: 1) based on anatomical
landmarks, the boundary between the mesencephalon
and the telencephalon started from the layer of the pe-
dunculus cerebri; 2) the boundary between the medulla
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Table 1. Observers’ and Centers’ information
No. Centert  Age (years) Work time Title
(years)

D1 1 42 16 Senior

D2 1 45 15 Senior

D3 4 33 6 Intermediate
D4 3 37 12 Intermediate
D5 2 30 4 Intermediate
D6 1 27 2 Junior

D7 5 33 4 Intermediate
D8 2 28 4 Junior

D9 4 34 8 Intermediate
D10 3 43 20 Senior
D11 5 26 2 Junior

TThe centers of the observers: 1: Shandong Cancer Hospital; 2:
TangShan Cancer Hospital; 3: JiNan Hospital; 4: Qianfoshan Hos-
pital; 5: Cancer Hospital of Tianjin Medical University. D stands
for Doctor.

oblongata and spinal cord was at the level of the fo-
ramen magnum; 3) the boundary between the ventral
surface of the brainstem and surrounding tissues was
distinguished from the suprasellar cistern, prepontine
cistern, and basilar artery by the CT or MR sign value;
4) the boundary between the back of the brainstem and
surrounding tissues was profiled according to the edge
of the fourth ventricle; and 5) the boundaries between
the right and left sides of the brainstem and the sur-
rounding tissues were differentiated from the edge of
the posterior cerebral artery, cisterna ambiens, middle
cerebellar peduncle, and cerebellopontine angle by the
CT or MR sign value.

Determination of the reproducibility

The reproducibility of contouring the brainstem
on the same anatomical section was calculated using
MATLAB 2008a software. In every case, four data sets
were obtained for each layer. First, an experienced ra-
diotherapist contoured the brainstem 10 times on CT
images, and the agreement between the first of brain-
stem image and the other 9 was considered as the CT
intra-observer variability (CTjp¢ra.). Similarly, 10 radio-
therapists contoured the brainstem on the CT images
and their data were used to calculate CTjpter. The same
procedures were carried out for MR images and used to
calculate MRjptra.and MRjpter -

Statistics

The delineations were analysed in Matlab R2008a
using the open-source tool CERR and in-house code.
Data are shown as mean + standard deviation (SD). All
analyses were performed using the Statistical Package
for Social Sciences, version 16.0 (SPSS, Chicago, IL,
USA). P values less than 0.05 were considered statisti-
cally significant.
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Results

Brainstem volume

The brainstem volumes according to both CT
and MR images were determined using Eclipse
TPS (Varian). The mean brainstem volumes for
the CTinter, CTintra» MRinter, and MRjntra data sets
were 24.2+2.4 cm3, 24.2+1.8 cm?, 24.2+1.9 cm?,
and 24.2+1.6 cm?® respectively. The brainstem
volume for each patient was found to be similar
when estimated from CT vs MR images (F=0.02,
p=0.88).

Brainstem reproducibility on CT images

The inter-observer variability for CT im-
aging of the same anatomical section reached
only 0.81+0.05, and the outlining error was not
significantly different among the different series
(p>0.05). The intra-observer reproducibility for CT
imaging was slightly higher at 0.85+0.05, and the
contouring error also was not significantly differ-
ent among different sections (p>0.05). All of these
data are shown in Figure 1 and Table 2.

Brainstem reproducibility on MR images

The inter-observer reproducibility for MRI of
the same anatomical section reached 0.90+0.04,
and the outlining error was not significantly
different among the different series (p>0.05). A
similar intra-observer reproducibility for MRI of
0.92+0.04 was obtained, and the contouring error
also was not significantly different among the
different series (p>0.05). These data are shown in
Figure 2 and Table 2.

Discussion

It is now accepted that for the effective treat-
ment of head and neck cancer patients, not only
GTV plays an important role, but accuracy in de-
termining the critical structures located near the
tumor, including the cavernous sinus, pituitary
gland, cranial nerve, and brainstem also is critical
[14,15]. These regions must be accurately evaluat-
ed for disease involvement, or more importantly,
must be spared a RT dose if they are deemed to be
clear of disease [3,8]. Among injuries to these crit-
ical structures, permanent injury to the brainstem
can be a devastating complication in patients
treated with RT. Furthermore, a few-millimeter
shift of the steep dose gradient due to positioning
error could overdose the brainstem when inten-
sity-modulated RT, radiosurgery, and stereotactic
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Table 2. Reproducibility data for the four contouring
methods in 17 sections

Section MRy, MRyl CTintert CTinera!
1 0.92£0.04 0.94+0.02 0.79+0.03 0.81+0.04
2 0.92+0.04 0.94:0.02 0.80+0.05 0.82+0.03
3 0.90+0.05 0.94:0.02 0.82+0.05 0.85+0.05
4 0.90+0.04 0.92:0.03 0.82+0.04 0.85+0.04
5 0.89+0.03 0.91:0.03 0.82+0.05 0.86+0.05
6 0.89+0.05 0.91+0.04 0.82+0.04 0.85+0.04
7 0.90£0.04 0.93+0.02 0.82+0.04 0.86+0.04
8 0.90+0.04 0.93+0.03 0.82+0.05 0.86+0.05
9 0.91£0.04 0.94+0.03 0.82+0.06 0.86+0.04
10 0.92+0.05 0.94:0.02 0.83x0.05 0.87+0.06
11 0.90£0.04 0.92+0.03 0.80+0.06  0.82+0.04
12 0.90+£0.04 0.92+0.03 0.80+0.06  0.82+0.03
13 0.90+£0.04 0.91+0.04 0.79+0.05 0.82+0.04
14 0.90£0.04 0.91+0.04 0.81+0.05 0.86+0.07
15 0.90+0.05 0.91+0.04 0.81+0.04 0.86+0.04
16 0.89+0.05 0.91:0.04 0.81x0.06 0.85+0.05
17 0.90+0.04 0.92:0.05 0.81+0.05 0.85+0.04

Total 0.90£0.04 0.92+0.04 0.81+0.05 0.85+0.05

TData are expressed as mean + standard deviation

radiotherapy are used in the treatment; especially
stereotactic radiotherapy makes determining the
biologically effective dose more complex [3,16-
19]. In addition, because of the proximity to the
tumor, parts of the brainstem may be included
within the radiation portals. Symptoms appear
from several months to several years after com-
pletion of treatment and can either progress to
death or stabilize after partial neurologic loss.
Either way, these outcomes are unacceptable for
patients who could otherwise obtain long-term
survival. In addition, there is an unavoidable po-
tential for brainstem injury if no special attention
is given to the brainstem.

To prevent this injury, the maximum irra-
diation dose to the brainstem on a dose-volume
histogram must always be given special attention
[20]. However, separate brainstem dose limits are
usually absent and dose-volume measures related
to toxicity have not generated a uniform dose-re-
sponse curve from the available data. One of the
major reasons is that the brainstem is contoured
on the basis of planning CT images. Due to the
limits of the CT image-forming principles, CT im-
aging cannot be used to distinguish the brainstem
from the surrounding soft tissue clearly. Hence,
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Figure 1. Shown is the reproducibility of every brainstem section (17 sections) obtained from CT and MR im-
ages, as well as a comparison of the reproducibility between CT and MR images.

-

Figure 2. Representative CT and MR images for contouring the brainstem are shown on the left and right, re-

spectively, and the middle image is a fusion image of the two contouring methods. This figure shows that when
contouring the brainstem, MR (red line) can distinguish the pedunculus cerebri from the surrounding tissues

more easily than CT (yellow line).

these indexes may be impacted by this contour-
ing method, especially for the maximum radiation
dose region.

MR provides better tumor definition for naso-
pharyngeal lesions involving the parapharynge-
al space, base of the skull, brain, and oropharynx

[21]. Therefore, MR can be considered a valuable
tool in staging and outlining the GTV in head and
neck cancer patients for RT [22,23]. Also for this
reason, MR images may be better for use in con-
touring the brainstem.

Although poor soft-tissue contrast and visual-
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ization of tumors have been noticed on CT imag-
es of brain tumors and NPC, there are no indexes
to quantify the error and establish appropriate
guidelines. Additionally, MR has unique superi-
ority for NPC and brain tumors, but there is a lack
of quantitative data regarding how much better
MR is for outlining the brainstem. In the pres-
ent study, the estimated error for contouring the
brainstem was investigated on CT and MR imag-
es. In addition, the intra- and inter-observer varia-
bility was compared.

In the present study, although the brainstem
volumes obtained from CT and MR images were
not statistically different, it is known that brain-
stem injury is largely related to the irradiation
maximum dose. Therefore, the reproducibility of
every layer on the same anatomical section among
the different scans in a series of brainstem images
must be improved. The intra-observer reproduci-
bility for CT images reached 0.85. Moreover, for
inter-observer, the reproducibility was even low-
er (0.81). In contrast, the intra- and inter-observer
brainstem reproducibility for MR imaging were
0.92 and 0.90, respectively. In Figure 1, the first
two layers and from the 11t layer to the 13t% lay-
er, the inter- and intra-observer reproducibility
were almost in the same low level (nearly 0.80).
We can conclude that it is difficult to distinguish
the brainstem from the surrounding soft tissue in
the middle portion. Figure 2 shows that in the first
two layers, the brainstem can hardly be differen-
tiated from the pedunculus cerebri and cisterna
ambiens. In the 11t layer to the 13t layer, some
radiotherapists outlined the posterior cerebral ar-
tery, cerebellar peduncle, and part of the middle
cerebellar peduncle into the brainstem on CT im-
ages. On the contrary, from the first layer to the
end, this reproducibility was maintained at a good
level for both MRjpter and MRjp¢ra. Figure 2 also
shows that when contouring the start of the brain-
stem, the MR imaging can be much better than CT
imaging for distinguishing the pedunculus cere-
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