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Background and purpose: The objective of this project was to define consensus guidelines for delineating
brainstem substructures (dorsal vagal complex, including the area postrema) involved in radiation-
induced nausea and vomiting (RINV). The three parts of the brainstem are rarely delineated, so this study
was also an opportunity to find a consensus on this subject.
Materials and methods: The dorsal vagal complex (DVC)was identified on autopsy sections and endoscopic
descriptions. Anatomic landmarks and boundaries were used to establish radio-anatomic correlations on
CT andMagnetic Resonance Imaging (MRI). Additionally, delineation of RINV structures was performed on
MRI images and reported on CT scans. Next, guidelines were provided to eight radiation oncologists for
delineation guidance of these RINV-related structures on DICOM-RT images of two patients being treated
for a nasopharyngeal carcinoma. Interobserver variability was computed.
Results: The DVC and the three parts of the brainstemwere definedwith a concise description of theirmain
anatomic boundaries. The interobserver analysis showed that the DVC, the midbrain, the pons, and the
medulla oblongata delineations were reproducible with KI = 0.72, 0.84, 0.94 and 0.89, respectively. The
Supplemental Material section provides an atlas of the consensus guidelines projected on 1-mm MR axial
slices.
Conclusions: This RINV-atlas was feasible and reproducible for the delineation of RINV structures on plan-
ning CT using fused MRI. It may be used to prospectively assess dose–volume relationship for RINV struc-
tures and occurrence of nausea vomiting during intracranial or head and neck irradiation.

� 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 130 (2019) 113–120
Intensity-modulated radiation therapy (IMRT) leads to
increased reduction in late toxicities compared to 3-dimensional
conformal radiation therapy (3D-CRT) techniques [1]. In IMRT, dose
distributions conform to tumor topography while simultaneously
limiting the normal tissue volume exposed to relatively high radia-
tion doses. Therefore, IMRT has become the recommended treat-
ment strategy for many cases of locally advanced head and neck
cancer (HNC). However, IMRT treatment plans for HNC typically
use a high number of radiation fields and may be associated with
new beam-path non-target tissue toxicities such as anterior oral
mucositis, occipital scalp hair loss, headache, nausea, and vomiting
[2]. Radiation-induced nausea and vomiting (RINV) can occur dur-
ing the irradiation of a small part of the brainstem called the dorsal
vagal complex (DVC) [3]. This structure of the medulla oblongata
includes the area postrema (AP), the nucleus of the solitary tract
(NST), and the dorsal motor nucleus of the vagus (DMV) [4]. Several
retrospective studies have recently demonstrated a statistical
correlation between the grade of RINV and the dose in the DVC
[5–8]. In most of these studies, the location of AP and other struc-
tures implicated in RINV were determined on CT scan or MRI by a
radiation oncologist with the help of an expert neuroradiologist.
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However, it remained difficult to accurately identify the true
boundaries of these small structures using standard imaging tech-
niques [9]. In the present study, we propose an atlas of RINV-
related organs based on pathologic, anatomic, and endoscopic
descriptions of the fourth ventricle floor [10–16]. This atlas was val-
idated as a consensus by an interobserver analysis which compared
the delineation of eight different radiation oncologists.
Methods

Population: Working group

A multidisciplinary working group (WG) was created to develop
these new recommendations for central nervous system (CNS) sub-
structures involved in RINV. All physicians who contributed to the
creation of these guidelines are listed as co-authors of this manu-
script. The general principles guiding the activities of theWGwere:
(1) to integrate as accurately as possible anatomic knowledge and
previously defined surgical and radiological guidelines into a set
of recommendations based on axial CT and MR sections, and (2) to
minimize variations in interpretation of the guidelines between
oncologists by refining the description of the boundaries at various
locations.
Construction of the atlas

A first tutorial was created to help the WG delineate the DVC.
We assumed a lack of anatomic knowledge on the part of the radi-
ation oncologists regarding this small structure which is not visible
on CT and MR images. This tutorial was created using MRI and CT-
scan images of a patient treated with stereotactic radiotherapy for
a pituitary adenoma. CT images were obtained using a dosimetric
CT with a slice thickness of 0.625 mm. MR images were obtained
using a 1.5 T magnet. The patient was scanned in the same position
as the dosimetric CT, with a slice thickness of 0.5 mm. An image
fusion between CT and MR images was performed with studies
of pathologic and anatomic surgical descriptions of the brainstem
and floor of the fourth ventricle [10–16]. The location, size, and
true boundaries of the DVC were then determined with the help
of three experts in brainstem anatomy (Pr H.M. Duvernoy, Dr D.
Hasboun, Dr M. Lefranc). The three parts of the brainstem are
rarely delimited, so this study was also an opportunity to find a
consensus on this subject.

Secondly, each member of the working group delineated the
DVC and the three parts of the brainstem in a CT set from one
patient treated for nasopharyngeal neoplasm (patient A). The CT
images (1-mm slice thickness) were carried out with patient in a
supine position on a multidetector-row spiral CT scanner. A fusion
between MR and CT images was necessary to determine the loca-
tion of the DVC. The contours of all radiation oncologists were
compared (see the method of comparison below). Subsequently,
the outcome of this procedure was individually presented to and
discussed with each observer in order to identify the most frequent
inconsistencies and to formulate consensus guidelines.

Finally, consensus delineations were depicted on axial
T2-weighted MRI in an atlas of structures involved in RINV with a
1-mm slice thickness (atlas in Supplementary data). A second inter-
observer analysis was performed to confirm validity and repro-
ducibility of this atlas. In this second analysis, each member of the
working group delineated the DVC and the three parts of the brain-
stem in a CT set from the same patient A and from another patient B.
Methods of comparison

These methods were used for the first (Time 1) and the second
(Time 2) interobserver analysis. The evaluation of the variability of
contours was benchmarked using a ‘‘reference” contour (delin-
eated with the help of the three experts of the brainstem: HMD,
DH, and ML). ARTISTRUCTTM software version 1.0 (AQUILAB�, Lille,
France) was used to evaluate and compare the contours, both qual-
itatively and quantitatively. For the first step, each volume submit-
ted by each of the eight radiation oncologists in the WG (DVC,
midbrain, pons, and medulla oblongata) was compared with the
reference volume proposed by the three experts. In the second
step, different indices reflecting the correlation of the volume with
the ‘‘experts reference contour” for all volumes were calculated.
Three of these indices are based on volume ratios: the Volume
Ratio (VR) between the volume of one of the eight radiation oncol-
ogists and the volume of the experts, the Common Delineated Vol-
ume (CDV), and the Additional Delineated Volume (ADV). Then, the
kappa index (KI) and the Overlap Volume (OV) were calculated.
Patient A‘s indices of Time 1 were compared with Patient A‘s
indices of Time 2 [17]. Another patient (Patient B) allowed us to
confirm the validity of the second tutorial as an atlas for the delin-
eation of the DVC. The delineation of the three parts of the brain-
stem was also analyzed and reported for Patient B.
Statistical analysis

Delineation evaluation was conducted prospectively and com-
paratively. Statistical analysis was performed with R-Studio soft-
ware (GNU Affero General Public License v3 2007). Comparison
between the volume obtained (eight radiation oncologists of the
WG) and the experts’ volume was done with the Student t-test.
Comparative analysis of Patient A’s indices of Time 1 and Patient
A’s indices of Time 2 after was done with the Student t-test for
paired samples. Values of two-sided p < 0.05 were considered sta-
tistically significant.
Results

After the working group (WG) delineated the DVC and the three
parts of the brainstem in patient A, a first interobserver analysis
(Time 1) was performed and the variability in delineation was dis-
cussed. Subsequently, the WG agreed on consensus definitions for
these structures and formulated the final consensus guidelines for
these structures implicated in RINV (available in Supplemental
data). A second interobserver analysis (Time 2) confirmed that
the delineation of the DVC and the three parts of the brainstem
was reproducible (Fig. 3). In the following sections, each of these
structures will be briefly reviewed with a short description of their
main anatomic boundaries. The boundaries correspond to a patient
lying supine with his head in a ‘‘neutral’’ position. The boundaries
are summarized in Table 1.
Midbrain

The midbrain is the most cranial structure of the brainstem. The
cranial limit is the cranial border of the cerebral aqueduct. This
limit is clearly visible in the sagittal plane of the brainstem in
MRI. The caudal limit is below the inferior coliculli. The midbrain
is also limited anteriorly by the interpeduncular cistern and poste-
riorly by the quadrigeminal cistern.
Pons

The pons is similar to a bridge connecting the right and left
cerebellar hemispheres. The cranial limit (which is also the caudal
limit of the midbrain) is above the inferior coliculli of the midbrain.
Posteriorly, the pons is limited by the floor of the fourth ventricle.
Convincing arguments have led us to include the superior, middle,



Table 1
Organs affected in RINV with specification of anatomic boundaries.

Borders
per
region

Brainstem DVC (AP + NST + DMV)

Medulla Oblongata Pons Midbrain

Cranial Caudal limit of the pons Caudal limit of the cerebral aqueduct –
Above the inferior coliculli of the
midbrain. To include the superior
cerebellar peduncles

Cranial limit of the cerebral aqueduct –
up to an imaginary line at the level of
the cranial border of the superior
colliculi

5 mm cranial to the caudal limit of the
DVC

Caudal Foramen Magnum Transversal plan of the pontomedullary
sulcus

Cranial limit of the pons Obex – central canal aperture
(52 mm ± 3.5 mm distant of the line
between the head and the body of the
corpus callosum)

Anterior Lateral cerebello-
medullary cistern

Interpeduncular cistern Interpeduncular cistern A horizontal imaginary line at the level
of the median sulcus

Posterior Floor of the fourth
ventricle
Median aperture
(foramen of Magendie)
Posterior cerebello-
medullary cistern

To include superior and inferior cerebellar
peduncles
Floor of the fourth ventricle

Quadrigeminal cistern Ventral edge of the fourth ventricle
(floor of the fourth ventricle)

Medial Symmetric organ Symmetric organ Symmetric organ Fourth ventricle
Lateral Lateral aperture

Lateral cerebello-
medullary cistern

To include middle cerebellar peduncles _ Use a circle of 4 mm in diameter

DVC: dorsal vagal complex. AP: area postrema. NST: nucleus of the solitary tract. DMV: dorsal motor nucleus of the vagus.
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and inferior cerebellar peduncles in the pons structure because the
dose constraints are the same as those for the pons.
Medulla oblongata

The medulla oblongata connects the spinal cord to the pons. The
caudal limit of the medulla oblongata is located at the level of the
foramen magnum (clearly visible on a sagittal view of the brain-
stem on a CT image). The superior half of the posterior surface of
the medulla oblongata is the floor of the fourth ventricle, above
the median aperture. This surface is characterized by a median sul-
cus, clearly visible on CT and MRI. Under the median aperture,
which is also the cranial limit of the central canal, this median sul-
cus is not visible. The posterior border of the medulla is then the
posterior cerebello-medullary cistern, whereas the lateral borders
are limited by the lateral apertures and the lateral cerebello-
medullary cisterns.
Dorsal vagal complex (DVC)

The dorsal vagal complex (DVC), consisting of the AP and the
parts of the NST and the DMV connected to the AP, is located in
the dorsal brainstem, in the floor of the fourth ventricle. The DVC
integrates sensory and motor information of neurovegetative func-
tions, including vomiting. In a posterior view, the floor of the
fourth ventricle appears rhomboidal (Fig. 1). The back surface of
the pons and the superior half of the dorsal surface of the medulla
oblongata form the floor of the fourth ventricle. Its superior angle
is continuous with the cerebral aqueduct, while its inferior angle is
continuous with the central canal. The floor is grooved vertically by
a median sulcus. The area postrema (AP) is attached to the inferior
angle of the floor of the fourth ventricle, overlying the lower por-
tion of the vagal trigone and facing the Magendie foramen. In an
endoscopic view, the AP is directly visible from the back through
the median aperture (foramen of Magendie) and is joined by the
opening of the central canal in the fourth ventricle [14]. The AP
has the appearance of arched wings opened on either side of the
floor of the fourth ventricle, facing the Magendie foramen, and
diverging upward from the central canal. The caudal limit of the
DVC is easily determined on a sagittal view of the brainstem and
must be delineated in the transversal plane of the obex, which is
also in the plane of the central canal aperture (Fig. 1A, B) [16]. This
limit is a unique volume located at a distance of 52 ± 3.5 mm from
a line between the head and the body of the corpus callosum
(Fig. 1C, D). The DVC is located on both sides of the median sulcus
of the medulla oblongata (Fig. 2A, B). In order to be more repro-
ducible, we proposed delineating a 4-mm diameter circle which
included the different structures of the DVC (Fig. 2C). The cranio-
caudal length of the AP is 5 mm (10).

Tables 2 and 3 show the results of the first and second interob-
server analyses.
Volume comparison

In the first analysis (Time 1), the DVC delineated by the experts
for patient A was measured at 0.04 cm3 and extended 0.4 cm in the
vertical plane. The average volume and height of the DVC delin-
eated by the working group (WG) for the same patient A were sig-
nificantly different from that of the experts with a result of
0.14 cm3 (p = 0.02) and 0.64 cm (p = 0.008), respectively.

In the second analysis (Time 2), the volume of Patient A’s DVC
delineated by the expert was 0.14 cm3 and extended 0.5 cm in
the vertical plane. The average volume and height of Patient A’s
DVC delineated by the WG were not significantly different from
that of the expert with a result of 0.14 cm3 (p = 0.52) and 0.5 cm
(p = 1), respectively. The analysis of patient B confirmed that the
DVC volume and height of the WG did not differ from the expert.
Patient B also allowed us to validate the reproducibility of the mid-
brain, the pons, and the medulla oblongata delineations (Table 3).
Indices comparison

In the first analysis (Time 1), the different indices obtained by
the WG compared to the expert for patient A were 3.29 for the Vol-
ume Ratio (VR), 74% for the Common Delineated Volume (CDV),
72% for the Additional Delineated Volume (ADV), 0.26 for the Over-
lap Volume (OV), and 0.40 for the Kappa Index (KI). In the second
analysis (Time 2), the different indices obtained by the WG com-
pared to the expert for the same patient A were 1 for the VR,
67% for CDV, 33% for the ADV, 0.53 for the OV, and 0.67 for the



Fig. 1. Caudal limit of the dorsal vagal complex. (A) Illustration showing the position of the area postrema (13) in relation to the other structures of the floor of the fourth
ventricle (rhomboid fossa). The caudal limit of the dorsal vagal complex (13 + 11) is located on the transversal plane of the obex (5). Copyright Henry Duvernoy (Naidich T. P.
Duvernoy HM, Delman B. N., Sorensen A. G., Kolliors S. and Haacke B.N. Duvernoy’s atlas of the Human Brain Stem and Cerebellum. Springer Verlag. 2009). Published with permission.
(B) Sagittal view of the medulla oblongata showing the obex plane (red arrow). (C and D) The caudal limit of the DVC is a unique volume located at a distance of 52 ± 3.5 mm
from a line between the head and the body of the corpus callosum.
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KI. The results obtained in the second analysis were significantly
better than these ones obtained in the first analysis (Table 2 shows
the mean differences for each index). These results showed a sig-
nificant improvement in the reproducibility of the DVC delineation
and validated the second tutorial as an atlas. The indices obtained
by the WG compared to the expert for patient B are reported in
Table 2 for the DVC and in Table 3 for the three parts of the
brainstem.
Discussion

Radiation-induced nausea and vomiting (RINV) were rare side
effects with 3-dimensional conformal radiation therapy (3D-CRT)
techniques. RINV seems to be more frequent since the develop-
ment of new technologies such as intensity-modulated radiation
therapy (IMRT) for the treatment of locally advanced head and
neck cancer (HNC). The RINV atlas described above has thus been



Fig. 2. Transversal view of the medulla oblongata at the level of the Dorsal Vagal Complex. (A) Diagram of a transversal plane of the medulla oblongata at the level of the
dorsal vagal complex (DVC). 25: area postrema (AP), 24: nucleus of the solitary tract (NST), 23: dorsal motor nucleus of the vagus (DMV). 21: median sulcus. (B) Pathology
section of the medulla oblongata at the level of the DVC. The microvascularization of the area postrema was observed by injecting China ink (Bar 740 lm). 8: area postrema
(AP) 21: median sulcus. The oval shape represents the DVC. The real dimensions on a transversal plane are 2.2 mm � 1.7 mm. (Adapted from Duvernoy HM. Human brain stem
vessels. Springer, Berlin Heidelberg New York Tokyo 1999). (C) Transversal view of the medulla oblongata at the level of the DVC in our atlas. The DVC was indicated by a circle of
4 mm in diameter such that the delineation was reproducible.
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designed to prospectively assess dose–volume effects for struc-
tures previously identified as being involved in RINV.

In 2008, Rosenthal et al observed in a post hoc analysis that the
reported rates of emesis (4%) and nausea (4%) in patients treated
with 3D-CRT were substantially lower than those observed in their
IMRT patient series. In recursive partitioning analysis (RPA), nau-
sea and emesis were associated with the reconstructed mean dose
to the brainstem of >36 Gy [2]. Other previous studies on stereo-
tactic radiosurgery have shown that the dose to the area postrema
(AP) in the brainstem correlated with nausea and vomiting and
that limiting the dose to even lower levels could reduce the inci-
dence of these toxicities [3]. Therefore, the MDA team surmised
that RINV may be related to the dose in the dorsal vagal complex
(DVC) which includes the AP. Ciura et al. in 2011 showed a positive
relationship analysis between severe (grade 3 or greater) toxicity
(nausea and vomiting) and brainstem mean dose and AP mean
dose on logistic regression (p � 0.002) [7]. In another study, the
same team demonstrated that a dose–response association was
detectable for AP (p = 0.015) and after multiple statistical analyses
(RPA, multivariate analysis), V24 (percentage of volume receiving
at least 24 Gy) to the AP < 76% was proposed to decrease the risk
of RINV [8]. Moreover, several other retrospective studies have
recently demonstrated a statistical correlation between frequency
and grade of RINV and the dose in the DVC. In 2008, Monroe et al.
observed that the median dose to the DVC was significantly higher
in patients with grade 1–2 nausea than in those with no RINV. In
univariate analysis, patients with no acute nausea had a median
DVC dose of 6.5 Gy, whereas, those with grade 1–2 nausea had a
median DVC dose of 26.9 Gy (p = 0.04) [5]. However, the relation
between the frequency and the grade of RINV and the dose in



Fig. 3. Comparison between the first and second interobserver analysis for the Dorsal Vagal Complex delineation in Case 1. This figure illustrates the dorsal vagal complex
(DVC) delineation in the transversal, sagittal, and frontal planes after the first analysis (A) and the second analysis (B). The reproducibility is better in the second interobserver
analysis, particularly visible in the sagittal view. This second analysis allowed us to validate the second tutorial as an atlas for the delineation of the DVC.
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the DVC has neither been demonstrated in a multivariate analysis
nor in the nasopharyngeal cancer, Lee et al. demonstrated that the
dose to the DVC was not predictive of RINV [18]. The lack of evi-
dence between RINV and dose in the DVC could be explained by
the lack of consensus for the delineation of the DVC. An accurate
delineation would allow more reproducible and real results. Thus,
providing atlas-based guidelines for the delineation of RINV struc-
tures appears relevant to routine practice. Not only can it be used
to further define dose volume and toxicity relationships that may
be used for NTCP modeling, but it also can be used to apply new
OAR constraints for treatment optimization when needed.

Despite high resolution and many new sequences, the DVC is
barely visible on high resolution MRI and is not visible on planning
CT scans. In a previous study, Williams et al. described the visual-
ization of enhancement in the area postrema in a case report by
using MR imaging [19]. However, Horsburgh et al. have recently
studied the normal appearance and contrast enhancement of
CVO on routine clinical brain MRI images. The AP was enhanced
in only 2% of their cases [9]. Therefore, the present atlas study
was carried out using microscopic and endoscopic descriptions
of the DVC [10–16]. We have determined boundaries for different
organs implicated in RINV with easy anatomic landmarks. In order
to test the reproducibility of the DVC delineation, we have per-
formed two interobserver analyses. The eight radiation oncologists
of the working group have delineated the DVC, for the first time,
by using a first tutorial as model. The DVC on this tutorial was very
similar to the real DVC, particularly regarding the small size and
volume (0.4 cm and 0.04 cm3, respectively). Nonetheless, we
obtained poor reproducibility (KI = 0.4). Then, following discus-
sions, we decided to slightly expand the volume of the structure
(by using a circle of 4 mm in diameter) and to accurately define
the caudal limit (the transversal plane of the obex). The second
interobserver analysis showed better results (KI = 0.70) and vali-
dated the second tutorial as a practical contouring guideline to
be used for an MR-based atlas for the delineation of the DVC.
The three parts of the brainstem have rarely been delimited, so
this study was also an opportunity to find a consensus on this
subject.



Table 2
Interobserver analysis of the DVC delineated by the eight radiation oncologists of the working group.

Volume comparison Time Patient Working group contour Experts contour p-Value

Cranio-caudal Size (cm) 1 A 0.64 (95% CI: 0.51–0.77) 0.4 0.008
2 A 0.5 (95% CI: 0.5–0.5) 0.5 1
2 B 0.5 (95% CI:0.5–0.5) 0.5 1

Volume (cm3) 1 A 0.14 (95% CI: 0.09–0.18) 0.04 0.02
2 A 0.14 (95% CI: 0.14–0.15) 0.14 0.52
2 B 0.13 (95% CI: 0.12–0.14) 0.13 0.5

Indices comparison Mean difference time 1 vs. time 2 for patient A
and p-value

Volume Ratio (VR) 1 A 3.29 (CI 95%: 2.29–4.28) 2.28 (95% CI: 1.07 ; 3.49) 0.003
VR = Cn/CR Optimal value = 1 2 A 1 (95% CI: 0.96–1.05)

2 B 0.98 (95% CI: 0.64–1.08)
Common Delineated Volume (CDV) 1 A 74% (95% CI: 56–79) 7% (95% CI: 25 ; 39) 0.628
CDV = (Cn \ CR)/CR Optimal value = 100% 2 A 67% (95% CI: 52–96)

2 B 71% (95% CI: 44–87)
Additional Delineated Volume (ADV) 1 A 72% (95% CI: 61–83) 39% (95% CI: 15 ; 64) 0.007
ADV = (Cn � CR)/CR Optimal value = 0% 2 A 33% (95% CI: 21–43)

2 B 27% (95% CI: 16–38)
Overlapp (OV) 1 A 0.26 (95% CI: 0–0.54) �0.26 (95% CI: �0.51 ; �0.02) 0.04
OV = (Cn \ CR)/(Cn U CR) Optimal Value = 1 2 A 0.53 (95% CI: 0.27–0.80)

2 B 0.58 (95% CI: 0.33–0.84)
Kappa (Dice) Index (KI) 1 A 0.40 (CI 95%: 0–0.70) �0.27 (95% CI: �0.54 ; �0.012) 0.04
KI = 2x(Cn \ CR)/(Cn + CR) Optimal value = 1 2 A 0.67 (CI 95%: 0.43–0.89)

2 B 0.72 (CI 95%: 0.50–0.91)

Cn refers to the contour determined by the working group and CR the reference contour delineated with the help of the experts.

Table 3
Interobserver analysis of the midbrain. The pons and the medulla oblongata delineation for patient B.

Volume comparison Structure Working group
contour

Experts
contour

p-Value

Cranio-caudal Size (cm) Midbrain 11 (95% CI: 10.04;
11.96)

11 1

Pons 23.5 (95% CI: 22.65;
24.35)

23 0.90

Medulla Oblongata 23.3 (95% CI:22;
24.54)

23 0.80

Volume (cm3) Midbrain 6.8 (95% CI: 6.32;
7.35)

8.05 0.005

Pons 14.4 (95% CI: 13.76;
15.05)

14.9 0.24

Medulla Oblongata 3.78 (95% CI: 3.63;
4.03)

3.69 0.23

Indices Comparison Working Group
Contour

Optimal value

Volume Ratio (VR) Midbrain 0.85 (CI 95%: 0.79;
0.91)

VR = Cn/CR Pons 0.97 (95% CI: 0.92;
1)

1

Medulla Oblongata 1.04 (95% CI: 0.98;
1.09)

Common Delineated Volume (CDV) Midbrain 78% (95% CI:73; 83)
CDV = (Cn \ CR)/CR Pons 92% (95% CI: 89; 95) 100%

Medulla Oblongata 91% (95% CI: 87; 95)

Additional Delineated Volume (ADV) Midbrain 8.0% (95% CI: 2; 14) 0%
ADV = (Cn � CR)/CR Pons 5% (95% CI: 3; 6)

Medulla Oblongata 12% (95% CI: 7;13)
Overlapp (OV) Midbrain 0.73 (95% CI: 0.67;

0.80)
OV = (Cn \ CR)/(Cn U CR) Pons 0.88 (95% CI: 0.86;

0.90)
1

Medulla Oblongata 0.81 (95% CI: 0.75;
0.87)

Kappa (Dice) Index (KI) Midbrain 0.84 (CI 95%: 0.79;
0.89)

KI = 2x(Cn \ CR)/(Cn + CR) Pons 0.94 (CI 95%: 0.92;
0.95)

1

Medulla Oblongata 0.89 (CI 95%:0.86;
0.93)

VR: volume ratio. CDV: common delineated volume. ADV: additional delineated volume. OV: overlap volume. KI: Kappa Index (Dice index).
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The strength of our study is that it is multicentric and multidis-
ciplinary. Indeed, the eight radiation oncologists came from seven
different French departments of Radiation Oncology and the atlas
was validated by a neuroanatomopathologist (HMD), a neurosur-
geon (ML), a neuroanatomist, and neuroradiologist (DH). Neverthe-
less, this contouring atlas is based on MRI so limits the cases to
those for which MR is available. Finally, this RINV atlas may be
used in routine practice and will have to be further evaluated in
different clinical situations using different irradiation techniques.
The atlas may be used in prospective studies and in routine use
to share better knowledge of these organs with the aim of improv-
ing the quality of life of patients after irradiation for head and neck
cancer.
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