i iﬂ Dakidie
.!r-'-r ’ D ”':"i.l.:
5;’1{.‘ .l}:: S

AIN SHAMS UNIVERSITY

The role of diffusion MR Imaging
In diagnosis and follow up of
pharyngeal carcinoma

Thesis
Submitted for partial fulfillment of Master Degree in
Radiodiagnosis

By
Basman Radhi Majeed
M.B., B.Ch.

Under supervision of

Prof. Dr. Ahmed Mohamed Monib

Professor of Radiodiagnosis
Faculty of Medicine-Ain Shams University

Dr. Tougan Taha Abdel-Aziz

Lecturer of Radiodiagnosis
Faculty of Medicine-Ain Shams University

Faculty of Medicine
Ain-Shams University
2014







,Agh‘lmv[zdg;z;n;;t

Eler

First of all | thank Godwho blessed me in all
my steps.

| would like to express my deepest
appreciation and respect to Prof. Dr. Ahmed
Mohamed Monib, Professor of Radiodiagnosis,
Faculty of Medicine, Ain Shams University for
his priceless effort, generous guidance and
patience.

| am grateful to Dr. Tougan Taha Abdel
Aziz, Lecturer of Radiodiagnosis, Faculty of
Medicine, Ain Shams University for her help,
meticulous supervision and great effort.

ﬁ Basman Radhi






L_ist of Contents

- Introduction and aim of the study ..........cceevnmnnererernnnns 1
- Anatomy of PharynX.........commersmmnesmsnssssssnesssnesesssnsens 4
. Pathology of Pharyngeal carcinoma................ccccocovvennnn. 30

- Physics & Technique of Diffusion weighted imaginglilil . 50
. Manifestations of Pharyngeal Carcinoma in

Diffusion Weighted Imaging............cccooovvvnininininnnn. 71
. Patients and Methods............ecevennmnenensinennnneseses 97
RESUILS. ...ttt snss s sane e 99
HIUSEratiVe Cases ........ccvverereesmrnsneresersssesesessnssssesesesssens 104
. DISCUSSION ...ovurrnrrerisiresirerssese s ssssssnsssssesssessaes 114
- Summary and Conclusion ..., 118
- REFEIENCES ..o 121

- Arabic SUMMANY ..o, --



L_ist of Abbreviations

ADC Apparent Diffusion coefficient
AJCC American Joint Committee on Cancer
CE MRI Contrast enhanced magnetic resonance imaging
CT Computed tomography
DW / DWI Diffusion weighted / Imaging
EBV Epstein-Barr virus
EPI Echoplanar imaging
FDG-PET 18F-f|u0r0deoxt)(/)%l]t:)%orzz r?}(;snron emission
HPC Hypopharyngeal carcinoma
HPV Human papilloma virus
LN Lymph node
MR/ MRI Magnetic resonance / Imaging
NPC Nasopharyngeal carcinoma
OPC Oropharyngeal carcinoma
PACS Picture archiving and communication system
PMS Pharyngeal mucosal space
PVS Paravertebral space
RPS Retropharyngeal space
SCC Squamous cell carcinoma
TIWI/T2WI T1/ T2 weighted images
TE Echo time
TR Repetition time
WHO World health organization




L_ist of F=igures

Figure Title Page
Anatomy of the Pharynx
1.1 Diagram showing muscles of pharynx 6
Muscles of pharynx demonstrating
1.2 . . 7
thesuperior constrictormuscles
Muscles of pharynx demonstrating the
1.3 . . 8
middle constrictormuscles
Muscles of pharynx demonstrating
1.4 e : 9
theinferior constrictormuscles
Muscles of pharynx demonstrating the
1.5 11
stylopharyngeusmuscle
Diagram showing Lateral aspect of pharynx
1.6 demonstrating the nasopharynx,oropharynx 12
and hypopharynx
Diagram showing posterior aspect of
17 pharynxdemonstreating 12
: thenasopharynx,Oropharynx and
hypopharynx
Sagittal MRI image of
1.8 . 14
pharynxdemonstrating thenasopharynx
Axial T1 and T2 images at the level of
1.9 15
thenasopharyx
110 Axial T1 and T2 images at the level of the 16
nasopharyx
Axial T1 and T2imagesthrough the inferior
1.11 . . 17
maxillary simuses
Axial T1 and T2images at the level
1.12 . . 18
ofmaxillary alveolar ridge
Axial MRI image of pharynx demonstrating
1.13 19
the oropharynx
114 Axial T1 image at the level of the maxillary 20
teeth
1.15 Axial T1 image in the mid-oropharynx 20
1.16 Axial T2 imagein the mid-oropharynx 21




Axial T2 image at the level of mandibular

1.17 teeth 21
1.18 Axial T2 image. Low in the oropharynx 22
Coronal graphic of nasopharynx and
1.19 22
oropharynx mucosal space
1.20 Coronal enhanced f-saturated T1 MRimage 23
1.21 Coronal enhanced f-saturated T1 MR image 23
Sagittal MRI image of pharynx
1.22 . 24
demonstrating the hypopharynx
1.23 Axial MRI shows roof of larynx 25
1.24 Axial MRI at the level of high supraglottis 25
1.25 Axial MRI at mid-supraglottis 26
1.26 Axial MRI at level of low supraglottis 26
1.27 Axial MRI at glottic level 27
Posterior aspect of pharynxdemonstrating
1.28 28
nerve supply ofpharynx
1.29 Blood supply oh pharynx 29
Pathology of Pharyngeal carcinoma
21 Histology section showing keratinizing 31

' squamous cell carcinoma

Histology section showing sheets of

29 epithelial cells show a syncytial architecture 39

‘ withlymphocytes intimately associated with

the neoplastic cells

23 Quartetof non-keratinizing carcinoma show 33

) a spectrum ofcytologic features
2.4 Anatomic staging for NPC 44
25 Anatomic staging for OPC 44
2.6 Anatomic staging for HPC 45




Physics & Technique of Diffusion weighted imaging

Diagram shows the diffusion-driven random

3.1 ) 52
trajectory
39 Diagram shows diffusion of water 53
' molecules; Restricted diffusion
Diagram shows diffusion of water
3.3 _ e - 54
molecules; free diffusion
3.4 Diagram shows gradients of DWI 56
3.5 Diagram shows Principle of DWI 57
Graph illustrates signal intensity versus b
values at DWI and Graph illustrates the
3.6 : . : . 61
logarithm of signal intensity versus bvalues
at DWI of normal versus tumor tissues
37 STIR, ADC and DWI of benign lymph node 63

with T2 shine-through artifact

Manifestations of Pharyngeal Carcinoma in Diffusion
Weighted Imaging

Axial T1& T2 lateral pharyngeal recess

4.1 NPC 72
Axial & coronal T1 with contrast show a
4.2 . - 73
large invasive right NPC.
Axial T2WI and coronal T1 with contrast
4.3 demonstrate a small minimallyinvasive 73
NPC
Axial T1 & T2 MRI shows a left pyriform
4.4 . 74
sinus SCC
Two axial contrast-enhanced T1 images of a
4.5 squamous cellcarcinoma at pyriform sinus 75

with metastatic lymph node

Axial and sagittal TIW MR images
aftercontrast injection with fat saturation
4.6 showing the enhancing tumor of 75
theposterior pharyngeal wall presenting as a

submucosal mass crossing themidline

Axial T2and contrast enhanced
4.7 T1limagesshow a malignant mass in the left 77
tongue base




Axial MR images in a patient with proven

e cancer of the left tonsil 7
Sagittal T1 and axial T2 show bulky lingual
4.9 tonsil SCC with extension into the tongue 78
root
A 54-year-old man with cancer of the
410 posterior part of the tongue on the right; 78
' with restricted diffusion of the lesion and
the metastatic lymph node
Mass lesion obliterating the fossa of
411 Rosenmuller at the left side showing 79
restricted diffusion
Rightpyriform sinus SCC. Despite its small
4.12 size, it is associated with marked diffusion 80
restriction
413 SCC in the tongue showing restricted 82
diffusion
414 Lymphangiomain the left cheek with no 83
' restricted diffusion and high ADC value
415 Graph (box plots) shows mean ADCs of the 84
' malignant and benign lesions
Squamouscell cancer in the left tongue with
416 malignant lymph node showing restricted 85
' diffusion at its viable part and no restriction
in its necrotic portion
417 STIR, ADC and DWI of benign lymph node 86
' with T2 shine-through artifact
MRI and pathology sections of a squamous
4.18 cell carcinoma patient with metastatic 87
lymph node showing restricted diffusion
Lymphnodal metastasis showing diffusion
4.19 restriction, difficult to be diagnosed as 88
malignant by CE-MRI and T2 images
large tumor on left side of tongue, extending
over midline with a metastatic lymph node
4.20 : A . 89
showing normal findings by conventional
MRI but with restricted diffusion
491 Malignant Iymph noc_jes with restricted 90
diffusion
4.92 Representative MR and DWI of the 92

recurrent tumorand post-treatment changes




Representative MRI, DWI and pathology
sections from a squamous cell carcinoma

e patient who demonstrated recurrences at the =
local site
Representative MRI and DWI of a patient
4.24 who exhibited complete response to 94
treatment
Representative MRI and DWI images of a
patient who exhibited partial response to
treatment as evident by the presence of
4.25 . 7 95
viable tumor at surgery; images represent
pretreatment, within first week of treatment
and post-treatment
MRI and DWI of pre- and post-treatment
4.26 SCC with lymph node metastasis, showing 96
absence of recurrence
Results
Topogram and percentage of the 25 patients
6.1 100
of the study
6.2 Topogram and percentage of the 50 lesions 100
' detected in the25 patients of the study
Topogram and percentage of the 25 patients
(left) and their50 lesions (right) according to
6.3 the clinical setting of the patient at thetime 101
of MRI examination, pre-treatment MRI or
Post-treatment MRI
Diagram for Comparison of results between
6.4 CE-MRI andDWI-MRI in post-treatment 103
group
Illustrative Cases
Case 1 104
Case 2 106
Case 3 108
Case 4 110
111 &

Case 5 & its follow-up

112




L_ist of T ables

Table Title Page
Anatomy of the pharynx
The major muscles and Their Respective
1.1 . 29
BloodSupplies
Pathology of Pharyngeal Carcinoma
2.1 TNM staging of the pharyngeal carcinoma 41-43
2.2 Anatomic stage/prognostic groups for NPC 45
23 Anatomic stage/prognostic groups for 46
) OropharyngealCancer
24 Anatomic stage/prognostic groups for 47

HypopharyngealCancer

Physics & Technique of Diffusion weighted imaging

Practical Tips to Decrease DW Imaging

e Susceptibility Artifacts in Head and Neck &
39 Practical Tips to Decrease Head and Neck 66
' MotionArtifacts
Results
6.1 Comparison of results between CE-MRI and 103

DWI-MRIin post-treatment group




Anatomy of the Pharynx

Anatomy of Pharynx

The pharynx is a fibromuscular tube that is semicircular
In cross section and is situated directly anterior to the vertebral
column. It extends from the skull base to the lower border of
the cricoid cartilage. Six muscles are predominantly responsible
for the voluntary actions of the pharynx: three pharyngeal
constrictor muscles that are roughly circularly layered on top of
one another and three vertically oriented muscles
(stylopharyngeus, salpingopharyngeus, and palatopharyngeus)
(Auger and Dalley, 2009).

The pharynx serves as a continuation of the digestive
cavity, providing a route from the oral cavity proper to the
esophagus. In addition, the pharynx communicates with the nasal
cavity, the middle ear cavity, and the larynx. The pharynx is
often described from an exterior view and an interior
perspective. Based on the location, the interior of the pharynx is
often separated into three sections-the nasopharynx, oropharynx,
and laryngopharynx (Berkovitz and Moxham, 2002).

Gross Anatomy

To best interpret the anatomy of the pharynx, the pharynx
Is often divided into exterior and interior sections. The external
surface is typically described from posterior and lateral views
and includes external surface muscles that compose the wall of
the pharynx, associated nerves, and blood supply. However, the
interior of the pharynx is typically described from either a
sagittal cross-section or a posterior view as a dissection in
which the external wall of the pharynx is split midline. The
remaining halves are retracted laterally to reveal the internal
anatomical landmarks and muscles of nasopharynx,
oropharynx, and laryngopharynx (Rosse et al., 1997).




Anatomy of the Pharynx

The following sections describe the exterior and interior
pharynx in detail.

1. Exterior of the Pharynx

From the posterior view, the exterior surface of the
pharynx lies anterior to the cervical vertebrae. It connects to the
occipital bone anterior to the foramen magnum. The exterior
surface of the pharynx consists of voluntary muscle covered
externally by a fine buccopharyngeal fascia, which is
continuous with the external surface of the buccinator muscle.

Found directly on top of the buccopharyngealfascia are
the pharyngeal venous plexus and the pharyngeal nerve plexus.
Posterior to the buccopharyngeal fascia but anterior to the alar
fascia (prevertebral fascia), a loose connective tissue-occupying
space exists, known as the retropharyngeal space. Specifically,
the retropharyngeal space extends superiorly to the skull base
and inferiorly to the infrahyoid region of the neck (Rosse et al.,
1997).

Within the retropharyngeal space slightly superior to the
bifurcation of the carotid artery is a large retropharyngeal
lymph node along with minor lymph nodes that drain most of
the pharynx’s lymphatics. Continuous with the retropharyngeal
space but extending laterally around the pharynx exist the left
and right parapharyngeal spaces. The parapharyngeal spaces are
bound superiorly by the skull base, but unlike the
retropharyngeal space extend inferiorly only to the sheath of the
submandibular gland in the suprahyoid region. These spaces are
bound medially by the pharynx and laterally by pterygoid
muscles of the infratemporal fossa and the parotid fascia (Rosse
etal., 1997).




Anatomy of the Pharynx

The exterior wall of the pharynx consists primarily of
four muscles: superior pharyngeal constrictor, middle
pharyngeal constrictor, inferior pharyngeal constrictor, and
stylopharyngeus. The three pharyngeal constrictors muscles are
quite simply arranged as they overlap each other in a vertical
arrangement. Although the three pharyngeal constrictor muscles
have different origins anteriorly, their fibers all insert in the
midline posteriorly to form the pharyngeal raphe (Figurel.l)
(Rosse et al., 1997).
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Fig. (1.1): Muscles of pharynx demonstrating the superior, middle and
inferior constrictor muscles (Quoted from Rosse et al., 1997).

» The superior pharyngeal constrictor muscle

Originates from multiple anatomical sites on the lateral
aspect of the face prior to forming the posterior wall of the
pharynx. Specifically, it originates from the posterior border of
the pterygomandibular raphe, pterygoid hamulus of the
sphenoid bone, posterior end of the mylohyoid line of the
mandible, and lateral aspect of the tongue. Once the fibers reach




