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Abstract

As surgical and chemotherapeutic strategies irtqrexal carcinomatosis

evolve, imaging needs to provide better resolutmrer the entire

peritoneal surface in order to identify small inmgkaand diffuse disease.

Conventional imaging as MDCT and MRI of peritoneatcinomatosis

has a satisfactory performance in most patients

MDCT with Multi Planar Reformating demonstrates #iwee and location
of peritoneal implants. It has a sensitivity of 88% and a specificity of
82%. The advantages of CT in peritoneal carcinosmatdetection are
wide availability, good reproducibility, high costficiency and fast
scanning times but it is ionizing radiation, sulboad sensitivity in sub
centimeter lesions and certain anatomical locations

Key Words :

Gradient eche Computed tomographyFluro-2-deoxy-d-glucose



Contents

-Chapter |: Introduction and aim of the work.......................... 6
-Chapter |l: Anatomy of the peritoneum......................cceee. 9
-Chapter |l1: Pathology of peritoneal carcinomatosis ............ 25

-Chapter IV: MDCT imaging of peritoneal carcinomatosis......39
-Chapter V: PET/CT imaging of peritoneal carcinomatosis.....55
-Chapter VI: MR imaging of peritoneal carcinomatosis.......... 68

-Chapter V1I: Diffusion weighted MR imaging of peritoneal

CarCINOMALOSIS. ....ceeeeeieeeeiiiiiiiierr e e e e e 80
-Chapter VIII: Ultrasound of peritoneal carcinomatosis..........97
-Chapter | X: Discussion ,Summary and Conclusion ........... 110
- REfEIENCES. .. i 119
- Arabic SUMMaArY......o.c i, 130



LIST OF FIGURES

Fig. 1: ViSCeral PEIitONEUIM .....ccue ittt sttt ettt e e stestesbe et sebassenbensensesaneen 10
Fig. 2: The intra and retroperiton@al StrUCTUIE... ..o cece e e e e 12
Fig. 3: The compartment or “space” posterior to the stomach is the lesser sac.........ccceeevvrveeecerreercveveennne. 13
Fig. 4: Median section through the abdomen to show the peritoneal cavity.......cccccueceeveceeriennnnn. 14
Fig. 5: The greater OMENTUM ..ottt st et s et se e eseeesesteseesessnsn 15
Fig.0: THE MESENTEIY ..ottt ettt ettt st ste et e et e s et s esesaeete st sbesessantes s e ans setersasestestesnnnnns 17
Fig.7: The transverse MESOCOI0ON. ...ttt sttt st e reste st ste e e e ses s s aae e e s s nnn 18
Fig.8: The falciform [IamENt.. ... et e e r e st st sre e s 19
Fig.9: The site of bare area of the [IVer ...ttt s s 19
Fig.10: The gastrohepatic lIGamMENt ... st r et st esbesbe e sanans 20
Fig.11: The hepatoduodenal ligament anatomic cross SECLION .......cccceevevieveveeceievieir e 20
Fig.12: The phrenicocolic ligament frontal ..o s e e 21
Fig.13: The gastrosplenic liIZamMeNt. ... e i ettt ettt e r e se e sre b st s e nb e s 21
Fig.14: Horizontal sections through the abdomen.............cuveeieieiceis e 23
Fig.15: Sagittal schemes of the greater OMeNtUM ..o e 24
Fig.16: Different aspects of peritoneal impPlants.......ccccuviviriiiie s e 27
Fig.17: Nodal mass within gastrohepatic ligament............cceeiiiece e 28
Fig.18: Tumor infiltrate hepatoduodenal [IZamMeNt ........ccccvivirireci it 29
Fig.19: Extension of gastric carcinoma along the gastrocolic ligament.........ccocveeeeeininenccnie e 30
Fig.20: Spread of pancreatic carcinoma into transverse mesocolon........ccccecviniveeeieenienennnersenenns 31
Fig.21: Spread of carcinoma of right colon across duodeno-colic ligament.........cccccccvveciniceencnnnns 31
Fig.22: Spread of gastric carcinoma across gastrosplenic ligament to spleen........cccceeccvvveeeenenn. 32
Fig.23: Spread of gastric carcinoma to gastrosplenic and splenorenal ligaments............c..c............32
Fig.24: Spread of pancreatic carcinoma into phrenicocolic ligament..........cccoeeevevevvvieiieenieccienns 33
Fig.25: Fifty-nine-year-old woman with carcinoma of the head of the pancreas ......cccccevvevvevennne. 33
Fig.26: Carcinoid tumor with mesenteric Metastases.......ccocvvveveceer cierievieceiceee e 34
Fig.27: Malignant GIST with mesenteric MEtastases .......cccvececereieieinesee et st st ans 34
Fig.28: lllustration shows the pathways of flow of intraperitoneal fluid .......c..ccoooeveieciniicercene 35
Fig.29: C.T image show the sandWiCh SIgN........cccveiiiiieice et e st s 37
Fig.30: Metastatic melanoma in @ 50-Year-0ld........cccoceveiiuecieieinece ettt 38
Fig.31: Different aspects of peritoneal iMpPlants.........cv e 42
7= 7 1Y/ [Tel doT s oTe (V] F- gl o} | (=Y o o VOO TS U RS R SRR 43
Fig.33: A stellate nodule over ascending COlON..........cuiiviicieiecie st st er e 43
Fig.34: OMENTAI CAKE....ocueievietierieee et ce sttt et st steste st e e e s et et et sasaas s sbeses e sessessas st bessanseneaesans 44
Fig.35: "Plaque liKe" IMPIaNt.....ccciciriiiireie ettt ettt sttt b st s b s s eaesbe st st saennsasaens 44
Fig.36: "IMass lIKE" IMPIANt.....ccceiriririce sttt et s e e sre s e b see e e e e e ens 45
T 7 =Tt 1Y o = or SO OO TSR T P 46
Fig.38: Peritoneal carcinomatosis from adenocarcinoma of the colon.......ccccecevvvvvvvecvcciieeinciien e, 46
Fig.39: Diaphragmatic implant in a patient with ovarian cancer........ccovevivve v 47
Fig.40: Diaphragmatic implant in a patient with newly diagnosis of ovarian cancer..........ccccueuneue.. 47
Fig.41: Tumor scalloping of liver surface in a patient with ovarian cancer............ccccceeeueevereennneeee...... 48
Fig.42: Splenic implants in a patient with ovarian CanCer..........covicececcccee e 48
Fig.43: Porta hepatis implants in a woman with ovarian CanCer........ccveveeevie v 49
Fig.44: Peritoneal metastases in the paracolic gatters.......co i 49
Fig.45: Omental caking in a woman with ovarian cancer abdomino-pelvic CT........ccccevecvvreercnnnnn. 50
Fig.46: Necrotic bowel implant in a woman with ovarian cancer.........coovveveve e 50
Fig.47: Vaginal cuff implants in a patient with history of ovarian cancer and hysterectomy............ 51
Fig.48: Relationship of a primary ovarian mass to the pelvic vessels........ccoeveveeverevccececnineneee e, 52

Fig.49: Diffuse peritoneal metastases from ovarian CanCer ........cvveeecieveseececeeeer e 53



Fig.50: Photograph (side view) of a hybrid PET-CT SCANNET....c..cccceviveeeriereeee et seserere et senesseae s 57
Fig.51: Typical scout obtained during an FDG PET-CT StUdY.......cccceervereinininieneeece e e seseeneveseeneene 59
Fig.52: NOIrmMal FDG UPLaKE. ..o eoiiieie ettt sttt e ettt st st es s s s aes s eneane e e e nes 60
Fig.53: Hypermetabolic activity of omental CaKe............cc.uoeurrerirninciciireere et e 61
Fig.54: Postoperative PET/CT of a patient with peritoneal CarcinOmatoss .............cevvereveeeeeerenens 61
Fig.55: PET/CT image of mixed solid and CystiC I€SION.........ccevieeeeveecreerieceee ettt 62
Fig.56: PET/CT image shows hypermetabolic activity in solid components of masses..................... 62
Fig.57: Tumor implants in @ 59 years old WOMAN .......ccccocvivienieiieeiieieee et e es s s e eae s 63
Fig.58: Tumor implants in @ 59 years 0ld WOMAN ........c.cuvieeieeiecesecee et s e renees 63
Fig.59: Tumor implants in a 55-year-old woman with ovarian Cancer.........ccccevecevvereeveerecveseecceienes 64
Fig.60: Midabdominal tumor in a woman with a history of serous ovarian cancer..........ccecevssveeveeveeveeneennn.. 64
Fig.61: Physiologic FDG activity in bowel 100ps in @ patient .......ccccecoeeeveeveeeeicecseeee e 65
Fig.62: Misregistration artifaCl. ..o et s et st e bt et e eee 65
Fig.63: Non-neoplastic hypermetabolic acCtiVity........ccceeveee e 66
Fig.64: PET-CT scan shows a uterine fibroid with no FDG actiVity.......ccceceeeieinineneireece e, 66
Fig.65: The response of a gastrointestinal stromal tumor to chemotherapy......ccecevevievrceneciecininnene 67
Fig.66: Diffuse increase in bone marrow activity following chemotherapy.......ccccoecvevininicncenennnn. 67
Fig.67: Increased FDG activity around hip replacement.........cccoce e ieneneieneeiieee e e 68
Fig.68: Physiologic FDG activity in bowel 100ps in @ patient ..o vevecerieneininree e 68
Fig.69: Periportal gastriC CANCEr SPrEad... ... ieeieiiieierie et et et s s st s e e be e 70
Fig.70: Nodular enhancement of PeritONEUML........coviriciiiiii e e 72
Fig.71: Treated ovarian cancer With rECUITENCE..........cci ettt st e et reerees 74
Fig.72: Implant perihepatic peritoneal tUmMOr ..ot ettt 76
Fig.73: Mesenteric tumor in patient with Ovarian CanCer.........ovvvieeie i e 77
Fig.74: OmMENtal LUMOI .....ooiiceicce ettt et e e e ee s tesbeetess et e s aesaesbesbe s e eass stestesusessansanssanseen 78
Fig.75: SEIOSAl tUMOI ...ttt sttt s ae st st e e sttt aaeaaeebeste e e ses e nsenbentesaesereansans 79
Fig.76: Parietal pPeritoN@al tUMIO ...ttt st sttt sr et s ae st st e e an s 79
Fig.77: Sigmoid PeritONEal tUMON ......ci ittt st st ste e et bbb es e ete e sees 80
Fig.78: Peritoneal carcinomatosis in a female patient with stage lll ovarian cancer.........ccccccceueueuee. 84
Fig.79: Residual peritoneal tumor in a patient underwent primary debulking surgery .........c............ 85
Fig.80: Residual peritoneal tumor in a patient underwent primary debulking surgery ..........ccco....... 87
Fig.81: Omental cake in a female patient with primary peritoneal cancer..........cceceeeveeeeuneeee......88
Fig.82: Postoperative changes in a patient with stage Il A ovarian cancer........ccccecvevevecveeeenecennnnn. 89
Fig.83: RECUITENT OVAIIAN CANCEI ..cciiiiietieieiieeeriereestestesve st et e seessaes e s ses e e e saestesbesseessassessensensanseeseessesrens 91
Fig.84: Metastatic well differentiated serous carcinoma of the ovary........ccoceeeeveveie e, 94
Fig.85: Metastatic well differentiated carcinoma of the ovary........ v, 95
Fig.86: Abdominal abscess in a female patient with stage Il ovarian cancer......ccoceveevevcenvrcecerineenen. 97
Fig.87: Ovarian cyst and normal eNdomMETIIUM .......ccviiiiirienri e e s 97
Fig.88: Optimization of ultrasound tEChNIGUE........uviriiciirece e 100
Fig.89: Normal appearance of the mesentery surrounded by asCites.......ccccvvvvrrrireieineneecesieesienns 104
Fig.90: Peritoneal carcinomatosis in a male patient with prior history of colon cancer...................104
Fig.91: Calcified implants in a patient with serous ovarian NeoplasM........ccuveveciiienevrrercecerieeneennn 105
Fig.92: Peritoneal carcinomatosis in a patient without ascites.......ccccevveeiiririnineie s 106
Fig.93: Tiny peritoneal implants by UItrasouNnd..........cccciiiiiinniicnii e 106
Fig.94: Omental cake in Male PatieNt......ccccciirivice e s aer e sae e s 106
Fig.95: Omental cake in a woman with proved metastatic adenocarcinoma.........ccccccevvevvevervenvennennen 106
Fig.96: Mesenteric tumor deposits in a patient metastatic hepatocellular carcinoma.....................107
Fig.97: Quantification of ascites in a patient with liver cirrhosis and portal hypertension............... 108
Fig.98: Quantification of ascites in a patient with ovarian cystadenocarcinoma........ccccccevvveecennnns 108
Fig.99: Characterization of peritoneal fluid CT and ultrasound iMages........cccceevvveveeeceneeveeeiernenns 109
Table.9.1: Comparison between sensitivity, specificity, advantage and disadvantage............... 115



List of abbreviation

ADC: Apparent diffusion coefficient

DWMRI: Diffusion weighted magnetic resonance imaging.
CT: Computed tomography.

FDG: Fluro-2-deoxy-d-glucose.

GE: Gradient echo.

FLAIR: Fluid attenuation inversion recovery.

MPR: Multi planar reformatted.

MR: Magnetic resonance.

MRI: Magnetic resonance imaging.

PET : Positron emission tomography.

PET/CT: Fused Positron emission tomography and Computed tomography.

RARE: Rapid acquisition with rel axation enhancement.

SUV': Standardized uptake value.



Chapter | Introduction & Aim of work

Chapter |

Introduction & Aim of work



Chapter | Introduction & Aim of work

Peritoneal Carcinomatosis is defined asdisg and implantation of
neoplastic cells into the peritoneal cavity andnay represent the advanced
stage of every tumors developed into the abdonaindlpelvic organs. However
ovarian, stomach and colorectal cancers accountalrmost all casegCiolina
et al., 2012)

Traditionally, the peritoneal carcinomasobas been considered as a late
incurable stage of the neoplastic injury, subsydiaf palliative systemic
chemotherapy only, with or without reduction suygef the tumoral mass
(debulking)( Levy et al.,2008)

However, the studies carried out in the 0s98uggested that peritoneal
carcinomatosis should be faced as a locoregiormglestand that a limited
peritoneal seeding can be cured (40% in gastrdingdrigin cases) using a
combination of debulking surgery and intraperitdneperioperative
chemotherapy. Evaluating the extent of diseasecallit determines tumor
resectability and can also predict outcdiikgriaz et al., 2010b).

Peritoneal imaging is a challenge for maadiological studies. The
extensive nature of the peritoneum makes it aadilfiorgan to visualize. In
addition, peritoneal tumors can be subtle, althowgtely disseminated. Plain
radiographs and barium examinations have littleu&ain patients with
peritoneal tumor, until tumors are so large thatytdeform the barium column
(Low et al., 2007).

Most CT scan findings are however nonspe@t both neoplastic and
non-neoplastic pathologies of the peritoneum pirtegesoft-tissue masses, with
or without ascites. In addition, there may alsaabeystic component, necrosis,
calcification, or significant contrast enhancemefometimes, peritoneal
nodules can simulate unopacified bowel loops andcéeadequate bowel

opacification is important for accurate diagnosihie CT appearance of
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Chapter | Introduction & Aim of work

neoplastic infiltration of the greater omentum cange from increased density
of fat anterior to the colon or small bowel, togarmasses, called omental
cakes, separating the colon and small bowel froenattterior abdominal wall
(smiti et al., 2010).

However, detection of subcentimeter depopiovides vital prognostic
information since the presence of residual focsmsall as 5 mm is an adverse
prognostic facto(Chi et al., 2006).

In addition to size, the anatomical locataetermines whether the lesions
can be detected, particularly in the absence ofitessc the right
subdiaphragmatic space, omentum, root of meseatatyserosal surface of the
small bowel frequently harbor occult tumors and associated with a CT
sensitivity of 11-37%(Coakley et al., 2002).

Functional imaging techniques, such as/BETand diffusion-weighted
MRI have an emerging role in detection of the pestal deposits, staging of
the primary tumor and assessing treatment respohise. combination of
functional information with conventional anatomicaisualization holds
promise to accurately characterize peritoneal desseand provides non-invasive
biomarkers of therapeutic performance and patieagmosis(Kyriaz et al.,
2010Db).

The aim of this study is to evaluate thigedent recent imaging modalities
in the diagnosis and prognosis of peritoneal masast with highlights on the

standard conventional techniques.
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Chapter I Anatomy of The Peritoneum

The peritoneuns the largest serous membrane of the body; itistsnef a
layer of simple squamous epithelium (mesotheliummi) &n underlying supporting

layer of areolar connective tissue. The peritoneudivided into:

The parietal peritoneum, which lines the wall of the abdomino-pelvic cavity.
The visceral peritoneum, which covers some of the organs in the cavity.

(Tortora& Derrickson., 2000)
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Fig. 1: Visceral peritoneum. (Standring ., 2004).

The slim space containing lubricating serous fhetween the parietal and visceral
portions of the peritoneum is called fheritoneal cavity. In certain diseases, the
peritoneal cavity may become distended by the aatation of several liters of
fluid, a condition calledscites.Unlike the pericardium and pleurae, which

smoothly cover the heart and lungs, the peritoneontains large folds that weave
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between the viscera. The folds bind the organsi&amother and to the walls of
the abdominal cavity. They also contain blood viss$gmphatic vessels, and
nerves that supply the abdominal organs (figibytora& Derrickson., 2000)

Function of the peritoneum

- Secretes a lubricating serous fluid that contirsly moistens the associated
organs and allows free movement of the abdomirsaleva

- Its fluid content minimizes friction and resigtéection.

- In response to injury or infection (peritonitig)exudes fluid and cells and tends
to wall off or localize infection(O’Rahilly & Muller., 1983)

Thereationship between the viscera and the peritoneum

Intraperitoneal viscera: completely surrounded by peritoneum, examples:
stomach, superior part of duodenum, jejunum, ileceocum, vermiform appendix,
transverse and sigmoid colons, spleen and ovdrie2)(

Inter peritoneal viscera: most parts of viscera are surrounded by peritoneu
examples: liver, gallbladder, ascending and desograblon, upper part of
rectum, urinary bladder and uterus (fig.2).

Retroperitoneal viscera: some organs lie on the posterior abdominal wall @are

covered by peritoneum on their anterior surfacdyg, @xample: kidney, suprarenal
gland, pancreas, descending and horizontal padeadenum, middle and lower
parts of the rectum, and the ureters (fig{(Znrtora& Derrickson., 2000)
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Anterior
Lesser omemumI

! Portal triad inremtic artery Hepatogastric|

hepatoduodenal | Bile duct ligament

ligament | Portal vein Visceral peritoneum (covering stomach)

Gastrosplenic ligament

(,}:} |2 ‘ Visceral peritoneum (covering spleen)
o, (L \ ) ,
=7 ’ Parietal peritoneum

Omental foramen “\\

Parietal peritoneum

Right kidney” <. _fam i) - 22\ - et kidney

Inferior vena cava Abdominal aorta
Posterior

Inferior view

Fig. 2: The intra and retroperitoneal structures. (Tortora& Derrickson., 2000)

Structures formed by the peritoneum

Omentum
Two-layered fold of peritoneum that extends froonstch to adjacent organ.

Lesser omentum two-layered fold of peritoneum which extends frorortp
hepatis to lesser curvature of stomach and supeait of duodenum

- Hepatogastric ligament: extends from porta hepatis to lesser curvature of
stomach

-Hepatoduodenal ligament: extends from porta hepatis to superior part of
duodenum. Contains common bile duct, hepatic agrdyportal vein. Tortora&
Derrickson., 2000)
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