
  
 

 

�����﷽ 

 ∞∞∞ 

  تم رفع هذه الرسالة بواسطة /صفاء محمود عبد الشا�ف 

ي بمركز الشبكات وتكنولوج�ا المعلومات دون 
وين بقسم التوثيق الإل��ت

  الرسالة. أدنئ مسئول�ة عن محتوى هذه 

 

 ملاحظات: لايوجد
 

 

 

                               
 



 

Role of Dual Energy CT Liver 

Perfusion in Differetiation of 

Hepatocellullarcarcinoma 

Thesis  

Submitted for Partial Fulfillment of MD Degree in 

Radiodiagnosis 

By 
Ashraf Abdel-Halim Rady Hassan M.B., B.CH. M.Sc. 

Ain Shams University 

Supervised by 

Prof. Dr. Ahmed Mostafa Mohamed 
Professor of Radiodiagnosis 

Faculty of Medicine - Ain Shams University 

Prof. Dr. Hossam Mousa Sakr 
Professor of Radiodiagnosis 

Faculty of Medicine - Ain Shams University 

Dr. Sherine Mohamed Sharara 
Assistant Professor of Radiodiagnosis 

Faculty of Medicine -Ain Shams University 

 

Radiodiagnosis Department 

Faculty of Medicine 

Ain Shams University 

2022 
 



 



AAAccckkknnnooowwwllleeedddgggmmmeeennnttt 

First and foremost, I feel always indebted to ALLAH, 

the Most Kind and Most Merciful.

I’d like to express my respectful thanks and profound 

gratitude to Prof. Dr. Ahmed Mostafa Mohamed, 

Professor of Radiodiagnosis, Faculty of Medicine - Ain Shams 

University for his keen guidance, kind supervision, valuable 

advice and continuous encouragement, which made possible the 

completion of this work. 

I am also delighted to express my deepest gratitude and 

thanks to Prof. Dr. Hossam Mousa Sakr, Professor of 

Radiodiagnosis, Faculty of Medicine - Ain Shams University, for 

his kind care, continuous supervision, valuable instructions, 

constant help and great assistance throughout this work. 

I am deeply thankful to Dr. Sherine Mohamed 

Sharara, Assistant Professor of Radiodiagnosis, Faculty of 

Medicine -Ain Shams University, for her great help, active 

participation and guidance. 

Ashraf Abdel-Halim  



List of Contents 

Title       Page No.  

List of Abbreviations ............................................................................... i 

List of Tables ......................................................................................... iii 

List of Figures ........................................................................................ iv 

Introduction ............................................................................................. 1 

Aim of the Work ...................................................................................... 4 

Review of Literature  

Anatomy of the Liver ................................................................. 5 

Pathophysiology of Malignant Hepatic Tumors ................ 15 

Technique of Quantitative First-Pass 320-Detector Row 

Perfusion CT .............................................................................. 34 

CT Perfusion Applications and Features in 

Hepatocellular Carcinoma ...................................................... 53 

Patients and Methods .......................................................................... 69 

Results .................................................................................................... 72 

Illustrative Cases ................................................................................. 80 

Discussion ........................................................................................... 112 

Summary & Conclusion ................................................................... 118 

References ........................................................................................... 120 

Arabic Summary .......................................................................... –– 

 

 



 

 i 

List of Abbreviations  

Abb.    Full term  

AEF ...........................Arterial enhancement fraction  

AF .............................Arterial flow  

BF .............................Blood flow  

BV .............................Blood volume  

CR .............................Complete response  

CT .............................Computed tomography  

CTp ...........................Computed tomography perfusion  

DN ............................Dysplastic nodules  

FGF ...........................Fibroblast growth factor  

GI ..............................Gastrointestinal  

HAP ..........................Hepatic Artery Perfusion  

HCC ..........................Hepatocellular carcinoma  

HGDN .......................High grade dysplastic nodules 

HPI ...........................Hepatic perfusion index  

LD .............................Longest diameters  

LGDN .......................Low grade dysplastic nodules  

MDCT .......................Multidetector computed tomography 

MRI ...........................Magnetic resonance imaging  

MS.............................Metabolic syndrome  

MTT ..........................Mean transit time  

MVD .........................Microvessel density  

PDGF ........................Platelet-derived endothelial cell growth 

factor  

PI ..............................Perfusion index  

PR .............................Partial response  

PS .............................Permeability Surface  



 

 ii 

List of Abbreviations Cont... 

Abb.    Full term  

PVP ...........................Portal venous phase 

RFA ...........................Radiofrequency ablation  

ROI ...........................Region of interest  

TACE ........................Trans Arterial Chemoembolization  

US  ............................Ultrasound   

VEGF ........................Vascular endothelial growth factor  

WHO .........................World Health Organization  

  

 



 

 iii 

List of Tables 

Table No.     Title   Page No.  

Table (1):  Segmental anatomy of the liver .................................. 8 

Table (2):  CT perfusion parameters of primary HCC, 

Background liver & Spleen ......................................... 54 

Table (3):  Showing changes in the perfusion parameters ...... 57 

Table (4):  Perfusion parameters of different grades of 

HCC ................................................................................. 59 

Table (5):  Perfusion parameters in PR and SD group ............ 60 

Table (6):  Perfusion parameter in PD group ............................. 63 

Table (7):  Age distribution of the study group. ......................... 72 

Table (8):  Sex distribution of the study group. ......................... 73 

Table (9):  Liver function distribution of the study group. ..... 74 

Table (10):  Alpha feto protein distribution of the study 

group. ............................................................................... 75 

Table (11): Triphasic results distribution of the study 

group. ............................................................................... 76 

Table (12):  Perfusion parameters distribution of the 

study group. ................................................................... 77 

Table (13):  Descriptive data perfusion parameters of the 

study group. Where the N refers to the 

normal liver tissue while T refers to the 

diseased one. .................................................................. 78 

Table (14):  Diagnostic Performance of triphasic results 

and perfusion parameters in discrimination 

of the patients group. ................................................... 78 

 

 

 



 

 iv 

List of Figures  

Fig. No.     Title   Page No.  

  

Figure (1):  Diagram showing the anatomy of the liver .......... 7 

Figure (2):  Diagram of the hepatic segments (I-VIII) 

with their portal venous branches (violet), 

separated by hepatic veins (blue) and the 

transverse fissure ....................................................... 9 

Figure (3):  Hepatic segments ..................................................... 10 

Figure (4):  Normal CT appearance of the liver ...................... 11 

Figure (5):  Vascular supply of liver .......................................... 12 

Figure (6):  Nodular type HCC in cirrhotic liver with 

metastatic satellite nodules ................................... 18 

Figure (7):  Infiltrative type HCC with a huge single 

mass ............................................................................. 18 

Figure (8):  Diffuse pattern of HCC with infiltration of 

liver with a numerous small nodules ................... 19 

Figure (9):  Diagram shows physiologic basis of 

perfusion imaging for tumor surveillance ........... 31 

Figure (10):  Color schematic diagram highlighting the 

vascular pattern in normal tissues and 

tumors ......................................................................... 33 

Figure (11):  Plot of time-intensity curve of spleen and 

liver from CT perfusion study using 

maximum slope method .......................................... 38 

Figure (12):  Schematic diagrams show key features of 

single-input, dual-input, single-

compartment, and dual-compartment 

models. Single-input model (top) assumes 

vascular supply to hepatic lesions is mainly 

from hepatic artery, although normal liver 

is supplied from both hepatic artery and 

portal vein .................................................................. 40 



 

 v 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (13):  Behavior of normal liver can be 

approximated by a single-compartment 

model because the space of Disse 

(equivalent to interstitial space of other 

organs) communicates freely with sinusoids 

through fenestrae. .................................................... 42 

Figure (14):  Hepatic blood flow map ........................................... 45 

Figure (15):  Hepatic blood volume map ..................................... 46 

Figure (16):  Mean transient time map ....................................... 47 

Figure (17):  Permeability surface map ....................................... 48 

Figure (18):  (a) Transverse contrast material–enhanced 

CT image and (b) functional CT perfusion 

color map of BF demonstrate technique of 

CT perfusion in a patient with HCC in right 

lobe of liver .................................................................. 54 

Figure (19):  Liver perfusion image of primary hepatic 

carcinoma at right posterior lobe .......................... 55 

Figure (20):  Transverse CT perfusion functional maps 

of BF, BV, PS and MTT in 62 years old 

male show large mass in right lobe of liver 

that has a distinct range of colors compared 

with background liver parenchyma ...................... 56 

Figure (21):  Images obtained in a patient with HCC 

verified with treatment response of PR ............... 61 

Figure (22):  Images obtained from a patient with HCC 

with treatment response of PD group .................. 63 

Figure (23):  CT perfusion images obtained before and 

after treatment with the antiangiogenic 

agent Avastin in a 64-year-old man with 

HCC ............................................................................. 65 



 

 vi 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (24):  On precontrast (top left), arterial (top 

right), portal venous (bottom left), and 

delayed (bottom right) phase perfusion CT 

images 30 days after treatment, a densely 

lipiodol-laden nodule (arrow) is in right 

lobe of liver ................................................................. 67 

Figure (25):  Pie chart of age distribution of the study 

group. ........................................................................... 72 

Figure (26):  Pie chart of Sex distribution of the study 

group. ........................................................................... 73 

Figure (27):  Pie chart of Liver function distribution of 

the study group. ........................................................ 74 

Figure (28):  Pie chart of Alpha feto protein distribution 

of the study group. .................................................... 75 

Figure (29):  Pie chart triphasic results distribution of 

the study group. ........................................................ 76 

Figure (30):  Pie chart perfusion parameters distribution 

of the study group. .................................................... 77 

Figure (31):  Case I: heterogeneous right hepatic lobe 

enhancing lesion seen with the CECT with 

different HU areas in the right and left 

lobes (being higher in the right). ........................... 81 

Figure (32): Triphasic CT for a large left hepatic lobe 

exophytic mass lesion with central 

breakdown and necrosis showing (A) 

irregular early arterial uptake of contrast 

at its periphery with non-enhancing central 

breakdown, (B) the venous phase showing 

rather the similar pattern of enhancement 

in arterial phase with (C) rapid washout of 

contrast in delayed phase. ...................................... 82 



 

 vii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (33):  Perfusion CT shows the exophytic mass 

with active tumoral tissue and central 

breakdown. (A) shows the CT density for 

the tumoral and normal hepatic tissues, (B) 

shows the arterial flow (C) the portal flow 

and (D) the perfusion index parameters. ............ 83 

Figure (34):  The same lesion in coronal reconstructed 

image proving by color mapping the 

exophytic nature of the hepatic mass. ................. 84 

Figure (35):  Explains the arterial and delayed phases in 

a triphasic CT study for hepatic focal lesion ...... 85 

Figure (36):  CT perfusion of the right hepatic lobe focal 

lesion............................................................................ 86 

Figure (37):  (A) arterial, (B) venous and (C) delayed 

phases of triphasic study for right hepatic 

lobe focal lesion showing atypical 

enhancement pattern for HCC. ............................. 87 

Figure (38):  The CT perfusion pattern of the right 

hepatic lobe focal lesion with the typical 

criteria of highly vascular focal lesion 

(HCC), (A) shows the high density of the 

lesion due to intense contrast uptake, (B) 

the high arterial flow, (C) low portal flow 

and (D) high perfusion index of the lesion 

in relation to the rest of hepatic tissue. ............... 88 

Figure (39):  CT perfusion in coronal reformatted images 

showing the site, density and perfusion 

parameters of the focal lesion in 

comparison to the normal liver tissue. ................ 89 



 

 viii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (40):  Triphasic CT study of the liver shows right 

hepatic lobe segment VII focal lesion with 

its pattern of enhancement in (A) arterial, 

(B) venous and (C) delayed phases with 

early intense arterial contrast uptake and 

rapid washout of contrast in delayed 

phases.......................................................................... 90 

Figure (41):  CT perfusion of the right hepatic lobe focal 

lesion shows: (A) CT attenuation value of 

the focal lesion in first pass perfusion of 

contrast,(B) High arterial flow (AF) of the 

focal lesion, (C) Low portal flow (PF) of the 

lesion and (D) Perfusion index of the lesion 

higher than the normal liver ................................. 91 

Figure (42):  The same patient with CT perfusion 

images in coronal reconstruction showing 

almost the same parameters with the 

criteria of HCC .......................................................... 92 

Figure (43):  Triphasic CT shows: (A & B) two different 

levels of the liver in arterial phase showing 

two, right hepatic lobe, early enhancing 

focal lesions being subcapsular and 

segment V ill defined area of heterogenous 

enhancement, (C & D) the same levels in 

porto-venous phase showing rather same 

enhancement of the subcapsular lesions 

with washout of contrast at the segment V 

one, (E & F) the delayed phase with 

washout of contrast in all lesions. ........................ 94 



 

 ix 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (44):  (A and B) show the arterial flow 

parameters of the focal lesions and the 

hepatic tissue in axial plane (C and D) 

show the AF in the same areas in coronal 

images. ........................................................................ 95 

Figure (45):  (A)portal flow (PF) parameter of the right 

lobe segment VIII subcapsular lesion in 

comparison with the normal tissue (B and 

C) show the perfusion index (PI) for the 

multiple hepatic lesions in coronal 

reconstructed images. .............................................. 96 

Figure (46):  (A) arterial phase, (B) porto-venous phase 

and (C) delayed phase of triphasic CT 

study showing centrally enhancing 

granulation tissue with non-enhancing 

peripheral zone of tumoral necrosis. .................... 97 

Figure (47):  (A) AF, (B) PF and (C) hepatic PI for the 

right lobe post RF ablation. .................................... 98 

Figure (48):  CT perfusion in color coded mapping only 

showing the ablated area in right hepatic 

lobe (segment VIII) with (A) AF, (B) PF and 

(C) PI parameters. .................................................... 99 

Figure (49):  CT perfusion for the left lobe ablated HCC 

with (A, B and C) showing the (AF, PF and PI) 

respectively for both the normal and ablated 

area. ........................................................................... 100 

Figure (50):  The same images without the perfusion 

parameters showing the poorly perfused 

left hepatic lobe area after the RF ablation; 

(A) the hepatic CT density, (B) AF, (C) PF 

and (D) PI in color mapped images. .................. 101 



 

 x 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (51):  Triphasic CT shows (A) arterial, (B) venous 

and (C) delayed phases for the left lobe 

upper segment hypodense post-RF ablation 

HCC. ......................................................................... 102 

Figure (52):  CT perfusion in axial planes for the left 

lobe post-RF ablation showing the 

increased AF in comparison to the normal 

hepatic tissue (A), (B) the low PF and (C) 

the high perfusion index of the lesion 

denoting active tumoral tissue 

(recurrent/residual). .............................................. 103 

Figure (53): CT perfusion parameters in comparison to 

the normal tissue in coronal reconstruction. ... 104 

Figure (54):  Triphasic study for the right lobe (segment 

VII) post RF ablation showing (A) arterial 

faint peripheral enhancement with (B) 

sustained peripheral enhancement in 

portal phase and (C) washout of contrast in 

delayed phase. ........................................................ 105 

Figure (55): Showing the CT perfusion parameters in 

comparison to the hepatic tissue with high 

AF (A), low PF (B) and high perfusion index 

PI (C). ........................................................................ 106 

Figure (56):  (A), (B) and (C) are the arterial, venous and 

delayed phases; respectively for triphasic 

CT study upon post TACE of right lobe 

HCC with no definite enhancement in the 

three phases. ........................................................... 107 

Figure (57):  (A) high AF, (B) with low PF and (C) 

relatively high PI at a peripheral area of 

high perfusion parameters in comparison 

to the normal non-tumoral hepatic tissues. .... 108 


