
 

THE ROLE OF COMBINED CT 
PULMONARY ANGIOGRAPHY & 

INDIRECT CT VENOGRAPHY IN THE 
DIAGNOSIS OF THROMBO-EMBOLIC 

DISEASE 
 

Essay 

Submitted for partial fulfillment of the Master Degree in 
Radiodiagnosis 

 
By 

Dina Adel Wadie 
M.B.B.Ch. (2005) 

                Faculty of Medicine   
Ain Shams University 

 
Supervised By 

      Dr.Amany Mohamed Rashad 
 Professor of Radiodiagnosis 

Faculty of Medicine 
Ain Shams University 

 

Dr.Albert William Abdou 
Lecturer of Radiodiagnosis 

Faculty of Medicine 
Ain Shams University 

 
Radiodiagnosis Department 

Faculty of Medicine 
Ain-Shams University 

2009 

 



 

 



 i i 

 
Acknowledgments 

 

First of all, I thank God for without His help. I couldn’t have 

accomplished this work. 

 

I would like to express my thanks and gratitude to Dr. Amany 

Mohammad Rashad, Professor of Radio-diagnosis, Faculty of 

Medicine, Ain Shams University for her continuous 

encouragement, help and valuable comments. 

 

I would also like to express my thanks and deep appreciation to 

Dr. Albert William Abdou , Lecturer of Radio-diagnosis , 

Faculty of Medicine, Ain Shams University, for his helpful 

advice , guidance and thoughtful remarks. 

 

Finally, I would like to thank my family for their support.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ii ii 

List of Abbreviations 

cm. Centimeter 

CPR              Cardiopulmonary resuscitation 

CT Computerized Tomography  

CTA Computerized Tomography Angiography 

CTPA                               CT Pulmonary Angiography 

CTV Computerized Tomography Venography 

CTVPA CT Venoous Pulmonary Angiography 

DVT Deep venous thrombosis 

ECG Electrocardiography 

HU Hounsfield  

ICU Intensive Care Unit 

IV Intravenous 

IVC Inferior Vena Cava  

kV Kilo Volt 

mAs Milliampere Second 

MDCT                                                          

 

Multi-Detector Row Computerized 

Tomography 

MSCT Multi-slice CT 

Mg Milligram 

Ml Milliliter 

mm Millimeter  

P2  Pulmonary valve component of second 

heart sound 

PE Pulmonary Embolism 

Sec                          Second 

SSCT                                Single-slice CT  

Um Micrometer 

US    US    

Vs. Versus 

VTE Venous Thromboembolism 

 

 



 iii iii 

List of Tables 

 
Table    Title Page 

 

1 

Syndromes Associated with Increased Risk 

of DVT (Quoted from Fraser et al., 1999). 

 

45 

 

 

2 

Risk factors for venous 

thromboembolicdisease (Quoted from  

Riedel et al., 2004). 

 

46 

 

3 

General considerations for CT pulmonary 

angiography (Quoted from Reid et al., 

2004). 

 

64 

 

 

4 

Advantages and disadvantages of multislice 

CT pulmonary angiography (Quoted from 

Reid et al.,2004). 

 

65 

 

 

5 

Scan parameters for CT pulmonary 

angiography (Quoted from Cham et al., 

2005). 

 

66 

 

 

 

6 

Pitfalls of CT Angiography (Quoted from 

Han et al., 2003). 

 

69 

 

7 

General considerations for indirect CT 

venography.(Quoted from Reid et al.,2004) 

 

71 

      

 

8 

Pitfalls of CT venography (Quoted from Han 

et al., 2003). 
 

74 

 

9 

Pulmonary angiography findings suggesting 

pulmonary embolism. (Quoted from Wittram 

et al, 2004) 

 

92 

 

10 

Helical CT Findings in Acute DVT. (Quoted 

from Han et al., 2003).   

 

96 

 

 



 iv iv 

List of figures 
 

Figure Title Page 

1 

 

Lobar anatomy of the lungs (Quoted from Grant's 

atlas, 2008). 

6 

2 Bronchopulmonary segments (Quoted from 

Jacob, 2001). 

8 

3 Right lung hilum (Quoted from Grant's Atlas, 

2008). 

11 

      4 Left lung hilum (Quoted from Grant's Atlas , 

2008). 

12 

      5 Pulmonary arteries and veins (Quoted from 

Grant's Atlas, 2000). 

14 

 

6 

Normal CT anatomy at level of Pulmonary 

arteries (Quoted from Webb et al., 2005). 

 

19 

 

7 

Left pulmonary artery level.  (Quoted from 

Webb et al, 2005).                                                            

 

21 

 

8 

Contrast enhanced CT of the pulmonary arteries 

(Quoted from Haaga et al, 2003).                                                                       

 

22 

 

9 

Right pulmonary artery level (Quoted from 

Haaga et al, 2003). 

 

23 

 

10 

The relation between right pulmonary artery and 

superior pulmonary vein (Quoted from Webb et 

al., 2005). 

 

23 

 

11 

Superficial veins of the lower limbs (Quoted 

from Grant's Atlas, 2008). 

 

27 

 

12 

Deep veins of the lower limb (Quoted from 

Grant's Atlas, 2008). 

 

31 

 

13 

Normal venous anatomy of lower limbs A-D 

(Quoted from Willems et al., 2002). 

 

33 

 

14 

Axial CT venogram shows bilateral duplication 

of superficial femoral veins (Quoted from 

Willems et al., 2002).   

 

34 

 

15 

Axial CT venogram showing unusual pathways 

of lower limb veins (Quoted from Grossman et 

al., 1998). 

 

35 

 

16 

Sources of Emboli (Quoted from Riedel et al., 

2001). 

 

38 

 

17 Virchow's triad (Quoted from Riedel et al., 40 



 v v 

2001). 

 

18 

Pathogenesis of thrombus (Quoted from Riedel 

et al., 2001). 

 

43 

 

19 

Diagram of the first-generation CT 

Scanners (Quoted from Mahesh , 2002). 

 

54 

 

20 

Principles of helical CT (Quoted from  

Mahesh, 2002). 

55 

 

21 

Difference between single and multiple – row 

detectors CT designs (Quoted from Mahesh, 

2002). 

 

56 

 

 

22 

(Left) SSCT arrays containing single, long 

elements along z-axis. (Right) MSCT arrays with 

several rows of small detector elements (Quoted 

from Goldman, 2008). 

 

 

57 

 

23 

Illustrations show examples of fixed-array and 

adaptive-array(Quoted from Flohr et al., 2005) 

 

58 

 

24 

Diagram shows the concepts of beam pitch and 

detector pitch (Quoted from Mahesh, 2002). 

 

60 

 

 

25 

Axial contrast-enhanced CT scan shows partial 

filling defects surrounded by contrast material 

("railway track" sign) (Quoted from Wittram et 

al., 2004). 

 

 

78 

 

 

26 

Contrast-enhanced transverse CT scan showing 

acute PE (Quoted from Wittram et al., 2004). 

 

78 

 

27 

CT scan obtained at the level of the lower chest 

shows an embolus in a right lower-lobe 

pulmonary artery (Quoted from Loud et al., 

2001). 

 

79 

28 CT pulmonary angiographic portion of the 

CTVPA study shows a saddle pulmonary arterial 

embolus (Quoted from Katz et al., 2002). 

 

79 

 

29 

Transverse contrast-enhanced multi-detector row 

CT scan showing acute PE (Quoted from 

Schoepf et al., 2002). 

 

80 

 

 

30 

Multislice CT pulmonary angiography axial 

images revealed main right pulmonary artery 

occlusion (Done in department of radiodiagnosis, 

Ainshams specialized hospital). 

 

 

80 

31 Frontal oblique multiplanar multi-detector row 

spiral CT scan obtained at mediastinal window 

81 



 vi vi 

setting shows the clot occupying the 

subsegmental lateral branch of the right middle 

lobe (Quoted from Coche et al., 2003). 

 

32 

Multislice CT axial and coronal oblique 

reconstruction images showing bilateral 

pulmonary artery embolism (Done in department 

of radiodiagnosis, Ainshams specialized 

hospital). 

 

82 

33 

 

Axial CT scans in a 53-year-old woman. (a)Lung 

window settings reveal peripheral wedge-shaped 

opacities. (b) Mediastinal window settings, at a 

higher level, show bilateral segmental emboli 

(Quoted from Shah et al., 2000). 

82 

 

 

 

34 

CT pulmonary angiography on lung parenchymal 

settings showing multiple pleural-based wedge-

shaped areas of consolidation in keeping with 

pulmonary infarcts (Quoted from Reid et al., 

2004). 

 

82 

 

35 

CT shows an acute pulmonary embolus with 

ancillary findings that may represent an infarct 

(Quoted from Wittram et al., 2004). 

 

83 

 

 

 

36 

Multi–detector row CT scans show the 

measurement of maximum distance between the 

interventricular septum and endocardium, on (a) 

transverse section and (b) four-chamber view 

(Quoted from Reid  et al., 2004). 

 

 

84 

 

 

37 Results of massive PE (Quoted from Ghaye et 

al., 2006). 

85 

 

38 

Contrast-enhanced transverse CT scan of a 54-

year-old man with chronic PE in the left lower 

lobe, posterior basal segment (Quoted from 

Wittram et al., 2004). 

 

86 

 

 

 

39 

Chronic pulmonary embolism  CT scan reveals a 

small, recanalized pulmonary artery with contrast 

material in the central lumen (arrow) (Quoted 

from Wittram et al., 2005). 

 

86 

40 Chronic pulmonary thromboembolism in a 47-

year-old man. Coronal 10-mm-thick maximum 

intensity projection image from CT shows a 

flattened eccentric thrombus in the right 

pulmonary artery.(Quoted from Castaner et al., 

87 



 vii vii 

2009) 

 

41 

Coronal 10-mm-thick maximum intensity 

projection CT image shows the attachment of the 

band to the vessel wall in more detail (Quoted 

from Castaner et al, 2009). 

 

87 

 

42 

Axial contrast-enhanced CT scan shows bilateral 

eccentric chronic thrombi (Quoted from Castaner 

et al, 2009). 

 

88 

 

43 

Contrast-enhanced transverse CT scan of a 61-

year-old man with chronic PE in the right lower 

lobe pulmonary artery (Quoted from Wittram et 

al., 2004).  

 

88 

 

44 

Chronic pulmonary thromboembolism in an 80-

year-old woman with a history of acute 

pulmonary thromboembolism(Quoted from  

Wittram et al, 2004). 

 

89 

 

 

 

45 

Chronic PE in a 27 year old man with 

dyspnea(Quoted from Wittram et al., 2004). 

 

89 

 

46 

Chronic pulmonary embolism in a 62-year-old 

man with dyspnea. CT scan shows pulmonary 

arterial wall calcification (arrows) (Quoted from 

Wittram et al., 2004). 

 

90 

 

47 

Chronic pulmonary thromboembolism in an 86-

year-old woman. Axial contrast-enhanced CT 

scan shows a partially calcified thrombus in the 

right pulmonary artery (Quoted from Wittram et 

al., 2004). 

 

90 

 

 

48 

Chronic pulmonary embolism in a 60-year-old 

woman with dyspnea. CT scan demonstrates a 

mosaic perfusion pattern (Quoted from Reid et 

al., 2004). 

 

91 

 

 

 

49 

Coronal 20-mm-thick maximum intensity 

projection CT image shows foci of ground-glass 

attenuation in the right upper lobe secondary to 

systemic perfusion in peripheral areas, as well as 

bilateral enlargement of the bronchial arteries  

(Quoted from Castaner et al, 2009). 

 

 

92 

 

50 

Axial contrast-enhanced CT scan shows an 

enlarged pulmonary trunk with a maximum 

diameter of 39 mm near its bifurcation (Quoted 

from Ghaye et al., 2006). 

 

 

93 



 viii viii 

51 

 

 

Pulmonary arterial hypertension secondary to 

chronic pulmonary embolism (Quoted from 

Remy-Jardin et al., 2006). 

94 

 

 

 

52 

Thin-collimation transverse CT angiograms at 

the level of the (a) aortic arch, (b) carina, and (c) 

bronchus intermedius show abnormally enlarged 

bronchial arteries within the mediastinum 

( Quoted from Remy-Jardin et al., 2005). 

 

 

94 

 

 

53 

Coronal 30-mm-thick maximum intensity 

projection CT image shows marked enlargement 

of branches of the right and left inferior phrenic 

arteries , right and left bronchial arteries , and an 

intercostal artery  (Quoted from Castaner et al, 

2009). 

 

 

95 

 

 

 

 

54 

Four-chamber CT image shows measurements 

for the short axes of the RV and LV, resulting in 

an RV/LV diameter ratio of 1.7(Quoted from 

Ghaye et al., 2006). 

 

 

96 

 

55 

Axial CT pulmonary angiogram obtained at the 

level of the heart shows signs of corpulmonale 

( Quoted from Ghaye et al., 2006). 

 

96 

 

 

56 

 

Axial CT venogram shows nonoccluding 

intraluminal filling defect in inferior vena cava 

(Quoted from Garg et al., 2000). 

 

101 

 

57 

Transverse 5-mm-thick section depicts a clot in 

the right common femoral vein (Quoted from 

Ghaye et al., 2006). 

 

98 

 

58 

 

Indirect CT venogram shows acute left 

superficial femoral DVT (arrow), along with leg 

swelling and edema (Quoted from Katz et al., 

2002). 

 

99 

 

59 Indirect CT venogram of the left femoral vein 

shows a DVT( Quoted from Cham et al., 2005). 

99 

 

 

60 

This patient presented with bilateral leg swelling  
 Indirect CT venography showed inferior vena 

cava thrombus (Quoted from Reid et al., 2006). 

 

100 

 

 

61 

Venous phase CT scan obtained at the level of 

the knee shows DVT as nonenhancing filling 

defect that expands the left popliteal vein 

(Quoted from Loud et al., 2001). 

 

 

100 

62 Indirect CT venogram shows thrombus in the left 101 



 ix ix 

 common femoral vein (Quoted from Loud et al., 

2001). 

 

 

 

63 

Unusual location of deep venous thrombosis in 

72-year-old woman who was suspected of having 

pulmonary embolism (Quoted from Willems  et 

al., 2004). 

 

 

101 

64 

 

 

Axial Indirect CT venogram image reveals filling 

defect in left superficial femoral vein (Quoted 

from Cham et al., 2005). 

102 

 

65 

 

 

Axial Indirect CT venogram image through right 

lower extremity reveals thrombus in right 

superficial femoral vein(Quoted from Cham et  

al., 2005). 

 

102 

 

 

66 

Unusual location of deep venous thrombosis 

(DVT) in 64-year-old woman who presented 

with symptomatic DVT of right leg that was 

confirmed on CT venogram (not shown) (Quoted 

from Willems et al., 2002). 

 

 

103 

 

67 

Indirect CT venogram obtained at level of 

inguinal ligament shows calcified thrombi in 

common femoral veins (Quoted from Garg et al., 

2001). 

 

103 

 

68 

Indirect CT venogram shows chronic DVT in a 

shrunken right common femoral (Quoted from 

Katz et al., 2002). 

 

104 

 

 

69 

Chronic deep venous thrombosis (DVT) in 70-

year-old man who presented with history of 

multiple episodes of DVT and was suspected of 

having pulmonary embolism (Quoted from 

Willems et al., 2002). 

 

 

104 

 

 

 

 

 

 

 

 

 



 x x 

 



 Introduction and Aim of Work 

 2 2 

Introduction 
        
    Pulmonary embolism is a life threatening disease and one of 

the commonest chest emergencies. It affects between 40.000 -

200.000 patients annually in the United States alone (Cham et 

al. 2005). 

 

   Pulmonary embolism is a well recognized sequel of DVT of 

the lower extremities. Studies have shown that inadequately 

treated DVT is associated with recurrent pulmonary embolism. 

Proper treatment is estimated to decrease mortality by as much 

as 30% (Yankelevitz et al. 2000). 

 

   To diagnose thromboembolic disease in patients suspected of 

having pulmonary embolism,several investigators have 

developed helical CT protocols that depict both pulmonary 

embolism and lower extremity DVT. This technique has been 

referred to as Combined CT Pulmonary Angiography & 

Indirect CT Venography (Cham et al.2005). 

         

   CT Venous Pulmonary Angiography (CT VPA) provides a 

non-invasive method for the imaging of suspected embolic 

disease in pulmonary arteries as well as comprehensive study of 

the venous system (Katz et al., 2002). 

 

    As regards the benefits of Indirect CT Venography; it allows 

examination of pelvis and lower extremities by using only the 

contrast material already present in the circulation from the 

preceding CT Pulmonary Angiography .Also,the addition of 

Indirect CT Venography to the standard CT Pulmonary 

Angiographic protocol requires only an additional 3 minutes to 

perform. It maximally enhances the pelvic and lower extremity 

veins,while maintaining optimum pulmonary arterial  

enhancement during CT Pulmonary Angiography (Cham et 

al.2000).                             
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    Some studies compared Indirect CT Venography with lower 

extremity sonography. Results reported sensitivity and 

specificity of 100% & 97% respectively for Indirect CT 

Venography.This proves that negative sonographic findings do 

not exclude pulmonary embolism nor do positive sonographic 

findings reveal the extent of pulmonary embolism within the 

thorax (Garg et al., 2000).   

 

Aim of the work:- 

 

       To assess the increase in the thrombo-embolic 

disease detection by Combined CT Pulmonary 

Angiography & Indirect CT Venography . 
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    Embolism: is the process of partial or complete obstruction 

of some part of cardiovascular system by any mass carried with 

circulation. The transported intravascular mass detached from 

its site of origin is called an embolus (Mohan, 2006). 

 

    Thrombosis: is the process of formation of a solid mass in 

the circulation from constituents of flowing blood, the mass 

itself is called a thrombus, while a blood clot is a mass of 

coagulated blood formed in vitro ( i.e. test tube) (Mohan, 

2006). 

 

Effect of thrombi: 

 

• Ischemic injury: decrease or stoppage of a blood 

flow to a tissue or organ. 

• Thrombo-embolism: causes ischemia and 

subsequent infarction ( Mohan,2006). 

 

Sources of emboli: (Fig.16): 

 

    Most usual forms of emboli (90%) are the thrombo-emboli 

i.e. those originating from thrombi or their parts detached from 

the vessel wall. While other forms of emboli depend on either 

the matter in the emboli whether solid (like tumor emboli), 

liquid (like fat globules or bone marrow) or gaseous (like 

air).Also, it may depend on the presence or absence of infection 

as emboli could be bland, i.e. sterile or septic i.e. infected 

(Mohan ,2006). 

 

 

 

 

 

 

 

 


