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Introductionn and outline of the thesis 
Deepp vein thrombosis of the upper extremity (DVTUE) is defined as thrombosis 
inn the upper arm veins, shoulder and thoracic veins, which include the basilic 
vein,, brachial veins, cephalic vein, axillary vein, subclavian vein and innominate 
veinn (figure 1). 
DVTUEE usually presents with pain, swelling or functional impairment of the 
upperr extremity and in severe cases with distended collateral veins in the region 
off  the shoulder (1). DVTUE can be divided into primary and secondary 
thrombosiss (2). Primary thrombosis occurs spontaneously or after unusual effort 
(3).. Secondary thrombosis includes all other causes and occurs mostly in relation 
too cancer and/or venous lines or in patients with a congenital hypercoaguability 

11 = basilic vein 
22 = brachial vein 
33 = cephalic vein 
44 = axillary vein 
55 = subclavian vein 
66 = innominate vein 
77 = superior caval vein 
88 = jugular vein 

Figuree 1. Anatomy of the upper extremity veins 
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disorderr (4,5). During the last decades the frequency of secondary thrombosis 
hass been increased due to more interventional techniques, such as feeding 
lines,, long lines for chemotherapy or hemodialysis (6-8). DVTUE has been 
reportedd in 40-45% of patients with a clinical suspicion. The differential 
diagnosiss includes: superficial thrombophlebitis due to venous puncture or 
infusionn catheters in the forearm, lymfoedema due to previous operation in the 
axilla,, muscular strain injuries or neurogenic causes. Therefore objective testing 
iss necessary to establish the diagnosis. Various imaging modalities have been 
usedd to assess the presence or absence of thrombosis. However, in the literature 
onlyy large retrospective or small prospective studies of varying diagnostic 
modalitiess exist. 
Thee importance of adequate diagnosis cannot be over-emphasised. Early 
identificationn of DVTUE will result in early treatment, thus reducing the risk 
off  pulmonary embolism and permanent occlusion of venous segments, while 
normall  anatomy may be retained. This latter aspect is especially important in 
patientss who rely on repeated indwelling catheters, such as those that are 
undergoingg repeated courses of chemotherapy or require long-term intravenous 
feeding.. Furthermore, early interventions may play a role in catheter salvage, 
thuss reducing the need for removal of lines and reinsertion of new lines with 
inherentt complication risks. 

Chapterr 2 aims to describe the clinical background of upper extremity deep 
veinn thrombosis, the diagnostic modalities that may be employed and treatment 
optionss available in literature. 

Duplexx color ultrasonography (DCUS) is widely available and accepted as a 
diagnosticc tool in the assessment of DVTUE, but it may encounter difficulty 
inn assessing the proximal subclavian and central thoracic veins, mainly due to 
overlyingg bony structures and the presence of large collaterals. It doesn't carry 
thee disadvantages of ionization or contrast agents as with contrast venography, 
However,, only retrospective or small prospective consecutive series exist. 
Inn chapter 3 we assessed the diagnostic accuracy parameters of DCUS in patients 
suspectedd of having DVTUE in comparison with contrast venography. 

Contrastt venography is generally considered to be the reference method ('gold 
standard')) for the diagnosis of DVTUE. However, it may be difficult to perform 
duee to venous access requirements and it involves iodinated contrast agents, A 
referencee standard can be historical in origin, and the question "how gold is 
gold?""  is valid in these circumstances. The relatively recent development of 
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digitall  subtraction venography, in which an initial mask is subtracted from 
laterr contrast images of the veins, had never been assessed before. 
Chapterr 4 describes an intra- and inter-observer study we carried out to assess 
thee diagnostic reproducibility of digital subtraction venography in a consecutive 
seriess of patients with clinically suspected deep vein thrombosis of the upper 
extremity. . 

Thee outcome of DVTUE in terms of morbidity, mortality and arm functionality 
aree virtually unknown. DVTUE is often related to the use of central venous 
liness and malignancy (hence high mortality), or more rarely the presence of a 
hypercoaguabilityy disorder. Pulmonary embolism is a common, often silent, 
complicationn occurring in 3-36% of patients with DVTUE, while chronic 
disabilityy due to post-thrombotic syndrome, consisting of pain, swelling and 
dysfunctionn (9). 
Chapterr 5 describes our findings in a prospective cohort of patients with 
clinicallyy suspected DVTUE, including the long-term outcome (mortality and 
morbidity)) and eventual functionality of affected upper limbs. A scoring system 
iss introduced, derived from a scoring system used in deep leg vein thrombosis, 
too evaluate the post-thrombotic symptoms. Furthermore, the prevalence of 
knownn risk factors for deep vein thrombosis of the upper extremity are assessed. 

MRR venography could have a potential role in the imaging of the venous system 
off  the upper extremity. This is largely due to the difficulties encountered during 
conventionall  venography, such as inaccessibility of the venous system and the 
usee of ionising radiation and nephrotoxic contrast material. Non-invasive 
techniquess such as ultrasonography have gained widespread acceptance, but 
concernss are raised about the accuracy and limitations, especially in the 
assessmentt of proximal veins of the upper extremities (10,11). More recently, 
bothh non-enhanced and contrast-enhanced MR venography are under 
developmentt (12,13). 
Inn chapter 6 we assessed the feasibility and accuracy of two MR venography 
methodss in a consecutive series of patients with suspected deep vein thrombosis 
off  the upper extremity. 

Anticoagulantt therapy is considered to be the cornerstone of therapy for primary 
andd secondary thrombosis of the upper extremities. In patients with DVTUE 
combinedd with the presence of a central venous line therapeutic treatment 
consistt of anticoagulant therapy during a 3-months period and often removal 
off  the central line. However, one of the main issues is that line removal and the 
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body'ss repair mechanism often lead to permanent occlusion and inaccessibility 
forr future line placement. Thus, it is important to try and maintain normal 
anatomyy and salvage long-term indwelling central venous lines whenever 
possible.. In patients depending on intravenous lines because of feeding or 
chemotherapyy mechanical thrombectomy could be an option. However, no 
controlledd trials are available for mechanical thrombectomy in patients with 
deepp vein thrombosis of the upper extremities. The technique used is the same 
ass in percutaneous mechanical thrombectomy of massive pulmonary emboli, 
whichh is described in a series of patients in chapter 7. 
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