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Diagnosiss and management of upper extremity deep vein thrombosis 

1.. Kleuren-duplex echografie kan als initieel beeldvormend onderzoek worden gebruikt 
omm armvenetrombose aan te tonen (dit proefschrift). 

2.. Digitale contrast venografie is, hoewel niet perfect zijnde, het referentie-onderzoek 
bijj  diagnostiek van armvenetrombose (dit proefschrift). 

3.. Tot op heden is beeldvormend onderzoek met Magnetische Resonantie (MRI) nog 
niett betrouwbaar genoeg voor de diagnostiek van armvenetrombose (dit proefschrift). 

4.. Mechanische trombectomie kan een aanvullende behandeling zijn bij instabiele 
patiëntenn met uitgebreide longembolieën in de acute fase (dit proefschrift), 

5.. De achtergestelde plaats in de literatuur van diepe veneuze trombose van de armen 
to.v.. van de benen kan figuurlijk worden voorgesteld als een beeld zonder armen. 

6.. De ene radioloog is de andere niet en dezelfde radioloog is soms zichzelf niet. 

7.. Superspecialisatie binnen de radiologie heeft als nadeel dat het aantal radiologen 
onevenredigg dient toe te nemen om adequate bereikbaarheid te garanderen. 

8.. De wens van pas beginnende arts-assistenten Radiologie in opleiding altijd het echo-
grafischh onderzoek uit te willen voeren op de meest geavanceerde echoapparatuur 
iss te vergelijken met het nemen van autorijles in een formule-1-raceauto. 

9.. In een academische setting dient wetenschap en onderwijs tezamen een even grote 
pijlerr te zijn als patiëntenzorg. 

10.. Voor het reduceren van wachtlijsten in de gezondheidszorg op korte termijn heeft 
hett beter inwerken en belonen van planningsmedewerkers meer zin dan uitbreiding 
vann medische apparatuur en operatieruimten. 

11.. Zolang we bij filevorming minder dan de helft van de snelwegbreedte blijven 
gebruikenn heeft uitbreiding van het wegennet weinig zin. 

12.. Indien men een bocht beziet als het gevolg van een omweg kan deze niet kort 
genoegg worden genomen. 

13.. Onder het motto petje af voor de politie zouden caps en capuchons in de nabijheid 
vann videobewraakte kassa's en pinautomaten moeten worden afgezet. 

14.. Geen stelling nog zo fel of een promotor corrigeert haar wel. 

H.J.. Baarslag 
244 oktober 2003 
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Introductionn and outline of the thesis 

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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Chapterr 1 

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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Introductionn and outline of the thesis 

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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Chapterr 1 

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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Chapter̂^ 2_ 

Abstract t 
Deepp vein thrombosis of the upper extremity is an increasing clinical problem 
duee to the use of long-term indwelling catheters for chemotherapy or long-
termm feeding. The clinical diagnosis is difficult, and various imaging modalities 
havee been used for this purpose. The use of (interventional) radiological 
proceduress has been advancing over recent years. This review will describe 
thee clinical background, the imaging modalities that may be employed, 
treatmentt options and outcome of patients with upper extremity thrombosis. 

14 4 



Diagnosiss and Management of DVTUH 

Introduction n 
Deepp vein thrombosis of the upper extremities (DVTUE) can be divided in 
primaryy and secondary thrombosis (1). Primary thrombosis occurs spontaneously 
orr after unusual effort (2). Secondary thrombosis includes all other causes, mostly 
inn relation to venous lines and/or cancer (3,4). DVTUE was traditionally regarded 
ass a rare clinical entity. This is still true for primary thrombosis with an incidence 
off  2 per 100.000 persons a year (5). However, over recent years the use of 
intravenouss access lines for indications such as chemotherapy and intravenous 
feedingg has increased. As a result, the incidence of deep vein thrombosis 
associatedd with subclavian and jugular lines has increased in parallel. In a 
prospectivee study of 145 patients with cancer the incidence of catheter-related 
DVTUEE was 12% (6), In a recently published study, two suspected adult cases 
perr month were seen in a 900-bed teaching hospital, with 10 confirmed cases 
perr year (7). The importance of adequate diagnosis cannot be over emphasised. 
EarlyEarly identification of upper extremity deep vein thrombosis wil l result in 
earlyy treatment, thus reducing the risk of pulmonary embolism and permanent 
occlusionn of venous segments, while normal anatomy may be retained. This 
latterr aspect is especially important in patients who rely on repeated indwelling 
catheters,, such as those that are undergoing repeated courses of chemotherapy 
orr require long-term intravenous feeding. Furthermore, early interventions may 
playy a role in catheter salvage, thus reducing the need for removal of lines and 
reinsertionn of new lines with inherent complication risks. 
Thiss review article aims to describe the clinical background of upper extremity 
deepp vein thrombosis, the diagnostic modalities that may be employed and 
treatmentt options available. 

Pathogenesis Pathogenesis 
Severall  risk factors for the development of venous thromboembolic disease 
havee been identified. However, for upper extremity thrombosis only limited 
dataa exist in relatively small patient studies. Table 1 shows an overview of 
studiess that have described potential factors that were considered as predisposing 
too upper extremity thrombosis. Primary thrombosis was defined as thrombosis 
inn relation to effort, anatomical abnormalities of the thoracic inlet, or unknown 
reasonss (Paget-Schroetter syndrome). Only few studies assessed these risk 
factorss prospectively. It is interesting to notice that primary thrombosis seemed 
moree common in earlier studies. This may be the result of increasing knowledge 
off  pathophysiology, thrombophilia and better detection of cancer. Furthermore, 
itt is obvious that intravenous access lines become more important during later 
years,, especially in combination with malignancy. 

15 5 



Chapterr _2_ 

Tablee 1: Potential predisposing factors for upper extremity deep vein thrombosis. 

Referencee refnr Year N Prosp Primary Cancer Lines*  Hypercoaguability 

Tilnevv et al. 
Prescottt et al. 
Donayree et al. 
Lindbladd etal. 
Kerrr et al. 
Monreall  et al. 
Burihann et al. 
Prandonii  et al. 
Martinellii  et al. 
Ruggerii  et al. 
Heronn et al. 
Leebeekk et al. 

Baarslagg et al. 

-8 8 
-9 9 

-10 0 
-5 5 

-11 1 
-12 2 
-13 3 
-14 4 
-15 5 
-16 6 
-17 7 
-18 8 
-7 7 

1970 0 
1979 9 
1986 6 
1988 8 
1990 0 
1991 1 

1993 3 
1997 7 
1997 7 
1997 7 
2000 0 
2001 1 
2002 2 

48 8 
12 2 
41 1 
120 0 
85 5 
30 0 
52 2 
27 7 
36 6 
27 7 
51 1 
41 1 
44 4 

No o 
Yes s 
No o 
No o 
No o 
Yes s 
No o 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 
Yes s 

311 % 
42% % 
24% % 
10% % 
10% % 
16% % 
18% % 
11% % 
33% % 
ns s 

100% % 
24% % 
18% % 

6% % 
17% % 
12% % 
11% % 
33 1 % 
33% % 
23% % 
22% % 
ns s 
ns s 
0 0 

10% % 
63% % 

11 7% 

0% % 
24% % 
24% % 
69% % 
67% % 
29% % 
30% % 
ns s 
ns s 
0 0 

411 %= 
14% % 

nott tested 
nott tested 

5% % 
nott tested 

9% % 
0 0 

nott tested 
36% % 
15% % 
22% % 
31% % 
32% % 
5%* * 

N== number of patients with proven thrombosis; Prosp = prospective study; ns = not specified; 
**  = with or without concomitant malignancy; # = all patients were treated for hematological 
malignancies;; & = minority of patients tested 

Inn secondary deep vein thrombosis of the upper extremities, malignancy is a 
frequentlyy encountered diagnosis. In these patients, intravenous lines are often 
usedd for chemotherapy and/or feeding purposes. In recent prospective studies, 
malignancyy with or without intravenous lines are present in more than half of 
thee patients with proven thrombosis (7,12,14). Two studies describe the effect 
off  incorrect positioning or location of a (central) venous catheter in relation to 
thrombosis.. Compared to chest subcutaneous port catheters, peripheral catheters 
couldd be associated with a significantly higher incidence of thrombosis (19). 
Alsoo correct positioning of the distal tip of the catheter, in the superior caval 
veinn or at the junction between the right atrium and the superior caval vein, 
couldd lower the incidence of deep vein thrombosis of the upper extremities 
(6).. However in this study, the side on which the catheter was implanted did 
nott influence the catheter-related deep vein thrombosis rate. 
Onlyy five studies have systematically evaluated the possible influence of 
hypercoagulabilityy on the development of upper extremity thrombosis with 
varyingg results ranging 15%-36% (table 1)(14-I8). The overall prevalence of 
hypercoagulablee states in patients with thrombosis of the upper extremities is 
nott signicantly higher than in controls, but was significantly lower than that in 
patientss with deep leg vein thrombosis (15). 

16 6 



Diagnosiss and Management of DVTUE 

DiagnosticDiagnostic tests 
Severall  diagnostic modalities have been used for the diagnosis of upper extremity 
deepp vein thrombosis. Some of these modalities, such as impedance 
plethysmography,, light reflection rheography and thermography have only been 
describedd in a few reports and show in general only additional value when 
combinedd with duplex color ultrasonography (20-22), Furthermore these 
modalitiess have mostly been used for deep leg vein thrombosis and are not 
availablee in average medical departments. 
Plasmaa D-dimer has mainly been investigated in deep leg vein thrombosis and/ 
orr pulmonary embolism (23,24). Given the high number of patients with 
malignancyy and/or intravenous lines, it is unlikely that plasma D-dimer will play 
aa clinically important role. A possible role could be foreseen for multi-detector 
contrastt enhanced CT, as it is now feasible to perform high-resolution coronal or 
sagittall  reformation to allow adequate assessment of the venous anatomy of the 
upperr extremity. This could be combined with the evaluation of pulmonary 
embolismm in patients with upper extremity thrombosis. However, no studies 
presentlyy exist. Thus, the mainstay of upper extremity thrombosis diagnosis has 
remainedd with contrast venography. More recently, non-invasive techniques have 
alsoo been evaluated, such as ultrasonography and MR techniques. We will describe 
thesee in more detail. 

ContrastContrast venography 
Contrastt venography is the standard reference for the diagnosis of upper 
extremityy thrombosis (Figures 1 and 2). It is performed using iodinated contrast 
inn a concentration of 240-300 mg I/ml. Injections should ideally take place 
intoo the antecubital vein or more distally (in the back of the hand for instance). 
Thiss wil l guarantee adequate opacification of the brachial, axillary and 
subclaviann veins. Although power injectors can be used, it is generally ill -
advisedd as the outflow limitation can result in serious contrast extravasation. 
Imagingg is performed during injection of 30 ml iodinated contrast by hand, 
andd digital subtraction angiography is best suited. Possible pitfalls are non-
Fillingg of the cephalic or basilic segment and the jugular vein, and isolated 
thrombosiss of these venous segments could go unnoticed. Furthermore, it is 
importantt to perform one series of the superior vena cava during a single breath-
hold.. Contrast venography may not be feasible in up to 20% of patients due to 
inaccessibilityy of arm veins and contraindications for contrast agents, such as 
renall  failure and hypersensitivity (7,25,26). 

Onlyy one study has evaluated the intra- and interobserver variability of digital 
subtractionn venography (27). In this study in 62 patients, two radiologists with 
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Chapterr 2 

differentt background experience obtained kappa values of only 0.46. After a 
consensuss meeting, the same venograms were read in randomised fashion a second 
time,, which improved the kappa value to 0.71. Although these values are probably 
acceptable,, it does raise some doubt over the reliability of the reference standard. 
However,, one has to bear in mind that this study only used the static images 
obtained,, and dynamic and cinematic series were not available at the time of 
review. . 
Itt is virtually impossible to define sensitivity and specificity for a reference 
standard.. We are not aware of previous studies where patients with normal 
venographicc findings were systematically followed while anticoagulants were 
withheld. . 

DuplexDuplex color ultrasonography 
Ultrasonographyy has largely replaced venography in the management of leg 
veinn thrombosis. It is non-invasive, does not require nephrotoxic contrast agents, 
andd is without ionising radiation. Furthermore, it can be performed bed-side 
andd is widely available. This would make it an ideal method for the diagnosis 
off  upper extremity thrombosis, and several studies have been published on its 
diagnosticc accuracy (7,14,28-32). 
Thee technique most commonly employed uses a combination of real-time 
compressionn grey-scale ultrasonography, color Doppler sonography and How 
measurementss (duplex technique). The definition of thrombosis may be rather 

18 8 



Diagnosiss and Management of DVTUE 

Figuree 3a: Grey-scale ultrasound image showing 
iso-echogenicc densities in non-compressible left 
subclaviann vein, compatible with thrombosis. 

crucial.. It is widely accepted that non-compressibility of a venous segment 
withh or without visible thrombus constitutes thrombosis (Figure 3) (7,14,33). 
However,, there is discussion regarding isolated flow abnormalities (Figure 4), 
whichh is of particular importance as the entire venous system of the upper 
extremityy cannot be followed beyond the clavicle (7,14). Several maneuvers 
havee been suggested to aid the diagnostic process, such as Valsalva maneuver 
andd sniff test (29). In normal circumstances, the Valsalva maneuver will give a 
wideningg of the veins and reduction of flow due to increased intrathoracic 
pressuree by obstructed expiration. The sniff test will normally give a slight 
narrowingg and enhanced How by short increased inspiration (sniffing). 
AA major advantage of ultrasonography is that the jugular vein, distal subclavian 
vein,, axillary vein and the upper arm veins are easily visualised, but a draw-
backk is the lack of visualisation of the proximal subclavian vein, the innominate 
andd superior caval vein beyond the clavicle and sternum. Furthermore, 
ultrasonographyy can detect other pathology, such as tumour or lymphadenopathy 
byy direct visualisation. 
Theree are a limited number of published reports on the sensitivity and specificity 
off  ultrasonography in comparison with contrast venography (7,14,28,30,31,34). 

19 9 
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Figuree 4a: Duplex ultrasonography demonstration 
off  normal flow pattern in the right subclavian vein 
nearr the junction with the jugular vein. 
Figuree 4b: Duplex ultrasonography with slow 
loww pattern in the left axillary vein. 
Differentiationn of obstruction, compression or 
thrombuss in the proximal veins is not possible 
andd contrast venography should he obtained. 
Figuree 4c: Duplex ultrasonograph) in a large colla-
teral,, which can be misinterpreted for a normal 
anatomicall  vein. 

Tabell  2: Performance characteristics of previous consecutive duplex color ultrasonography studies 

Authorr Yr. Ref. Sensitivity(%) Specificity(%) N Comments 

Faa Ik 

Knudson n 

Baxter r 
Köksoy y 

Prandoni i 

Baarslag g 

1987 7 

1990 0 

1991 1 
1995 5 

1997 7 

2002 2 

[28] ] 

[30] ] 

[34] ] 

[31] ] 

[14] ] 

[7] ] 

100 0 

78 8 

100 0 
94 4 

100 0 

S2 2 

92 2 

92 2 

100 0 
88 8 

93 3 

82 2 

T"> > 

91 1 

19 9 
44 4 

58 8 

99 9 

smalll  number of patients 
normall  volunteers 
included d 
referencee standard: 
xenography.. CT and MRI 
smalll  number of patients 
alll  patients catheter-

relatedd thrombosis 
relativelyy small number 
off  malignancies 

Authorr first author of publication; Yr : Year of publication; Ref= Reference according literature list. 
N== number of patients 

Thee reported sensitivity and specificity vary from 78%-100% and 82%-100%>, 
respectivelyy (Table 2). No studies have specifically addressed inter- and 
intraobserverr variability, but it is a widely known fact that ultrasonography is 
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operatorr dependent in daily practice and some patients may be more difficult 
too investigate, such as those with very extensive edema or obesity. 

MagneticMagnetic Resonance Imaging 
Magneticc Resonance Imaging (MRI) has been proven increasingly useful for 
thee assessment of vascular abnormalities. MR angiography is now routinely 
employedd in most body areas, while the technique is also under development 
forr more difficult areas such as the pulmonary aiieries (35). 

Figuree 5a: Normal anatomy of the proximal upper extremity veins using 2D time-of-flight MR 
venography.. Figure 5b: Same patient with normal anatomy using Gadolinium-enhanced 3D MR 
xenography.. Figure 5c: Normal contrast digital venogram in the same patient. 

MRR venography can be performed using non-contrast methods, such as time-
of-flightt (TOF) or phase-contrast sequences (Figure 5). However, this technique 
hass not been systematically investigated in patients with suspected upper 
extremityy thrombosis. The use of 2D time-of-flight MR venography has only 
beenn evaluated in the use of preoperative planning of hemodialysis access 
fistula,fistula, but not for assessment of central upper extremity veins (36). 
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Theree are two approaches for contrast-enhanced MR-venography. Indirect 3D-
contrast-enhancedd MR venography requires an injection with Gadolinium-hased 
contrastt agents into a dorsal hand vein or into the cubital vein. A single bolus 
injectionn of up to 20 ml of Gadolinium-DTPA followed by a saline flush is 
administeredd by hand. The subtraction method is most commonly used, which 
requiress an initial series to obtain a mask, followed by two or three subsequent 
series.. Data acquisition in the order of 1 second per series can be obtained, 
yieldingg a dynamic (cinematic) MR venogram (37). For a direct approach 
dilutedd (1:10-20) paramagnetic contrast is continuously injected upstream. This 
techniquee requires less contrast and should result in superior contrast-to-noise 
ratioo (38). The inherent advantages of MR venography are the use of non-
nephrotoxicc contrast agents and the absence of ionising radiation. This would 
makee it particularly useful for use in children and those patients with 
contraindicationss for iodinated contrast media. However, availability of MR 
systemss and the need for intravenous access may limit the use in clinical practice. 
Interpretationn of MR venography is similar to that of contrast venography. 
However,, tortuous venous anatomy and flow abnormalities, especially in 2D-
TOFF sequences, can result in MR signal drop-out, which should not be confused 
withh thrombus material. Furthermore, spatial misregistration artefacts due to 
respiratoryy motion are more critical in indirect contrast-enhanced MR, while 
neighbouringg structures, such as arteries, can result in signal voids as well. 
Anotherr interesting new MR based technology is capable of direct clot imaging 
withoutt the need for intravenous contrast (39). Although this technique has 
nott been employed for the diagnosis of upper arm vein thrombosis, it should 
bee relatively easy to implement for this area of the vascular system. 

TreatmentTreatment options 
Thee optimum treatment for upper extremity thrombosis is not known with 
certainty.. Treatment generally has two main goals. The first aim is to reduce the 
riskk of secondary events, such as recurrence of the disease and (fatal or non-
fatal)) pulmonary embolism. Secondly, treatment aims to allow the recanalisation 
off  thrombus, which should ideally result in preservation of normal anatomy. In 
generall  therapy for primary thrombosis is directed at minimizing long-term 
sequelaee of venous insufficiency, often necessating a complicated and multimodal 
approach.. Patients with secondary thrombosis rapidly become asymptomatic 
withh anticoagulation and with removal of the thrombogenic stimulus e.g. catheter. 
Thee four different treatment options for arm vein thrombosis, i.e. anticoagulant 
therapy,, fibrinolytic therapy, surgery or interventional radiological techniques 
aree individually described. 
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AnticoagulantAnticoagulant therapy 
Althoughh the evidence from large clinical trials is lacking, anticoagulant therapy 
iss considered to be the cornerstone of therapy for thrombosis of the upper 
extremities. . 
Standardd anticoagulant therapy traditionally includes a first treatment period 
withh either unfractioned heparin or low molecular weight heparin for at least 
5-77 days followed by a period of at least three months with vitamin K antagonist. 
Unfortunately,, standard therapy is often not capable of achieving recanalisation, 
thuss leading to permanent obstruction of the veins and formation of collaterals. 
Thesee collaterals are often no longer accessible for placement of intravenous 
lines.. Therefore, more aggressive treatment options such as fibrinolytic or 
interventionall  therapies may be needed in some patients. 

FibrinolyticFibrinolytic therapy 
Thee advantages of fibrinolytic therapy are more complete lysis of the thrombi 
andd better restoration of the patency of the veins. It is assumed and it has been 
shownn in small studies that patent veins wil l result in less post-thrombotic 
complaintss (40), The great disadvantage of fibrinolytic therapy is the greater 
riskk of bleeding. In several studies of deep vein thrombosis of the upper 
extremityy (some in combination with central venous catheters), major and minor 
bleedingg occurred in 0-4% and 0-42%, respectively (40-42). This excess risk 
off  bleeding may be overcome by the use of catheter-directed thrombolysis. 
Unfortunately,, no controlled trials or more recent data are available for either 
systematicc thrombolysis or catheter-induced thrombolysis in patients with deep 
veinn thrombosis of the upper extremities. It should therefore be reserved for 
thosee patients, in the early days following thrombus formation, who have life 
threateningg thrombosis or who are depending on venous access for their dialysis 
orr feeding lines. 

InterventionalInterventional techniques 
Althoughh interventional techniques like mechanical thrombectomy have been 
describedd in arterial, venous and dialysis shunt thrombosis, reports of this 
techniquee to be used in upper extremity DVT are minimal (43). It is in this area 
thatt instant debulking or removal of thrombus, and through this, restoring flow, 
couldd be very beneficial in selected cases. As the diagnosis of post-thrombotic 
armm syndrome is still very much under debate, it is very doubtful whether patients 
withh a primary upper extremity thrombosis will benefit from an early mechanical 
thrombectomy.. However, in those patients with secondary thrombosis, where 
maintenancee of venous patency is mandatory for indwelling lines and life-support, 
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Figuree 6a: Patient \v ith cancer following repeated 
coursess of chemotherapy v\ ith bilateral deep vein 
thrombosiss of the upper extremities (arrow ). 
Figuree 6b: Mechanical thrombectomy on the right 
side,, catheter passed through the thrombus mass. 
Figuree 6c: Mechanical thrombectomy, result after 
threee runs with residual thrombus (arrow ). 
Figuree 6d: Mechanical thrombectomy, final result 
Figuree 6e: Light months follow ing thrombectomy: 
aa stenosis has developed at the junction of the 
brachio-cephalicc vein and the superior caval vein 
(arrow). . 

earlyy restoration of flow might be vital. Also preservation of a line can be 
achieved.. There are no studies which have addressed this problem, except 
fromm some incidental reports (43). What is clear from this experience is that 
thee technique of venous mechanical thrombectomy is safe and easy to apply. 
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withh good instant results (Figure 6). The technique used is puncture of a brachial 
veinn and introduction of a 7 French sheath. After passage of a guide wire through 
thee thrombus, a mechanical thrombectomy device can be used. As a procedure 
overr the wire is strongly advised and the risk of vessel wall damage should be 
ass minimal as possible, rotating devices are not recommended. Any catheter 
basedd on the hydrodynamic Venturi effect, like the Hydrolyser*, Oasis*  and 
thee Angiojet*  can be used. Debulking and restoration of vessel lumen should 
bee followed by standard anticoagulant therapy. Randomized investigation of 
thesee techniques seems the next logical step in treatment of secondary upper-
extremityy thrombosis. 

Surgery Surgery 
Surgeryy was employed more commonly in earlier years, when a relationship 
withh thoracic inlet obstruction, i.e. extrinsic vein compression, was considered 
thee cause of thrombosis (44). However, in recent years the proportion of patients 
withh effort or anatomical etiology, i.e. primary thrombosis, has decreased and 
surgeryy has largely vanished as a therapeutic option. Surgery may be required 
inn those patients where the venous system has been destroyed and where 
intravenouss access is required. 

ComplicationsComplications and Long-term Prognosis 
Pulmonaryy embolism (PE) and post-thrombotic syndrome are two major 
complicationss of deep vein thrombosis of the upper extremities. 
Althoughh the significance of deep vein thrombosis of the arm has received less 
attentionn than deep leg vein thrombosis, subsequent pulmonary embolism occurs 
nearlyy as frequent as in patients with leg vein thrombosis, at a rate of 3% -
36%% (table 3). However, only a minority of PE occur with clinical symptoms 
andd only a very small minority is fatal (15). The post-thrombotic syndrome, 
duee to venous hypertension secondary to outflow obstruction, varies from mild 
edemaa and discomfort to excessive pain, swelling and dysfunctioning of the 
arm.. The frequency of post-thrombotic syndrome in patients with proven deep 
veinn thrombosis of the upper extremities is ranging a minimum of 4% in patients 
withh severe complaints to a maximum of 22% in patients with mild sequelae, 
respectively.. Unfortunately only a few studies exist on this subject (5,14, 47). 
Thiss can partly be explained by the bad survival rate for cancer patients with 
catheter-relatedd secondary thrombosis. One study, in which only late sequelae 
off  patients with spontaneous primary thrombosis are studied, assessed severe 
orr intolerable symptoms in 13% of patients (47). However no relation was 
seenn between ultrasonographic sequelae and symptom severity scores. A recent 
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Tabell 3: Frequency of pulmonary embolism in patients with deep vein thrombosis of the upper 
extremitiess in retrospective and prospective studies. 

Authorr Ref Year N study design PE {%) 

Prescottt et al. 
Lindbladd et al. 
Monreall et a!. 
Dolleryy et al. 
Monreall et al. 
Prandonii et al. 

[9] ] 
[5] ] 

[12] ] 
[45] ] 
[46] ] 
[14] ] 

1979 9 
1988 8 
1991 1 
1994 4 
1994 4 
1997 7 

12 2 
120 0 
30 0 
34 4 
86 6 
27 7 

prospective e 
retrospective e 
prospective e 
prospective e 
prospective e 
prospective e 

11 (8%) 
44 (3%) 
55 (17%) 
100 (29%) 
133 (15%) 
88 (36%) 

NN - number of patients with proven thrombosis of the arm; PE= Pulmonary embolism. Ref= Reference 
number r 

studyy describes good clinical outcome in patients with effort thrombosis initial 
treatedd with anticoagulant therapy followed by additional angioplasty, stenting 
orr surgery (48). 

RecommendationsRecommendations for management and Prophylaxis 
Thee diagnosis of upper extremity deep vein thrombosis should start with Duplex 
colourr ultrasonography, as this is easily available and non-invasive. Several 
pitfallss exist and isolated flow abnormalities should not be accepted as proof 
off  diagnosis. However, non-compressibility of a normally compressible vein 
and/orr visible thrombus are acceptable. Furthermore, causes of venous 
compressionn should be noted. If ultrasonography is inconclusive, contrast 
venographyy should be performed. The implementation of MR venography, 
MRR thrombus imaging or CT venography is currently not warranted for routine 
clinicall  practice. 
Treatmentt of upper extremity thrombosis is depending on the clinical circum-
stances.. Patients with primary effort thrombosis may benefit from anticoagulant 
therapy,, followed by additional angioplasty, stenting or surgery. If one 
contemplatess line salvage, the use of fibrinolytic therapy or mechanical 
thrombolysiss could be considered. However, for the majority of patients with 
primaryy or secondary upper extremity thrombosis the use of heparin (or low-
molecular-weightt heparin) in combination with oral anticoagulants is usually 
sufficient,, also for prevention of pulmonary embolism and post-thrombotic 
syndrome.. However there is a tendency to more aggressive treatments with 
thrombolysiss or mechanical thrombectomy in individual cases, especially in 
youngerr patients who are at risk of chronic venous insufficiency or in patients 
withh near fatal pulmonary embolism. The use of warfarin or low molecular 
weightt heparin as prophylaxis to cancer patients with central venous catheters 
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iss still under evaluation (49). Although low dose anticoagulants usually do not 
substantiallyy prolong the clotting times, for some patients in bad clinical 
conditionn it may be sufficient to cause excessive bleeding. 

Conclusions s 
Upperr extremity deep vein thrombosis is an increasing clinical problem, which 
requiress immediate and accurate diagnostic techniques. Treatment is aimed at 
preservationn of anatomy for venous access and prevention of (potentially fatal) 
pulmonaryy embolism. Newer techniques for the diagnosis of this disorder are 
underr evaluation, and the results of these studies are eagerly awaited. 
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Abstract t 
Background:Background: The optimal diagnostic strategy of upper extremity deep vein 
thrombosiss is less well established than for the lower extremity. Duplex color 
ultrasonographyy can be difficult due to the anatomy, and contrast venography 
iss often indicated. Moreover, limited data in small patient series exist on its 
usee in this setting. 

Objective:Objective: To assess the diagnostic accuracy of duplex color ultrasonography 
forr diagnosis of upper extremity deep vein thrombosis. 
Design:: Prospective comparative study of duplex color ultrasonography versus 
venography. . 

Patients:Patients: 126 consecutive in- and outpatients with suspicion of upper extremity 
deepp vein thrombosis. 

Measurements:Measurements: Contrast venography was obtained following duplex ultrasono-
graphyy and judged independently. A three-step protocol, involving compression 
ultrasonography,, color ultrasonography and color-Doppler ultrasonography was 
used.. Sensitivity, specificity and likelihood ratio's for ultrasonography as a whole 
wass calculated. The independent value of the three parts of ultrasonography was 
assessed. . 

Results:Results: Venography and ultrasonography was not feasible in 23/126 (18%) 
andd 1/126 patients (1%), respectively. Ultrasonography was inconclusive in 3 
patients.. Venography demonstrated thrombosis in 44 patients (prevalence 44 
%),, which was related to intravenous catheters or malignancy in 36 (36%). 
Sensitivityy and specificity of duplex ultrasonography was 82% (95% CI: 67-
92%>)) and 82% (95% CI: 69-91%) respectively. Venous incompressibility 
correlatedd well with thrombosis, while only 50% of isolated flow abnormalities 
provedd thrombosis related. 

Conclusion:Conclusion: Duplex color ultrasonography could be the investigation of choice 
inn the initial diagnosis of patients with suspected upper extremity thrombosis. 
However,, in isolated flow abnormalities contrast venography should be 
performed. . 



DCUSS vs Venography 

Introduction n 
Thee exact incidence of deep vein thrombosis of the upper extremity is unknown. 
AA prevalence of 2 per 1000 hospital admissions has been reported (1). Deep 
veinn thrombosis of the upper extremity is increasingly recognised as a condition 
withh high mortality and morbidity comparable to deep vein thrombosis of the 
legg (2,3)- It is intimately associated with malignancy and/or the use of central 
venouss access lines (3-11). Nevertheless, few prospective studies on the 
diagnosiss and management of deep vein thrombosis of the upper extremity 
havee been published in the literature. 
Contrastt venography is generally considered the reference method to diagnose 
deepp vein thrombosis of the upper extremity (2,3). However, due to the inherent 
problemss of contrast venography, such as availability, the use of ionising 
radiation,, the necessity for iodinated contrast media and the technical difficulties 
inn obtaining intravenous access have led to a search for more appropriate, non-
invasivee methods. 
Ultrasonographyy is widely available and there is extensive experience with 
thee technique for the diagnosis of deep vein thrombosis of the lower extremity 
(12-18).. However, only a few prospective studies with limited numbers of 
patientss have been done to establish the role of ultrasonography for the diagnosis 
off  deep vein thrombosis of the upper extremity (3,19-22). Besides this lack of 
data,, there are inherent problems due to the anatomy of the upper extremity. 
Thee overlying bony structures and the inability to visualize the central 
intrathoracicc venous system renders the performance of compression 
ultrasonographyy of limited value. Therefore, duplex color ultrasonography has 
beenn proposed as having additional value for the diagnosis of deep vein 
thrombosiss of the upper extremity (3,19-24). 
Thee aim of this study was to assess the diagnostic accuracy of duplex color 
ultrasonographyy in patients suspected of having deep vein thrombosis of the 
upperr extremity in comparison with contrast venography. 

Materialss and Methods 
PatientPatient Population 
Duringg the period of August 1996 to March 2001, 126 consecutive out- and 
inpatientss with clinically suspected deep vein thrombosis of the upper extremity 
weree referred for diagnostic work-up. Three of these patients were referred 
twicee and two patients were referred a third time. Patients were excluded for 
thee following reasons: pregnancy, age younger than 18 years, renal failure 
prohibitingg contrast venography, known allergy to iodinated contrast agents, 
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inabilityy to obtain informed consent. Informed consent for duplex color 
ultrasonographyy and venography was obtained at referral from all but two 
patients,, and the study was approved by the Institutional Review Board. 

TechniqueTechnique of contrast venography 
Contrastt venography of the symptomatic extremity was performed using digital 
subtractionn angiography equipment (Polytron, Siemens, Erlangen, Germany). 
AA standardized protocol consisted of a 30 ml contrast injection in the antecubital 
vein,, or if this was not possible a more distal forearm vein of the affected arm. 
Noo tourniquet was applied. Patients were studied with the examined arm in 
extensionn and littl e abduction of the upper arm to prevent self compression of 
thee axillary vein by soft tissues. Low osmolar nonionic contrast was used with 
aa concentration of 300 mg Iodine/1 (Omnipaque, Nycomed-Amersham, Oslo, 
Norway).. All injections were performed by hand. Digital subtraction images 
att a rate of one frame per second were obtained of the brachial, axillary, 
subclaviann and superior caval veins. 
Thee diagnosis of deep vein thrombosis of the upper extremity in this study was 
definedd as either the presence of an intraluminal thrombus or persistent non-
fillingfilling  of a venous segment in the presence of fillin g of collateral vessels, as 
demonstratedd by contrast venography. Al l other findings were regarded as 
inadequatee for interpretation. 

TechniqueTechnique of duplex color ultrasonography 
Duplexx color ultrasonography of the affected extremity was performed with 
assessmentt of the basilic, cephalic, axillary and subclavian vein. The jugular 
veinn was not included into the study, because it is only visible by ultrasound 
andd not by venography, therefore comparison is not possible. After identification 
off  the relevant vessels, a three-step procedure was performed. This involved 
compressionn ultrasonography of those venous segments that could be reached, 
assessmentt of intravascular thrombus using color ultrasonography and flow 
measurementss during respiration to determine the outflow of the venous system 
usingg color-Doppler ultrasonography. Patients were asked to perform Valsalva's 
maneuverr to assess changes in flow pattern. Flow patterns of the non-affected 
upperr extemity veins were used in case of doubt. All tests were performed by 
seniorr residents and staff radiologists with experience in duplex color 
ultrasonographyy as appropriate. Three qualified ultrasound machines were used, 
whichh were updated but not changed during the study (Hewlett Packard/Sonos 
2000/Andoverr Massachusetts/USA, Aloka/1700 and 2000/Tokyo/Japan), with 
probess ranging 4.5-7.5 Mhz. 
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Duplexx color ultrasonography was considered to demonstrate deep vein 
thrombosiss in the following circumstances: non-compressibility of a venous 
segment,, a visible intra-luminal thrombus or abnormal flow pattern (either 
absentt flow or absence of phasic flow pattern indicating outflow obstruction) 
(3).. If none of these findings were present, duplex color ultrasonography was 
regardedd as normal. All other findings or the lack of visualization or performance 
off  flow measurements were regarded as inadequate for interpretation. 

StudyStudy design 
AA prospective comparative study in consecutive patients with clinically 
suspectedd deep vein thrombosis of the upper extremity was performed. All 
patientss underwent duplex color ultrasonography as the first test, which was 
reportedd independently and within 4 hours prior to the reference method, 
contrastt digital venography. The routine of the department in our teaching 
hospitall  was used, thus leading to the normal variety of qualified residents and 
stafff  personnel performing the ultrasonography and venography studies at any 
timee during the day or evening. At all times the initial result from the color 
duplexx was blinded for the radiologist who performed the venography. 
Duplexx color ultrasonography findings were compared with contrast venography 
ass the reference method. Furthermore, we assessed potential factors associated 
withh the cause of deep vein thrombosis of the upper extremity, like the presence 
off  malignancy, indwelling catheters and the presence of a hypercoagulable state. 

Statistics Statistics 
Thee parameters of diagnostic accuracy (sensitivity and specificity) and 
likelihoodd ratio's were calculated (25). Indeterminate findings with duplex 
colorr ultrasonography were excluded of these parameters, as comparison with 
contrastt venography is not possible. Furthermore, 95% confidence intervals 
weree determined for these parameters. 
Patientt groups in whom deep vein thrombosis of the upper extremity was 
confirmed,, excluded or remained uncertain were compared using Chi squared 
testt with p<0.05 as level of statistical significance. 

Results s 
Duringg the inclusion period, 126 patients were eligible for enrolment in this 
study.. A total of 27 patients had to be excluded from the analysis for the 
followingg reasons. Contrast venography could not be performed in 16 patients 
duee to medical or technical reasons (failure to obtain venous access 10, renal 
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failuree 3, pregnancy 2, iodinated contrast allergy 1). Another 5 patients had to 
bee excluded because of logistic reasons. Informed consent was refused by two 
patients.. So, venography could not be performed in 23/126 patients (18%). In 
onee patient duplex color ultrasonography was not performed due to logistic 
reasons.. Finally, duplex color ultrasonography was indeterminate in three 
patients,, resulting in a conclusive rate of 98%. A flow diagram of patients is 
providedd in Figure 1. 
Thus,, a total of 99 patients were available for evaluation, having undergone 
bothh duplex color ultrasonography and contrast venography. There were 44 men 
andd 55 females with a mean age of 54 years (range 18-92 years). Deep vein 
thrombosiss was demonstrated by contrast venography in 44 patients for a 
prevalencee of 44%. The distribution of thrombi with venography in the right or 

Eligiblee patients: 126 

Thrombosis:: 53 Indeterminate:: 3 

Venography:: 46 No Venography: 7 Venography: 53 No Venography. 14 Venography: 3 

Thrombosis:366 Normal: 10 Indeterminate: 0 

Noo Consent: 2 No DCUS' 1 

Thombosis:: 1 Normal: 2 

Figuree 1: Flowdiagram of duplex color ultrasonography and venography in 126 patients suspected 
off  having deep vein thrombosis of the upper extremity. 

leftt upper extremity veins are show in Figure 2. The cause of thrombosis was 
consideredd to be primary in 8 patients, while an underlying cause could be shown 
inn 36 patients (Table 1). Malignancy was present in 63%) of patients with proven 
deepp vein thrombosis of the upper extremity, while this was present in 19 of 55 
patientss (35%) in whom deep vein thrombosis was excluded (pO.01). 
Duplexx color ultrasonography results were compared with the findings of contrast 
venographyy (Table 2). There were 8 false negative and 10 false positive studies, 
resultingg in a sensitivity and specificity of 82% (95% CI: 70-93%) and 82% 
(95%% CI: 72-92%o), respectively. The likelihood ratio for a positive test was 4.5 
(95%% CI: 2.53-8.02) and for a negative test 0.22 (95% CI: 0.12-5.57). 
Tablee 3 shows how the criteria for absence or presence of deep vein thrombosis 
off  the upper extremity at duplex color ultrasonography were correlated with 
thee findings at contrast venography. Isolated non-compressibility of a venous 
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segmentt was a relatively uncommon finding, but correlated with the presence 
off  deep vein thrombosis of the upper extremity in all cases. The identification 
off  an intraluminal thrombus was highly correlated, while flow abnormalities 

11 = basilic vein 
22 = axillary vein 
33 = cephalic vein 
44 = subclavian vein 

55 = jugular vein 
66 = innominate vein 
77 = superior caval vein 

Figuree 2: Distribution of 29 
thrombii  in the right and 33 
thrombii  in the left upper 
extremityy veins with digital 
subtractionn venography. 

Tabell  1: Identified causes for 44 patients with proven deep vein thrombosis of the upper extremity 

nn (%) Identifiedd causes 

Malignancy y 

-- Lymphoma/leukaemia 
-- Pancreas cancer 
-- Breast cancer 
-- Chest malignancies (lung, pleura, oesophagus) 

-- Others (GI tract, ovary, urothelial, myeloma) 

Centrall  venous catheter without malignancy 
Hypercoagulablee state 

-- protein C deficiency with central venous catheter 
-- factor II mutation 

Primaryy thrombosis of unknown cause 

CVC+ + CVC--
288 (63%) 

9 9 
5 5 
1 1 
(J J 
*> > 
j j 

18 8 

2 2 
1 1 
2 2 
3 3 
2 2 

10 0 

1 1 
1 1 

66 (14%) 
22 (5%) 

88 (18%) 

444 (100%) 

nn (%)= number and percentage of patients involved, CVC+ = with central venous catheter, CVC- = 
withoutt central venous catheter 
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Tablee 2: Duplex color ultrasonography in comparison with contrast venography in 99 patients with 
suspectedd deep vein thrombosis of the upper extremity. 

Contrastt venography 

Thrombuss present Thrombus absent Total (n) 

Thrombuss present 36 10 46 
DCC US 

Thrombuss absent 8 45 53 

Totall  44 55 99 

Sensitivityy 82% (95% CI: 67-92%) 
Specificityy 82% (95% CI: 69-91%) 
Likelihoodd ratio+ 4.5% (95% CI: 2.53-8.02) 
Likelihoodd ratio- 0.22 (95% CI: 0.12-5.57) 

Notee : Three indeterminate DCUS results were not accounted for in these parameters 
DCUSS  duplex color ultrasonography, n= number of patients involved 

weree least correlated with the presence of deep vein thrombosis. 
Additionall  coincidential findings were disclosed in 8 duplex color ultrasono-
graphyy investigations. These consisted of a solid mass (4 patients), cystic mass 
(22 patients), lymphadenopathy (1 patient) and abcess (1 patient). Contrast 
venographyy revealed additional information in 5 patients: external compression 
off  the vein in four and a pneumothorax in one patient. 

Tablee 3: Duplex color ultrasonography criteria for presence or absence of deep vein thrombosis of 
thee upper extremity in relation with contrast venography. 

Contrastt venography 

Thrombuss present (n) Thrombus absent (n) 

Non-compressibility y 
DCUSS Intraluminal thrombus 

Ploww abnormality 
Normal l 

Total l 

DCL'SS duplex color ultrasonography, n = number of patients involved 

5 5 
4 4 
7 7 
8 8 

4 4 

0 0 
_T T 

7 7 
45 5 

55 5 
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Discussion n 
Deepp vein thrombosis of the upper extremity is a disorder, which is increasingly 
encounteredd in clinical practice due to a variety of reasons, such as long-term 
indwellingg venous catheter use in a greater number of indications (2). Currently, 
thee diagnosis often relies on clinical suspicion and contrast venography. 
Venographyy is widely accepted as the reference method for establishing the 
presencee or absence of deep vein thrombosis of the leg, although interpretation 
off  venograms is subject to considerable observer variation (4-26%) (26,27). 
Onlyy a few prospective studies about the sensitivity and specificity of duplex 
colorr ultrasonography compared to venography in deep vein thrombosis are 
present,, and as far as we know an observer variability study of digital subtraction 
venographyy of the upper extremity has never been done before. A short table 
listingg previous studies and their major design limitations and findings is shown 
inn table 4. 
Nonee of these studies disclosed much detail about observer variability of the 
referencee tests. We performed a sub-analysis of the first consecutive 62 
venograms.. The interobserver agreement was 94% (kappa 0.88,95% CI: 0.77-
0.99)) for a vascular radiologist and 76% (kappa 0.56, 95% CI: 0.33-0.79) for 
ann experienced general radiologist compared with consensus, showing that 
(albeitt imperfect) contrast venography can be used as a reference test for 
assessmentt of deep vein thrombosis of the upper extremity. 
Wee think that errors in assessing thrombus of duplex ultrasonography and 
venographyy are likely independent. Although they both detect thrombus, both 
techniquess are doing this differently, duplex color ultrasonography by a non-

Tabell 4: Performance characteristics of previous consecutive duplex color ultrasonography studies 

Author r 

Prandoni i 

Falk k 

Knudson n 

Baxter r 
Köksoy y 

Yr. . 

1997 7 

1987 7 

1990 0 

1991 1 
1995 5 

Ref. . 

(3) ) 

(19) ) 

(20) ) 

(21) ) 
(22) ) 

Sensith h 

too o 

100 0 

78 8 

100 0 
94 4 

ity(%) ) Specifi i 

93 3 

92 2 

92 2 

10 0 
88 8 

:ity(%) ) n= = 

58 8 

22 2 

91 1 

19 9 
44 4 

Designn DCUS objectives 

limitedd number of patients 
relativelyy small number of 
malignancies s 
smalll  number of patients 
normall  volunteers included 
referencee standard: 
venography,, CT and MRI 
smalll  number of patients 
alll  patients catheter-related 
thrombosis s 

Authorr = First author of publication, Yr = Year of publication, Ref = Reference according literature 
list,, n = number of patients, DCUS : duplex color ultrasonography, CT = Computed Tomography, 
MRII  = Magnetic Resonance Imaging 
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compressibilityy or flow abnormality of the vein, venography by showing a 
fillin gg defect or absent vein. Because of overlying anatomical bony structures, 
likee the clavicle and sternum, we can expect venography to do better in detecting 
thrombii  more centrally. Jugular vein thrombosis, which is detectable by 
ultrasoundd and not by venography, is excluded in this study. 
Iff  the tests are considered as being independent, in general this means a slight 
underestimationn of the sensitivity and specifity (28). So in our study we can 
expectt the assessed sensitivity of 82% and specificity of 82% to be the lowest 
resultt in real practice-
Inn the present study, 13% of patients were unable to undergo contrast 
venography,, largely due to medical conditions such as extreme arm swelling 
prohibitingg venous access or contraindications for iodinated contrast injection. 
Inn another study 4 of 62 patients (6.5%) were unable to undergo venography (3). 
Itt is possible that this is due to more severe illness in our patients where 
intravenouss access was not feasible. For example, in the present study 63% of 
patientss with proven deep vein thrombosis of the upper extremity suffered 
fromm known malignant disease, whereas this was 30% in the group described 
elsewheree (3). 
AA possible methodological failure in our study could be the lack of randomization 
off  ultrasonography and venography. However, all patients referred for diagnostic 
work-upp for suspected deep vein thrombosis of the upper extremity were asked 
forr their consent at referral and contrast venography was performed irrespective 
off  the outcome of duplex ultrasonography. Furthermore, the diagnostic tests were 
performedd independently, by different radiologists, and without knowledge of 
thee test results. This in our opinion minimized the chance for bias. Three duplex 
colorr ultrasonography investigations were considered indeterminate (2%). 
Onee patient was positive, two were negative for thrombus with venography. 
Althoughh they would hardly influence the performance characteristics of this 
study,, they were excluded. 
Ultrasonographyy is widely available and circumvents several of the disadvantages 
off  contrast venography. In the present study, duplex color ultrasonography could 
bee performed in all but one patient. Compression ultrasonography and duplex 
colorr ultrasonography have been extensively validated for use in the diagnosis 
off  lower limb deep vein thrombosis (12-18). 
However,, the upper extremity is anatomically much more complex than the lower 
extremity,, due to the shape of the axilla and the overlying bony structures. 
Therefore,, in contrast with lower limb ultrasonography (29), it has been postulated 
thatt duplex color ultrasonography has greater applicability for the diagnosis of 
deepp vein thrombosis of the upper extremity, resulting in improvement of 
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diagnosticc accuracy, when compared to compression ultrasonography (3,19, 
20,21,22). . 

Inn the presented study, the sensitivity and specificity of duplex color ultrasono-
graphyy was 82% and 82%, respectively. This compares slightly unfavorably 
withh a previous publication in 58 patients, where figures of 100% (95%CI: 82-
100%)) and 93% (95%CI: 68-100%) were obtained (3). Other small prospective 
studiess have found a sensitivity ranging between 78% and 100%) and a 
specificityy between 88% and 100% (19,20,21,22). Several explanations for 
thiss difference were sought. The prevalence of deep vein thrombosis of the 
upperr extremity in our population was 44%, which is comparable to previously 
reportedd studies (3,19,20). The present study is the largest cohort described so 
far,, and made use of a truly consecutive patient population. Some of the other 
prospectivee studies published to date may have suffered from selection bias, 
ass only those patients with more severe symptoms and/or catheter-related and 
sometimess normal volunteers were assessed (19,20,21,22). Another possible 
explanationn for the difference in diagnostic accuracy could be that the present 
studyy followed standard clinical practice, resulting in a variety of trained 
personnell  to perform duplex color ultrasonography. It is well known that 
ultrasonographyy is operator dependent and it is possible that some of the less 
experiencedd ultrasonographers influenced the sensitivity and specificity results. 
Thus,, other studies may have limited the ultrasonography to their best qualified 
personnel,, leading to relatively better results. Nevertheless, we opted to perform 
thiss study using routine clinical practice, as this would result in a closer 
proximityy of true clinical practice outcome. 

Thee three criteria for the presence or absence of deep vein thrombosis were 
nott assessed separately by each of the ultrasonographers, but show that non-
compressibility,, of the veins accessible for this technique, is highly correlated 
withh the presence of deep vein thrombosis. This is similar to the use of 
compressionn ultrasonography in the lower leg veins, which has been validated 
extensivelyy (29). The visualization of thrombus in a venous segment was also 
highlyy correlated with deep vein thrombosis. Finally, changes in flow were not 
correlatedd with the presence of deep vein thrombosis of the upper extremity. 
Thiss latter finding contradicts two previous publications, which showed very 
highh correlation of flow abnormalities with deep vein thrombosis of the upper 
extremityy (3,22). In general, we would advocate that non-compressibility and/ 
orr presence of intraluminal thrombus on duplex color ultrasound would be 
sufficientt for the diagnosis of deep vein thrombosis of the upper extremity, 
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whereass abnormal flow patterns should be regarded as suggestive only. This 
latterr group should undergo subsequent contrast venography at present if flow 
abnormalitiess are found in isolation. Five of eight patients with false-negative 
duplexx color ultrasonography findings were correlated with the presence of 
thrombuss in the proximal subclavian vein on the left side, just below the clavicle. 
Onee patient with a false-negative duplex color ultrasonography finding had an 
isolatedd innominate vein thrombosis. Therefore, although a normal duplex color 
ultrasonographyy will be sufficient for the exclusion of deep vein thrombosis of 
thee upper extremity in the majority of patients, one should still consider 
performingg contrast venography if the clinical suspicion for deep vein 
thrombosiss is high. This is also reflected in a likelihood ratio of a negative test 
off  0.22. Although this is relatively low, one can not conclude that a negative 
ultrasoundd investigation renders a venography unnecessary. 
Thee presence of malignancy has been implicated as a risk factor for deep vein 
thrombosis.. This has been shown for lower extremity thrombosis, where the 
riskk increased from 1.5% in a first event to 7.5% in (recurrent) idiopathic deep 
veinn thrombosis (30-32). In deep vein thrombosis of the upper extremity, a 
muchh higher proportion of patients suffered from malignancies. In the present 
studyy this was 63%, while this prevalence ranged from 24% to 62% in other 
studiess (1,3,6-9), Explanations for this high incidence of malignancies in deep 
veinn thrombosis of the upper extremity are that two-thirds of the patients with 
cancerr also had a central intravenous access line in situ, which is an independent 
riskk factor (7-11). Furthermore in those cases where malignancies arose as 
isolatedd risk factor, the types of cancer were mainly related to lymphnode 
metastasess to the mediastinum or the axilla (breast, oesophageal and lung 
cancers). . 
Inn a substantial portion of our patient population, contrast venography could 
nott be performed. This is a potential problem in patients with inconclusive 
duplexx color ultrasonography findings. Some early studies have shown that 
contrast-enhancedd Magnetic Resonance Venography could be used for the 
diagnosiss of deep vein thrombosis of the upper extremity (33,34). However, 
thiss would not be ideal in these patients, as it would still require intravenous 
access.. We anticipate that the development of non-contrast enhanced Magnetic 
Resonancee Venography sequences could yield an alternative in the future. 
Basedd on the present study and those in the literature, duplex color 
ultrasonographyy could be applied as the first line diagnostic test in patients 
withh suspected deep vein thrombosis of the upper extremity. However, in 
patientss with solely flow abnormalities or those with normal findings and a 
highh clinical suspicion additional contrast venography should be performed. 
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Wee expert points who cannot have a contrast venous study for a variety of 
reasonss but have a history strongly suggestive of deep vein thrombosis of the 
upperr extremity to have a Magnetice Resonance Venography without the use 
off contrast in the future, although further work-up on this issue has to be done. 
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Abstract t 
Objective:Objective: To assess the inter-observer and intra-observer agreement in the 
interpretationn of digital subtraction venography (DSV) in patients with suspected 
deepp vein thrombosis of the upper extremity (DVTUE). 

MaterialsMaterials and Methods: Prospectively, 62 consecutive DSV studies in 54 patients 
withh clinically suspected DVTUE were included. Hard copies were presented 
withoutt demographic data or original report. All venograms were read twice, at 3-
monthlyy intervals, by an interventional vascular radiologist (observer 1) and an 
experiencedd general radiologist (observer 2). Consensus reading took place in the 
presencee of a third experienced interventional radiologist. Inter-observer and intra-
observerr agreement were assessed using kappa statistics. 

Results:Results: Initial reading in 62 venograms showed an inter-observer agreement of 
711 % (kappa 0.48). The inter-observer agreement of the second reading was 83% 
(kappaa 0.71). The agreement with the consensus report ranged from 76% to 94%. 
Thee intra-observer agreement for the first and second observer was 94% (kappa 
0.89)) and 76% (kappa 0.56), respectively (p<0.01). 

Conclusion:Conclusion: Digital subtraction venography has moderate to excellent intra- and 
inter-observerr agreement, suggesting that digital subtraction venography is reliable 
forr the diagnosis of DVTUE. 



Intra-- and intcrobserver studv DSV 

Introduction n 
Deepp vein thrombosis of the upper extremity (DVTUE) has been reported in 
40-45%% of patients with a clinical suspicion, usually presenting with pain, 
swellingg or functional impairment of the upper extremity and in severe cases 
withh distended collateral veins over the shoulder girdle (1). DVTUE can be 
dividedd into primary and secondary thrombosis (2). Primary thrombosis occurs 
spontaneouslyy or after unusual effort (3). Secondary thrombosis occurs mostly 
inn relation tot venous lines, and/or cancer (4-6). During the last decades the 
frequencyy of secondary thrombosis has been increasing due to more "technical" 
medicinee e.g. interventions, feeding lines, chemotherapy or hemodialysis (7-9). 
Contrastt venography is considered the reference method for the diagnosis of 
DVTUE.. However, it may be difficult to perform due to venous access requirements 
andd it involves iodinated contrast agents (10). Thus, alternative methods have been 
pursued.. Real time ultrasonography and color duplex imaging are both useful 
diagnosticc tools, but are technically challenging in the upper thoracic aperture 
vesselss due to the neighboring clavicle and sternum (11). Magnetic resonance 
venographyy (MRV) has been suggested as an alternative method, but is currently 
insufficientlyy proven to replace contrast venography (12-15). A development over 
thee past 5-10 years has been the introduction of digital angiography technologies. 
Althoughh this has been widely implemented, the effects on diagnostic accuracy 
forr venography of suspected DVTUE has not been determined. As far as we are 
aware,, digital venography has not undergone formal evaluation of intra- and inter-
observerr variability. 

Thee aim of this study was to assess the diagnostic reproducibility of digital 
subtractionn venography in a consecutive series of 55 patients with clinically 
suspectedd deep vein thrombosis of the upper extremity. 

Materialss and Methods 
PatientPatient Population 
Duringg the period of August 1996 to May 1999, 55 consecutive patients with 
clinicallyy suspected DVTUE were referred for digital subtraction venography. 
Informedd consent was obtained prior to venography from all patients. Two of 
thesee patients were referred twice, two patients were referred a third time. Two 
patientss with suspicion of both right and left arm vein thrombosis had a 
venographyy of both sides in the same session, which were assessed as separated 
venograms.. The hard copy images of one patient were not available due to a 
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failuree in the image processor and this patient was excluded from further 
analysis.. Hence, a total of 62 venographic studies in 54 patients were available 
forr the study. 
Theree were 22 men and 32 females with a mean age of 53 years (range 18 -
922 years). Deep vein thrombosis was initially demonstrated in 32 of 62 
venogramss for a prevalence of 52%. The cause of thrombosis was considered 
too be primary in 3 patients, while an underlying cause could be shown in 26 
patientss (malignancy 11, central venous catheter 3, malignancy and central 
venouss catheter together 11, central venous line and congenital thrombophilia 
togetherr 1). Three patients who were referred twice or a third time with a 
malignancyy and central venous line showed recurrent thrombosis. 

ImagingImaging technique and definition ofDVTUE 
Contrastt venography of the symptomatic extremity was performed using digital 
subtractionn angiography equipment (Polytron, Siemens, Erlangen, Germany). 
AA standardized protocol consisted of a 30 ml contrast injection in the antecubital 
vein,, or if this was not possible a more distal forearm vein of the affected arm. 
Noo tourniquet was applied. Patients were studied with the examined arm in 
extensionn and littl e abduction of the upper arm to prevent self compression of 
thee axillary vein by soft tissues. Low osmolar nonionic contrast was used with 
aa concentration of 300 mg Iodine/1 (Omnipaque, Nycomed-Amersham, Oslo, 
Norway).. All injections were performed by hand. Digital subtraction images 
off  the brachial, axillary, subclavian and superior caval veins were obtained at 
aa rate of one frame per second. 
Onee angiographic series was performed in each patient. In three patients one 
additionall  series was required due to difficulty in assessment or projection of 
thee vessels. The images were selected for best available display of the venous 
systemm prior to transformation onto hard copy film. The procedures were 
performedd by a mix of radiologists, ranging from supervised senior residents 
too experienced vascular radiologists. An initial report was made, based on the 
combinationn of dynamic and static images, and patients were managed 
accordingly.. The diagnosis ofDVTUE in this study was defined as either the 
presencee of an intraluminal filling  defect or persistent non-filling of a venous 
segmentt in the presence of fillin g of collateral vessels (Figure 1). All other 
findingsfindings were regarded as inadequate for interpretation. 
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Figuree 1: Thrombosis of the upper extremity 
veinss with agreement of all the observers. 

StudyStudy design 
Sixty-twoo hard copies of 54 consecutive patients were assembled and randomly 
allocatedd to a vascular interventional radiologist with 5 years experience 
(observerr 1) and a general radiologist with 19 years experience (observer 2). 
Thee observers received no information other than the fact that patients were 
suspectedd of having DVTUE. Demographic details of patients were masked 
onn each hard copy. 
Intra-observerr variability was assessed by two reading sessions at a 3-month 
interval.. Hard copies were randomly presented to avoid recollection bias. Inter-
observerr variability was determined between observer 1 and observer 2. A 
consensuss reading also took place immediately after the first reading, which 
allowedd the opinion of a third observer (an interventional radiologist with 17 
yearss of experience) to be taken into account. The consensus report, which was 
consideredd the true outcome, was also compared with the initial report to allow 
assessmentt of the potential influence of the dynamic series. 

Statistics Statistics 
Thee extent of agreement between the two radiologists (inter-observer 
agreement)) of both readings, between assessments of the individual observers 
(intra-observerr agreement) and between the initial and consensus report was 
determined.. Subsequently, the kappa statistic was calculated in the standard 
fashionn (16). The kappa statistic is defined as the observed agreement, divided 
byy the agreement not accounted for by chance. This index has a range of+ 1.0 
(perfectt agreement) to -1.0 (total disagreement). The 95% confidence intervals 
weree calculated (16). 
Thee Chi-squared test was used to compare the results of agreement between 
thee two observers, with a p-value of <0.05 considered statistically significant. 
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Tablee 1: First interobserver reading results of 62 venograms by two observers in determining the 
presencee of deep vein thrombosis of the upper extremity (DVTUE) 

Vascularr radiologist 

DVTUEE Positive Technical Negative Total 
failure e 

Generall  radiologist Positive 30 
Technicall  failure 0 
Negativee 1 
Totall  31 

9 9 
6 6 

13 3 
28 8 

40 0 
7 7 

15 5 
62 2 

Overalll  agreement 71%; Kappa = 0.48 (95% CI: 0.28 - 0.68) 

Tablee 2: Second interobserver reading results of 60 venograms, which were deemed adequate by 
consensuss reading, in determining the presence of deep vein thrombosis of the upper extremity 
(DVTUE) ) 

Generall  radiologist 

Vascular r 

DVTUE E 

Positive e 
Negative e 
Total l 

rad d oo logt St 

Positive e 

27 7 
3 3 

30 0 

Negative e 

6 6 
24 4 
30 0 

Total l 

33 3 
27 7 
60 0 

Overalll  agreement 83%; Kappa = 0.71 (95% CI: 0.53 - 0.89) 

Results s 
Inn the first reading a total of 9 of 62 venograms were considered indeterminate: 
inn one venogram both observers agreed, while in 8 others one of the observers 
feltt the images were indeterminate (Table 1). The overall agreement was 71 %, 
withh a kappa value of 0.48 (95% CI: 0.28 - 0.68). 
Thee consensus reading considered only two venographic studies to be 
indeterminate,, for a venographic technical failure rate of 3.2%. Thus, after 
threee months second reading was performed using only the 60 adequate 
venogramss (Table 2). Since both observers knew that these were technically 
adequatee studies, they were forced to choose only between absence or presence 
off  DVTUE. The overall agreement improved from 71 % to 83% (p=0.07; trend) 
withh kappa values improving from 0.48 (95% CI: 0.28 - 0.68) to 0.71 (95% 
CI:: 0.53-0.89). 
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Table3:: Intra-observer reading results of 62 venograms in determining the presence of deep vein thrombosis 
off  the upper extremity (DVTUE) for the vascular radiologist (a) and the general radiologist (b) 

Tablee 3 (a) 

Vascularr radiologist Kirst reading 

DVTURR Positive Technical Negative Total 
failure e 

Vasrularr radiolügi 
Secondd reading 

Fubiiive e 
Technicall  failure 
Negative e 
Total l 

29 9 
0 0 
2 2 

31 1 

0 0 
2 2 
1 1 
3 3 

1 1 
0 0 

27 7 
28 8 

30 0 
2 2 

30 0 
62 2 

Intra-observerr agreement 94%; Kappa = 0.89 (95% CI: 0.78 - 1.0) 

Tablee 3 (b) 

Generall  radiologist First reading 

DVTUE E 

Generall  radiologist Positive 
Secondd reading Technical failure 

Negative e 
Total l 

Positive e 

32 2 
1 1 
7 7 

40 0 

Technical l 
failure e 

0 0 
1 1 
6 6 
7 7 

Negative e 

1 1 
0 0 

14 4 
15 5 

Total l 

33 3 
2 2 

27 7 
62 2 

Intra-observerr agreement 76%; Kappa = 0.56 (95% CI; 0.37 - 0.75) 

Thee intra-observer variability is described in Table 3. The interventional 
(vascular)) radiologist did significantly better than the general radiologist, with 
intra-observerr agreement of 94% and 76%, respectively (p<0.01). The kappa 
valuess were 0.89 (95% CI: 0.78 - 1.0) and 0.56 (95% CI: 0.37 - 0.75), 
respectively.. It is apparent that the general radiologist scored more investigations 
technicallyy inadequate than the interventional (vascular) radiologist. 
Tablee 4 shows the results of the observers when compared with the consensus 
reading.. The agreement of the vascular radiologist was significantly better 
thann that for the general radiologist (94% vs 76 %, respectively; pO.01). 
Thee comparison between the initial (acute) report and the consensus report is 
describedd in Table 5. This shows an agreement of 92% for a kappa value of 
0.844 (95%) CI: 0.71-0.97). 
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Tablee 4: First reading vs Consensus agreement of 62 venograms in determining the presence of 
deepp vein thrombosis of the upper extremity (DVTUE) for vascular radiologist (a) and general 
radiologistt (b) 

Tablee 4 (a) 

Vascularr radiologist 

DVTUEE Positive Technical Negative Total 
failure e 

Consensuss Reading Positive 30 
Technicall  failure 0 
Negativee 1 
Totall  31 

Agreementt 94%; Kappa = 0.88 (95% CI: 0.77-0.99) 

Tablee 4 (b) 

1 1 
~> ~> 
0 0 
3 3 

2 2 

0 0 
26 6 
28 8 

33 3 
? ? 

27 7 
62 2 

Generall  radiologist 

DVTUEE Positive Technical Negative Total 
failure e 

Consensuss Reading Positive 32 
Technicall  failure 1 
Negativee 7 
Totall  40 

0 0 
1 1 
6 6 
7 7 

1 1 
0 0 

14 4 
15 5 

33 3 
2 2 

27 7 
62 2 

Agreementt 76%; Kappa = 0.56(95% CI: 0.37-0.75) 

Tablee 5: Initial report of combined dynamic and static contrast venography vs consensus agreement 
off  62 static venograms in determining the presence of deep vein thrombosis of the upper extremity 
(DVTUE) ) 

Initiall  Report 

DVTUEE Positive 

Consensuss Reading Positive 31 
Technicall  failure 0 
Negativee 1 
Totall  32 

Technical l 
failure e 

0 0 
0 0 
0 0 
0 0 

Negative e 

2 2 
i i 

26 6 
30 0 

Tot t 

33 3 
i i 

27 7 
62 2 

Agreementt 92%; Kappa = 0.84 (95% CI: 0.71-0.97) 
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Discussion n 
Deepp vein thrombosis of the upper extremity is increasingly recognized as a 
clinicall  problem. This is largely related to the progressive use of long-term 
indwellingg catheters in relation to malignancies and other medical and surgical 
pathology. . 
Inn our study, the prevalence of DVTUE for patients admitted in this investigation 
wass 52%. This is a little higher compared to the prevalence found in other 
studies,, albeit that our prevalence is somewhat artificial due to the fact that our 
seriess included 3 patients with a recurrent event and the fact that 15 patients 
hadd line related symptoms (6,11). 
Contrastt venography has been widely regarded as the reference standard for 
thee diagnosis of deep vein thrombosis of the lower and upper extremity. The 
world-widee introduction of digital subtraction angiography has not been 
formallyy assessed in terms of inter- and intra-observer variability. Nevertheless, 
itt is essential that these parameters are known. Furthermore, the use of a variety 
off  radiology specialists is most noted in venography, which is not routinely 
performedd by vascular radiologists but often carried out by general radiologists. 
Inn this study, it was demonstrated that the vascular radiologist in our institution 
wass more consistent in his assessment for presence or absence of DVTUE. 
Withh respect to the initially low kappa values, which could be as low as 0.28 
(lowerr 95% confidence interval, Table 1), we should state that this was largely 
dependentt on the insecurity of the general radiologist. Following adequate 
training,, the kappa values (>0.60 and >0.80 respectively) were good to excellent, 
withh the vascular radiologist scoring as high as 1 (upper 95% confidence 
interval,, Table 3). One could argue that venography for suspected DVTUE 
shouldd be performed by a vascular radiologist, however, this is probably 
impracticall  in many departments. 
Severall  possible reasons for the improvement of the general radiologist can be 
suggested,, such as a learning curve due to the consensus reading and the fact 
thatt the radiologists were forced into a presence or absence situation. Another 
possibilityy is that the two readings (first and consensus reading) have introduced 
recollectionn bias. Although avoiding this type of bias is difficult, the fact that 
threee months had passed prior to the final reading episode should have helped 
too reduce this. Thus, we postulate that general radiologists could benefit most 
fromm additional training in the reading of digital subtraction venography. 
Otherr than the possibility of recollection bias, some limitations of this study 
mayy also exist. First, both observers had to read from hard copies, which 
representedd the best possible images of the original study. This could pose a 
disadvantage,, since the dynamic contrast flow was not included for intra- and 
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inter-observerr analysis. It is possible that the vascular radiologist was less 
affected,, as he is used to reading angiographic films on a daily basis. 

Inn view of the present findings, we also reviewed the consensus reading and 
comparedd this with the initial report as issued at the time of diagnosis (Table 5). 
Fivee of the 62 venograms had different results on which patient management 
wass based. In two cases consensus reading was not possible due to lack of 
hardd copies. In one case the consensus report suggested no thrombus, albeit 
thatt a stenosis of the subclavian vein was noted (this patient was treated with 
anticoagulantt therapy based on the initial report. Figure 2). Finally, in two 
casess the consensus report suggested the presence of DVTUE, while the patient 
remainedd untreated due to a normal initial report. In both cases, a stenosis due 
too external compression of a clinically overt mediastinal lymphoma was reported 
(thiss fact remained hidden from the observers). Further follow-up in these 

Figuree 2: Disagreement showing a smooth 
stenosiss in the lelt subclavian vein which was 
initiall>> reported as thrombosis. 

patientss was not possible because both died within one month due to advanced 
cancer,, but without clinical signs of pulmonary embolism. Although these 
differencess appear modest, it would seem that the assessment of dynamic series 
iss of additional value. However, our study did not address this issue and further 
studyy would be required to prove this. Furthermore a smooth lumen narrowing 
off  a vein can be a cause of misinterpretation for the absence or presence of 
DVTUE.. Know ledge of clinical data at the time of venography should help to 
avoidd this pitfall. Finally, the fact that the initial investigations were supervised 
byy an experienced vascular radiologist may (in part) explain the high level of 
agreementt between initial and consensus report. 

Thiss study shows that moderate to excellent intra- and inter-obscrver agreement 
cann be obtained with the use of digital subtraction venography in patients with 
suspectedd DVTUE. In radiologists who do not perform vascular studies on a 
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dailyy basis, a learning curve should be anticipated, and this can be avoided by 
adequatee training. However, the overall high kappa values do justify the use of 
digitall  subtraction venography as the reference standard. 
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Abstract t 
Background:Background: The outcome of upper extremity thrombosis in terms of morbidity, 
mortalityy and arm functionality are virtually unknown. We studied mortality, 
riskk factors, recurrent thrombosis and post-thrombotic syndrome in patients 
withh suspected upper extremity thrombosis. 

Methods:Methods: Consecutive patients suspected of havingg deep vein thrombosis of the 
upperr extremity were followed for up to 53 months. Venography and/or 
ultrasonographyy was used for diagnosis. Risk factors were identified from history 
andd thrombophilia laboratory screening. Post-thrombotic syndrome was assessed 
usingg a scoring system. Death, recurrent thrombosis and post-thrombotic 
syndromee were primary outcome measures. 

Findings:Findings: Deep vein thrombosis of the upper extremity was diagnosed in 50 of 
1166 consecutive patients (43%). Malignancy and/or central venous lines were 
presentt in 37 of 50 (74%) patients with thrombosis. Inherited thrombophilia was 
diagnosedd in 6/30 (20%) and 4/33 (12%) of the investigated patients with and 
withoutt thrombosis, respectively (not significant). Twenty-five patients (50%) 
withh thrombosis died during follow-up period, which was associated with cancer 
inn 84%i of deaths. Recurrent thrombosis was observed in four patients (8%) 
duringg follow-up. Post-thrombotic syndrome symptoms were present in 4 of 22 
patientss (18%) with thrombosis and in 14 of 36 patients (39%) in whom 
thrombosiss was excluded. 

Interpretation:Interpretation: Malignancy and central venous lines are major risk factors for 
upperr extremity thrombosis. Thrombophilia seems unrelated to the presence 
orr absence of upper extremity thrombosis. Thrombosis in combination with 
malignancyy predicts poor survival. A scoring system can be used to assess the 
severityy of post-thrombotic syndrome, but it does not discriminate for other 
causess of arm complaints. 
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Introduction n 
Deepp vein thrombosis of the upper extremity is an increasingly recognised clinical 
problem.. This is largely due to the increased use of long-term indwelling catheters, 
especiallyy in patients who are already at risk of developing thrombosis such as 
patientss with malignancies. Contrast venography remains the diagnostic standard, 
albeitt that non-invasive tests have been developed as well including duplex 
ultrasonographyy and magnetic resonance angiography techniques (1-5). 
Thee long-term sequelae in patients with deep vein thrombosis of the lower extremity 
aree relatively well known (6-8). However, for the increasing population of patients 
withh upper extremity thrombosis the outcome in terms of mortality, morbidity, and 
armm functionality are virtually unknown, A recent study in patients with primary 
thrombosiss of the upper extremity revealed a good clinical outcome in less than 50% 
off  the patients, with 16% of patients reporting a significant change in life style as a 
resultt of their thrombotic event (9). Malignancy is a frequently diagnosed concurrent 
diseasee in patients with venous thromboembolic disease, with a reported prevalence 
varyingg between 4% and 31 % (10-15). Similarly, in patients with deep vein thrombosis 
off  the upper extremity the prevalence of malignancy has been reported to be high 
(22-33%)) (2,16). 
Wee aimed to document the long-term outcome (mortality and morbidity) and 
eventuall  functionality of affected upper limbs in patients who were referred 
forr diagnostic management with a clinical suspicion for deep vein thrombosis 
off  the upper extremity. Furthermore, the prevalence of known risk factors for 
deepp vein thrombosis was established. 

Methods s 
Consecutivee in- and outpatients with suspected deep vein thrombosis of the 
upperr extremity, who were referred for diagnostic work up between August 
19966 and March 2001, were eligible for inclusion into this study. The exclusion 
criteriaa were: age younger than 18 years, refusal of informed consent, patients 
treatedd in the intensive care unit, and those with distal forearm problems such 
ass hemodialysis shunts. The diagnosis was based on contrast venography or 
ultrasonographyy if contrast venography could not be performed. 
Ultrasonographyy was considered positive in case of visible thrombus and/or 
inabilityy to compress veins. Solitary flowr abnormalities with ultrasonography 
weree not considered sufficient evidence for the diagnosis of deep vein 
thrombosiss (1). Patients with proven upper extremity deep vein thrombosis 
weree treated with either intravenous heparin or low molecular weighted heparin 
forr a period of 5-7 days and a minimum of three months of Vitamine K 
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antagonistt dosed to prolong the INR between 2.0 and 3.0. At baseline 
demographicc details were obtained. 
Patientss were followed-up by inviting them to come to the outpatient department. 
Iff  patients did not respond to their invitation, the referring physician and general 
practitionerr were contacted and requested for further information. If patients 
weree unable to attend the outpatient clinic a standard questionnaire was completed 
byy telephone. Post-thrombotic syndrome symptoms were evaluated once after a 
minimumm period of 6 months, while mortality and recurrent events were assessed 
duringg a 53-month period. The study was approved by the Institutional Review 
Board.. All study patients gave informed consent. 
Thee main outcome measures consisted of total mortality, recurrent thrombotic 
eventss and a score of arm functionality. The functionality score was derived 
fromm the article by Brandjes et al., in which the post-thrombotic syndrome of 
deepp vein thrombosis of the leg was assessed (6). We adjusted this score to the 
upperr extremity (Table 1), and considered scores >3 as mild-to-moderate and 
>44 as severe post-thrombotic syndrome on a twelve-point maximum scale. 
Furthermore,, we requested a subjective quality of life response on a 0 - 100% 

Subjectivee criteria 

Symptom Symptom 

Painn in fore arm /hand 
spontaneously y 
withh movements 

Painn in upper arm 
spontaneously y 
withh movements 

Swollenn fore arm 
Swollenn upper arm 
Armm feels heavy 

Objectivee criteria 

ScoreScore Sign Score 

Venectasiaa 1 

Collateralss 1 
Phlebitiss 1 
Pigmentationn 1 

Impairmentt activities 

Totall  Score > J: mild-to-moderate PTS; Total Score > 4: severe PTS 
PTS== post-thrombotic syndrome 

Tablee 1: Scoring system for mild-to-moderate or severe post-thrombotic syndrome of the upper 
extremity y 

visuall  analogue scale in terms of recovery from the thrombotic event when 
comparedd to the situation prior to the event (17,18). The question that we 
askedd was: "On a scale ofO to 100, can you tell us to which extent your arm has 

62 2 



Follow-upp DVTUE 

recoveredd compared to the situation prior to your initial referral before the 
suspectedd arm vein thrombosis". 
Inheritedd thrombophilic risk factors for deep vein thrombosis were assessed, 
includingg traditional and newer risk factors. Patients were recalled for these 
bloodd tests after a minimum period of 6 months and following cessation of 
Vitaminee K antagonist. 
Antithrombinn activity (Coatest™, Chromogenix AB, Mölndal, Sweden) and 
proteinn C activity ("BerichroirT protein C, Behring, Marburg, Germany) were 
measuredd by a chromogenic substrate assay. The presence of the factor V and 
thee prothrombin mutation were assessed by polymerase chain reaction (19,20). 
Inn citrated plasma, total protein S antigen, protein S free antigen and protein C 
antigenn levels were measured by ELIS A (with reagents obtained from DAK.O, 
Glostrup,, Denmark). Protein C and antithrombin activity levels and protein S 
antigenn levels were expressed as percentage of the levels measured in pooled 
normall  plasma set at 100%. 

StatisticalStatistical Analysis 
Chii  squared tests were applied for comparing distribution of dichotomous data. 
Thee Mann-Whitney test was used to compare the medians of two independent 
groups.. The relation between time until events or censoring and baseline 
variabless was univariately explored by means of Kaplan-Meier survival plots 
andd formally statistically compared by the log-rank test. In all statistical tests, 
aa p-value of <0.05 was considered significant. 

Results s 
Fromm August 1996 to March 2001, 116 consecutive in- and outpatients were 
referredd with a clinical suspicion of deep vein thrombosis of the upper extremity. 
Thee clinical characteristics of the patients are described in Table 2. Of the 
initiallyy referred 116 patients with suspected DVT, 50 (43%) had the diagnosis 
confirmed,, 40 patients by venography and 10 patients by ultrasonography. 
Idiopathicc thrombosis, i.e. without an obvious risk factor, was present in 9 
patientss (18%). 
Malignancyy and/or central venous lines were present in 37 of the 50 (74%) 
patientss with thrombosis, whereas this was present in 29 of 66 (44%) patients 
withoutt thrombosis (Table 2, p= 0.001). 
Laboratoryy testing could be performed in 63 patients (37 patients died prior to 
testing,, while 14 patients refused and 2 patients were unable to undergo blood 
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Characteristics s 

Numberr of patients (Vl/F) 
Primaryy thrombosis 
Secondary'' thrombosis 
Meann age in years (range) 
Malignaney y 
Lines s 
Malignancyy and/or lines 
Thrombophiliaa abnormality 

Tola! ! 

1)66 (45/71) 

533 (18-92) 
544 (47%) 
355 (30%) 
666 (57%) 

10/633 (16%) 

DVTT proven 

500 (21/29) 
99 (18%) 

411 (82%) 
522 (23-86) 
300 (60%) 
255 (50%) 
377 (74%) 

6/300 (20%) 

DVTT excluded 

666 (24/42) 

544 (18-92) 
244 (36%) 
100 (15%) 
299 (44%) 

4/333 (12%) 

Tablee 2: Main clinical characteristics of 116 patients included into the study 

tests).. Thrombophilia abnormalities were diagnosed in 6 of the 30 tested patients 
(20%)) with proven thrombosis (Table 3), compared to 4 of 33 (12%) patients 
inn whom thrombosis was excluded (p=0.41). In 1 patient with proven thrombosis 
theree was a concurrent relationship with malignancy and central venous line. 

Mortality Mortality 
Fifty-twoo (45%>) of 116 patients referred for analysis died within 53 months, 
Thee majority of these patients died within the first 6-12 months. Nearly half of 
themm (25 patients) had an episode of deep vein thrombosis of the upper 
extremity.. Survival for patients without malignancy was significantly better as 
comparedd to patients with malignancy (p <0 .001). Adjustment for age did not 
changee these figures. Malignancy can be considered the main cause of death 
inn patients with deep vein thrombosis of the upper extremity (21/25=84%), 
whereass this was slightly smaller in the group of patients without thrombosis 
(17/27== 63%>)(p = 0.09). Patients with deep vein thrombosis of the upper 
extremityy had a median survival time of 665 days, while this was 774 days in 
thosee in whom thrombosis of the upper extremity was excluded (p=0.40). 
Mortalityy was slightly higher in patients with demonstrable thrombophilic 
abnormalities,, albeit that this difference was not statistically significant 
(p=0.48).. The presence or absence of central venous lines did not change the 
prognosiss in terms of mortality. 

RecurrentRecurrent events 
Recurrentt venous thrombosis of the upper extremity was diagnosed by 
venographyy in four of the 50 patients (8%) with a median recurrence time of 
1100 days (range 64-428). Three of them had a malignancy and died during 
follow-up.. None of them had an thrombophilic abnormality. Furthermore, 6 
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Bloodd test 

Prothrombinee mutation 
Factorr V mutation 
Antithrombinn activity 
Proteinn C activity 
Proteinn C antigen 
Proteinn S antigen (total) 
Proteinn S free portion ant 

Total l 

gen n 

Normall  value 

. . 
--

80-140% % 
70-120% % 
65-110% % 
65-108% % 
26-- 61 % 

numberr of patients 

 -

DV1 1 
n n 

prov v 
=30 0 

1 1 
3 3 
0 0 
n n 

0 0 
l l 
l l 

6 6 

Abnormal l 

en n 

Follow w 

value e 

-upp DVTUE 

DVTT excluded 
n n =33 3 

I I 
2 2 
0 0 
0 0 
0 0 
0 0 
1 1 

4 4 

n== number of patients tested, DVT = deep vein thrombosis 

Tablee 3: Thrombophilie risk factors investigated in patients suspected of deep vein thrombosis of 
thee upper extremity 

patientss had a previous history of upper arm deep vein thrombosis prior to 
inclusionn into the study. Two of them had an inherited risk factor (factor V, 
proteinn S deficiency). Another three patients were referred with a previous 
historyy of deep vein thrombosis of the leg, but upper extremity thrombosis 
wass excluded and no recurrent events were seen during follow-up. 

Post-thromboticPost-thrombotic syndrome and arm functionality 
Questionnairess to determine the severity of arm symptoms could be obtained 
inn 58 patients (50%). The scores were obtained at a mean of 18 months (range 
66 - 48 months) in 22 patients with proven thrombosis and at a mean of 20 
monthss (range 6-48 months) in 36 patients in whom thrombosis was excluded. 
Thee median scores were 0.0 (range 0 - 9) and 1.00 (range 0 - 9) for those with 
provenn and excluded upper extremity thrombosis, respectively (p=0.24). Three 
patientss were referred with a previous ipsilateral mastectomy with axillary 
clearance.. All three patients had thrombosis excluded and their symptoms were 
relativelyy severe. If we exclude these patients from the analysis, the median 
scoree of those without thrombosis remains 1.00 (range 0 - 9). Using a cut-off of 
33 points, post-thrombotic syndrome was likely to be present in 4 of 22 patients 
(18%)) with proven thrombosis, while similar symptoms and findings were 
recordedd in 14 of 36 patients (39%) in whomm thrombosis was excluded (p=0.1). 
Thee subjective question as to the level of recovery following the initial investi-
gationn at the time of inclusion showed a median of 100% and 98.5% for those 
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inn whom thrombosis was proven or excluded, respectively (p=0.52). Exclusion 
off  the three patients with previous mastectomy increased this last result from 
98.5%% to 100% (p=0.61). 

Discussion n 
Overr recent years deep vein thrombosis of the upper extremity is recognized 
ass an increasing clinical problem, parallel to the increased use of intravenous 
accesss lines for indications such as chemotherapy and intravenous feeding. 
However,, underlying risk factors and prognosis of deep vein thrombosis of the 
upperr extremity are virtually unknown. In this cohort we studied mortality, 
riskk factors, recurrent thrombosis and post-thrombotic syndrome in patients 
withh suspected upper extremity thrombosis. 
Inn the presented study, only hard evidence of thrombosis was used, and the 
incidencee of proven upper extremity thrombosis was over 40% of referred 
patients.. This is comparable to the prevalence found in a two other studies, 
whichh relied on contrast venography for the diagnosis of upper extremity 
thrombosiss (2,21). Malignancy and intravenous access lines were frequently 
encounteredd complicating factors in this cohort of patients. The present study 
showedd that cancer and/or lines were present in 74% of patients with proven 
thrombosis.. The prevalence of this particular risk factor is substantially higher 
thann described in the prospective study by Prandoni et al (2). Interestingly, in the 
studyy by Monreal et al. the prevalence of malignancy was lower while intravenous 
liness were much more prevalent (16). It would seem that the three patients 
populationss are quite different among these three studies. 
Thee outcome in terms of mortality was largely dominated by underlying 
malignancy.. Malignancy was more prevalent in patients in whom the diagnosis 
off  thrombosis was confirmed. Mortality was significantly higher than observed 
inn patients with pulmonary embolism or deep vein thrombosis of the leg, with 
mostt patients dying within the first 6 months (7,13,14,22). It may be that the 
cohortt who develop arm vein thrombosis are those with more advanced 
malignancyy or that these malignancies carry a worse prognosis than those 
observedd in patients who suffer pulmonary embolism or thrombosis of the leg. 
Ass can be expected, the presence of malignancy carries a very poor prognosis 
whenn compared to patients in whom another underlying risk factor was 
diagnosed. . 

Thrombophiliaa could be assessed in 54% of the present cohort. This was mainly 
duee to patients dying prior to testing. In those who were tested, generally 
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acceptedd risk factors were identified in similar numbers of patients with and 
withoutt proven thrombosis. This incidence was nearly half of that described in 
aa previously published study (2). However, we systematically assessed a series 
off  patients with thrombosis and a control group and could not find any 
significantt differences between patients in whom thrombosis was diagnosed 
andd those in whom the disease was excluded. To our knowledge, no previous 
studyy has been published, which included a control group when assessing the 
prevalencee of risk factors. Our data do not support a direct association between 
thee development of arm vein thrombosis and thrombophilia. 
Onee of the major sequelae of thrombosis is post-thrombotic syndrome, but 
onlyy two studies have addressed this in some detail. A retrospective study in 
1200 patients showed moderate pain restricting daily activity in 5 patients (4%) 
andd occasional arm swelling with mild discomfort in 26 patients (22%) (21). 
Onee prospective study found post-thrombotic sequelae after two years in four 
patientss (18%) (2). In the current study, we tried to use an objective scoring 
systemm that has previously been applied in leg vein thrombosis (6). Using this 
score,, a total of three patients (14%) showed severe post-thrombotic syndrome 
accordingg to this scoring system. One could argue that the scoring system 
appliedd to leg vein thrombosis should not be used for assessment of post-
thromboticc syndrome symptoms in patients with suspected deep vein thrombosis 
off  the upper extremity. However, the score was amended for the upper extremity, 
andd venous ulcers and circumference measurement were omitted. Patients 
presentingg with upper extremity symptoms appear to be more variable and the 
findingss would suggest that those with thrombosis did slightly better than those 
inn whom the diagnosis was rejected. Even correction of known conditions, 
suchh as lymphedema following axillary clearance, did not change the findings. 
Thus,, the scoring system has no discriminatory value in the determination of 
postt thrombotic syndrome of the upper extremity. 
Inn the group of patients in whom thrombosis could not be confirmed, a definitive 
diagnosiss was generally not made. Thus, patients with thrombosis received 
directedd (anticoagulant) therapy, whereass those in whom a diagnosis remained 
uncertainn did not. Thesee latter patients generally remained more symptomatic 
overr the follow-up period. The scoring system applied in this study may be 
usefull  to give objective evidence for the determination of severity of symptoms 
andd repeated evaluation could assist in the assessment of treatment effects. 
Severall  limitations of this study need to be addressed. The inclusion of patients 
wass initiated following referral for diagnostic imaging. Those patients who 
weree treated based on clinical findings alone could have influenced the cohort 
andd thus resulted in selection bias. In our hospital it is customary to refer all 
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symptomaticc patients for objective imaging. Thus, it is unlikely that this bias 
playedd a significant role. The exclusion criteria were influenced by pragmatic 
causes,, i.e. these patients would not be able to undergo contrast venography, 
weree too young or thrombosis was related to focal shunt thrombosis. Therefore, 
thee cohort seems to represent a consecutive group of patients, making the results 
validd in similar settings. 
Thee follow-up was initiated four years following the initial inclusion and start 
off  the study. This has the obvious risk of patients being lost to follow-up with 
thee introduction of recollection or selection bias. Many patients died within 6 
monthss of inclusion into the study. Hospital records were available in virtually 
alll  patients with malignancy, giving the date of death and the most likely cause. 
Recurrentt events were more difficult to record, especially if patients were 
discharged.. Thus, the 8% recurrence rate of thrombotic events during the study 
iss likely an underestimation of the true incidence. 
Thee present study shows the importance of upper extremity thrombosis in a 
teachingg hospital setting. Malignancy and intravenous lines are frequent 
complicatingg factors, of which malignancy carries a poor prognosis. The 
findingss in this study do not support an association between thrombophilia 
andd deep vein thrombosis of the upper extremity as shown in leg vein thrombosis 
orr pulmonary embolism. Post-thrombotic syndrome is a frequent long-term 
sequela,, but the use of an objective score cannot discriminate between post-
thromboticc syndrome symptoms and other causes. 
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Abstract t 
Purpose:Purpose: To assess the feasibility and accuracy of two Magnetic Resonance 
venographyy (MRV) methods in a consecutive series of patients with suspected 
deepp vein thrombosis of the upper extremity (DVTUE). 

MaterialsMaterials and methods: Consecutive in- and outpatients who were referred 
forr imaging of suspected DVTUE in a large teaching hospital during the period 
Aprill  2001 to October 2002 were eligible for inclusion. Ail patients were 
scheduledd to undergo contrast venography with the intention to perform 
additionall  MR venography. Both time-of-flight (TOF) and gadolinium-
enhancedd 3D MR venography were scheduled. All MR imaging were interpreted 
independentlyy by consensus of two experienced radiologists, who were blinded 
forr contrast venography outcome. Patients were managed based on contrast 
venographyy only. 

Results:Results: A total of 44 patients were eligible for inclusion. Thirteen patients 
weree excluded (5 refused consent, 2 inability to gain venous access, 2 renal 
failure,, 4 logistic reasons). Contrast venography was performed in 31 patients, 
andd demonstrated DVTUE in 11 patients. MR imaging was not feasible in 10 
patientss (4. unable to lie flat, 3 claustrophobia, 1 too large for MR scanner, 1 
osteosynthesiss of shoulder, 1 pacemaker), for a rate of 32%. The sensitivity 
andd specificity of TOF MRV versus Gadolinium 3D MRV was 71% and 89% 
versuss 50% and 80%, respectively. 

Conclusions:Conclusions: Ahigh number of patients were unable to undergo MR venography 
inn this setting. Contrast-enhanced MRV did not improve diagnostic accuracy. 
Thee clinical utility of MR venography in the setting of suspected DVTUE 
seemss disappointing. 
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Introduction n 
Deepp vein thrombosis of the upper extremity (DVTUE) is an increasingly 
commonn clinical problem (1). This is largely related to the use of (long-term) 
indwellingg catheters, such as those required for chemotherapy and intravenous 
feedingg (2). The clinical diagnosis is unreliable, and objective tests are required. 
Att present, contrast venography is the reference method (3). 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 (4-6). More recently, 
bothh non-enhanced and contrast-enhanced MR venography are under 
developmentt (7-9). This drive is largely due to the difficulties encountered 
duringg conventional venography, such as inaccessibility of the venous system 
andd the use of ionising radiation and nephrotoxic contrast material. 
MRR venography has a potential role in the imaging of the venous system of the 
upperr extremity. Obviously, MRI does not require ionising radiation, while 
contrastt effects can be obtained through sequence techniques or the application 
off  non-nephrotoxic contrast media. Recently, two publications demonstrated 
goodd results for imaging of the forearm using time-of-flight MR venography 
andd flow-interrupted contrast-enhanced MR angiography in hemodialysis 
accesss imaging, respectively (8,9). However, the use of MR venography for 
suspectedd DVTUE has been poorly evaluated and consists largely of case reports 
orr small series (10-14). 
Thee present study was performed to evaluate the feasibility of MR venography, 
usingg a non-contrast technique and a contrast enhanced technique, in 
consecutivee patients with suspected DVTUE. Contrast venography was used 
ass the reference standard and for the management of these patients. 

Materialss and Methods 
Duringg the period April 2001 to October 2002, all patients who were referred 
forr diagnostic work-up of suspected DVTUE were eligible for inclusion. 
Patientss underwent the routine diagnostic procedure (contrast venography) for 
theirr management planning. Following contrast venography, patients were 
scheduledd to undergo MR venography (see below). Exclusion criteria for the 
studyy consisted of refusal of informed consent, age less than 18 years, inability 
too gain intravenous access and renal failure (defined as plasma creatinine > 
1200 nmol/L). The study was approved by the local research and ethics 
committee,, and written informed consent was obtained in all patients. 
MRR venography was planned during normal working hours within 48 hours 
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followingg contrast venography. All patients were intended to undergo time-of-
flightt (TOF) MR venography followed by gadolinium-enhanced 3D MR 
venography.. Imaging was performed on a 1.5T clinical MR system (Signa 
1.5T,, GE Medical Systems, Milwaukee, WI) using a body array radiofrequency 
coill  (Torsopa, GE Medical Systems, Milwaukee, WI). Table 1 gives a summary 
off  the sequences employed for TOF MR venography and Gadolinium-enhanced 
3DD MR venography. Gadolinium-enhanced 3D MR venography was performed 
followingg a bolus injection of 20 ml gadopentetatc dimeglumine (Magnevist, 
Schering,, Berlin, Germany) with the aid of a power injector (Spectris, Medrad, 
Berlin,, Germany) at a rate of 2 ml/s, followed by a saline flush of 10 ml. A 
subtractionn method has been used, which required an initial series to obtain a 
mask,, followed by three subsequent series. Subsequently, maximum intensity 
projectionn reconstructions were obtained. 

Tablee 1: Sequences used for 2D-TOF and 3D-Gd-enhanced MR venography (GE Signa 1.5T) 

Parameter r 

TE E 
TR R 
Flipp angle 
Bandwidth h 
Fieldd of view 
Thickness s 
Matrix x 
Nex x 
Coil l 

2DD TOF 
Spoiledd Gr. Echo 

7.99 ms 
233 ms 

65 5 
15.63 3 

422 cm 
2.00 mm 
256x192 2 

1.5 5 
bodyy array 

3DD Gd-enhanced 
Fastt Spoiled Gradient Echo 

1.66 ms 
6.11 ms 

35 5 
31.25 5 
300 cm 

3.00 mm* 
256x192** * 

1 1 
bodyy array 

**  Number of phase encodings in the 3D direction: 64, reconstructed to 126. **  Reconstructed to 
5!!  22 matrix. Both sequences were sagitally planned on a coronal localizer image. 

Alll  MR images were interpreted on a workstation through consensus reading 
byy two experienced radiologists, who were blinded for contrast venography 
outcome.. The TOF and 3D MR images were evaluated independently. The 
radiologistss were asked to score the diagnostic quality of the examinations on 
aa four-point scale: excellent, good, fair and poor. Subsequently, the radiologists 
weree forced to give a result of positive for DVTUE, negative for DVTUE or 
non-interpretable.. The diagnostic accuracy of the two MR techniques was 
assessed.. Also the sensitivity and specificity of both techniques were compared 
usingg the Fischer's exact test. 
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Results s 
Duringg the study period, 44 consecutive patients were eligible lor inclusion. A 
diagnosticc flow diagram of the included patients is shown in figure 1. Thirteen 
patientss were excluded for the following reasons: refused consent (5), inability 
too gain venous access (2), renal failure (2), logistic reasons (4). Thus, the study 
populationn consisted of 31 patients (17 men and 14 women) with a mean age of 
422 years (range 19-85 years), in whom contrast venography was obtained. Contrast 
venographyy demonstrated DVTUE in 11 patients for a prevalence of 35%. 
MRR imaging was not feasible in 10 patients (32%) as a result of the following 
reasons:: 4 patients were unable to lie flat, 3 patients were too claustrophobic, 
onee patient was too large to fit into the MR scanner, one patient had previous 
osteosynthesiss of the affected shoulder, and one patient had a pacemaker in situ. 

utivee patients 

Excluded:: 13 
noo consent: 5 

logistic:: 4 
ssi'kidneyy dysfunction: 4 

311 patients Contrast Venography 

MRR contramdicated: 10 
unablee to lie flat: 4 
claustrophobic:: 3 

pacemaker,, osteosynthesis 
andd adipositas: 3 

211 patients MR Venography 

I I 
18TOFsequenc c 177 3D-Gd enhanced 

22 indeterminate 11 indeterminate 

DVTUEE present: 6 | DVTUEE absent: 10 DVTUEE presents 

Venogramm thrombus: 5 

DVTUEE absent:11 

II ~ 

Thrombus:: 3 

Thrombuss absent: 1 Thrombuss absent: Thrombuss absent: 2 

Figuree I: Flowdiagram of 44 patients with suspected deep vein thrombosis of the upper extremity 
(DVTUE). . 

Off  the 21 patients who could undergo MR imaging, contrast venography 
demonstratedd DVTUE in six patients (29%). Three only underwent contrast-
enhancedd MR venography, four underwent only TOF MR venography and 
fourteenn underwent both MR methods. 
Twoo of the TOF examinations and one of the contrast-enhanced investigations 
weree inconclusive due to very poor quality. Of the remaining investigations, 
TOFF images were assessed good or excellent in 5 patients and poor to fair in 
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111 patients. For Gadolinium-enhanced images, 13 investigations were judged 
too be of good to excellent quality and 3 were of inferior quality. 
Thee diagnostic accuracy parameters of the two tests, in comparison with the 
referencee method (contrast venography) are shown in Table 2. For TOF MR 
venography,, the sensitivity and specificity was 71 % and 89%, respectively. 
Thee sensitivity and specificity of 3D Gadolinium-enhanced MR venography 
weree 50% and 80%, respectively. These differences were not significant for 
bothh sensitivity and specificity (p=0.60 and p=l .00 respectively). 

Tablee 2: Comparison of two MR venography techniques versus contrast venography 

Contrastt venography 

DVTUE E 
Present t 

5 5 
2 2 

DVTUE E 
Absent t 

1 1 
8 8 

TOFF MR venography DVTUE present 
DVTUEE absent 

Gdd MR venography DVTUE present 3 2 
DVTUEE absent 3 8 

TOFF MR venography: sensitivity 71%, specificity 89%, ppv 83%, npv 80% 
Gdd MR venography: sensitivity 50%o, specificity 80%, ppv 60%, npv 73% 

DVTUEE = deep vein thrombosis of the upper extremity 
TOFF MR = time-of-flight 2D Magnetic Resonance 
Gdd = Gadolinium enhanced 
ppvv = positive predictive value 
npvv = negative predictive value 

Discussion n 
MRR venography has been suggested as potentially interesting for the imaging 
off  the deep venous system of the upper extremity. However, the current results 
castt doubt on the clinical value in the setting of suspected DVTUE. Several 
potentiall  reasons for our poor results may be evident. 
First,, approximately one-third of our patients were unable to undergo MR 
imagingg for a variety of reasons, especially in relation to patient dependent 
reasonss such as claustrophobia and obesity. Obviously, this high failure rate 
negativelyy influences the potential impact that this investigation may have on 
clinicall  management. Conversely, the failure rate of contrast venography is 
generallyy in the order of 13%, i.e. a factor 3 lower (5). 
Second,, although the TOF MR images were deemed of lesser quality compared 
too the 3D Gadolinium-enhanced MR venography, the diagnostic accuracy of 
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TOFF was slightly better. This apparent discrepancy can partly be explained by 
thee smaller field-of-view used with the Gadolinium-enhanced technique. This 
resultedd in several thrombi that were detected outside the field-of-view, which 
weree seen both at venography and at TOF MR imaging (figure 2). 
Third,, maximum intensity projections used with Gadolinium-enhanced MR 
venographyy caused problems due to the difficulty of determining How artefacts 
fromm true filling  delects (figure 3). We used a bolus injection of Gadolinium 
intoo the affected venous system. How ever, in a recent editorial it was suggested 
thatt prolonged inflow of diluted contrast material, so called direct approach, 
couldd result in improved images of the venous system, partially due to the 
increasedd time of contrast opacification and superior contrast-to-noise ratio 
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(15).. The use of diluted contrast MR venography deserves further investigation 
inn a prospective study in patients with suspected DVTUE. Similarly, the use of 
bloodd pool agents could be of potential interest (16). 
Finally,, the MR imaging sequences used relatively standard settings, resulting 
inn prolonged imaging times. An alternative could be to employ fast sequences 
whichh give time-resolved angiographic information, such as parallel imaging 
techniquess or radial sequences (17-20). Furthermore, one could employ a direct 
thrombuss imaging technique with direct clot imaging without the need for 
intravenouss contrast, such as described in assessment of patients with suspected 
deepp leg vein thrombosis and pulmonary emboli (21, 22). 
Inn conclusion, the current techniques of MR venography are poorly suited in 
thee population of patients with suspected deep vein thrombosis of the upper 
extremityy and cannot replace standard venography. This is not only due to 
technicall  issues, but also due to poor feasibility in this patient group. Different 
techniquess may be of interest, and their use should be explored. 
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Chapter__ 1_ 

Abstract t 
Purpose:Purpose: We report our technique and results of percutaneous mechanical 
thrombectomyy in a consecutive series of 8 patients with massive pulmonary 
embolismm (PE). We also discuss the possible role of mechanical PE thrombectomy. 

Methods:Methods: 8 consecutive patients with acute massive PE, with or without 
hemodynamicc impairment, were treated with mechanical thrombectomy. We 
usedd a modified 7 Fr hydrolyser catheter. The treatment was combined with 
systemicc fibrinolysis. 

Results:Results: From the logistic and technical point we encountered no problems. 
Alll  patients showed significant improvement while still in the angiography 
suite.. There were no bleeding complications and no other events related to the 
procedure.. Despite the clinical improvement, one patient died shortly after the 
proceduree from cardiac failure. In all patients there was an acute increase in 
P022 to normal values. Only a mean of about 50% of all local thrombus could 
bee removed (range 30% -80%). The mean pulmonary arterial pressure (PAP) 
pre-interventionn decreased only minimal from 42,5 mmHG to 36,3 mmHG 
post-interventionn (not significant). In three patients the PAP continues to remain 
highh at follow-up. 

Conclusion:Conclusion: The most important feature of mechanical thrombectomy for 
massivee PE is immediate improvement of cardiac output, P02 and clinical 
situation,, to overcome the first critical hours after massive PE. The amount of 
thrombuss reduction seems not to be an important parameter. 
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Introduction n 
Massivee pulmonary embolism (PE) is associated with a poor outcome due to 
rightt ventricular failure, hypotension and shock (1 -3). There is evidence that a 
reductionn of the embolic mass leads to a decrease in pulmonary arterial pressure 
andd an increase in cardiac output (4). To obtain this reduction, systemic 
thrombolysiss is currently the therapy of choice. Thrombolytic therapy can 
inducee a reduction of 30% in mean pulmonary arterial pressure (PAP) and an 
increasee of 15% in cardiac index two hours after treatment institution (4). A 
significantt decrease of mean right ventricular end diastolic area has also been 
recordedd three hours after treatment (3). 
Withh sustained thrombolytic therapy, 80% increase in cardiac index and 40% 
decreasee in pulmonary artery pressure can be obtained within 48 hours (5). 
Theree is no direct fibrinolytic effect from heparin in patients with PE, therefore 
heparinn gives no reduction of the embolic burden and no change in pulmonary 
pressuree or cardiac index (5-6). Reduction in pulmonary artery obstruction of 
12%% and 35% were seen at 2 and 24 hours, respectively, after 100 mg of Rt-
PA,, whereas heparin did not show any significant early reduction (3). At 1 
week,, however, the reduction in vascular obstruction for heparin and 
thrombolysiss was similar (4,7). This indicates that an early and fast decrease 
off  pulmonary obstruction preceding standard heparin treatment may prevent 
earlyy right ventricular failure, hypotension and shock, and thus be beneficial 
forr the outcome of massive PE (8). 
Onee of the hazards of systemic thrombolytic therapy is the associated 
haemorrhage,, which has been reported in 14% of patients receiving thrombolysis 
forr severe PE (9,10). Based on the available data, there is a survival benefit from 
thrombolyticc therapy in patients with massive PE and cardiogenic shock or 
hypotension,, and this may also be true for patients with right ventricular failure. 
Recentt publications have reported the use of mechanical thrombectomy devices 
forr debulking of the pulmonary artery obstruction to obtain an instant flow 
improvementt with subsequent clinical improvement (11-14). The advantages 
off  applying a mechanical thrombectomy device to treat massive PE are the 
samee as for other target areas where these devices have proven their 
effectiveness:: fast restoration of flow, and minimising the risk for bleeding 
complications.. We describe our experience in 8 patients with massive PE using 
aa PE-modification of the Hydrolyser catheter (Cordis, Roden, The Netherlands) 
inn combination with Urokinase locally or a single local bolus of systemic Rt-PA. 
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Methods s 
PatientPatient population 
Patientss with massive symptomatic PE, defined as reduction of perfusion by 
moree than 90% in one lung or an occlusion of the one main pulmonary artery as 
detectedd on VQ scan with or without hemodynamic impairment, were included. 
Thee study was approved by the local medical ethics committee of our institution. 
Overr a period of 24 months, a series of 8 patients, 6 female and 2 male with a 
meann age of 46 years (28 -76 years) and clinical signs of acute massive PE, all 
confirmedd on VQ-scan, were referred for mechanical thrombectomy. In 5 patients 
theree was a unilateral occlusion of the left pulmonary artery with minimal or no 
floww on the VQ-scan, and no flow on the pulmonary angiography (figure 1). 
Threee patients presented with a partial occlusion. All of these 8 patients had 
severee dyspnea with reduced P02, and 5 were also hemodynamically impaired. 
Thee time of onset of clinical signs varied between > 3 days in our first patient to 
lesss than an hour in the other patients. One patient had a previous history of PE, 
11 patient had a family history of fatal PE, and 1 was known with thrombophylia. 

MechanicalMechanical thrombectomy 
Thee device which was used in all but one patient is a modification of a previously 
describedd thrombectomy catheter (15). In brief, this device functions on the 
principless of the Venturi-effect by creating a vortex for passive thrombus 
removall  through suction and recirculation. The device is powered by a standard 
mechanicall  contrast injector filled with saline. The original device (Hydrolyser, 
Cordis,, J&J, Roden, the Netherlands) is commercially available and has been 
reportedd to be effective and safe for the treatment of acute thrombosis, both in 
peripherall  and coronary arteries and in dialysis fistulae (16-18). The PE-
Hydrolyserr is a 7 Fr, 100 cm long, pre-shaped catheter with a fixed pigtail-
curvee on the tip (fig 2b). The main difference with the standard Hydrolyser is 
thee fixed pigtail-curve and that the PE-modification is not "over the wire". 
Thee latter is due to the pigtail tip, which has no connection to the lumen of the 
catheter.. In one patient we used a standard thrombectomy device, the Oasis ® 
(( Boston Scientific), because the custom made PE-hydrolyser was not available. 

Technique Technique 
Afterr diagnosis of PE, which can be done either by VQ scan or transoesophageal 
ultrasound,, pulmonary angiography is performed and the PAP recorded (fig 
la).. All our patients had a diagnostic VQ-scan. When an immediate diagnostic 
optionn is not available, the patient should be transported to the intervention 
roomm as soon as possible. 
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a a 

d d 

Figuree 1. Patient with massive PE of the left lung: (a) Massive PE of the left lung; (b) result after 
treatmentt with the PE-hydrolyzer, with residual thrombus: (c) A-P \ iew one week postintervention, 
withh minimal residual thrombus; (d) oblique view one week postintervention 

Thee diagnostic catheter is exchanged for an 80 cm long 9 Fr multipurpose, 0.088 
inchh inner-lumen, marker-tip guiding catheter (Cordis, J&J, Miami. Fl, USA). 
Thee tip of this catheter is positioned at the origin of the affected pulmonary 
arteryy (fig 2a). A bolus of 5000 IU heparin is then administered. The PE-
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Figuree 2. (a) 9 French catheter at the origin of the left pulmonary artery, (b) PE-hydroIyzer, through 
thee guiding catheter, distal in the left pulmonary artery. 

Hydrolyserr is introduced, without guide wire, through a hemostatic valve into 
thee guiding catheter and advanced until the tip of the PE-Hydrolyser is positioned 
justt above the thrombus. The catheter is activated with the injection of saline by 
thee power injector, which is set at 4 ml/sec and 750 psi. A maximum of 150 ml 
perr mn is given. During each run the catheter is slowly moved downwards through 
thee thrombus in the main pulmonary artery, while rotating manually (fig 2b). 
Thee activated catheter is both advanced and pulled back. After 2 runs (combined 
forwardd and pullback) the result is established with angiography. When the main 
branchh is free of thrombus, the pigtail-tip can be cut, to enter the smaller site-
branches.. When after 2 additional consecutive runs no further improvement is 
detected,, the procedure is finished (fig lb). Again pulmonary arterial pressure is 
recorded.. The diagnostic catheter is then positioned in the remaining thrombus, 
throughh which a single bolus of 8,000 IU/kg Urokinase is administered. The 
sheathh can be removed immediately or after 3 hours. 
Subsequently,, the patient is treated with standard systemic heparin according 
too the local protocol for all patients with PE, which aims for a APTT 
prolongationn of 1.5-2 times the baseline value (usually in the range of 60-90s). 
Controll  pulmonary angiography is performed after 1 week, before hospital 
dischargee (fig lc-d). 
Afterr 5 patients we changed the protocol, to give 100 mg Rt-PA i.v., immediately 
afterr the diagnosis of massive PE was made, and not after the procedure. This 
forr ethical reasons to overcome a possible time-delay between the diagnosis 
timee and the start of the standard therapy (Rt-PA) 
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Angiography y Hemodynamicc Mean Residual Mean 
PAP-pree Thrombus PAP-post 

Ptt 1 Severe PH left lung Stable 18 mmHg 70% Unchanged 
Ptt 2 Occlusion left pulmonary Unstable 58 mmHg 30% Unchanged 

artery y 
Ptt 3 Occlusion left Pulmonary Unstable 64 mmHg 50% 42 mmHg 

artery y 
Ptt 4 Occlusion left Pulmonary Stable 28 mmHg 60% Unchanged 

Brtcrv v 
Ptt 5 Occlusion left Pulmonary Unstable 38 mmHg 20% 16 mmHg 

artery y 
Ptt 6 Severe bilateral PF, Unstable 22 mml Ig 50% unchanged 
Ptt 7 Occlusion left Pulmonary Unstable 38 mmHg 40% 32 mmHg 

artery y 
Pt88 Severe bilateral PR Stable 74 mmHg 70% Unchanged 

Tablee I. Characteristics of patients with massive pulmonary embolism treated 
thrombectomv v 

Mean n 
PAPP at 3 months 

Nott measured 
366 mm Hg 

Patientt died 

Nott measured 

133 mmHg 

288 mmHg 
Nott measured 

688 mmHg 

withh mechanical 

Results s 
Positioningg of the 9 Fr guiding catheter, over a stiff 0.035 inch guide wire, in 
thee pulmonary artery required less than ten minutes in all patients (Table 1). 
Onee patient (pt 1) with a history of more than 2 weeks and subtotal pulmonary 
arteryy occlusion who was hemodynamically stable, only about 20-30% 
thrombuss was removed. Nonetheless, this patient experienced instant 
improvementt of dyspnea, which was substantiated by an increase in P02. The 
PAPP was not elevated at the beginning of this procedure. The follow-up was 
uneventful.. In retrospect and after takingg into consideration the inclusion criteria, 
wee are now of the opinion that this patient should not have been included in 
thiss study. Patient 3, a 76-years old female in the ICU, 3 weeks after cardiac 
bypasss surgery, with respiratory support, maintained a severe forward failure 
despitee maximum hemodynamic stimulation. Her condition decreased acutely 
afterr an episode of PE. After mechanical thrombosuction there was an instant 
andd significant improvement of the PAP, and improvement of the systemic 
bloodd pressure during the first 2 hours after the intervention. Despite the overall 
improvement,, the patient died 4 hours later of cardiac failure. The other patients 
alsoo showed significant clinical improvement, evident immediately after the 
proceduree while still in the angio suite. In all patients there was an acute increase 
inn P02 to normal values immediate after the procedure despite the fact that 
onlyy a mean of about 50% of all local thrombus could be removed (range 30% 
-80%)) with mechanical thrombectomy (all with 3L 02 through nasal tube).There 
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wass no relation between the amount of thrombus removed, as estimated on the 
angiography,, and the clinical improvement. The mean PAP pre-intervention 
decreasedd only minimal from 42,5 mm HG to 36,3 mm HG post-intervention 
(nott significant). There were no bleeding complications and no other events 
relatedd to the procedure. All successfully treated patients were released from 
thee hospital 1 week after the intervention on oral anticoagulation. Four patients 
weree seen at 3 months for control angiography. In three the PAP continues to 
remainn elevated although the angiography showed good restoration of perfusion 
withh only minimal residual perfusion defects. 

Discussion n 
Massivee PE is associated with a mortality rate of more than 10% in the first 
hourr (19). Especially patients with pre-existing decreased cardiac function are 
att great risk of not surviving even a sub-total pulmonary occlusion. One study 
showedd 100% mortality if thrombolytic therapy was withheld in patients with 
massivee PE and cardiogenic shock (8). 
Afterr the first two hours of thrombolysis a slow decrease in PAP but a fast 
increasee in cardiac index was reported (3). In our experience with the PE-
Hydrolyser,, we also observed a slow decrease in PAP, despite the restoration 
off  flow and more than 50% debulking of obstructing material in most cases. 
Thiss indicates that the PAP is mainly dependent on the patency of the smaller 
peripherall  vessels in the lung. Furthermore, this may also explain the further 
limitedd decrease of PAP at follow-up. This may also raise a question whether 
mechanicall  thrombectomy gives a poorer long term response than thrombolysis. 
Moree follow-up data are needed to answer this question. By debulking and 
subsequentt restoration of flow, the cardiac output will increase, and therefore 
improvee the hemodynamic status of the patient in hemodynamic shock. The 
amountt of debulking and in this way the initial success probably also depends 
onn the age of the embolic material. However, there is no way to determine the 
agee of the embolic load in massive PE. The rationale of treating massive PE 
withh mechanical thrombectomy is the conversion of a massive or total occlusion 
off  one lung into a case of serious PE, i.e. a high possibility VQ scan. And the 
latterr can, as suggested in a recent review; best be treated with heparin (20). It 
iss only when one analyses the overall therapy that the greatest benefit for the 
usee of mechanical thrombectomy is realised to be in the first hours, because 
vascularr obstruction is the main cause for decreased cardiac index. Therefore, 
whenn only fibrinolytic therapy is used hemodynamic or even mechanical life 
supportt in patients with massive pulmonary embolism has to be maintained 
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untill  systemic thrombolysis is effective. Systemic thrombolysis starts to shows 
ann effect within 2 hours. However, the final outcome is only seen 24-48 hours 
afterr the start of the fibrinolytic therapy. 
Onee of the hazards of systemic thrombolytic therapy is bleeding complications, 
whichh have been reported in approximately 15% of patients receiving 
thrombolysiss for massive PE (9,10). The most used drug regimens are 100 mg 
off  RtPA during 2 hours or 4,400 IU/kg/h Urokinase during 12 to 24 hours. For 
Urokinasee this will lead to an average dose of at least 300,000 iU/h and a total 
dosee of 3.6 and 7.2 million IU at 12 and 24 hours, respectively. The high cost 
off  this therapy is another issue, which is due not only to the price of the 
thrombolyticc drug but also to the high-care nursing mandatory for these patients 
receivingg systemic fibrinolysis. The advantages of the mechanical concept are 
ann expeditious result and minimal risk for bleeding complications. In an 
emergencyy situation, which is often the case with massive PE, a catheter-based 
techniquee also has the advantage of securing an accurate diagnosis followed 
byy a dedicated, fast acting therapy. 
Surgeryy is still sometimes described as a first choice emergency treatment. 
Thee drawbacks are, however, that it is only available in dedicated hospitals 
andd that it is very invasive with an uncertain outcome (2). Mechanical 
thrombectomy,, on the other hand, is an easy endovascular technique, performed 
inn many radiology departments for indications such as thrombosed dialysis 
fistulae.fistulae. There is, as with all currently available devices, a limitation for 
mechanicall  thrombectomy in PE due to the diameter of the pulmonary artery. 
Mostt devices have a maximum suction radius of 10 mm, while the pulmonary 
arteryy has a diameter exceeding 10 mm. To overcome this dimensional 
discrepancy,, the special PE-Hydrolyser was designed. The function of the 
additionall  pigtail-tip is probably fourfold: firstly, it will prevent the Hydrolyser 
fromm moving downward through the thrombus by a predetermined path of 
leastt resistance. The latter means that the Hydrolyser would otherwise only 
havee a "Dotter-effect", creating a narrow catheter channel, without effectuating 
actuall  thrombectomy. Secondly, the diameter range for thrombosuction with 
thee standard 7 Fr device is normally only 10 mm, however, as a result of the 
pigtail-tipp the device will move more randomly through the thrombosed 
pulmonaryy artery and therefore have increased thrombus contact. Thirdly, the 
pigtaill  will prevent undesired access of the Hydrolyser into small, mostly 
unaffected,, pulmonary branches. Fourthly, during catheter pullback the 
thrombuss will be directed towards the suction nozzle by the pigtail-tip, hence 
increasingg actual thrombus removal through suction. In-vitro tests have shown 
thee benefit ofthe pigtail concept (21). And when the main branch is treated the 
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pigtail-tipp can be cut, to treat the smaller site-branches. 
Whichh of the currently available mechanical thrombectomy devices is the most 
appropriatee for the treatment of massive PE? There is insufficient data to make 
suchh a choice for any device because the cases published are too anecdotal. 
Yet,, to perform a study will be very difficult because the patients who survive 
massivee PE, and who are suitable candidates for this treatment, are encountered 
onlyy a few times a year in a larger hospital. Since most available devices have 
demonstratedd their effectiveness in other situations with comparable outcomes, 
aa registry of cases of patients with massive PE, treated with any of the available 
devices,, will give more information about the truee place of this therapy within 
ourr current armamentarium. In our limited experience, we have shown that 
mechanicall  thrombectomy with the PE-Hydrolyser for massive PE is feasible, 
withh good and instant clinical success. There were no complications during 
thiss initial experience. The main window of opportunity for this therapy is 
probablyy within the first hours of the event, to instantly treat the circulation 
blockage.. Therefore, for further implementation of this therapy, next to 
experience,, logistics may also play a crucial role. 
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Summary y 
Thiss thesis aimed to study the current diagnostic modalities that may be 
employedd for diagnosing or excluding deep vein thrombosis of the upper 
extremityy (DVTUE), to study the longterm follow-up of these patients and to 
studyy the technique of mechanical thrombectomy as an alternative treatment 
inn patients with life threatening pulmonary embolism. 

Inn chspt OO t l - , inicall  background of DVTUE and the imaging modalities that 
mayy be employed were reviewed. Furthermore possible treatment options and 
differentt outcome status of patients with upper extremity thrombosis were described. 

Inn chapter 3 a consecutive series of 99 patients, suspected of having DVTUE, 
underwentt both duplex color ultrasonography (DCUS) and digital subtraction 
venography.. Sensitivity and specificity of DCUS was both 82% as compared to 
venography.. Only a visible thrombus or lack of compression of the visible veins 
iss reliable for the presence of DVTUE, however isolated flow abnormalities are 
nott conclusive and therefore contrast venography has to be performed in such 
cases.. We conclude that DCUS can be used as the initial diagnostic tool in the 
assessmentt of DVTUE. 

Chapterr 4 describes the diagnostic reproducibility of digital subtraction 
venographyy in a consecutive series of 54 patients with clinically suspected 
DVTUE.. This study shows that high intra- and inter-observer agreement can 
bee obtained with the use of venography in this patient population. However a 

Figuree 1: Diagnostic pathway deep vein thrombosis of the upper extremity (DVTUE) 

Clinicall suspicion of DVTUE 

Venographyy -

Follow-up p 

! ! Venographyy

DCUS* * 
Solitaryy flow abnormalities 

Venographyy contra-indicated 

DCUSS (5 days)- DCUS (5 days)
Optional:: MRV Optional: MRV 

Follow-up p 

DCUS* * 
Visiblee thrombus/ 

compressionn impossible 

**  Optional before treatment: cxr-thorax; CT is mandatory with suspected pulmonary embolism 
DCUSS = duplex color ultrasonograph). MRV = magnetic resonance venography. 
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learningg curve should be expected in those radiologists who do not perform 
vascularr studies on a daily basis. We concluded that digital subtraction 
venography,, although not perfect, is still the reference standard in diagnostic 
assessmentt in patients with suspected deep vein thrombosis of the upper 
extremity.. Figure 1 describes a diagnostic pathway for patients suspected of 
havingg DVTUE. 

Inn chapter 5 the results were described of long term follow-up of patients 
suspectedd of having thrombosis of the upper extremity to assess mortality, risk 
factors,, recurrent loco-regional thrombosis and post-thrombotic syndrome. 
Malignancyy can be considered the main cause of death in patients with deep 
veinn thrombosis of the upper extremity, whereas this was slightly smaller in 
thee group of patients without thrombosis (not significant). 
Thee study confirmed the widely held opinion that malignancy and central venous 
liness are major risk factors for upper extremity thrombosis. However, in 
contradictionn with deep leg vein thrombosis, the presence of inherited 
thrombophiliaa does not seem to play a significant etiological role in upper 
extremityy thrombosis. Recurrent thrombosis was seen in 8% of patients during 
thee time of follow-up. Post-thrombotic syndrome was present in 18% patients 
withh thrombosis. Surprisingly in 39% of patients in whom thrombosis was 
excluded,, similar symptoms were present during the follow-up period. A scoring 
systemm can be used to assess the severity of post-thrombotic syndrome, but it 
doess not discriminate for other causes of arm complaints. 

Inn chapter 6 a consecutive study was performed in patients with suspected 
DVTUEE to evaluate the feasibility of MR venography, using a non-contrast 
techniquee and a contrast enhanced technique, compared with the reference 
standardd contrast venography . 
Accuracyy of both non-enhanced and contrast-enhanced MR venography were 
inadequate.. The current clinical utility of MR venography in the setting of suspected 
DVTUEE seems disappointing. Newer techniques for the diagnosis of this disorder 
aree under evaluation, and the results of these studies are eagerly awaited. 

Inn chapter 7 a consecutive series of 8 patients with massive pulmonary emboli 
whoo underwent mechanical thrombectomy has been described. The most 
importantt feature of mechanical thrombectomy for massive pulmonary emboli 
iss immediate improvement of cardiac output, P02 and clinical situation, to 
overcomee the first critical hours after massive pulmonary emboli. The amount 
off  thrombus reduction seems not to be an important parameter. 
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Inn dit proefschrift worden een aantal aspecten, zoals diagnostiek, etiologie, 
behandelingg en prognose van armvenetrombose beschreven. 

Inn hoofdstuk 2 wordt een overzicht gegeven van de klinische achtergrond van 
armvenetrombosee en de beeldvormende modaliteiten die voor diagnostiek 
kunnenn worden aangewend. Verder worden mogelijke behandelingen en de 
gevolgenn van armvenetrombose voor de patiënt op korte en lange termijn 
beschreven. . 

Inn hoofdstuk 3 wordt in een prospectieve studie bij 99 opeenvolgende patiënten 
kleurenn duplex echografie en digitale subtractie venografie met elkaar vergeleken. 
Zowell  de sensitiviteit en de specificiteit voor echografie in vergelijking met 
"goudenn standaard" venografie bedraagt 82%. Alleen een zichtbare trombus of 
dee onmogelijkheid echografisch zichtbare venen te comprimeren is betrouwbaar 
voorr de aanwezigheid van trombus met echografie. Daarentegen zijn geïsoleerd 
voorkomendee flowveranderingen niet conclusief en moet in dergelijke gevallen 
contrastt venografie worden verricht. De conclusie was dat echografie kan worden 
gebruiktt als initiële beeldvormende techniek voor het aantonen of uitsluiten van 
diepee veneuze trombose van de bovenste extremiteiten. 

Inn hoofdstuk 4 wordt een ander aspect van diagnostiek van armvenetrombose 
belicht.. In een studie van 54 opeenvolgende patiënten met verdenking op 
armvenetrombosee werd de diagnostische reproduceerbaarheid van digitale 
subtractiee venografie geëvalueerd. De studie laat zien dat een vrij hoge intra-
enn interobserver overeenstemming kan worden verkregen met venografie in 
dezee patiëntenpopulatie, maar rekening moet worden gehouden met een 
leercurvee bij radiologen die deze vaatonderzoeken niet dagelijks uitvoeren. 
Digitalee subtractie venografie kan, hoewel niet perfect zijnde, worden gebruikt 
alss 'gouden standaard' bij de diagnostiek van patiënten die verdacht worden 
vann armvenetrombose. Figuur 1 (blz. 93) geeft een diagram weer, welke kan 
wordenn gebruikt voor de work-up van patiënten met verdenking armvene-
trombose. . 

Inn hoofstuk 5 werden 116 patiënten, die werden verdacht voor het hebben van 
armvenetrombose,, gevolgd gedurende een periode van maximaal 53 maanden. 
Dee mortaliteit, risicofactoren, recidief trombose en post-trombotische klachten 
werdenn geëvalueerd. 
Eenn maligniteit kan worden beschouwd als hoofdoorzaak voor overlijden bij 

97 7 



Chapterr 8 

patiëntenn met diepe veneuze trombose van de arm, terwijl dit iets kleiner is in 
dee groep van patiënten zonder trombose. De studie bevestigt de algemene opinie, 
datt maligniteit en centraal veneuze lijnen belangrijke factoren zijn voor het 
ontstaann van armvenetrombose. In tegenstelling tot diepe veneuze trombose 
vann de benen, lijk t de aanwezigheid van een aangeboren stollingsziekte geen 
significantee rol te spelen bij de etiologie van armevenetrombose. Recidief 
trombosee werd gezien in 8% van de patiënten gedurende de follow-up periode. 
Post-trombotischh syndroom was bij 18% van de patiënten aanwezig. Bij 39% 
vann de patiënten bij wie initieel trombose was uitgesloten, werden ook 
soortgelijkee klachten gevonden gedurende de follow-up periode. Een score 
systeemm kan worden gebruikt om de ernst van het post-trombotisch syndroom 
tee evalueren, maar het discrimeert niet voor andere oorzaken van armklachten. 

Inn hoofstuk 6 werd een prospectieve studie uitgevoerd bij 44 patiënten met 
verdenkingg armvenetrombose waarbij de beeldvorming en accuratesse van MR 
venografiee werd vergeleken met contrast venografle. MR venografie bleek 
niett accuraat te zijn in het aantonen of uitsluiten van diepe veneuze trombose 
vann de armen. MR venografie bij patiënten met verdenking op armvenetrombose 
iss in de huidige klinische setting nog niet bruikbaar. Nieuwe MRI-technieken 
wordenn thans ontwikkeld voor de diagnose armvenetrombose, waarvan de 
bruikbaarheidd in de praktijk nog moet worden getoetst. 

Inn hoofstuk 7 wordt mechanische trombectomie bij een opeenvolgende serie 
vann 8 patiënten met uitgebreide levensbedreigende longembolieën beschreven. 
Dee belangrijkste winst voor deze patiënten is onmiddellijke verbetering van 
dee cardiale output, de zuurstofsaturatie en de klinische conditie in de eerste 
levensbedreigendee uren. De hoeveelheid verwijderde trombus lijkt hierbij geen 
belangrijkee parameter te zijn. 
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