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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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