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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. 
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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 

55 5 



Chapterr 4 

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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