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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 
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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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