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ABSTRACT

Background

About 5% to 10% of all deep vein thromboses occur in the upper extremities. Serious complications of upper extremity deep vein
thrombosis, such as post-thrombotic syndrome and pulmonary embolism, may in theory be avoided using thrombolysis. No systematic
review has assessed the effects of thrombolysis for the treatment of individuals with acute upper extremity deep vein thrombosis.

Objectives

To assess the beneficial and harmful effects of thrombolysis for the treatment of individuals with acute upper extremity deep vein
thrombosis.

Search methods

The Cochrane Vascular Information Specialist (CIS) searched the Specialised Register (29 March 2017), the Cochrane Central Register
of Controlled Trials (CENTRAL; 2017, Issue 2), and three trial registries (World Health Organization International Clinical Trials Registry,
ClinicalTrials.gov, and ISRCTN registry) for ongoing and unpublished studies. We additionally searched the registries of the European
Medical Agency and the US Food and Drug Administration (December 2016).

Selection criteria

We planned to include randomised clinical trials irrespective of publication type, publication date and language that investigated the
effects of thrombolytics added to anticoagulation, thrombolysis versus anticoagulation, or thrombolysis versus any other type of medical
intervention for the treatment of acute upper extremity deep vein thrombosis.

Data collection and analysis

Two review authors independently screened all records to identify those that met inclusion criteria. We planned to use the standard
methodological procedures expected by Cochrane. We planned to use trial domains to assess the risks of systematic error (bias) in the trials.
We planned to conduct trial sequential analyses to control for the risk of random errors and to assess the robustness of our conclusions.
We planned to consider a P value of 0.025 or less as statistically significant. We planned to assess the quality of the evidence using the
GRADE approach. Our primary outcomes were severe bleeding, pulmonary embolism, and all-cause mortality.

Thrombolysis for acute upper extremity deep vein thrombosis (Review) 1
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Main results

We found no trials eligible for inclusion. We also identified no ongoing trials.

Authors' conclusions

There is currently insufficient evidence from which to draw conclusion on the benefits or harms of thrombolysis for the treatment
of individuals with acute upper extremity deep vein thrombosis as an add-on therapy to anticoagulation, alone compared with
anticoagulation, or alone compared with any other type of medical intervention. Large randomised clinical trials with a low risk of bias are
warranted. They should focus on clinical outcomes and not solely on surrogate measures.

PLAIN LANGUAGE SUMMARY

Harms and benefits of dissolving blood clots in deep blood vessels in the arms
Background

Ablood clot that forms in the deep blood vessels of the arms, blocking the passage of blood, is referred to as an acute upper extremity deep
vein thrombosis. An acute upper extremity deep vein thrombosis currently affects 4 to 10 per 100,000 people in the general population.
One of the most serious complications of an upper extremity deep vein thrombosis is a pulmonary embolism, which is a blockage of one
of the major blood vessels in the lung. This can be a life-threatening condition. Post-thrombotic syndrome, in which the blood clot causes
permanent swelling, skin colour changes, sores or ulcers, and decreased function of the affected limb, is another serious complication that
can impact a person's quality of life.

Thrombolysis aims to break down the blood clot with the use of drugs infused directly into a blood vessel. A previous Cochrane Review
looked at the beneficial and harmful effects of thrombolysis for the treatment of acute deep vein thrombosis of the lower extremities (e.g.
the legs). While thrombolysis was found to lower the risk of post-thrombotic syndrome, it had no effect on the risk of death, risk of a blood
clottravelling to the lungs or brain, (where it can cause a stroke), or the risk of bleeding inside the skull. In this present review, we attempted
to assess the benefits and harms of thrombolysis for the treatment of acute upper extremity deep vein thrombosis.

Study characteristics and key results

We found no randomised clinical trials (search current until March 2017) that met the inclusion criteria of our review. Hence, the benefits
and harms of thrombolysis for acute upper extremity deep vein thrombosis remain unknown.

Conclusion

Large trials using proper methods and reporting on patient-relevant outcomes are needed.

Thrombolysis for acute upper extremity deep vein thrombosis (Review) 2
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BACKGROUND

Description of the condition

Upper extremity deep vein thrombosis (thrombosis in the
subclavian, axiliary, or brachial vein, possibly extending to the
brachiocephalic vein, superior vena cava, or internal jugular vein),
accounts for approximately 5% to 10% of all deep vein thromboses
(Kucher 2011; Engelberger 2012; Kearon 2016). The incidence of
upper extremity deep vein thrombosis is 4 to 10 per 100,000 in the
general population rising to 6 per 10,000 in individuals who are
hospitalised (Koury 2011; Kucher 2011), and is increasing, possibly
due to the more frequent use of central venous catheters (Kucher
2011; Engelberger 2012).

Upper extremity deep vein thrombosis can be divided into proximal
upper extremity deep vein thrombosis, defined as thrombosis
involving the axillary or more proximal deep arm veins, and distal
upper extremity deep vein thrombosis, defined as thrombosis
of the brachial or more distal deep arm veins. Proximal upper
extremity deep vein thrombosis is the most frequent of the two
types (Engelberger 2012; Kearon 2016).

Upper extremity deep vein thrombosis can be divided into two
groups on the basis of aetiology.

1) Primary upper extremity deep vein thrombosis results from
thoracic outlet syndrome, effort-related thrombosis (also known
as Paget-Schroetter syndrome), or thrombophilia, or is idiopathic.
Primary upper extremity deep vein thrombosis accounts for 20%
to 25% of all upper extremity deep vein thrombosis (Kucher 2011).
Thoracic outlet syndrome and effort-related thrombosis both cause
upper extremity deep vein thrombosis by inducing microtrauma
to the subclavian vessel. Thoracic outlet syndrome and effort-
related thrombosis often coexist. In thoracic outlet syndrome, the
microtrauma is caused by compression of the subclavian vein due
to abnormalities at various sites including the first rib, clavicle,
subclavius muscle, costoclavicular ligament, or anterior scalene
muscle (Joffe 2002; Kucher 2011). In effort-related thrombosis the
microtrauma is possibly induced by repetitive arm movements
(Joffe 2002; Kucher 2011).

2) Secondary upper extremity deep vein thrombosis results from
the presence of an indwelling central venous catheter, pacemaker,
or defibrillator leads; surgery; trauma; pregnancy; use of oral
contraceptives; or cancer. This secondary type accounts for 75%
to 80% of all upper extremity deep vein thrombosis (Kucher 2011;
Kearon 2016).

Clinical manifestations of upper extremity deep vein thrombosis
include acute and chronic arm pain, swelling, discolourations,
and dilated collateral veins over the arm, neck, or chest
(Kearon 2016). When upper extremity deep vein thrombosis is
suspected, the next step is either duplex ultrasonography or
compression ultrasonography (Koury 2011; Kucher 2011; Bates
2012). Venography, computerised tomographic venography, and
magnetic resonance venography may also be warranted in an
attempt to better visualise the vein (Koury 2011; Kucher 2011; Bates
2012).

Between 10% and 50% of individuals who experience an upper
extremity deep vein thrombosis will die within five years, mainly
due to underlying malignant conditions as well as an increased

risk of pulmonary embolism (Saseedharan 2012). Complications
of upper extremity deep vein thrombosis include pulmonary
embolism (5% to 6% of all cases), post-thrombotic syndrome (15%
to 20% of all cases), and recurrence (Elman 2006; Kucher 2011;
Engelberger 2012; Kearon 2016). The dominant arm is more often
affected, and complications occur more often when thrombosis
involves the axiliary and more proximal veins rather than the
brachial and more distal veins (Kearon 2016).

Description of the intervention

Thrombolytic drugs act by activating plasminogen which in turn
forms the enzyme plasmin. Plasmin consequently degrades blood
clots by breaking down the fibrin molecules which make up the
clots (Ali 2014).

Different types of thrombolytic drugs exist, namely streptokinase,
urokinase, and recombinant tissue plasminogen activator (rt-
PA). Streptokinase is a protein produced by different strains of
streptococci (Ali 2014). Streptokinase binds to plasminogen and
this complex converts plasminogen to plasmin (Ali 2014). Urokinase
is an endogenous enzyme, synthesised by the kidney, that converts
plasminogen to plasmin (Ali 2014). rt-PA, in the presence of fibrin,
converts plasminogen to plasmin. It preferentially targets fibrin-
bound plasminogen (Ali 2014).

Thrombolytic drugs may be administered in various doses and
for varying durations. The route of administration may also differ
(e.g. via a peripheral vein, resulting in systemic thrombolysis,
loco-regionally, or via a catheter directed at the occluding
thrombus). The theoretical advantage of the loco-regional and
catheter-directed methods is that they may reduce the amount
of thrombolytic needed and may reduce the risk of bleeding
compared to systemic thrombolysis (Patterson 2010).

Anticoagulation is currently the drug of choice when treating
acute upper extremity deep vein thrombosis (Kearon 2016).
The recommended acute anticoagulant is low-molecular-weight
heparin or fondaparinux; unfractionated heparin is an alternative
(Kearon 2016). Anticoagulants work by activating antithrombin,
which in turn increases the rate of inactivation of coagulation
factors, most importantly thrombin and factor Xa (Hull 2015). The
degree of inactivation of thrombin and factor Xa depends on the
anticoagulant (Hull 2015). The administration of unfractionated
heparin results in effective inactivation of both thrombin and factor
Xa, whereas low-molecular-weight heparin results in effective
inactivation of factor Xa and to a lesser degree thrombin (Hull 2015).
Fondaparinux almost exclusively inactivates factor Xa (Hull 2015).

How the intervention might work

Non-randomised studies have shown that thrombolysis might be
able to lyse the clot in the acute phase, preserving the venous
valvular function (Patterson 2010; Petrakis 2000). Theoretically, this
may reduce the risk of post-thrombotic complications but could
also increase the risk of bleeding.

Why it is important to do this review

No Cochrane Review has assessed the use of thrombolytics or
anticoagulants for the treatment of acute upper extremity deep
vein thrombosis.

Thrombolysis for acute upper extremity deep vein thrombosis (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

One Cochrane Review from 2016 assessed the use of thrombolytic
therapy plus anticoagulation versus anticoagulation alone for
the treatment of acute deep venous thrombosis of the lower
extremities (Watson 2016). This review showed thrombolytic
therapy plus anticoagulation had no significant effect on
mortality, risk of pulmonary embolism, stroke, or leg ulceration.
However, thrombolytics were found to increase the proportion of
participants with an improvement in venous patency, and with
complete clot lysis, and to lower the risk of post-thrombotic
syndrome. This came at the cost of a higher risk of bleeding
regardless of the route of administration (Watson 2016).

The American College of Chest Physicians (CHEST) guidelines from
2012 (Kearon 2016) reviewed the best management of individuals
with acute upper extremity deep vein thrombosis and strongly
recommended that they be given parenteral anticoagulation in
the acute phase (Grade 1B). The guidelines also recommended
giving anticoagulant therapy alone over thrombolysis (Grade 2C).
The guidelines note that these recommendations are based on
indirect evidence from studies performed in individuals with deep
vein thrombosis of the legs, on observational studies, and on the
understanding of the natural history of upper extremity deep vein
thrombosis.

OBJECTIVES

To assess the beneficial and harmful effects of thrombolysis for
the treatment of individuals with acute upper extremity deep vein
thrombosis.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised clinical trials assessing the effects of thrombolytics for
upper extremity deep vein thrombosis, irrespective of publication
type, publication status, publication date, and language.

Types of participants

Participants of any age, diagnosed with acute upper vein deep vein
thrombosis (as defined by the trialists).

Types of interventions

Any type of thrombolysis (streptokinase, urokinase, rt-PA, etc.)
investigated in trials comparing the effects of the following
interventions.

1. Thrombolytics added to anticoagulation versus anticoagulation
alone.

2. Thrombolytics versus anticoagulation.
3. Thrombolytics versus any other type of medical intervention.

We would have included trials investigating any type of medical
therapy as a co-intervention to thrombolysis providing the
intervention was applied to all treatment arms.

Types of outcome measures
Primary outcomes

« Proportion of participants with severe bleeding (defined by
trialists)

+ Proportion of participants with pulmonary embolism (defined
by trialists)
« All-cause mortality

Secondary outcomes

o Post-thrombotic syndrome (defined by trialists)

« Quality of life (assessed using any valid scale); quality of
life scales usually include both physical and mental health
components, and we planned to assess both

« Proportion of participants with a major adverse cardiovascular
event (MACE) (defined by the trialist) (Kip 2008); we intended to
assess each component of this composite outcome separately

« Proportion of participants with a serious adverse event (defined
as any untoward medical occurrence that resulted in death, was
life threatening, was persistent, or led to significant disability or
prolonged hospitalisation (ICH-GCP 1997))

« Any improvement in venous patency (assessed by objective
measures such as venography, where pre- and postcomparative
data on the degree of restoration of the lumen were available)

« Complete clot lysis (defined as the achievement of full patency
of the affected vein, or complete dissolution of the clot, by
objective measures)

« Recurrence of upper extremity deep vein thrombosis (as defined
by the trialist) at 12 months

We planned to assess all continuous and dichotomous outcomes at
two time points.

« Uptoone month.

« At maximum follow-up (more than one month) - the time point
of primary interest

We did not include cost as an outcome. We intended to narratively
describein the Discussion section whether any randomised clinical
trials reported costs, but we did not consider that this would affect
our main conclusions.

Search methods for identification of studies
Electronic searches

The Cochrane Vascular Information Specialist (CIS) searched the
following databases for relevant trials.

« Cochrane Vascular Specialised Register (29 March 2017)

« Cochrane Central Register of Controlled Trials (CENTRAL; 2017,
Issue 2) via the Cochrane Central Register of Studies (CRS)
(www.metaxis.com/CRSWeb/Index.asp) (29 March 2017)

See Appendix 1 for details of the search strategy used to search the
CENTRAL.

The Cochrane Vascular Specialised Register is maintained by the
ClSand s constructed from weekly electronic searches of MEDLINE,
Embase, CINAHL (Cumulative Index to Nursing and Allied Health
Literature), and AMED (Allied and Complementary Medicine), and
through the handsearching of relevant journals. The full list of the
databases, journals, and conference proceedings that we searched,
as well as the search strategies we used are described in the
Specialised Register section of the Cochrane Vascular modulein the
Cochrane Library (www.cochranelibrary.com).

Thrombolysis for acute upper extremity deep vein thrombosis (Review)
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The CIS searched the following trial databases (29 March 2017) for
details of ongoing and unpublished studies.

« World Health Organization International Clinical Trials Registry
(apps.who.int/trialsearch/).

« ClinicalTrials.gov (clinicaltrials.gov/).
« ISRCTN register (www.isrctn.com/).

See Appendix 2 for details of trial registries searches.

Searching other resources

We searched the reference lists of review articles for any eligible
trials. We also searched the trial registries of the European Medical
Agency and the US Food and Drug Administration (December 2016).
In addition, we looked through conference abstracts reported in the
journal, CHEST, since 2003 and contacted Abbott laboratories, AB
Kabi, Aventis Behringer, Bristol-Myers Squibb, Chiesi, Genentech,
Novo Nordisk, Microbix, Sanofi-Aventis, and Sumitomo for details
of any relevant ongoing studies.

Data collection and analysis

We performed the review following Cochrane recommendations
(Higgins 2011). We intended to perform the analyses using Review
Manager 5.3 (RevMan 2014), STATA 14 (Stata 2014), and Trial
Sequential Analysis (CTU 2011).

Selection of studies

Two review authors (JF and EEN) independently assessed each
identified trial. If a trial was identified as relevant by one review
author, but not by another, the reasoning behind each decision
would be discussed. If no agreement could be reached, a third
review author (JCJ) would resolve the issue.

Data extraction and management

We planned for two review authors (JF and EEN) to independently
extract and validate data (including any use of venous stents or
venoplasty) using data extraction forms designed for the purpose.
We aimed to resolve any disagreement by discussion, consulting
a third review author (JCJ) if necessary. If relevant data were not
available, we intended to contact the trial authors.

Assessment of risk of bias in included studies

We intended to use the instructions given in the Cochrane
Handbook for Systematic Reviews of Interventions in our evaluation
of the methodology and risk of bias of the included trials
(Higgins 2011). Two review authors (JF and EEN) would have
independently assessed the included trials. We aimed to resolve
any disagreement by discussion, consulting a third review
author (JCJ) if necessary. We intended to evaluate the risk
of bias in random sequence generation, allocation sequence
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
outcome reporting, and other bias sources, in order to classify the
randomised trials identified as being at low or high risk of bias. The
latter trials overestimate benefits and underestimate harms (Schulz
1995; Moher 1998; Kjaergard 2001; Gluud 2006; Wood 2008; Lundh
2012; Savovic 2012).

We intended to classify each trial according to the following
domains for each outcome result.

Random sequence generation

« Low risk: if sequence generation is achieved using a computer
random number generator or a random numbers table. Drawing
lots, tossing a coin, shuffling cards and throwing dice are
also considered adequate if performed by an independent
adjudicator

+ Unclear risk: If there is insufficient information to permit a
judgement of 'low risk' or 'high risk'

« High risk: if the allocation sequence is not randomised or is only
quasi-randomised

Allocation sequence concealment

« Low risk: if the allocation of participants is performed using a
central independent unit; on-site locked computer; or identical
looking, numbered, sealed opaque envelopes, drug bottles or
containers prepared by an independent investigator

« Unclear risk: if there is insufficient information to permit a
judgement of 'low risk' or 'high risk'

« Highrisk:iftheallocation sequence is known to the investigators
who assigned participants

Blinding of participants and personnel

+ Low risk: if the participants and the personnel are blinded to
treatment allocation and this is described

o Unclear risk: if there is insufficient information to permit a
judgement of 'low risk' or 'high risk'

« High risk: if blinding of participants and personnel is not
performed

Blinding of outcome assessment

« Low risk: if the trial investigators performing the outcome
assessments, analyses, and calculations are blinded to the
intervention

+ Unclear risk: if there is insufficient information to permit a
judgement of 'low risk' or 'high risk’
« Highrisk: if blinding of outcome assessment is not performed

Incomplete outcome data

o Low risk: (1) there are no dropouts or withdrawals for all
outcomes, or (2) the numbers and reasons for the withdrawals
and dropouts for all outcomes are clearly stated, could be
described as being similar in both groups, and the trial handled
missing data appropriately in intention-to-treat analysis using
proper methodology (e.g. multiple imputations). Multiple
imputation is a general approach to the problem of missing
data. It aims to allow for the uncertainty about the missing
data by creating several different plausible imputed datasets,
and appropriately combining the results obtained from each
of them. The first stage is to create multiple copies of the
dataset, with the missing values replaced by imputed values.
These are sampled from their predictive distribution based
on the observed data; thus multiple imputation is based on
a Bayesian approach. The imputation procedure must fully
account for all uncertainty in predicting the missing values
by injecting appropriate variability into the multiple imputed
values. The second stage is to use standard statistical methods
to fit the model of interest to each of the imputed datasets. The
estimated associations from the imputed datasets will differ,

Thrombolysis for acute upper extremity deep vein thrombosis (Review)
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and are only useful when averaged together to give overall
estimated associations. Valid inferences are obtained because
we are averaging over the distribution of the missing data given
the observed data (Sterne 2009). As a general rule a trial is
judged to be atalow risk of bias due to incomplete outcome data
if the number of dropouts is less than 5%; however, this 5% cut-
off is not definitive

o Unclear risk: if there is insufficient information to permit a
judgement of 'low risk' or 'high risk'

« High risk: the pattern of dropouts could be described as being
different in the two intervention groups, or the trial uses
improper methodology in dealing with the missing data (e.g. last
observation carried forward)

Selective outcome reporting

« Lowrisk: a protocol has been published before or at the time the
trial was begun and the outcomes called for in the protocol are
reported. If there is no protocol or the protocol is published after
the trial has begun, reporting of the primary outcomes will grant
the trial a grade of low risk of bias

« Unclear risk: if there is no protocol and the primary outcomes
are not reported

« High risk: if the outcomes detailed in the protocol are not
reported

Other bias risk

« Lowrisk of bias: the trial appears to be free of other components
(e.g. academic bias or for-profit bias) that could put it at risk of
bias

« Unclear risk of bias: the trial may or may not be free of other
components that could put it at risk of bias

« Highrisk of bias: there are other factors in the trial that could put
it at risk of bias (e.g. authors have conducted trials on the same
topic, for-profit bias, etc.).

Overall risk of bias

« Low risk of bias: we intended to classify the outcome result as
having an overall 'low risk of bias' only if we considered all of the
bias risk domains described above to be at low risk of bias

« High risk of bias: we intended to classify the outcome result as
having an overall 'high risk of bias' if we considered any of the
bias risk domains described above to be at unclear or high risk
of bias

Measures of treatment effect
Dichotomous outcomes

We intended to calculate risk ratios (RRs) with 95% confidence
interval (CI) for dichotomous outcomes.

Continous outcomes

We intended to include both end scores and change from baseline
scores in our analyses. If both were reported, we would use
end scores. We would calculate the mean differences (MDs) and
standardised mean differences (SMDs) with 95% Cl for continuous
outcomes.

Unit of analysis issues

We intended individual participants to be the unit of analysis. We
intended to include the results from the first phase of cross-over
trials (i.e. before participants cross over to another intervention).
We did not intend to include cluster randomised trials.

Dealing with missing data
Dichotomous outcomes

We did not intend to impute missing values for any outcomes in our
primary analysis. We intended to impute data in two of our planned
sensitivity analyses for dichotomous outcomes (see 'Sensitivity
analysis').

Continous outcomes

If both end scores and change from baseline scores were reported,
then we intended to use end scores. If change values only were
reported, we intended to analyse the results together with end
scores (Higgins 2011a). If standard deviations were not reported,
we intended to calculate them using data from the trial if possible.
We did not intend to impute missing values for any outcomes in
our primary analysis. We intended to impute data in our sensitivity
analysis for continuous outcomes (see 'Sensitivity analysis').

Assessment of heterogeneity

We intended to investigate forest plots to visually assess any
sign of heterogeneity between the included studies. Moreover, we
intended to assess the presence of statistical heterogeneity using
the Chi? test (threshold P < 0.10) and by measuring the amount of
heterogeneity using the 12 statistic (Higgins 2002; Higgins 2003).

Assessment of reporting biases

We intended to use a funnel plot to assess reporting bias if 10
or more trials were included. We intended to assess the risk of
publication and other reporting bias from any asymmetry in the
funnel plot. For dichotomous outcomes we intended to test for
asymmetry using the Harbord test (Harbord 2006). For continuous
outcomes we intended to use the regression asymmetry test (Egger
1997).

Data synthesis
Meta-analysis

We undertook this systematic review according to the
recommendations stated in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011) and according to Keus 2010
and Jakobsen 2014. We intended to use the statistical software
Review Manager 5.3 (RevMan 2014) provided by Cochrane to meta-
analyse data.

Trial sequential analysis

Multiple meta-analyses risk producing random errors due to
both lack of data and repetitive testing of data (Pogue 1997;
Brok 2008; Brok 2009; Thorlund 2009; Higgins 2011a; Wetterslev
2008). Trial sequential analysis (TSA) can be used to assess the
risk of this occurring (www.ctu.dk/tsa/) (Thorlund 2011). The
required information size can be estimated to minimise random
errors (Wetterslev 2008; Wetterslev 2009), and is calculated using:
the event proportion in the control group; a plausible relative
risk reduction (e.g. based on prior reviews) or the relative risk
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reduction observed in the included trials with low risk of bias;
and the assumed heterogeneity (Turner 2013) or diversity of the
meta-analysis (Wetterslev 2008; Wetterslev 2009). TSA allows an
assessment of whether the significance threshold is breached each
time a new trial is included in the meta-analysis. This may be done
despite not yet having reached the required information size, since
the threshold boundaries adjust according to the amount of data
included in the meta-analysis (Wetterslev 2008).

We planned to estimate the diversity-adjusted required
information size (Wetterslev 2009) based on the proportion of
participants with an outcome in the control group. As we planned
toinvestigate three primary outcomes, we intended to use an alpha
of 2.5% (Jakobsen 2014), a beta of 20%, and the diversity suggested
by the trials in the meta-analysis (Jakobsen 2014).

As anticipated intervention effects for the primary outcomes in
the TSA we intended to use the following relative risk reductions
or increases, because these seem to be the maximum realistic
intervention effect estimates based on former studies, trials, and
meta-analyses.

Primary outcomes

« Bleeding complications: relative risk reduction or increase of
100% (Watson 2016)

« Pulmonary embolism: relative risk reduction or increase of 10%
(Watson 2016)

« All-cause mortality: relative risk reduction or increase of 10%
(Watson 2016)

We intended to estimate the diversity-adjusted required
information size (Wetterslev 2009) based on the proportion of
participants with an outcome in the control group. As we planned
to investigate seven secondary outcomes, we intended to use an
alpha of 1.25% (Jakobsen 2014), a beta of 20%, and the diversity
suggested by the trials in the meta-analysis (Jakobsen 2014).

As anticipated intervention effects for the secondary outcomes in
the TSA we intended to use the following relative risk reductions
or increases, because they seem to be realistic intervention effect
estimates based on former studies, trials and meta-analyses as
cited below.

Secondary outcomes

« Post-thrombotic syndrome: relative risk reduction or increase of
35% (Watson 2016)

« Quality of life: observed standard deviation, a clinically relevant
mean difference equal to standard deviation/2, an alpha of
1.43%, and a beta of 20%

« MACE: clinically minimal relevant relative risk reduction or
increase of 10%

« Serious adverse events: clinically minimal relevant relative risk
reduction or increase of 10%

« Any improvement in venous patency: relative risk reduction or
increase of 140% (Watson 2016)

« Complete clot lysis: relative risk reduction or increase of 130%
(Watson 2016)

« Recurrent deep vein thrombosis: relative risk reduction or
increase of 40% (Watson 2016)

As a supplementary TSA, we intended to use the limit of the CI
closest to zero effect as the anticipated intervention effect for all
TSAs (Jakobsen 2014).

Assessment of significance

We intended to assess our intervention effects using both random-
effects model meta-analyses (DerSimonian 1986) and fixed-effect
model meta-analyses (DeMets 1987). We intended to use the
more conservative point estimate of the two (i.e. the estimate
closest to zero effect) (Jakobsen 2014). If the two estimates had
been equal, we would have used the estimate with the widest
confidence interval. As we planned to investigate three primary
outcomes, we therefore intended to consider a P value less than
2.5% as statistically significant (Jakobsen 2014). We intended to
use an eight-step procedure to assess whether the thresholds for
significance were crossed or not (Jakobsen 2014).

We intended to present a table describing the types of serious
adverse events in each trial.

Subgroup analysis and investigation of heterogeneity

We intended to perform the following subgroup analyses.

A: High risk of bias outcomes compared with low risk of bias
outcomes

B: Route of administration:

Systemic thrombolysis.
Loco-regional thrombolysis.
Catheter-directed thrombolysis.

(@]

: Type of thrombolytic drug:

Streptokinase.
Urokinase.
rt-PA.

D: Types of participants (primary upper extremity deep
vein thrombosis versus secondary upper extremity deep vein
thrombosis).

E: Trials with different comparisons:

« Thrombolytics added to

anticoagulation.
« Thrombolytics versus anticoagulation.
« Thrombolytics versus any other type of medical intervention.

anticoagulation versus

F: Participants who underwent thoracic outlet decompression
compared with participants who did not. If there is great variability
in when the thoracic outlet decompression was performed, we
intended to perform a subgroup comparing the time of placement.

G: Participants who had a venous stent placed compared with
participants who did not have a venous stent placed.

Sensitivity analysis

To assess the potential impact of bias, we intended to perform a
sensitivity analysis excluding trials with overall 'high risk of bias".
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To assess the potential impact of the missing data, we intended to
perform the two following analyses.

1. 'Best-worst-case' scenario: we intended to assume that all
participants lost to follow up in the experimental group:
did not have severe bleeding, did not develop a pulmonary
embolism, did not develop post-thrombotic syndrome, did not
have a major cardiovascular event, did not develop a serious
adverse event, had an improvement in venous patency, had a
complete clot lysis, did not have a recurrence, and survived.
We intended also to assume a beneficial outcome with regard
to quality of life (defined as the group mean plus both one
and two standard deviations of the group mean). We intended
to assume that all participants with missing outcomes in the
control group: had severe bleeding, developed a pulmonary
embolism, developed post-thrombotic syndrome, had a major
cardiovascular event, developed a serious adverse event, did
not have an improvement in venous patency, did not have a
complete clot lysis, had a recurrence, and died. We intended
also to assume a 'harmful outcome' with regard to quality of life
(defined as the group mean minus both one and two standard
deviations of the group mean) (Jakobsen 2014).

2. 'Worst-best-case' scenario: We intended to assume that all
participants lost to follow-up in the experimental group: had
severe bleeding, developed a pulmonary embolism, developed
post-thrombotic syndrome, had a major cardiovascular event,
developed a serious adverse event, did not have an
improvement in venous patency, did not have a complete clot
lysis, had a recurrence, and died. We intended also to assume
a 'harmful outcome' with regard to quality of life (defined as
the group mean minus both one and two standard deviations of
the group mean). We intended to assume that all participants
with missing outcomes in the control group: did not have
severe bleeding, did not develop a pulmonary embolism, did
not develop post-thrombotic syndrome, did not have a major
cardiovascular event, did not develop a serious adverse event,
had an improvement in venous patency, had a complete clot
lysis, did not have a recurrence, and survived. We intended also
to assume a beneficial outcome with regard to quality of life
(defined as the group mean plus both one and two standard
deviations of the group mean) (Jakobsen 2014).

We intended to present results from both scenarios in our review.

To assess the potential impact of missing SDs for continuous
outcomes, we intended to perform the following sensitivity
analysis.

1. Where SDs were missing and not possible to calculate, we
intended to impute them from trials with similar populations
and low risk of bias. If no such trials could be found, we intended
to impute SDs from trials with a similar population.

2. Weintended to impute SDs from all trials.

'Summary of findings'

We intended to use the GRADE system to assess the quality of the
body of evidence associated with each of the major outcomesin our
review by constructing 'Summary of findings' (SoF) tables using the
GRADE software (www.guidelinedevelopment.org/; Guyatt 2008).
The GRADE approach appraises the quality of a body of evidence
based on the extent to which one can be confident that an
estimate of effect or association reflects the item being assessed.
The quality measure of a body of evidence considers within-study
risk of bias, the directness of the evidence, heterogeneity of the
data, the precision of effect estimates (Jakobsen 2014), and risk
of publication bias. We intended that our primary SoF tables
and conclusions would be based on the results of trials with a
low risk of bias, reporting on our primary outcomes of bleeding,
pulmonary embolism, and all-cause mortality (Schulz 1995; Moher
1998; Kjaergard 2001; Gluud 2006; Wood 2008; Lundh 2012; Savovic
2012).

RESULTS

Description of studies

We assessed all studies according to the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011) and the protocol
for this review (Feinberg 2016).

Results of the search

Our search identified 61 references. On screening we found one
duplicate, and excluded this and 59 other references. We obtained
full text for one study and, on review, subsequently excluded this
study also (Figure 1). We explain the reason for the exclusion of
eight studies in the 'Characteristics of excluded studies' table.
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Included studies

We identified no randomised clinical trials eligible for inclusion.

Excluded studies

We excluded all but eight of the studies identified through
electronic searches for obvious reasons. Of the remaining eight,
two studies were not randomised (AbuRahma 1996; Schrijver 2015),
two studies randomised participants with acute lower extremity
deep vein thrombosis (Sandset 2012; Haig 2015); three studies
were of drugs other than thrombolytics (Monreal 1996; Arneklo-
Nobin 1998; Mismetti 2003) and one study compared two doses
of thrombolytics (Krupski 1989). Please see Characteristics of
excluded studies for further details.

Risk of bias in included studies

No study met the eligibility criteria.

Effects of interventions

No study met the eligibility criteria.
DISCUSSION

Summary of main results

We identified no randomised clinical trials assessing thrombolysis
for the treatment of acute upper extremity deep vein thrombosis
as an add-on therapy to anticoagulation, alone compared with
anticoagulation, or alone compared with any other type of medical
intervention.

Overall completeness and applicability of evidence

We identified no randomised clinical trials eligible for inclusion.
As such, there is no evidence from randomised clinical trials
conducted specifically in individuals with acute upper extremity
deep vein thrombosis to support the use of thrombolysis.
Randomised clinical trials have investigated the use of
thrombolysis for the treatment of acute lower extremity deep
vein thrombosis and a systematic review of the evidence for this
intervention has been performed (Watson 2016). This systematic
review also included trials in which a small number of participants
had acute upper extremity deep vein thrombosis.

Quality of the evidence

We identified no randomised clinical trials eligible for inclusion and
therefore were not able to assess the quality of the evidence.

Potential biases in the review process

None of the review authors have or had any conflicts of interests.
The CIS conducted the comprehensive literature search. Two
review authors independently screened the titles and abstracts
of identified references. Any disagreement was settled through
discussion. In addition, we looked through conference abstracts
reported in the journal, CHEST, since 2003, and contacted Abbott
laboratories, AB Kabi, Aventis Behringer, Bristol-Myers Squibb,
Chiesi, Genentech, Novo Nordisk, Microbix, Sanofi-Aventis, and
Sumitomo for any ongoing studies of relevance.

Agreements and disagreements with other studies or
reviews

We have identified no former reviews assessing randomised clinical
trials investigating the effects of thrombolysis in individuals with
acute upper extremity deep vein thrombosis.

We identified three non-randomised studies assessing
thrombolysis for acute upper extremity deep vein thrombosis. Due
to a lack of randomisation as well as other bias, the evidence from
these three studies cannot guide clinical practice (Garattini 2016;
Jakobsen 2013).

AbuRahma 1996 looked at 19 adults with axiliary-subclavian vein
thrombosis. Nine participants underwent conventional therapy
with warfarin and heparin, and 11 underwent initial treatment with
thrombolysis and subsequent treatment with warfarin and heparin.
AbuRahma 1996 found thrombolysis to be superior to conventional
therapy, but found that the difference in cost was USD 19,039 more
for the treatment with thrombolysis.

Petrakis 2000 conducted a case-report of 20 adults receiving either
anticoagulation (n = 11) or thrombolysis (n = 9). They found
increased clinical benefit of thrombolysis over anticoagulation
and recommended thrombolysis for axiliary-subclavian vein
thrombosis when participants have a lifestyle depending on
continuous usage of the involved extremity and also have at least a
medium-term life expectancy.

Sabeti 2002 conducted a retrospective cohort study of 95
consecutive adults with subclavian-axillary vein thrombosis
treated with either systemic thrombolysis and subsequent
anticoagulation (n=33) or anticoagulation only (n=62). They found
that thrombolysis improved venous recanalisation rates versus
anticoagulation, but on the basis of high rates of complications and
a lack of clinical benefit, suggested that anticoagulation alone was
the preferred option.

AUTHORS' CONCLUSIONS

Implications for practice

As we identified no relevant randomised clinical trials, there is
currently insufficient evidence to draw conclusion on the benefits
or harms of thrombolysis for the treatment of individuals with acute
upper extremity deep vein thrombosis as an add-on therapy to
anticoagulation, alone compared with anticoagulation, or alone
compared with any other type of medical intervention. Clinicians
may wish to consider the lack of randomised clinical trial evidence
on the effects of thrombolysis for acute upper extremity deep vein
thrombosis before using this intervention.

Implications for research

There are currently no randomised clinical trials assessing the
effects of thrombolysis for the treatment of individuals with acute
upper extremity deep vein thrombosis. Trials may be conducted
assessing the benefits and harms of thrombolytics given that
thrombolysis might increase the chance of complete clot lysis
and prevent post-thrombotic syndrome in acute lower extremity
deep vein thrombosis. However, this, in theory, could come at the
expense of an increased risk of bleeding complications. Future
trials may stratify participants according to the risk of bleeding in
order to identify what patients may benefit from thrombolysis for
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acute upper extremity deep vein thrombosis. Future trials should
preferably be large enough to assess clinical outcomes such as all-
cause mortality, serious adverse events, and quality of life and, as
such, multicentre trials may be required. Such trials should also be
conducted with low risk design, e.g. low risk of random errors, and
low risk of systematic error (bias). Trials should also be designed

and reported according to the SPIRIT and CONSORT guidelines
(Schulz 2010; Chan 2013).
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CHARACTERISTICS OF STUDIES

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

AbuRahma 1996 Not randomised

Arneklo-Nobin 1998 Experimental group was given reserpine (not a thrombolytic drug)

Haig 2015 Treatment of deep vein thrombosis of the lower extremities

Krupski 1989 Participants received two doses of thrombolysis. In addition, only one participant had deep vein

thrombosis of the upper extremities

Mismetti 2003 Compared heparin with warfarin

Monreal 1996 Compared prophylactic heparin versus no heparin

Sandset 2012 Treatment of deep vein thrombosis of the lower extremities
Schrijver 2015 Not randomised

APPENDICES

Appendix 1. CENTRAL search strategy

#1 MESH DESCRIPTOR Upper Extremity Deep Vein Thrombosis EXPLODE ALL 13
TREES
#2 MESH DESCRIPTOR Axillary Vein EXPLODE ALL TREES 24
#3 MESH DESCRIPTOR Subclavian Vein EXPLODE ALL TREES 95
#4 MESH DESCRIPTOR Thoracic Outlet Syndrome EXPLODE ALL TREES 14
#5 UEDVT:TL,AB,KY 3
#6 Paget*:TI,AB,KY 189
#7 (upper near6 thromb*):TI,AB,KY 68
#8 (arm near6 thromb*):TI,AB,KY 308
#9 (central venous near6 thromb*):TI,AB,KY 69
#10 (arm near3 clot*):TI,AB,KY 17
#11 effort near3 thromb* 2
#12 (subclavian near2 thromb*):TI,AB,KY 32
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(Continued)
#13 (thoracic and outlet):TI,AB,KY 26
#14 (thoracic and outlet):TI,AB,KY 26
#15 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or 780
#14
#16 MESH DESCRIPTOR Thrombolytic Therapy EXPLODE ALL TREES 1535
#17 MESH DESCRIPTOR Fibrinolytic Agents EXPLODE ALL TREES 11015
#18 MESH DESCRIPTOR Fibrinolysis EXPLODE ALL TREES 945
#19 MESH DESCRIPTOR Plasminogen Activators EXPLODE ALL TREES 2240
#20 (plasminogen near2 activator* ):TI,AB,KY 3667
#21 (tPA or t-PA or rtPA or rt-PA):TIAB,KY 2183
#22 (thromboly™* or fibrinoly* or antithrombotic or antithrombic):TI,AB,KY 8922
#23 (recanalis* or recanaliz*):TI,AB,KY 1016
#24 (((clot* or thrombus) near3 (lyse or lysis or dissolve* or dissolution))):TI,AB,KY 913
#25 urokinase:TI,AB,KY 808
#26 alteplase :TI,AB,KY 704
#27 reteplase:TI,AB,KY 112
#28 tenecteplase:TI,AB,KY 153
#29 saruplase:TI,AB,KY 33
#30 anistreplase:TI,AB,KY 156
#31 monteplase:TI,AB,KY 14
#32 streptokinase:TI,AB,KY 1294
#33 staphylokinase:TI,AB,KY 17
#34 (avelizin or awelysin):TI,AB,KY 0
#35 (celiase or distreptase or Kabikinase or kabivitrum):TI,AB,KY 12
#36 (Streptase or streptodecase or apsac or Abbokinase or renokinase ):TI,AB,KY 110
#37 (Actilyse or Activase or Eminase or Retavase or Rapilysin or desmopletase oru- 89
pa or alfimeprase ):TI,AB,KY
#38 (streptodornase ):TI,AB,KY 50
#39 (pro?urokinase or rpro?uk ):TI,AB,KY 44
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(Continued)
#40 (lumbrokinase or duteplase or lanoteplase or pamiteplase):TI,AB,KY 45
#41 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 19114
or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or
#39 or #40
#42 #15 and #41 71

Appendix 2. Clinical trials database searches

ClinicalTrials.gov

66 studies found for: arm and thrombolysis

67 studies found for: upper extremity and thrombolysis

0 studies for: paget schroetter

World Health Organization International Clinical Trials Registry
12 records for 8 trials found for: arm and thrombolysis

12 records for 8 trials found for: upper extremity and thrombolysis
0 studies for: paget schroetter

ISRCTN register

15 results arm and thrombolysis

No results found for "upper extremity and thrombolysis"

No results found for "paget schroetter"

Appendix 3. Glossary

Diversity-adjusted required information size: this term relates to trial sequential analysis (see below). When performing a trial sequential
analysis, you must calculate how much information is needed before you can make conclusions with confidence. The information size is
diversity adjusted, meaning that, based on how much the trials differ between each other, we will require more or less information before
we are confident in our results.

Patency (of a vessel): the degree of openness of a vessel (artery or vein). A vessel with a high patency is only blocked minimally and blood
flows freely through the vessel.

Random-effects model: a statistical model of how to meta-analyse (pool or combine) study results. It can be seen as an alternative to the
fixed-effect model. It is a way of stating how will you weigh the results of small trials compared with the results from larger trials. There
are different kinds of random-effects models available for use.

Trial sequential analysis: an analysis that attempts to assess how robust the conclusions from your data are. Some people argue that it is
a more sound statistical test than using the traditional P value that is often used in medical literature.
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