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A systematic review and meta-analysis of the incidence of
post-thrombotic syndrome, recurrent thromboembolism, and
bleeding after upper extremity vein thrombosis
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ABSTRACT

Background: Data on complications after upper extremity vein thrombosis (UEVT) are limited and heterogeneous.

Methods: The aim of the present study was to evaluate the pooled proportions of venous thromboembolism (VTE)
recurrence, bleeding, and post-thrombotic syndrome (PTS) in patients with UEVT. A systematic literature review was
conducted of PubMed, Embase, and the Cochrane Library databases from January 2000 to April 2023 in accordance with
the PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines. All studies included patients
with UEVT and were published in English. Meta-analyses of VTE recurrence, bleeding, and of PTS after UEVT were
performed to compute pooled estimates and associated 95% confidence intervals (Cls). Subgroup analyses of cancer-
associated UEVT and catheter-associated venous thrombosis were conducted. Patients with Paget-Schroetter
syndrome or effort thrombosis were excluded.

Results: A total of 55 studies with 15,694 patients were included. The pooled proportions for VTE recurrence, major
bleeding, and PTS were 4.8% (95% Cl, 3.8%-6.2%), 3.0% (95% Cl, 2.2%-4.0%), and 23.8% (95% ClI, 17.0%-32.3%), respectively.
The pooled proportion of VTE recurrence was 2.7% (95% Cl, 1.6%-4.6%) for patients treated with direct oral anticoagulants
(DOACsS), 1.7% (95% Cl, 0.8%-3.7%) for patients treated with low-molecular-weight heparin (LMWH), and 4.4% (95% ClI,
1.5%-11.8%) for vitamin K antagonists (VKAs; P = .36). The pooled proportion was 6.3% (95% CI, 4.3%-9.1%) for cancer
patients compared with 3.1% (95% CI, 2.1%-4.6%) for patients without cancer (P = .01). The pooled proportion of major
bleeding for patients treated with DOACs, LMWH, and VKAs, was 2.1% (95% Cl, 0.9%-5.1%), 3.2% (95% ClI, 1.4%-7.2%), and
3.4% (95% Cl, 1.4%-8.4%), respectively (P =.72). The pooled proportion of PTS for patients treated with DOACs, LMWH, and
VKAs was 11.8% (95% Cl, 6.5%-20.6%), 27.9% (95% Cl, 20.9%-36.2%), and 24.5% (95% Cl, 17.6%-33.1%), respectively (P = .02).

Conclusions: The results from this study suggest that UEVT is associated with significant rates of PTS and VTE recurrence.
Treatment with DOACs might be associated with lower PTS rates than treatment with other anticoagulants. (J Vasc Surg
Venous Lymphat Disord 2024:12:101688.)

Keywords: Bleeding; Cancer; Meta-analysis; Post-thrombotic syndrome; Upper extremity vein thrombosis; Venous

catheter

The incidence of upper extremity venous thrombosis
(UEVT) has been increasing in recent years, accounting
for =10% of all cases of venous thromboembolism
(VTE).™ UEVT occurs in very different clinical contexts.
Most UEVT cases can be attributed to secondary causes,

such as venous catheter placement and malignancy®;
however, UEVT can also occur suddenly after physical
exercise, such as in Paget-Schroetter syndrome.
Patients with UEVT secondary to venous thoracic outlet
syndrome require specific management that combines

From the Department of Vascular Medicine, Nantes Université, CHU Nantes,
l'institut du Thorax, INSERM UMR1087/CNRS UMR 6291, Team |ll Vascular &
Pulmonary Diseases® and UNAV, Nantes Vascular Access Unit,° Nantes Uni-
versité, CHU Nantes, Nantes; the Service de Pneumologie et Soins Intensifs,
Hoépital Européen Georges Pompidou, AP-HP, Centre — Université Paris
Cité, INSERM UMR S1140, Innovative Therapies in Hemostasis, Paris, France,
F-CRIN INNOVTE, Université Paris Cité, St-Etienne®; the INSERM, Centre d'In-
vestigation Clinique 1418 (CIC1418) Epidémiologie Clinique, AP-HP, Hopital
Européen Georges Pompidou, Unité de Recherche Clinique, Service d’Infor-
matique Médicale, Biostatistiques et Santé Publique, AP-HP Centre® the
Inserm, Centre de Recherche des Cordeliers, Université de Paris, Sorbonne
Université,® and the HeKA, Inria,| Paris; the Department of Vascular Medicine,
CHU Brest, Brest, and the RWE and Data, Pierre Fabre, Boulogne-
Billancourt.

O.E. received a mobility grant for 2020 to 2021 from the Société Francaise de
Médecine Vasculaire for this study.

Clinical Trail Registration: CRD 42021249053.

Additional material for this article may be found online at www jvsvenous.org.

Correspondence: Olivier Espitia, MD, PhD, Department of Internal and Vascular
Medicine, Nantes Université, CHU Nantes, 1 Place Alexis Ricordeau, Nantes
44093, France (e-mail: olivier.espitia@chu-nantes.fr).

The editors and reviewers of this article have no relevant financial relationships to
disclose per the Journal policy that requires reviewers to decline review of any
manusctript for which they may have a conflict of interest.

2213-333X

Copyright © 2023 The Author(s). Published by Elsevier Inc. on behalf of the So-
ciety for Vascular Surgery. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jvsv.2023.09.002


Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://www.jvsvenous.org
mailto:olivier.espitia@chu-nantes.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jvsv.2023.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvsv.2023.09.002&domain=pdf

2 Espitia et al

surgery, fibrinolysis, and anticoagulant therapy.® This
management is very different from that for other pa-
tients with UEVT for whom treatment is poorly codified.
Few data are available regarding the risk of thrombosis
recurrence and bleeding and the prevalence of post-
thrombotic syndrome (PTS) after treatment of UEVT. In
addition, anticoagulant treatments have evolved, with
the increasing use of direct oral anticoagulants (DOACs).

For patients with UEVT, the modalities and duration of
anticoagulant treatment must be balanced against the
risk of bleeding complications, especially in specific
high-risk groups such as those with cancer, for whom
major bleeding events were reported in <10% of cases.”
To better determine the prognosis of patients with
UEVT and adapt patient management, it is important
to first evaluate the frequency of UEVT complications.
To the best of our knowledge, no randomized controlled
trials have evaluated the efficacy and safety of anticoag-
ulant treatment for UEVT.

The objective of this systematic review and meta-
analysis was to evaluate the pooled proportions of PTS,
VTE recurrence, and bleeding complications in a
population of patients with UEVT. An analysis of high-
risk patients with cancer and patients with thrombosis
associated with central venous catheter (CVC) was also
performed.

METHODS

Search strategy. A systematic literature search of the
PubMed, Embase, and Cochrane electronic databases
were conducted with restrictions to adults aged
>18 years and studies published in English. The search
strategies were adapted for each database to include
database-specific thesaurus terms and field names.

The search queries were developed using combinations
of subject headings and free text words, including upper
extremity vein thrombosis, upper extremity deep vein
thrombosis, thoracic outlet syndrome, upper extremity,
axillary vein, subclavian vein, vascular access device, cath-
eterization, peripheral, venous thromboembolism, post-
thrombotic syndrome, prevalence, bleeding, and recur-
rence. The search strategy is shown in the Appendix (on-
line only). To identify additional relevant studies that met
our inclusion criteria, the references of the relevant
retrieved reports were also examined.

Criteria for study inclusion. Observational studies
(cohort and case-control studies), randomized control
trials, and case series were included if they included >10
patients. The included studies must have objectively
diagnosed UEVT via venography, computed tomogra-
phy, magnetic resonance imaging, and/or ultrasound
and included only patients aged =18 years. UEVT was
defined via ultrasound as incompressible material in the
venous lumen or the lack of venous flow modulation for
proximally located thromboses. For computed
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Key Findings: After upper extremity vein thrombosis,
the venous thromboembolism (VTE) recurrence, ma-
jor bleeding complications, and post-thrombotic
syndrome rates were 4.8%, 3.0%, and 23.8%,
respectively.

Take Home Message: The pooled proportion of VTE
recurrence was 2.7%, 1.7%, and 4.4% for patients
treated with direct oral anticoagulants, low-
molecular-weight heparin, and vitamin K antago-
nists, respectively. The rate of VTE recurrence was
higher in cancer patients than in patients without
cancer (63% vs 31%). The pooled proportion of
post-thrombotic syndrome was lower for patients
treated with direct oral anticoagulants than for pa-
tients treated with low-molecular-weight heparin or
vitamin K antagonists (11.8% vs 27.9% vs 24.5%).

tomography and magnetic resonance imaging, UEVT
was defined as endovenous material of a clot nature.
Tumor occlusions were excluded. During venography,
UEVT was considered present if the contrast medium
stopped, indicating venous thrombus. Eligible studies
reported from January 1, 2000, to April 30, 2023, were
analyzed.

Letters to the editor, review articles, editorials, and
commentaries were excluded. Studies reporting UEVT
due to Paget-Schroetter syndrome or exertional venous
thrombosis were also excluded.

Study selection and data extraction. Two reviewers
(O.E. and B.P.) independently examined the retrieved
studies for possible inclusion by assessing the study title
and abstract. Any disagreements were resolved by
consensus or consulting a third reviewer (O.S.). The
potentially relevant studies were marked for full-text
review.

The studies selected for further review were evaluated
in detail in accordance with the inclusion criteria and
outcome measures. Using a standardized data extrac-
tion form, three reviewers (O.E., B.P., AR.) independently
collected data on the number of included patients
with UEVT, the association of UEVT with secondary
causes (ie, venous catheter [CVC], malignancy), choice
of treatment (ie, anticoagulation, thrombolytic therapy),
and the occurrence of PTS, recurrent VTE, and bleeding.
Study data quality. including enroliment of patients, au-
thors, year of publication, country, study design, and
duration of follow-up for each study were also noted.
All studies selected for final inclusion in the systematic
review were also evaluated by the lead author, and any
disagreements regarding data were resolved by
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discussion and consensus. Upper extremity deep vein
thrombosis was defined according to the following
thrombosis locations: jugular vein, innominate vein,
subclavian vein, axillary vein, and brachial vein.

Outcome measures. The objective of this study was to
evaluate the pooled proportions of PTS, VTE recurrence,
and bleeding complications in a population of patients
with UEVT stratified by the type of anticoagulant treat-
ment, presence of cancer, and presence of an upper
limb CVC. Unprovoked UEVT was defined by the absence
of a catheter, cancer, or recent surgery. The outcome
measures were recurrent VTE objectively confirmed by
imaging, PTS, and bleeding events.

PTS in the individual studies was defined by the investi-
gators according to the clinical assessment and using
the modified Villalta scale (score =4) when it was
reported. PTS was evaluated at the completion of
follow-up. VTE recurrence was defined as a new UEVT
in a previously unaffected venous segment, a new
pulmonary embolism, or new lower limb deep vein
thrombosis proven by computed tomography and/or ul-
trasound. Major, minor, and clinically relevant nonmajor
bleeding events were analyzed when reported using
the criteria of the International Society on Thrombosis
and Haemostasis.®”

The following data were extracted using predesigned
forms: number of patients, study characteristics, follow-
up duration, UEVT etiology, cancer, presence of a CVC,
type of treatment, recurrent VTE, PTS, and bleeding com-
plications during anticoagulant therapy. All clinical out-
comes were extracted for the overall study population
and for patient subgroups.

Assessment of study quality. The risk of bias was
assessed by two independent investigators (O.E. and
AR.). The Cochrane Collaboration risk of bias tool, version
2, and an adapted version of the Newcastle-Ottawa scale
were used for the randomized control trials and obser-
vational studies, respectively'®"" For observational cohort
studies, the risk of bias was determined for three
categories: selection, comparability, and outcome. For
observational case-control studies, three similar
categories—selection, comparability, and exposure—
were assessed.

Group definitions. The outcomes of VTE recurrence,
bleeding, and PTS were analyzed sequentially according
to the presence of cancer and the presence of a CVC.In a
population of patients with UEVT, this study compared
VTE recurrence, bleeding, and PTS stratified by the type
of anticoagulant treatment (DOACs, VKAs, LMWH),
presence of cancer, presence of a CVC, and duration of
anticoagulant treatment (<3 months vs = 3 months).

For the subgroup analyses of UEVT associated with
cancer or a CVC, only studies with 100% of patients
with cancer or a CVC were analyzed. When multiple
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patient subgroups were included in the same study,
each individualized subgroup was analyzed
independently.

Statistical analysis. Pooled estimates and the associ-
ated 95% confidence intervals (Cls) were calculated
using random effects (RE) models for all three outcomes:
VTE recurrence, bleeding, and PTS. Statistical heteroge-
neity was assessed using the x? Cochran Q test and /% in-
dex, which measures the percentage of variation
between trials due to heterogeneity.” An [? value of
25% corresponds to low, 25% to 50% to moderate, and
50% to high heterogeneity. Subgroup analyses of the
treatment strategy, presence of cancer, and presence of
a CVC were also conducted. Publication bias was evalu-
ated using funnel plots of the logit event rate against
standard error and an Egger's test at a 5% significance
threshold.” Asymmetry patterns and estimate distortion
were explored. All analyses were conducted in R with
the {meta} package (R Foundation for Statistical
Computing).

Ethics and registration. This study is reported in agree-
ment with the PRISMA (preferred reporting items for a
systematic review and meta-analysis) statement. No
ethical approval or patient informed consent was
required. This meta-analysis was performed in accor-
dance with the Cochrane’s Handbook guidelines and
MOOSE (meta-analysis of observational studies in
epidemiology).”* The protocol for this systematic review
was registered in PROSPERO (International Prospective
Register of Systematic Reviews; CRD 42021249053).

RESULTS

Study selection and characteristics. We identified 5036
citations (Fig 1) through our initial literature search and
included 120 studies in our full-text review. A total of 55
studies met our inclusion criteria with relevant data on
our outcomes and were included in the final meta-
analysis. The 55 studies included 15594 patients diag-
nosed with UEVT; 16 studies were prospective and 15
were multicenter studies. The characteristics of the
included studies are presented in Supplementary Table |
(online only). Of these, 50 studies reported data on
the occurrence of VTE recurrence,’”>®® 17 reported

p-l—s"l8722,26,29,32,34,39,41,45,48,58,62,64,65 and 39 reported
bleeding.7,'\5,'I8,23,26*28,30732,35,36,38748,51—59,6'\*63,66*69 Only 10
studies evaluated VTE recurrence, bleeding, and

PTS.18:263239.4145485862 \We did not identify any random-
ized controlled trials. All included studies were observa-
tional cohort studies. Unprovoked thrombosis accounted
for 167% Of UEVT ih 42 Studies'7,'|6,'|7,'I9*21,23*27,29*31,33,34,36*38.
40-4851-5559°636567.69 Of the 15594 patients, 51% were
women. The mortality rate was 14.1% (range, 0%-78.1%).

The duration of anticoagulation therapy was available
from 45 studies, and 88.9% of these studies reported an
anticoagulant duration of =3 months (Supplementary
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Fig 1. Flow diagram displaying the number of studies screened, assessed in-depth for eligibility, and included in
the review and specific outcome analyses. UEVT, Upper extremity vein thrombosis.

Table |, online only). For the five studies with shorter du-
rations, three were of thrombosis associated with CVCs
and two reported superficial venous thrombosis. Of the
55 studies, 45 reported the location of UEVT, 41 had
included only patients with upper extremity deep vein
thrombosis, and 1 series presented 57 patients with only
superficial UEVT.

Study quality. Key quality features and the quality
assessment of each study are presented in
Supplementary Tables | and Il and Supplementary Fig 1
(online only).

VTE recurrence. VTE recurrence was described in 50
studies with 13342 patients. The pooled proportion of
VTE recurrence using a RE model was 4.8% (95% ClI,
3.8-6.2).

Stratified by the type of anticoagulant treatment, the
pooled proportions for VTE recurrence for patients
treated with DOACs, LMWH, and VKAs were 2.7% (95%
Cl, 1.6%-4.6%), 1.7% (95% ClI, 0.8%-3.7%), and 4.4% (95%
Cl, 1.5%-11.8%), respectively (P = .36; Fig 2). The pooled
proportions of patients with VTE recurrence also differed
when stratified by the clinical context. For patients with
cancer, the VTE recurrence rate was 6.3% (95% ClI, 4.3%-
9.196) vs 3.1% (95% ClI, 2.1%-4.6%) for those without cancer
(P = .01; Fig 2). For patients with CVC-related thrombosis,
the VTE recurrence rate was 5.3% (95% ClI, 3.6%-7.9%) vs
55% (95% ClI, 3.5%-8.6%) for patients with cancer and
CVC-related thrombosis (P = .07) and 2.9% (95% ClI,
2.19%-3.9%) for those without a CVC (P = .02; Fig 2 and
Supplementary Fig 2, online only). Regarding the

treatment duration, patients with anticoagulation treat-
ment for <3 months had a recurrence rate of 1.5% (95%
Cl, 0.2%-9.9%) vs 4.5% (95% ClI, 2.6%-7.8%) for patients
with anticoagulation treatment for >3 months (P = .28).
The median follow-up in these studies was 12.6 months
(range, 0.23-60 months).

Bleeding complications. The overall pooled proportion
of patients with major bleeding was calculated from 39
studies (12,811 patients) and was estimated at 3.0%
(95% ClI, 2.29%-4.0%) using an RE model.

The pooled proportion of major bleeding for patients
treated with DOACs, LMWH, and VKAs was 2.1% (95%
Cl, 0.9%-5.1%), 3.2% (95% CI, 1.4%-7.2%), and 3.4% (95%
Cl, 1.4%-8.4%), respectively (P =.72; Fig 3). The pooled pro-
portion of major bleeding was 3.2% (95% ClI, 2.1%-4.8%)
for patients with cancer and 0.9% (95% CI, 0.4%-2.0%)
for patients without cancer (P = .006). The pooled pro-
portion of major bleeding for patients with CVC-related
thrombosis was 3.8% (95% ClI, 2.3%-6.2%) and was 3.6%
(95% ClI, 2.3%-5.6%) for patients with cancer and CVC-
related thrombosis and 1.8% (95% ClI, 0.5%-6.0%) for pa-
tients without cancer and with non—CVC-related throm-
bosis (P = .002; Fig 3 and Supplementary Fig 3, online
only). For patients with anticoagulation treatment
for <3 months, the pooled proportion of major bleeding
was 1.9% (95% ClI, 0.5%-6.3%) compared with 1.9% (95%
Cl, 0.6%-65%) for patients with anticoagulation
>3 months (P = .98). The pooled proportion for minor
and clinically relevant non—major bleeding was 6.3%
(95% ClI, 4.7%-83%). The pooled proportion of minor
and major bleeding for those with cancer was 6.1%
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Study Events Total Proportion 95%-Cl Weight
Laube 2017 3 8 —F 0.04 [0.01;0.10] 22.1%
Monteil 2017 3 55 0.05 [0.01;0.15] 21.7%
Davies 2018 1 70 —=— 0.01 [0.00; 0.08] 7.5%
Schastlivtsev 2019 0 30 =—— 0.00 [0.00;0.12] 3.8%
Hougton 2020 3 102 —F—— 0.03 [0.01;0.08] 22.3%
Vedovati 2021 1 188 =#=—+ 0.01 [0.00; 0.03] 7.6%
Xu 2023 2 99 0.02 [0.00;0.07] 15.0%
Random effects model 627 0.03 [0.02; 0.05] 100.0%

Heterogeneity: ? = 0%, T?=0, p =0.52
0 0.02

po==—
I T T

0.06

T T T 1
0.10.12

Low molecular weight heparin

Study Events Total Proportion 95%-Cl Weight
Ong 2006 1 76 #— 0.01 [0.00;0.07] 15.5%
Persson 2006 0 31 0.00 [0.00;0.11] 7.7%
Rathburn 2011 0 39— 0.00 [0.00; 0.09] 7.8%
Kang 2017 1 17 0.06 [0.00;0.29] 14.8%
Hougton 2020 1 108 #+=— 0.01 [0.00;0.05] 15.6%
Baumann Kreuziger 2022 0 27 = 0.00 [0.00;0.13] 7.7%
Xu 2023 2 118 T 0.02 [0.00;0.06] 30.9%
Random effects model 46 < 0.02 [0.01; 0.04] 100.0%
Heterogeneity: = 0%, T2 =0, p = 0.92 I T T T 1

0 005 0.1 015 0.2 0.25

Vitamin K antagonism

Study Events Total Proportion 95%-Cl Weight
Prandoni 2004 3 53 —'—*— 0.06 [0.01;0.16] 24.8%
Arnhjort 2007 0 32— 0.00 [0.00;0.11] 10.4%
Kovacs 2007 0 74— 0.00 [0.00;0.05] 10.4%
Flinterman 2008 30 224 0.13 [0.09;0.19] 33.6%
Rathburn 2011 0 28— 0.00 [0.00;0.12] 10.4%
Mamdal 2012 0 20 0.00 [0.00;0.17] 10.3%
Random effects model 431 ————— 0.04 [0.02; 0.12] 100.0%
Heterogeneity: 2 = 59%, T2 = 0.8516, p = 0.03' ! ! '

0 0.05 0.1 0.15

Fig 2. Pooled proportions of patients with venous thromboembolism (VTE) recurrence after upper extremity vein
thrombosis (UEVT). A, VTE recurrence rate for patients treated with direct oral anticoagulants (DOACs), low-
molecular-weight heparin (LMWH), and vitamin K antagonists (VKAs) was 3%, 2%, and 4%, respectively. B, VTE
recurrence rate for patients with cancer, patients without cancer, and patients with cancer and central venous
catheter (CVC)-related thrombosis was 6%, 3%, and 5%, respectively. Cl, Confidence interval.

(95% Cl, 4.09%-9.1%; Supplementary Table Ill, online only).
The median follow-up for these studies was 11.7 months
(range, 0.23-42 months).

Post-thrombotic syndrome. The occurrence of PTS was
described in 17 studies with 692 patients. Of these
studies, 13 (75.6%) used the modified Villalta score, 3
did not specify the scale used and reported physical
and functional signs of PTS manifestation in the upper
limbs, and 1 used the DASH (disabilities of the arm, shoul-
der, and hand) score. The pooled proportion for the over-
all population using an RE model was 23.3% (95% ClI,
16.6%-31.7%). The pooled proportion of PTS for patients
treated with DOACs, LMWH, and VKAs was 11.8% (95%
Cl, 6.5%-20.6%), 27.9% (95% ClI, 20.9%-36.2%), and 24.5%

(95% ClI, 17.6%-33.1%), respectively (P = .02; Fig 4). The
median follow-up for these studies was 21 months
(range, 3.25-120 months).

Exploration for publication bias. Contour-enhanced
funnel plots for each outcome are presented in
Supplementary Fig 1, A (online only). The funnel plots
contain three shaded regions outlining the significance
level of each study. The examination of the occurrence of
major bleeding suggested the absence of a publication
bias and small-study effect (confirmed by Egger's test; P=
.27). A statistical analysis of the occurrence of PTS was not
feasible owing to the small number of included studies.

Publication bias was suspected for VTE recurrence,
and Egger's test was close to significant (P = .06).
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0.31 [0.09;0.61  5.4%
0.00 [0.00;0.05]  1.7%
0.00 [0.00;0.09]  1.7%
0.07 [0.03;0.14]  7.3%
0.09 [0.04;0.17]  7.3%
0.10 [0.03;0.23]  6.0%
0.06 [0.00;0.29]  2.8%
0.04 [0.01;0.10]  5.5%
0.18 [0.13;0.25]  9.2%
0.01 [0.00;0.08] 2.9%
0.00 [0.00;0.15]  1.7%
0.03 [0.01;0.10]  5.5%
0.04 [0.00;0.14]  4.5%
015 [0.12;0.08]  9.7%
0.00 [0.00;0.13]  1.7%
0.10 [0.07;0.14]  9.0%
0.00 [0.00;0.05  1.7%
0.05 [0.01;0.15]  4.4%
0.06 [0.00;0.30]  2.8%
0.02 [0.00;0.08]  4.5%
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Low molecular weight heparin
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Vitamin K antagonism

Study Events Total Proportion 95%-Cl Weight
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Fig 3. Pooled proportions of patients with major bleeding after upper extremity vein thrombosis (UEVT). A,
Incidence of bleeding in patients treated with direct oral anticoagulants (DOACs), low-molecular-weight heparin
(LMWH), and vitamin K antagonists (VKAs) was 2%, 3%, and 3%, respectively. B, Incidence of bleeding in patients
with cancer, patients without cancer, and patients with cancer and central venous catheter (CVC)-related
thrombosis was 3%, 1%, and 4%, respectively. Cl, Confidence interval.

The associated 1?2 was 84.3%, indicating relatively high
heterogeneity for this outcome. Two trim-and-fill ana-
lyses were conducted to evaluate such effects’®: one
for all studies and a sensitivity analysis that excluded
outliers. The estimates of the corrected effect (6.9%
[95% CI, 5.4%-8.6%] and 6.2% [95% Cl, 5.0%-7.6%])
were close but were slightly higher than the pooled ef-
fect from the principal analysis owing to small-study ef-
fects (Supplementary Fig 1, B and C, online only).

DISCUSSION

To the best of our knowledge, the present study is the
largest systematic review of UEVT complications and
the first to specifically investigate patients with cancer
and a CVC associated with thrombosis. The main find-
ings of this study are (1) the pooled proportion of VTE

recurrence was 2.7%, 1.7%, and 4.4% for patients treated
with DOACs, LMWH, and VKAs, respectively; (2) the rate
of VTE recurrence was higher for cancer patients than
for patients without cancer (6.3% vs 3.1%); (3) the rate of
major bleeding complications stratified by the type of
anticoagulant were close (DOACs, 21%; LMWH, 3.2%;
VKAs, 3.4%); and (4) the pooled proportion of PTS for pa-
tients treated with DOACs was lower (11.8%) than that for
patients treated with LMWH or VKAs (27.9% and 24.5%,
respectively).

This study specifies the effects of complications of anti-
coagulant treatment in a specific well-selected popula-
tion of UEVT. Unlike Paget-Schroetter syndrome, for
which surgical decompression of the thoracic outlet as
adjunctive therapy could reduce the risk of thromboem-
bolism recurrence and PTS in patients with venous
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Study Events Total Proportion  95%-Cl Weight
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Heterogeneity: 2 = 22%, 12 = 0.1390, p= 0.21 |
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Fig 3. continued.

thoracic outlet syndrome,”"”? surgical management

could not be evaluated in our population because of
the very low frequency of surgery for UEVT. In this study,
we found no negative indicators for the use of DOACs to
treat UEVT, with a low risk of VTE recurrence, major
bleeding, and PTS. However, randomized controlled tri-
als comparing DOACs with other anticoagulants are
lacking. This difference could be explained by better pa-
tient compliance and treatment efficacy instead of a bet-
ter therapeutic index. DOACs appeared to be similar to

other anticoagulant therapies in terms of both effective-
ness and safety.”

A higher pooled proportion of VTE recurrence was
observed in the cancer population, similar to that for
other venous thrombosis locations.”* However, this study
is the first to show that patients with UEVT secondary to a
CVC have a greater VTE recurrence rate than do those
without a CVC. It is possible that the catheters induce
sequelae in the venous wall that favor recurrence, just
as the underlying disease that led to placement of the
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Fig 4. Pooled proportions of patients with post-thrombotic syndrome (PTS) after upper extremity vein thrombosis
(UEVT). A, PTS rate for patients treated with direct oral anticoagulants (DOACs), low-molecular-weight heparin
(LMWH), and vitamin K antagonists (VKAs) was 12%, 28%, and 25%, respectively. B, PTS rate for patients with
cancer, patients without cancer, and patients with cancer and central venous catheter (CVC)-related thrombosis

was 25%, 24%, and 19%, respectively. Cl, Confidence interval.
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CVC could also favor VTE recurrence, such as active ma-
lignancy. In addition, CVC reinsertion could present an
ongoing risk for VTE recurrence. However, the rate of
catheter removal, which reduces vessel injury and mini-
mizes the risk of developing venous sequelae, was not
available in many studies or was reported using different
statistical approaches not appropriate for meta-analysis.

In this study, patients with an anticoagulation duration
of >3 months had more VTE recurrence than did pa-
tients with a shorter duration, which can be explained
by the persistence of thrombosis-promoting factors
that prolonged anticoagulation therapy and, thus,
increased the risk of recurrence. Moreover, the presence
of an active malignancy or CVC reinsertion, both risk
factors for recurrent VTE, could not be evaluated owing
to a lack of information.

Regarding the risk of bleeding in this population, pa-
tients treated with DOACs seemed to have lower
bleeding rates than patients treated with other anticoag-
ulants. For patients with cancer and those with CVC-
associated thrombosis, the risk of bleeding appears to
be increased, which probably results from the presence
of multiple comorbidities and aggressive cancer
management.

Only six studies were performed of non—Western pa-
tient cohorts. Most studies did not specify the race of
the patients; however, there could be variability, such as
a higher incidence of VTE in African-American patients.””
UEVT was not more frequent in women (51%), unlike
other VTE locations. It is possible that the role of cancer
and the presence of a CVC are more important than
gender in the occurrence of UEVT.””

Study limitations. These results should be interpreted
with caution because this study has some limitations.
The quality of the studies is poor, with no randomized
controlled trials. Most studies are cohort studies with
heterogeneous follow-up methods. The large number
of different clinical situations favors heterogeneity in
therapeutic management with various types and du-
rations of anticoagulation. In addition, we found great
variability in the incidence of CVC removal. Fifteen
studies appeared to be the most informative because
of their prospective method, quality of the selection
and analyses, or their large patient
numbers.7’23‘32‘36'38'40‘43‘44'46'51'52‘56'58‘62'68 The hlgher
recurrence rate for patients with anticoagulation ther-
apy for >3 months is most likely related to a bias
secondary to the presence of persistent thrombosis
recurrence risk factors that caused anticoagulation to
be maintained. Concerning follow-up, most of the
studies had =3 months of follow-up; however, several
studies did not specify the follow-up duration and/or
patients lost to follow-up, limiting their validity. For
bleeding, several studies did not report events using
the International Society on Thrombosis and
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Haemostasis criteria. Moreover, no definition of PTS in
the upper limb has been established, which limits
comparisons. Regarding the meta-analysis, pooled es-
timates from all three outcomes were associated with
the presence of relatively high statistical heterogeneity.
The results from the subgroup analyses seemed to
suggest such heterogeneity was due to cancer and/or
CVC status. An assessment of the outliers’ effect was
explored and led to close estimates compared with
the pooled effects from the principal analysis, with
lower heterogeneity. Also, information for the sub-
groups was not always available and led to the exclu-
sion of studies owing to the lack of evidence. For UEVT,
because of the lack of randomized studies, the differ-
ence in the outcomes between different treatment
modalities could not be directly compared because
the difference could have resulted from a confounding
bias. Studies using one treatment might have had
patients with different characteristic than studies using
different treatment strategies. These factors include
CVC removal and anticoagulation duration. Thus, it was
difficult to compare studies and to compare data
within studies, and caution should prevail when inter-
preting these results.

CONCLUSIONS

The results from the current study suggest that UEVT is
associated with a 4.8% rate of VTE recurrence, 3.0% rate
of major bleeding, and 23.3% rate of PTS. Patients treated
with DOACs seem to develop PTS less often than pa-
tients treated with LMWH or VKAs. The observed rate of
major bleeding was 21% for patients treated with
DOACSs. Further prospective studies of UEVT are needed
to better investigate the association of PTS, bleeding
complications, and VTE recurrence.

We thank Sophie Guiquerro for her help in biblio-
graphic research.
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