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Abstract
Introduction: Paget–Schroetter syndrome (PSS) lacks a 

standardized treatment strategy. Anticoagulation alone 

carries a high risk of recurrent thrombosis due to me-

chanical injury to the venous endothelium from cos-

toclavicular space narrowing. This study evaluated the 

mid- to long-term outcomes of combined anticoagula-

tion and thoracoscopic first rib resection for thoracic 

outlet decompression in patients with PSS.

Materials and methods: A descriptive observation-

al study was conducted in patients treated between 

January 2017 and April 2026. Patients with PSS initially 

treated with anticoagulation followed by thoracoscopic 

first rib resection for thoracic outlet decompression were 

included. PSS was diagnosed based on acute thrombosis, 

exclusion of thrombophilia, and imaging evidence of 

extrinsic subclavian vein compression at the costocla-

vicular space.

Results: During the study period, 41 patients were 

diagnosed with PSS, and 45 first rib resections were 

performed. Four patients underwent bilateral surgery 

due to symptomatic intermittent venous compression 

without thrombosis on the contralateral side of the 

thrombotic event. All patients received anticoagulation 

at diagnosis for at least three months, and throm-

bophilia was ruled out. Thrombosis resolved in all 

patients after initial medical treatment, without hem-

orrhagic complications. Thoracic outlet decompression 

was achieved through thoracoscopic first rib resection. 

The median follow-up was 34 months (interquartile 

range [IQR], 11–56), and the mean follow-up was 37 ± 27 

months. No recurrences were observed during mid- to 

long-term follow-up.

Conclusion: In our series, the combined treatment 

strategy for PSS showed encouraging mid- to long-term 

outcomes, with discontinuation of anticoagulant therapy 

and avoidance of the risks and quality-of-life limitations 

associated with prolonged anticoagulation.

Key words: Paget–Schroetter syndrome, venous tho-

racic outlet syndrome, anticoagulation therapy, first rib 

resection, video-assisted thoracoscopic surgery (VATS)

Resumen
Terapia anticoagulante seguida de descompresión del 

opérculo torácico por toracoscopia en síndrome de Paget–

Schroetter 

Introducción: El síndrome de Paget–Schroetter (SPS) 

no cuenta con una estrategia terapéutica estandarizada. 

La anticoagulación aislada se asocia con alto riesgo de 

recurrencia trombótica debido a lesión mecánica persis-

tente del endotelio venoso causada por el estrechamien-

to del espacio costoclavicular. El objetivo fue evaluar los 

resultados a mediano y largo plazo de una estrategia 

combinada de anticoagulación seguida de resección 

toracoscópica de la primera costilla para descompresión 

del opérculo torácico.
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Materiales y métodos: Estudio observacional descrip-

tivo de pacientes tratados entre enero de 2017 y abril de 

2026. El diagnóstico de SPS se estableció por trombosis 

aguda, exclusión de trombofilia y evidencia por imáge-

nes de compresión extrínseca de la vena subclavia a 

nivel costoclavicular.

Resultados: Se diagnosticaron 41 pacientes y se reali-

zaron 45 resecciones de primera costilla. Cuatro pacien-

tes fueron sometidos a cirugía bilateral por compresión 

venosa intermitente sintomática sin trombosis contrala-

teral. Todos recibieron anticoagulación al momento del 

diagnóstico durante al menos tres meses, y se descartó 

trombofilia. La trombosis se resolvió tras el tratamiento 

inicial, sin complicaciones hemorrágicas. La descompre-

sión del opérculo torácico se realizó mediante resección 

toracoscópica de la primera costilla. La mediana de se-

guimiento fue de 34 meses (RIC: 11-56). No se observaron 

recurrencias durante el seguimiento.

Conclusión: La estrategia combinada mostró resul-

tados favorables a mediano y largo plazo, evitando los 

riesgos y las limitaciones en la calidad de vida asociadas 

al uso prolongado de anticoagulantes.

Palabras clave: síndrome de Paget–Schroetter, síndro-

me de opérculo torácico venoso, terapia anticoagulante, 

resección de la primera costilla, cirugía toracoscópica 

videoasistida (VATS)

KEY POINTS
Current knowledge

•	 Paget–Schroetter syndrome is an uncommon 
form of upper-extremity deep vein 
thrombosis caused by extrinsic compression 
of the subclavian vein at the thoracic outlet. 
Combined treatment strategies including 
anticoagulation, thrombolysis, and thoracic 
outlet decompression have shown better 
functional and patency outcomes than 
anticoagulation alone.

Article’s contribution to current knowledge

•	 This study reports mid- to long-term 
outcomes of patients with Paget–Schroetter 
syndrome treated with anticoagulation 
followed by thoracoscopic first rib 
resection. Despite delayed referral and 
limited use of thrombolysis, no recurrences 
were observed, anticoagulation was 
discontinued in all patients, and all 
resumed their previous physical activity.

Paget–Schroetter syndrome (PSS), also known 
as effort thrombosis of the axillosubclavian vein, 
is an uncommon cause of upper extremity deep 
vein thrombosis that typically affects young 
and otherwise healthy individuals. The condi-
tion is associated with extrinsic compression of 
the subclavian vein in the costoclavicular space, 
leading to endothelial injury and thrombosis. 
Anticoagulation alone has been associated with 
suboptimal outcomes and a high risk of recur-
rent thrombosis due to persistent mechanical 
compression within the costoclavicular space. 
Consequently, thoracic outlet decompression 
through first rib resection has been increas-
ingly advocated as part of a combined treat-
ment strategy1-3. However, evidence regarding 
the long-term outcomes of combined treatment 
strategies using minimally invasive approaches 
remains limited. The aim of this study was to 
evaluate the mid- to long-term outcomes of pa-
tients with PSS treated with oral anticoagulation 
for at least three months followed by thoracic 
outlet decompression through video-assisted 
thoracoscopic first rib resection.

Materials and methods
This descriptive observational study was conducted as 

a retrospective single-center analysis of a prospectively 

maintained database from January 2017 to January 2026. 

The study was approved by the institutional review board 

(IRB), and the requirement for written informed consent 

was waived due to the retrospective design of the study. 

Patients with Paget–Schroetter syndrome (PSS) who ini-

tially received anticoagulation followed by thoracoscop-

ic first rib resection for thoracic outlet decompression 

(VATS) were included.

The diagnosis of PSS was established in accordance 

with the criteria defined by the American Society for Vas-

cular Surgery for thoracic outlet syndrome and was based 

on a history of acute thrombosis documented by Doppler 

ultrasound and frequently triggered by a precipitating 

factor, after exclusion of thrombophilia, together with 

demonstration of extrinsic compression of the subcla-

vian vein on dynamic venous Doppler ultrasound and dy-

namic chest CT angiography after restoration of venous 

patency4. The use of venography was reserved for pa-

tients in whom the diagnosis remained inconclusive after 

the aforementioned methods or when catheter-directed 

thrombolysis (fibrinolytic therapy) was planned. After 

diagnosis, all patients received anticoagulation therapy 

followed by thoracic outlet decompression with first rib 
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resection performed by video-assisted thoracoscopic sur-

gery (VATS). Preoperative medical management consisted 

of anticoagulation therapy with either oral agents or low-

molecular-weight heparin, as well as catheter-directed 

fibrinolytic therapy or mechanical thrombectomy in se-

lected cases. These catheter-based interventions were 

indicated when the diagnosis was established within 

14 days of symptom onset. The anticoagulation regimen 

was determined by the Hematology Department. The 

agents used included vitamin k antagonists like, direct 

oral anticoagulants (DOACs), and low-molecular-weight 

heparin. Surgical decompression of the thoracic outlet 

consisted of first rib resection using a video-assisted 

thoracoscopic (VATS) approach. Patients with active can-

cer disease, trauma or catheter related thrombosis were 

excluded. Thrombophilia workup consists of the rule 

out of antithrombin, protein C and S deficiency, the pro-

thrombin 20210 and factor V Leiden gene mutation and 

the antiphospholipid antibodies. The institutional diag-

nostic and treatment algorithm for patients with Paget–

Schroetter syndrome is summarized in Fig. 1. Postopera-

tive follow-up included a Doppler ultrasound performed 

between 1 and 3 months after surgical decompression, 

at the discretion of the treating hematologist. In the ab-

sence of signs of thrombosis, the need for continued oral 

anticoagulation was reassessed in conjunction with the 

treating hematologist. For the purposes of this study, 

mid-term follow-up was defined as 12 to 24 months and 

long-term follow-up as ≥24 months after surgical treat-

ment, enabling assessment of late venous patency, recur-

rence, and post-thrombotic sequelae.

Results
During the study period, a total of 50 first rib 

resections were performed using a video-assist-
ed thoracoscopic surgery (VATS) approach in 45 
patients. Of these, 41 patients were diagnosed 
with Paget–Schroetter syndrome, accounting 
for 45 rib resections. The remaining patients 
underwent first rib resection for other forms of 
thoracic outlet syndrome, including neurogenic 
thoracic outlet syndrome (n = 3) and arterial 
thoracic outlet syndrome (n = 1). In four cases, 
bilateral procedures were performed due to 
symptomatic intermittent venous compression 
on the contralateral side without thrombosis, 
consistent with McCleery syndrome. The 58% of 
the cohort were female, and the mean age was 
30 ± 10 years.

All patients underwent Doppler ultrasound to 
confirm acute thrombosis. Subsequently, repeat 

Doppler ultrasound and computed tomography 
angiography were performed in all cases, both 
with dynamic maneuvers (arm adduction and 
abduction), to assess venous compression at 
the costoclavicular space. In 7 patients, venog-
raphy was required to confirm the diagnosis due 
to inconclusive findings on prior imaging, de-
spite the presence of symptoms consistent with 
thrombosis and Doppler-confirmed thrombosis. 
Thrombophilia was ruled out after the initial an-
ticoagulant treatment in all cases.

Preoperative anticoagulation and endovas-
cular management are summarized in Table 1. 
All patients received anticoagulation therapy 
at the time of diagnosis: 33 received factor Xa 
inhibitors (21 rivaroxaban and 12 apixaban), 5 
acenocoumarol, 2 low-molecular-weight hepa-
rin (LMWH), and 1 a direct thrombin inhibitor af-
ter one week of LMWH. One patient underwent 
catheter-directed thrombolysis with alteplase (1 
mg/hour; total dose: 15 mg) using a multi-perfo-
rated catheter combined with ultrasonic waves 
(EkoSonic Endovascular System, BTG Interven-
tional Medicine), while mechanical thrombec-
tomy was performed in two patients. The mean 
duration of anticoagulation prior to surgery was 
14.4 ± 16.4 months. Most patients had been ini-
tially diagnosed and managed at outside health-
care centers, which likely explains the prolonged 
preoperative anticoagulation period observed in 
our cohort. Initial medical management result-
ed in complete thrombus resolution in all pa-
tients, without hemorrhagic complications. Two 
patients developed residual venous stenosis fol-
lowing anticoagulation therapy.

The mean interval from diagnosis to surgery 
was 433 ± 497 days, while the interval from eval-
uation by the thoracic surgeon to surgery was 
83 ± 61 days. For bilateral resection patients, the 
mean time between operations was 2.4 ± 1.2 
months.

Thoracic outlet decompression was achieved 
through first rib resection using a VATS approach 
in all cases. All patients underwent partial re-
section of the first rib: from the sternum to the 
posterior end of the rib insertion of the middle 
scalene muscle. 

The median follow-up was 34 months (in-
terquartile range, 11-56 months), and the mean 
follow-up was 37 ± 27 months. No recurrences 
were observed during this period. All patients 
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Figure 1 | Diagnostic and therapeutic workflow for the evaluation and management of patients with Paget–Schroetter syndrome 
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were able to resume the physical activity that 
had initially triggered the thrombosis and dis-
continue anticoagulation therapy. The mean 
time to anticoagulation discontinuation after 
surgery was 1.9 months.

Discussion 
Paget–Schroetter syndrome is characterized 

as a primary thrombosis of the subclavian vein 
at the costoclavicular junction, typically occur-
ring after strenuous upper-extremity activity. Its 
pathophysiology involves repetitive arm move-
ments leading to endothelial microtrauma and 
subsequent activation of the coagulation cas-
cade. Clinically, it presents abruptly in otherwise 
healthy young individuals with upper-extremi-
ty pain and swelling, often following vigorous 
physical exertion.

To date, no universally accepted standard of 
care exists for the management of PSS, and op-
timal strategies for long-term venous patency 
and symptom resolution remain debated. Four 
principal approaches have been described: 
anticoagulation (AC) alone; catheter-directed 
thrombolysis (CDT) combined with anticoagu-
lation; anticoagulation followed by thoracic 
outlet decompression; and CDT combined with 
anticoagulation followed by thoracic outlet de-
compression. Anticoagulation alone has been 
associated with higher recurrence rates and 
may require prolonged therapy, which is par-
ticularly undesirable in a young and otherwise 

healthy population. Consequently, a multimod-
al strategy combining medical therapy with 
surgical decompression is generally advocated1, 

2. An earlier case series from our institution 
reflected the historical heterogeneity in PSS 
management, including patients treated with 
anticoagulation alone and others undergoing 
surgical decompression5. Recent systematic re-
views and meta-analyses consistently support 
combined therapeutic approaches, particularly 
those incorporating thoracic outlet decompres-
sion. Karaolanis et al. reported venous patency 
rates of 88-98% and symptom resolution ex-
ceeding 93% in patients treated with throm-
bolysis followed by decompression, compared 
with substantially lower patency rates in pa-
tients managed with anticoagulation alone 
(~63%)6. Similarly, Hoexum et al. demonstrated 
that thrombolysis followed by surgical decom-
pression yielded superior clinical outcomes, 
with up to 96% of patients reporting excellent 
symptomatic improvement, whereas conserva-
tive management achieved satisfactory results 
in only approximately half of cases7. In the 
same pooled analysis, catheter-based thera-
pies were associated with low complication 
rates, with adverse events reported in approxi-
mately 4.5% of procedures, although specific 
rates of major bleeding were inconsistently de-
scribed. Importantly, pooled data suggest that 
most patients remain symptom-free at mid- to 
long-term follow-up, with surgical decompres-
sion associated with high venous patency rates 
and favorable functional outcomes. However, 
some studies have still reported rethrombosis 
during follow-up, likely reflecting heterogene-
ity in treatment timing and use of adjunctive 
thrombolytic therapy6,7. Despite these findings, 
direct comparisons between initial treatment 
strategies remain limited. In one of the few 
comparative studies, Chun et al. demonstrated 
that early thrombolysis combined with antico-
agulation prior to first rib resection resulted in 
significantly higher preoperative and final ve-
nous patency rates compared with anticoagu-
lation alone (98% vs. 78% preoperatively; 92% 
vs. 74% postoperatively), with a trend toward 
improved functional outcomes. These results 
suggest that early thrombus removal may en-
hance the effectiveness of subsequent surgical 
decompression8.

Table 1 | Preoperative anticoagulation and endovascular 
management

Variable	 Value
		  n (%)
Type of anticoagulation

	 FXa inhibitors	 33 (80)

	 Acenocoumarol	 5 (12)

	 DTI	 1 (2)

	 LMWH	 2 (5)

Catheter-directed thrombolysis	 1 (2)

Mechanical thrombectomy	 2 (5)

Complete thrombus resolution	 41 (100)

Hemorrhagic complications	 0

Residual venous stenosis	 2 (5)

Fxa: factor Xa inhibitors; DTI: direct thrombin inhibitor; LMWH: 
low-molecular-weight heparin
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In this context, our cohort provides insight 
into real-world management challenges. Most 
patients were initially treated with anticoagu-
lation alone, largely due to delayed or missed 
diagnosis and limited familiarity with the con-
dition in the primary care settings where they 
were initially evaluated. As a result, only one pa-
tient underwent catheter-directed thrombolysis 
and two underwent catheter-directed mechani-
cal thrombectomy, all within the optimal early 
treatment window. Additional barriers included 
referral delays and limited access to thrombo-
lytic therapy. This is reflected in the prolonged 
interval between diagnosis and surgical de-
compression observed in our series. Neverthe-
less, despite delayed intervention and limited 
use of catheter-based therapies, the incidence 
of residual subclavian vein stenosis was low 
(4.4%), and most patients experienced substan-
tial symptomatic improvement. These findings 
suggest that thoracic outlet decompression may 
still provide meaningful clinical benefit even 
when performed beyond the acute phase, like-
ly through enhancement of collateral venous 
drainage. This observation is consistent with 
emerging evidence supporting the role of surgi-
cal decompression in chronic venous thoracic 
outlet syndrome. Mangiameli et al. reported 
significant symptom improvement in 83% of pa-
tients undergoing first rib resection for chronic 
disease, including those with persistent venous 
occlusion, further emphasizing the functional 
benefits of decompression even in delayed pre-
sentations9. 

Follow-up durations reported in the literature 
typically range from 3 to 5 years, with some 
series extending up to two decades. Johan-
sen reported a mean follow-up of 57 months, 
with over 90% of patients asymptomatic or 
mildly symptomatic, while Molina et al. dem-

onstrated excellent 5-year outcomes with 
complete venous patency and absence of sig-
nificant symptoms following combined treat-
ment10, 11. Long-term data from Urschel et al. 
further support the durability of these results. 
Collectively, these findings reinforce the ef-
fectiveness of combined anticoagulation and 
thoracic outlet decompression in achieving 
sustained symptom relief and venous patency, 
while highlighting the importance of contin-
ued surveillance given the non-negligible risk 
of recurrence12. 

Traditionally, first rib resection has been per-
formed using supraclavicular, infraclavicular, 
or transaxillary approaches. The thoracoscopic 
technique, first described by Ohtsuka et al. in 
1999, provides enhanced visualization of the 
thoracic outlet during rib resection. In addition, 
unlike open approaches, the extent of rib resec-
tion is not limited by the surgical access, allow-
ing for complete resection of the first rib when 
necessary13. Compared with open approaches, 
this technique may reduce surgical morbidity 
and overcome anatomical limitations inherent 
to conventional exposures, potentially enhanc-
ing decompression effectiveness14-20. 

Finally, it is important to acknowledge that 
current evidence is largely derived from retro-
spective series and pooled analyses, given the 
rarity of the condition. The absence of random-
ized controlled trials limits the ability to es-
tablish definitive treatment algorithms. In this 
context, our study aims to contribute additional 
evidence regarding the mid- to long-term out-
comes of initial anticoagulation followed by tho-
racoscopic first rib resection, supporting its role 
as a viable and effective strategy in the manage-
ment of Paget–Schroetter syndrome.
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