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ABSTRACT
Objective: This case series describes the clinical presentation of effort thrombosis and the utility of sonography in its
diagnosis.
Clinical Features: Two young male athletes presented to separate chiropractic clinics with suspected
musculoskeletal shoulder injury. The first complained of dull shoulder pain after pitching in a baseball game and had
no other signs or symptoms. The second presented after performing a weighted plank exercise and had prominent
edema and discoloration of the affected extremity.
Intervention and Outcome: In the first patient, who had no physical signs to suggest thrombosis, a normal
sonographic musculoskeletal shoulder exam prompted imaging in the abduction�external rotation position. This provided
visualization of a thrombus in the axillosubclavian vein. Emergent referral followed, and treatment was initiated with
thrombolysis and surgery, which resolved his condition. The second patient had physical signs consistent with effort
thrombosis and was also referred to the emergency department, where sonography was performed and revealed
thrombosis of the axillary and basilic veins. He responded to anticoagulants and thrombolysis and avoided surgery.
Conclusion: Effort thrombosis has a variable presentation that can mimic common musculoskeletal disorders and has
a poorly defined diagnostic pathway. Acute shoulder pain in an athlete, especially with extremity edema after repetitive
exertion, warrants urgent imaging such as sonography and emergent referral. Clinicians should understand the
importance of a timely evaluation and diagnosis of effort thrombosis and that imaging may include sonography as a
first-line imaging tool. (J Chiropr Med 2019;18;213-218)

Key Indexing Terms: Effort-induced upper extremity deep vein thrombosis; Paget-Schroetter syndrome; Upper extremity
deep vein thrombosis, primary; Venous thoracic outlet syndrome
TAGGEDH1INTRODUCTION TAGGEDEND

Upper-extremity (UE) deep vein thrombosis (DVT) may
be primary or secondary. Primary UE DVT can be further
divided into idiopathic, venous thoracic outlet syndrome
(vTOS), or effort thrombosis (ET).1 Effort thrombosis, also
known as Paget-Schroetter syndrome, is defined as axillary
or subclavian vein thrombosis after strenuous upper limb
activity.2 It has a higher prevalence in young, otherwise
healthy active individuals2 and has a male-to-female preva-
lence of 2 to1.3 About 60% to 80% of cases occur after vig-
orous overhead activity,4 whereas other causes include
heavy lifting5 and manual labor.6 Effort thrombosis is rare,
with an incidence of 1 to 2 per 100 000 people/y3 compared
to 91 per 100 000/y for lower-extremity DVT.7 Secondary
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DVT of the UE results from a known cause such as an
implanted central venous catheter8 and is relatively more
common than primary, occurring at a rate of 14 per
100 000/y.7

The clinical examination is rarely specific enough to rule
in UE DVT, requiring that further testing be performed
when it is suspected.9 Sonography has emerged as a recom-
mended first test for the detection of UE DVT,10 and the
utility of initial d-dimer testing for suspected UE DVT is
under investigation.9 When these are inconclusive, further
imaging may be sought when clinical suspicion is high, but
the diagnostic pathway is poorly defined in cases lacking
obvious clinical signs.11-13 Timely diagnosis and treatment
of ET avoids potential complications, such as pulmonary
thromboembolism and post-thrombotic syndrome of the
arm.11,14,15 We present 2 cases that highlight the variable
clinical presentation of ET and the use of ultrasound (US)
as a first-line imaging test. The patients discussed in the fol-
lowing case reports gave written consent for use of deiden-
tified images and clinical data.

TAGGEDH1CASE REPORTS TAGGEDEND

Case 1
A 14-year-old right-handed male patient presented with

his parents to a chiropractor for evaluation of acute right

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcm.2019.01.004&domain=pdf
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Fig 2. Sonographic imaging (long axis) using color Doppler
demonstrating flow within the axillary artery, but not within the
axillary vein (arrow), of our case 1 patient. The echogenic content
within the venous lumen is thrombus.
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shoulder pain after pitching in a baseball game. The patient
was referred for US with suspicion of subscapularis tendon
pathology, but no physical exam findings were received
from the referring clinician. He underwent US within a
week in the radiology department of a chiropractic teaching
clinic. He was imaged (GE Logiq E9, GE Healthcare, Wau-
watosa, Wisconsin) using 2 high-frequency linear trans-
ducers (ML6-15 operating at 12 MHz and L8-18i operating
at 15 MHz).

Sonographic examination of the right shoulder using a
standardized musculoskeletal (MSK) protocol16,17 revealed
no abnormal findings. Specifically, there was a normal
appearance of the subscapularis tendon, which was the
anatomy of interest and directed the imaging examination.
Because there were no abnormal findings on the initial
examination, additional images were obtained in the area
of greatest pain intensity as indicated by the patient. This
was in the general area of the insertion of the subscapularis
tendon, but near the axilla. Therefore, the patient’s arm was
repositioned, and an add-on US protocol was initiated.18

Examination in the abducted, externally rotated arm
position (Fig 1) identified thrombosis of the subclavian
vein extending into the axillary vein that correlated with
the area of chief complaint (Fig 2). That arm position was
sought specifically to inspect the insertion of the latissimus
dorsi tendon19 based on the location of pain, and the throm-
bus was an incidental finding that was unexpected. Visual
inspection of the upper extremity failed to yield evidence
of superficial collateral veins, cyanosis, or edema.
Fig 1. Clinical example of the abducted, externally rotated posi-
tion of the shoulder during sonographic examination. This posi-
tion was used in case 1 to identify a thrombus that was not
visualized in the standard examination.
Subsequent to the US examination, emergent referral
was initiated with a preliminary diagnosis of DVT in the
axillosubclavian veins. The diagnosis of UE DVT was con-
firmed by duplex US exam using compression technique at
a nearby emergency department. The vascular protocol
used also targeted the axillosubclavian area, where the
thrombus was confirmed. Initial treatment consisted of
pharmacologic or catheter-directed thrombolytic therapy.
Subsequent US imaging revealed persistent thrombosis,
after which surgical thrombectomy and first rib removal
were performed without incident.

After the intervention, the patient reported no complica-
tions. At 6 months’ follow-up, he had fully recovered from
surgery, was pain free, and returned to full participation in
sports, including pitching.
Case 2
A 28-year-old right-handed male fitness instructor pre-

sented to a chiropractor with a 2-day history of frequent
moderate pain and paresthesia of the entire left upper
extremity and hand. Symptoms began while doing a vigor-
ous exercise routine in which he was holding a prone
abdominal plank position for over-1-minute repetitions
with a 45-pound plate fixed to his back. He noted maximal
pain around the left clavicular and axillary regions, and
increased symptoms when raising the left arm overhead.
The patient was a nonsmoker and denied use of anabolic
steroids. He reported a family history of factor V Leiden
mutation in his mother. Also, both of his grandfathers suf-
fered from strokes, the first at age 35 (paternal) and 67
(maternal) and the second, fatal stroke, both at age 77. He
denied any history of trauma to the left shoulder or arm,
but thought he strained his shoulder muscles during the
plank workout.



Fig 3. Diffuse swelling and cyanotic discoloration of the left
upper extremity, suggestive of proximal thrombosis seen in case
2. In addition, the cephalic vein of the left mid-arm appears
engorged.
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Examination revealed diffuse reddish-blue discolor-
ation, warmth, and non-pitting edema of the left upper
extremity from the proximal arm to the hand (Fig 3). Col-
lateral subcutaneous veins were visible around the left ante-
rior shoulder, a feature of UE DVT termed Urschel’s sign20

(Fig 4). Palpation of the axilla yielded a hard and tender lin-
ear cord, a sign of axillary vein thrombosis.6 Brachial and
radial pulses and capillary refill were normal. No other test-
ing maneuvers for thoracic outlet syndrome were per-
formed.

The patient was suspect for a thrombosis and was
referred to the emergency department. The hospital staff
was informed of the suspicion of ET. A duplex venous US
exam confirmed thrombosis of the left axillary vein extend-
ing into a brachial vein, accompanied by a superficial
thrombus of the basilic vein.
Fig 4. Dilated collateral subcutaneous veins (dotted lines) at the
left anterior shoulder (case 2). This sign of effort thrombosis is
called Urschel’s sign. Arm cyanosis is also visible.
The patient was given anticoagulants (rivaroxaban), and
the following week had a venogram with subsequent phar-
macologic/catheter-directed thrombolytic therapy. The vas-
cular surgeon prescribed a 6-month course of
anticoagulation. Upper-extremity edema and discoloration
diminished significantly after thrombolysis with the
remainder gradually subsiding over the following 2
months. The patient was informed of the option for surgical
decompression but declined. The patient indicated satisfac-
tion with the quality of his pharmacologic outcome and
was able to modify workouts, avoiding overhead exercise
and planks.
TAGGEDH1DISCUSSION TAGGEDEND

Deep vein thrombosis of the UE is classified as primary
or secondary. Secondary UE DVT is far more common
(80% of cases) and is caused mainly by indwelling intrave-
nous catheters, but also by pacemakers, malignancy, or
thrombophilia.12 Primary UE DVT is less common and
may be classified as idiopathic, vTOS, or ET.1 Effort
thrombosis, also known as Paget-Schroetter syndrome,
occurs after strenuous UE activity and may be thought of
as a consequence of vTOS.2,13,21 Those with vTOS have
risk factors for compression of vascular structures in the
costoclavicular space including cervical ribs, fibrous bands,
scalene or subclavius muscle hypertrophy, and anomalous
insertion of the costoclavicular ligament.2,3 The axillary
and subclavian vessels may additionally undergo strain in
the end-range position of throwing a baseball overhead
(hyperabduction, extension, and external rotation of the
humerus).2,21-23

Although ET has been most extensively documented in
baseball players,21,23 it may also occur after vigorous exer-
cise in weight lifting3,6 and bench pressing.4 To our knowl-
edge, ET has not been reported after plank exercises. In a
plank exercise, the shoulder is adducted and depressed,
which contrasts with the abducted and elevated position in
throwing a baseball.

Throwing, as in case 1, is thought to repeatedly strain
the subclavian and axillary veins and cause endothelial
microtrauma and inflammation, leading to
thrombosis.1,2,15,21,24 In comparison, weight lifting causes
hypertrophy of the subscapularis, pectoralis minor, scalene,
and subclavius muscles, and may compress the subclavian
vein in the thoracic outlet and cause thrombosis.6 In case 2,
the onset of symptoms after prolonged, repeated shoulder
exertion in an adducted position during plank exercises is
suggestive of venous compression by muscle hypertrophy.
Our cases exemplify 2 different mechanisms of ET, case 1
showing strain of the axillosubclavian veins, with case 2
primarily displaying compression without strain.

Upper-extremity edema and pain are the most common
symptoms of ET,2 but edema is not present in all cases.11,21

Other signs and symptoms include a subjective sense of
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arm heaviness2,6 and palpation of a hard linear structure in
the axilla.6 Studies of patients with non-effort thrombosis
UE DVT have identified a prevalence of UE swelling or
pitting edema ranging from 70% to 87%.9,25 One retrospec-
tive study reported a 93% prevalence of edema in a young
athletic population with ET.26 Absence of edema and other
symptoms may be explained by compensatory venous col-
lateral formation around the axillosubclavian vein.11 Cases
of ET similar to case 1 presenting to a chiropractic clinic
without UE swelling have been published.27,28 It is possi-
ble that cases of ET without swelling are more likely to
masquerade as MSK pathology, causing patients to not
seek emergency care.

Effort thrombosis has a broad differential that includes
muscle injury, quadrilateral space syndrome, lymphangitis,
lymphedema, hematoma, superficial vein thrombosis, skin
infection, neurogenic or arterial TOS,6,13,26,27 and rhabdo-
myolysis.29 Overhead-throwing athletes without overt vas-
cular signs and symptoms may be suspect for rotator cuff
pathology or subacromial impingement, whereas those
with pain and extremity swelling may be suspect for a vas-
cular, inflammatory, or lymphatic disorder.27

Clinical decision rules help determine the probability of
UE DVT. The Constans score has a sensitivity of 38% to
86% and specificity of 64% to 93%9,25 and considers UE
DVT likely with a score of �2 points for presence of a cen-
tral venous catheter or pacemaker (+1), unilateral edema
(+1), localized pain (+1), and another diagnosis being at
least as plausible (�1).25 An extended Constans score con-
siders UE DVT likely with �3 points and additionally
includes superficial vein dilation (+1), arm swelling >

1.5 cm more than the uninvolved side (+1), estrogen use or
skin color difference (+1), and intravenous injection or
peripheral venous catheter in the past 5 days (�1).9 The
extended Constans score has a sensitivity of 90% and spec-
ificity of 64%.9 The patient in case 1 did not present with
UE edema, superficial vein dilation, or skin color differ-
ence, and in retrospect would have had Constans and
extended Constans scores of 0 (+1 for pain, �1 for MSK
diagnosis being plausible). Because a low clinical proba-
bility does not rule out UE DVT,25 clinicians must con-
sider risk factors for ET such as recent vigorous arm
exertion when deciding to refer for urgent imaging such
as US.2,3,21

Duplex US has emerged as the first-line imaging tool for
clinically suspected DVT.8,13 Unlike venography, US is
noninvasive, lacks ionizing radiation, and avoids potential
complications associated with contrast.13,30 For diagnosis
of UE DVT, compression US demonstrated a sensitivity of
97% and specificity of 96%, and combined compression/
Doppler US demonstrated a sensitivity of 91% and speci-
ficity of 93%.30 One disadvantage of US imaging is its field
of view. It is limited proximally, deep to the clavicle, which
is a common location for thrombosis.5,31 In those cases,
venography is the next step in suspected UE DVT3,13 and
can be both diagnostic and therapeutic,3,5 although other
types of imaging are available as well.32 Another potential
disadvantage is that US is user dependent.3,10 An inexperi-
enced and less competent examiner could have missed the
diagnosis in case 1. Although US is the first-line imaging
choice for UE DVT, a negative US exam should be inter-
preted with caution owing to these limitations, especially
when clinical suspicion is high.11,33

Complications of ET include pulmonary thromboembo-
lism and post-thrombotic syndrome.7 Pulmonary embolism
is reported in 3% to 36% of UE DVT cases,34 whereas
post-thrombotic syndrome develops in 7% to 46%.35

Symptoms of post-thrombotic syndrome include limb pain
and swelling, heaviness, cramping, and edema with signifi-
cant reduction in quality of life, especially in the dominant
arm.14,15 Pulmonary embolism can be asymptomatic or
present with dizziness and shortness of breath, and has a
potentially fatal outcome.11,34 Recognition of the clinical
signs and symptoms of ET and early imaging with US may
help avoid these complications.

Catheter-directed thrombolysis combined with anticoa-
gulation is the standard-of-care treatment for UE DVT, but
has been questioned.1,15 One recent systematic review
found insufficient evidence to support the benefits or harms
of thrombolysis, either alone or combined with other inter-
ventions.36 Studies on proximal lower-extremity DVT
have come to a similar conclusion, as a randomized clinical
trial found that pharmacomechanical catheter-directed
thrombolysis did not prevent occurrence of post-thrombotic
syndrome at 6 to 24 months’ follow-up.37 Newer treatment
options may be forthcoming, as US elastography may
determine the age of a thrombus, influencing both the treat-
ment approach and prognosis.38

It is generally accepted that anticoagulation therapy alone
is insufficient and should be combined with surgical throm-
bectomy and thoracic outlet decompression for the best
outcome.11,14,15 The use of surgical decompression is based
more on clinical experience and consensus rather than ran-
domized controlled trials.1,15 Those that choose a nonsurgical
approach, such as in case 2, may be forced to restrict provoc-
ative activities and also should have ongoing anticoagulation
therapy due to the risk for recurrent thrombosis.5
Limitations
There were limitations to this case report. Generalization

of the diagnostic findings and treatments represented in this
case series will not necessarily apply to a larger population.
Also, further clinical findings in case 1 were not available
to the authors.
TAGGEDH1CONCLUSION TAGGEDEND

We presented 2 cases highlighting the variable clinical
presentation of ET, which should be considered in the
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differential diagnosis of a young, overhead athlete with
shoulder pain with or without swelling.34 The variability of
our cases shows that overhead and non-overhead athletes
can be affected by ET, and clinical signs can be pro-
nounced or not present at all. Patients with suspected ET
should be emergently evaluated, and imaging protocols
may include duplex vascular US.
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Practical Applications

� An athlete presenting with arm cyanosis,
edema, and prominent superficial veins after
vigorous upper extremity overuse should be
suspect for effort thrombosis.

� Athletes without visible signs of vascular
pathology still may have effort thrombosis.

� Those with potential effort thrombosis should
be referred for imaging such as US.

� A high index of suspicion and urgent deci-
sion-making is required to prevent the nega-
tive sequelae of this condition
TAGGEDH1REFERENCES TAGGEDEND

1. Carlon TA, Sudheendra D. Interventional therapy for upper
extremity deep vein thrombosis. Semin Intervent Radiol.
2017;34(1):54-60.

2. Alla VM, Natarajan N, Kaushik M, Warrier R, Nair CK.
Paget-Schroetter syndrome: review of pathogenesis and treat-
ment of effort thrombosis. West J Emerg Med. 2010;11
(4):358-362.

3. Illig KA, Doyle AJ. A comprehensive review of Paget-
Schroetter syndrome. J Vasc Surg. 2010;51(6):1538-1547.

4. DeLisa LC, Hensley CP, Jackson S. Diagnosis of Paget-
Schroetter syndrome/primary effort thrombosis in a recrea-
tional weight lifter. Phys Ther. 2017;97(1):13-19.

5. Thompson RW. Comprehensive management of subclavian
vein effort thrombosis. Semin Intervent Radiol. 2012;29
(1):44-51.

6. Mall NA, Van Thiel GS, Heard WM, Paletta GA, Bush-
Joseph C, Bach Jr BR. Paget-Schroetter syndrome: a review
of effort thrombosis of the upper extremity from a sports
medicine perspective. Sports Health. 2013;5(4):353-356.

7. Klitfod L, Broholm R, Baekgaard N. Deep venous thrombo-
sis of the upper extremity. A review. Int Angiol. 2013;32
(5):447-452.

8. Kucher N. Clinical practice. Deep-vein thrombosis of the
upper extremities. N Engl J Med. 2011;364(9):861-869.

9. van Es N, Bleker SM, Di Nisio M, et al. Improving the diag-
nostic management of upper extremity deep vein thrombosis.
J Thromb Haemost. 2017;15(1):66-73.

10. Goodacre S, Sampson F, Thomas S, van Beek E, Sutton A.
Systematic review and meta-analysis of the diagnostic accu-
racy of ultrasonography for deep vein thrombosis. BMC Med
Imaging. 2005;5:6.

11. Melby SJ, Vedantham S, Narra VR, et al. Comprehensive
surgical management of the competitive athlete with effort
thrombosis of the subclavian vein (Paget-Schroetter syn-
drome). J Vasc Surg. 2008;47(4):809-820. discussion 821.

12. Mustafa J, Asher I, Sthoeger Z. Upper extremity deep vein
thrombosis: symptoms, diagnosis, and treatment. Isr Med
Assoc J. 2018;20(1):53-57.

13. Kraaijpoel N, van Es N, Porreca E, Buller HR, Di Nisio M.
The diagnostic management of upper extremity deep vein
thrombosis: a review of the literature. Thromb Res.
2017;156:54-59.

14. Grant JD, Stevens SM, Woller SC, et al. Diagnosis and man-
agement of upper extremity deep-vein thrombosis in adults.
Thromb Haemost. 2012;108(6):1097-1108.

15. Vazquez FJ, Paulin P, Poodts D, Gandara E. Preferred man-
agement of primary deep arm vein thrombosis. Eur J Vasc
Endovasc Surg. 2017;53(5):744-751.

16. Jacobson JA. Shoulder US: anatomy, technique, and scan-
ning pitfalls. Radiology. 2011;260(1):6-16.

17. American Institute of Ultrasound in Medicine. AIUM practice
parameter for the performance of a musculoskeletal ultrasound
examination. Available at: https://www.aium.org/resources/
guidelines/musculoskeletal.pdf. Accessed June 2, 2020.

18. Michelin P, Legrand J, Lee KS, et al. Axillary sonography of
the shoulder: an adjunctive approach. J Ultrasound Med.
2018;37(11):2707-2715.

19. Donohue BF, Lubitz MG, Kremchek TE. Sports injuries to
the latissimus dorsi and teres major. Am J Sports Med.
2017;45(10):2428-2435.

20. Urschel Jr HC, Patel AN. Surgery remains the most effec-
tive treatment for Paget-Schroetter syndrome: 50 years’
experience. Ann Thorac Surg. 2008;86(1):254-260. dis-
cussion 260.

http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0001
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0002
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0003
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0004
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0005
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0006
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0007
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0008
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0009
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0010
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0011
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0012
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0013
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0014
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0015
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0016
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0016
https://www.aium.org/resources/guidelines/musculoskeletal.pdf
https://www.aium.org/resources/guidelines/musculoskeletal.pdf
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0017
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0018
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0019
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0019


Mattox et al Journal of Chiropractic Medicine
Effort Thrombosis in Suspected MSK Injuries September 2019

218
21. Bushnell BD, Anz AW, Dugger K, Sakryd GA, Noonan TJ.
Effort thrombosis presenting as pulmonary embolism in a pro-
fessional baseball pitcher. Sports Health. 2009;1(6):493-499.

22. Archambault ME, Chila A, Lundin L, Walker R. Recognizing
primary effort thrombosis in primary care. JAAPA. 2017;30
(11):27-30.

23. Bishop M, Astolfi M, Padegimas E, DeLuca P, Hammoud S.
Venous thromboembolism within professional american sport
leagues. Orthop J Sports Med. 2017;5:(12) 23259671
17745530.

24. Haage P, Krings T, Schmitz-Rode T. Nontraumatic vascular
emergencies: imaging and intervention in acute venous occlu-
sion. Eur Radiol. 2002;12(11):2627-2643.

25. Constans J, Salmi LR, Sevestre-Pietri MA, et al. A clinical
prediction score for upper extremity deep venous thrombosis.
Thromb Haemost. 2008;99(1):202-207.

26. Urschel Jr HC, Razzuk MA. Paget-Schroetter syndrome:
what is the best management? Ann Thorac Surg. 2000;69
(6):1663-1668. discussion 1668-1669.

27. Rowan TL, Kazemi M. Paget Schroetter dyndrome: a case
study of the chiropractor’s role in recognizing and comanag-
ing an important condition. J Can Chiropr Assoc. 2012;56
(4):256-261.

28. Stainsby BE, Muir BJ, Miners AL. Upper extremity deep
vein thrombosis presenting to a chiropractic clinic: a descrip-
tion of 2 cases. J Chiropr Med. 2012;11(4):286-292.

29. Spencer TR, Lagace RE, Waterman G. Effort thrombosis
(Paget-Schroetter syndrome) in a 16-year-old male. Am J
Case Rep. 2014;15:333-336.
30. Di Nisio M, Van Sluis GL, Bossuyt PM, Buller HR, Porreca
E, Rutjes AW. Accuracy of diagnostic tests for clinically sus-
pected upper extremity deep vein thrombosis: a systematic
review. J Thromb Haemost. 2010;8(4):684-692.

31. Mai C, Hunt D. Upper-extremity deep venous thrombosis: a
review. Am J Med. 2011;124(5):402-407.

32. Dronkers CE, Klok FA, Huisman MV. Current and future
perspectives in imaging of venous thromboembolism. J
Thromb Haemost. 2016;14(9):1696-1710.

33. Vemuri C, Salehi P, Benarroch-Gampel J, McLaughlin LN,
Thompson RW. Diagnosis and treatment of effort-induced
thrombosis of the axillary subclavian vein due to venous tho-
racic outlet syndrome. J Vasc Surg Venous Lymphat Disord.
2016;4(4):485-500.

34. Heil J, Miesbach W, Vogl T, Bechstein WO, Reinisch A.
Deep vein thrombosis of the upper extremity. Dtsch Arztebl
Int. 2017;114(14):244-249.

35. Elman EE, Kahn SR. The post-thrombotic syndrome after
upper extremity deep venous thrombosis in adults: a system-
atic review. Thromb Res. 2006;117(6):609-614.

36. Feinberg J, Nielsen EE, Jakobsen JC. Thrombolysis for acute
upper extremity deep vein thrombosis. Cochrane Database
Syst Rev. 2017;12: CD012175.

37. Vedantham S, Goldhaber SZ, Julian JA, et al. Pharmacome-
chanical catheter-directed thrombolysis for deep-vein throm-
bosis. N Engl J Med. 2017;377(23):2240-2252.

38. Hoang P, Wallace A, Sugi M, et al. Elastography techniques
in the evaluation of deep vein thrombosis. Cardiovasc Diagn
Ther. 2017;7(suppl 3):S238-S245.

http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0020
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0021
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0022
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0023
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0024
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0025
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0026
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0027
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0028
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0029
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0030
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0030
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0031
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0032
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0033
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0034
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0035
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0036
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0037
http://refhub.elsevier.com/S1556-3707(20)30047-X/sbref0037

	Effort Thrombosis in 2 Athletes Suspected of Musculoskeletal Injury
	Introduction
	Case Reports
	Case 1
	Case 2

	Discussion
	Limitations

	Conclusion
	Funding Sources and Conflicts of Interest
	Contributorship Information
	References


