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SUMMARY

Background: Deep venous thrombosis (DVT) arises with an incidence of about
1 per 1000 persons per year; 4-10% of all DVTs are located in an upper ex-
tremity (DVT-UE). DVT-UE can lead to complications such as post-thrombotic
syndrome and pulmonary embolism and carries a high mortality.

Method: This review is based on pertinent literature, published from January
1980 to May 2016, that was retrieved by a systematic search, employing the
PRISMA criteria, carried out in four databases: PubMed (n = 749), EMBASE
(n = 789), SciSearch (n = 0), and the Cochrane Library (n = 12). Guidelines
were included in the search.

Results: DVT-UE arises mainly in patients with severe underlying diseases,
especially cancer (odds ratio [OR] 18.1; 95% confidence interval [9.4; 35.1]).
The insertion of venous catheters—particularly central venous catheters—also
elevates the risk of DVT-UE. Its clinical manifestations are nonspecific. Diag-
nostic algorithms are of little use, but ultrasonography is very helpful in diag-
nosis. DVT-UE is treated by anticoagulation, with heparin at first and then with
oral anticoagulants. Direct oral anticoagulants are now being increasingly
used. The thrombus is often not totally eradicated. Anticoagulation is generally
continued as maintenance treatment for 3-6 months. Interventional techniques
can be used for special indications. Patients with DVT-UE have a high mortality,
though they often die of their underlying diseases rather than of the DVT-UE or
its complications.

Conclusion: DVT of the upper extremity is becoming increasingly common,
though still much less common than DVT of the lower extremity. The treatment
of choice is anticoagulation, which is given analogously to that given for DVT of
the lower extremity.
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eep vein thrombosis of the upper extremity (DVT-

UE) can occur in any of the veins of the upper
extremity or thoracic inlet. These include the jugular,
brachiocephalic, subclavian, and axillary veins as well as
the more distal brachial, ulnar, and radial veins. DVT-UE
must be distinguished from thrombosis of the superficial
veins, i.e., the cephalic and basilic veins (1).

Idiopathic DVT-UE and cases due to anatomical vari-
ants are known as primary DVT-UE. The occurrence of
secondary DVT-UE, on the other hand, is associated with
tumor disease, intravenous catheters, and pacemaker
cables (2). The growing incidence of these risk factors
and therefore of the resulting cases of DVT-UE is leading
to increasing interest in this disease.

The data on DVT-UE are limited and heterogeneous.
No randomized controlled trials have been published,
and there are very few nonrandomized interventional or
comparative studies. Most of the publications on DVT-
UE are case series or cohort studies. This precludes a
formal meta-analysis but permits a systematic review.

Methods

We conducted a structured analysis of the relevant
publications listed in the databases PubMed (n = 749),
EMBASE (n = 789), SciSearch (n = 0), and the Coch-
rane Library (n = 12) and published between January
1980 and May 2016. Following identification and
removal of duplicates, the data were analyzed in ac-
cordance with the principles of the PRISMA statement
(eFigure). The methods are described in detail in eBox
1 (3). This search strategy identified a total of 756 pub-
lications, of which 29 were classed as relevant.

Results
Etiology, epidemiology, and risk factors
The annual incidence of DVT is approximately 1/1000,
and the proportion of DVT-UE is around 4 to 10% (4,
5). This means that somewhere between 3200 and 8000
people in Germany are affected. Secondary DVT-UE is
much more common than primary DVT-UE, making up
around 80% of cases (6). The causes of primary DVT-
UE and the options for treatment are presented in
eBox 2.

The incidence of DVT-UE is on the rise. The pre-
sumed reason for this development is the increased in-
sertion of central venous catheters (CVC), peripherally
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inserted central catheters (PICC), and cardiac pace-
makers (2, 6-8).

Other factors considered to increase the risk of DVT-
UE are age >40 years, immobilization, and a history of
thromboembolic events (eTable 1) (2, 6, 9).

The formation of a DVT-UE seems to be particularly
favored by the combination of irritation of the vessel
wall by a CVC or by chemotherapeutics and tumor-
related hypercoagulability of the blood (10).

Foreign bodies in the vascular system represent the
most important independent risk factor for DVT-UE.
More than half of the patients with DVT-UE have a
CVC or a cardiac pacemaker in the affected area of the
circulation (11, 12). The presence of a CVC increases
the risk of DVT-UE sevenfold (odds ratio [OR] 7.3, 95%
confidence interval [5.79, 9.21]; p<0.0001) (12). The de-
gree of risk depends on the diameter, type, and position of
the catheter and is also increased by the presence of infec-
tion (13, 14). Evans et al., for example, demonstrated that
triple-lumen PICC increase the ratio by a factor of 20 com-
pared with single-lumen PICC (OR 19.5, [3.45, >100];
p<0.01) (15). The findings for cardiac pacemakers are
comparable: DVT-UE was demonstrated in over 60%
of pacemaker patients at 6-month follow-up (16).

The second independent risk factor for DVT-UE is
malignant disease. Up to 49% of patients with DVT-UE
have a tumor (8), and underlying malignant disease in-
creases the risk by a factor of 18 (OR 18.1, [9.4, 35.1])
compared with patients who do not have a malignancy
2, 17).

Surgical intervention is the third principal risk factor
for DVT-UE. Lee et al. showed that 27% of patients
with DVT-UE had a history of surgery (8). According
to Mino et al., as many as 53.8% of patients developed
DVT-UE postoperatively, while DVT of the lower ex-
tremity (DVT-LE) occurred in 35.9% of cases. The
relevance of these DVT-UE—diagnosed in the course
of screening—is unclear (18).

Figure 2: Sonography of the left subclavian vein
Depiction of a several-day-old thrombus with almost complete
obstruction of the lumen (arrow)
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Constans criteria
CVC or pacemaker +1 point
Localized pain +1 point
Unilateral swelling +1 point
Alternative diagnosis likely -1 point
<1 point = 2 points
DVT-UE unlikely DVT-UE likely

'

!

D-dimers >500 pg/L

Determination of D-dimers

Sonography

=

‘ D-dimers <500 pg/L

!

DVT-UE largely excluded

Confirmation or exclusion
of DVT-UE

Diagnostic algorithm based on the Constans criteria (modified from [22, 23])
CVC, central venous catheter; DVT-UE, deep vein thrombosis of the upper extremity

The vessels most often affected by DVT are the sub-
clavian vein (62%), the axillary vein (45%), and the
jugular vein (45%), with more than one thrombosis
demonstrated in some instances (elable 2) (8).

DVT of the upper extremity differs in a number of
ways from DVT of the lower extremity, as shown in
eBox 3.

Clinical symptoms

Signs of venous congestion such as swelling, pain,
edema, cyanosis, and dilation of the superficial veins are
among the typical, but not specific, symptoms of DVT-UE

Figure 3: Computed tomographic (CT) image of deep vein thrombosis of the upper extremi-

ty. Verification of the longitudinally extensive thrombus at the junction of the right subclavian

vein and the superior vena cava (arrow)
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Figure 4:
Phlebography of
the brachial vein.
The abrupt ending
of the contrast
medium column
demonstrates the
presence of a
thrombus in the
axillary vein with
only slight collat-
eralization (arrow)

(6, 19, 20). A not inconsiderable proportion of DVT-UE
(33 to 60%) are asymptomatic, so many cases may well
go undetected (6). Localized neck or shoulder pain may
point to a thrombosis in the subclavian or axillary vein.
Weakness and paresthesia of the affected arm may occur,
as may elevated body temperature, but both of these
signs are observed only sporadically (2, 19).

Clinical examination has specificity of only 30 to
64%. The detection rate can be improved by means of
algorithms and, particularly, diagnostic imaging pro-
cedures (2, 10).

Diagnosis
The currently valid German S2 guideline provides no
algorithm for the diagnosis of DVT-UE.

A clinical scoring system to estimate the probability of
DVT-UE was published by Constans et al. in 2008, and
in 2016 van Es et al. added D-dimers and sonography to
create a diagnostic algorithm (Figure 1) (21, 22). It re-
mains to be seen how widely this proposal will be taken up.

DVT-UE occurs especially in hospitalized patients
and is associated with tumor disease and presence of a
CVC, which greatly diminishes the usefulness of
D-dimers in the diagnostic work-up (19). Although the
negative predictive value can be raised by an age-

adjusted cut-off level for D-dimers, the D-dimer test
alone is of limited value (23).

For patients not being treated in hospital, the combi-
nation of a clinical score (the Wells score), D-dimer deter-
mination, and compression sonography achieved a
negative predictive value of 99.0% [96.3, 99.9] for DVT-
LE (24). However, the parameters of the scoring system
(e.g., leg circumference) mean that it cannot be used for
DVT-UE.

If DVT-UE is suspected, the simplest and swiftest
diagnostic modality is sonography (Figure 2). Contrast
medium enhancement is unnecessary (2, 7, 10). Com-
pression sonography, with 97% sensitivity and 96%
specificity, is particularly accurate in detecting DVT-UE
in the distal veins (25). For reasons of anatomy, compres-
sion sonography is not applicable to the proximal
brachiocephalic and subclavian veins, where Doppler or
color-coded duplex sonography is used instead (2).

Should the mnamgs not be clear, computed to-
mography (CT) or magnetic resonance phlebography is
recommended (26).

Because of its high sensitivity and specificity,
contrast-enhanced CT is increasingly being used for
diagnosis of DVT-UE. Both arms can be imaged in one
examination, together with the venous outflow from arm
and head as well as the extension of the thrombus to cen-
tral (Figure 3). Conventional phlebography is also rec-
ommended for further investigation of DVT-UE (Figure
4), despite the lack of data on sensitivity and specificity,
and is used especially in interventional procedures (2).

Treatment

The goals of the primary treatment of DVT-UE by
means of anticoagulation measures are to dissolve the
thrombus, alleviate the symptoms, and prevent pul-
monary embolism and post-thrombotic syndrome
(PTS). Secondary preventive treatment must ensure
there is no recurrence of DVT (2, 27).

The initial treatment follows the recommendations
for DVT-LE: unfractionated (UFH) or low-molecular-
weight heparins (LMWH) are used (26). Drugs and
dosages are listed in the Table. LMWH can generally
be administered without regularly checking anti-factor-
Xa activity (28). If renal insufficiency (glomerular
filtration rate <30 mL/min) is present or the patient is
dependent on dialysis, anticoagulation with UFH is ad-
visable. A bolus of 5000 IU heparin is recommended,
followed by 15-20 IU/kg body weight (BW) with moni-
toring of partial thromboplastin time (pTT) (26).

Regular thrombocyte counts are necessary for early
detection of heparin-induced thrombocytopenia type 11
(HIT II) in treatments lasting more than 5 days. If the
patient has a history of HIT II, fondaparinux (FDX) can
be used for anticoagulation. Monitoring of treatment
success is not necessary, but is possible by means of
determination of anti-factor-Xa activity (26).

Moreover, the direct oral anticoagulants (DOAC)
rivaroxaban and apixaban are licensed for the initial
treatment of DVT-LE and can also be used in DVT-UE.
The initial treatment phase is 21 days for rivaroxaban
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and 7 days for apixaban, compared with 5 days for
LMWH, UHF, and FDX (26).

Vitamin K antagonists (VKA) have largely been
employed for maintenance treatment to date, with an
international normalized ratio (INR) target range of 2.0
to 3.0. However, DOAC are increasingly being used
for maintenance therapy of DVT (Table) (26). Various
studies have confirmed the efficacy of DOAC, al-
though they were not specific for DVT-UE (el—e6).
Besides being able to do without regular INR monitor-
ing, DOAC have the advantage of reducing the rate of
major hemorrhage (by around 40% versus VKA). Dose
adjustment is unnecessary (26).

The duration of maintenance therapy is 3 to 6
months, occasionally longer, depending on the cause
of the DVT-UE (2, 29). In catheter-related thrombosis,
particularly in the presence of a central catheter that
remains functional and is still required, the catheter
can continue to be used during anticoagulation. If the
catheter be removed, anticoagulation should be contin-
ued for a further 3 months (29). In the presence of
tumor-related DVT-UE, it is advisable to continue anti-
coagulation as long as the tumor disease remains active,
in the absence of contraindications (2, 29). In this case
LMWH is recommended for maintenance treatment
(26, 30-32, e7-¢9).

Studies comparing DOAC with VKA have yielded
no clear-cut results to date and have not specifically
investigated DVT-UE or tumor-associated DVT. More-
over, the results, such as they are, seem contradictory.
The CLOT trial showed significantly fewer thromboem-
bolic events with dalteparin than with warfarin
(p=0.002)—a result that could not be confirmed in
other studies (33). For example, the subsequent CATCH
trial showed no comparable effect for tinzaparin versus
VKA (34, 35).

Furthermore, the treatment goal has to be considered:
is it thrombus dissolution, or prevention of disease pro-
gression or secondary complications? Complete disso-
lution of the thrombus is not often achieved. For
example, a residual thrombus was demonstrated after
conclusion of treatment in 82% of patients with DVT-
UE (2). In this light, and in analogy with the treatment
of DVT-LE, further procedures have been proposed:

® [ocal administration of fibrinolytics via catheter

(catheter-directed thrombolysis, CDT) and per-
cutaneous mechanical thrombectomy (PMT) have
both been used in small case series of DVT-UE
(2). Randomized controlled studies have con-
cerned themselves exclusively with DVT-LE. For
instance, Enden et al. compared anticoagulation
alone with combined anticoagulation and CDT:
At 6 months after treatment, regular blood flow
was demonstrated in 65.9% of patients who had
undergone additional CDT and in 47.4% of those
treated with anticoagulation alone. The rate of
PTS at 2 years was 41.1% with additional CDT
compared with 55.6% for anticoagulation alone.
The main complication was bleeding (20%). The
transferability of these results to DVT-UE is ques-
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TABLE

Initial anticoagulation and maintenance treatment for DVT-UE*!

LMWH

Certoparin 8000 IU (2/day s. c.) 8000 IU (2/day s. c.)

Dalteparin 100 IU/kg BW (2/day s. c.) 100 IU/kg BW (2/day s. c.)
200 IU/kg BW (1/day s. c.) 200 IU/kg BW (1/day s. c.)

Enoxaparin 1.0 mg/kg BW (2/day s. c.) 1.0 mg/kg BW (2/day s. c.)

Tinzaparin 175 [Ulkg BW (1/day s. c. 175 IUlkg BW (1/day s. c.

UFH

Heparin sodium/ Bolus: 5000 IU ca. 15-20 IU/kg BW/h (i. v.

calcium 15-20 IU/kg BW/h (i. v.) under aPTT monitoring)

Pentasaccharide

Fondaparinux 7.5mg (1/day s. c.) 7.5mg (1/day s. c.)
<50 kg: 5 mg (1/day s. c.) <50 kg: 5 mg (1/day s. c.)
>100 kg: 10 mg (1/day s. c.) >100 kg: 10 mg (1/day s. c.)

DOAC

Dabigatran - 150 mg (2/day p. 0.)

Rivaroxaban 15 mg (2/day, 3 weeks p. 0.) 20 mg (1/day p. 0.)

Apixaban 10 mg (2/day, 1 week p. 0.) 5mg (2/day p. 0.)

Edoxaban - 60 mg (1/day p. 0.)

*! modified from (26); **depending on licensing conditions of given medication; for vitamin K antagonists, see
main text; DVT-UE, deep vein thrombosis of upper extremity; LMWH, low-molecular-weight heparins; UFH,
unfractionated heparins; DOAC, direct oral anticoagulants; IU, international units; BW, body weight;

s. c., subcutaneous; i. v., intravenous; p. 0., oral; aPTT, partial thromboplastin time

tionable (36). It must be remembered that con-
tinuation of anticoagulation for 3 months after the
end of CDT is recommended (29).

® The spectrum of interventional treatment pro-
cedures furthermore includes removal of the
thrombus by means of mechanical crushing and
aspiration with or without simultaneous lysis
(pharmacomechanical catheter-directed throm-
bolysis, PCDT/PMT), as well as the AngioJet and
Trellis thrombectomy systems (2). While the
AngioJet crushes the thrombus hydromechan-
ically with a jet of liquid, in the Trellis method a
lysing agent is administered between the two bal-
loons of a dual-balloon catheter and dispersed by
an oscillating wire, and lysis and fragmentation
ensues locally (37). The success rates were 75%
for the AngioJet and 70% for conventional CDT.
The complication rates of the two techniques did
not differ significantly (30).

The efficacy of the methods cannot be conclusively
determined on the basis of the existing data. Interven-
tional procedures are not yet routinely used to treat
DVT-UE (30, 31, 38).

Prophylaxis

The need for prophylaxis depends on the individual
risk, and both exposure—e.g., to acute illness and sur-
gery—and disposition—e.g., congenital and acquired
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factors—must be taken into account. The risk of DVT
is intermediate or high after lengthy surgery and in the
presence of malignant disease and congenital thrombo-
philic disorders of hemostasis. Prophylaxis is necessary
in these situations and can be achieved with heparins,
fondaparinux, or DOAC (26, ¢10).

The efficacy of prophylaxis has been demonstrated
for DVT-LE, but not so clearly for DVT-UE. The prin-
cipal risk factors for DVT-UE are venous catheters
and tumor disease (6, 8, 11, 12). A randomized trial by
Verso et al. examined the impact of anticoagulation
(LMWH versus placebo) in this risk constellation. In-
terestingly, no difference was found. Over an observa-
tion period of 6 weeks, the incidence of DVT-UE was
14.1% with enoxaparin and 18% with placebo (26,
39). In contrast, Monreal et al. showed that LWMH
reduced the rate of DVT-UE (40). Joffe et al. found
that only 20% of 387 patients with DVT-UE had re-
ceived prophylactic anticoagulation (12). It therefore
remains unclear whether prophylaxis has a positive
effect on the occurrence of DVT-UE. However, pro-
phylactic anticoagulation is indicated in any case, be-
cause the patients concerned are also threatened by
DVT-LE.

Complications and prognosis

The typical complications of DVT-UE are: PTS, chronic
venous insufficiency, thrombophlebitis, loss of venous
access, and recurrence. Serious but rare events are
superior vena cava syndrome (SVC syndrome) and pul-
monary embolism (2, 7). SVC syndrome may result from
propagation of a thrombus and leads to elevated venous
pressure in the head, neck, and upper extremity (7, 10).

According to recent studies, the risk of recurrence of
DVT-UE is ca. 9%. The risk is twofold for patients with
tumor disease (18% versus 7.5%, hazard ratio 2.2 [0.6,
8.2]). Moreover, patients with catheter-associated DVT-
UE show a higher rate of recurrence than patients with-
out venous catheters (4).

Recurrences tend to occur on the ipsilateral side, and
patients with recurrent DVT-UE often suffer further
recurrences (26).

Owing to elevated venous pressure, PTS as a late com-
plication of DVT-UE leads to chronic pain, edema, and
functional limitation of the affected arm (2, 10, 26). Mild
and moderate symptoms have been stated to occur in
28% and 8% of cases, respectively (1).

The data on frequency and importance of pulmonary
embolism are sparse and heterogeneous (rates of 3 to
36%, asymptomatic in many cases) (2, 7, 19).

Various retrospective studies have shown high mortal-
ity rates among patients with DVT-UE. Margey et al. re-
ported mortality of 15 to 50%, largely determined by the
underlying disease (7). The above-mentioned study by
Munos et al., for example, showed that the risk of death
within 3 months is 8 times higher in DVT-UE patients
with a tumor than in those without tumor disease (OR 7.7
[4.0, 16]) (32). Therefore, it is uncertain to what extent
DVT-UE itself, as opposed to the life-threatening underly-
ing disease, influences mortality.

KEY MESSAGES

® The principal risk factors for deep vein thromboses of
the upper extremity are (central) venous catheters
(odds ratio [OR] 7.3) and malignant underlying disease
(OR18.1).

® Deep vein thromboses of the upper extremity are often
asymptomatic or the clinical signs are unspecific.

® The gold standard for diagnosis is sonography.

® The treatment is oriented on that of deep vein thrombo-
ses of the lower extremity.

® Deep vein thromboses of the upper extremity are often
less severe than those of the lower extremity.
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eTABLE 1

Characteristics of patients with deep vein thrombosis of the upper extremity
Bleker et al. (1) 2016 | 102
Stone et al. (9) 2016 229 50 34 28 47 20 78 31 (14) 1
Schleyer et al. (e14) | 2014 50 49 70 - 92 46 44 31 1
Leeetal. (8) 2012 373 51 44 - 78 27 93 49 1
Spencer etal. (11) | 2007 69 65 52 7 - 49 62 44 (26) 1
* Mean

*2 Diagnosis of DVT during a hospital stay
*3 Proportion of patients with tumor disease (proportion of patients receiving chemotherapy)
Pat., patients; M, male; y, years; DVT, deep vein thrombosis; Op., operation; CVC, central venous catheter

eTABLE 2

Sites of deep vein thrombosis of the upper extremities

Year Patients Internal jugularveln Axillary vein Brachial vein Subclavian vein Radial vein
(%) (%) (%) (% (%)

Schleyer et al. (e14) | 2014
> 1 vein*: 62 45 45 29 62 1
Leeetal. (8) 2012 373
1 vein*: 38 1 2 7 13 1
Mino et al. (18) 2014 21 - 57 - - 43 -
Kovacs et al. (e15) | 2007 74 - 1 34 42 22 -

* Number of veins involved at time of diagnosis
Pat., patients
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1:10) @] [21:10) @

Methods Primary deer vein thrombosis of the upper

® Search terms: “upper extremity DVT,” “upper extremity eXtremlty (2
deep vein thrombosis,” “upper extremity vein throm- @ Occurrence:
bosis,” “Paget von Schroetter syndrome,” “Paget von Spontaneous or associated with anatomical anomalies: shoulder girdle syn-
Schroetter,” “Schroetter,” “Paget Schroetter,” and “Paget drome, Paget-von Schroetter syndrome (PSS; venous thrombosis of the sub-
disease,” plus the equivalent terms in German. clavian vein in thoracic inlet syndrome), cervical rib, exostoses, clavicular

® Inclusion of four publications after conclusion of the fractures, hypertrophy of the scalenus muscle (2, e11).

literature survey (May 2016). ® Special forms:
Effort thrombosis in the presence of stress; paraneoplastic thrombosis caused

® |nclusion of three publications in the course of revision. )
by compression due to Pancoast tumor.

® Literature selection by the authors (JH and AR) inde-
pendently of one another on the basis of previously
agreed inclusion criteria:

® Diagnosis:
Sonography, computed tomography (2)

— Deep vein thromboses of the upper extremity as pri- ® Treatment:
mary study goal or essential secondary study goal. — Whenever feasible, surgical elimination of the cause: removal of the ob-
— Study type: randomized controlled studies, prospec- struction to blood flow (e.g., anterior scalenotomy or resection of a cervical
tive and retrospective observational studies, cohort rib) combined with catheter-directed thrombolysis (CDT)
studies, case series (limited). - As initial treatment, anticoagulation alone is inferior to surgical and/or inter-
— Exclusion of publications about pediatric patients, ventional procedures.
publications about patients with anatomical malfor- - Stent angioplasty has largely been abandoned (2, 20, 12, e13).

mations or stress-related thromboses, and reviews
that contributed no information additional to that
contained in the included primary publications.

— Publication in German or English.

® Assessment of study quality and risk of bias by the
authors independently of one another. The quality of the
studies used permitted only limited systematic assess-
ment according to the Oxford scale. This state of affairs
was factored into the analyses and the writing of the

manuscript. Any differences of opinion between the c . fd in th bosis of th
authors regarding inclusion and weighting were settled omparison ot deep vein thrombosis o € upper

by discussion and consensus or by consulting a third and lower extremities (1 1! 12)

person (WB oder WM). @ Distribution:
- Deep vein thrombosis of the upper extremity (DVT-UE): 11-14%.
- Deep vein thrombosis of the lower extremity (DVT-LE): 86-89%.

® Risk factors (12):

— DVT-LE: Age (odds ratio [OR] 2.35; 95% confidence interval [1.68, 3.29];
p<0.0001), high body mass index (OR 1.7; [1.25; 2.31]; p = 0.0007), preg-
nancy, surgical intervention

— DVT-UE: Smoking (OR 1.26; [0.87, 1.84]; p = 0.23), malignancy, foreign
body in vascular system

® Complications (19):
— Pulmonary embolism: risk ca. 5 times higher in DVT-LE (32% versus 6%)
- Post-thrombotic syndrome: risk ca. 10 times higher in DVT-LE (56% versus
5%)
— Recurrence rate with optimal treatment (12 months) 2 to 5 times higher in
DVT-LE (10% versus 2-5%)

® Simultaneous occurrence of both DVT-LE and DVT-UE is possible, and it may
be advisable to include the other side of the body in the diagnostic work-up (6).
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(PRISMA, Preferred Reporting Items for

= Systematic Reviews and Meta-analyses)
£ | 1551 publications from databases 7 publications from other sources
S
=
S
- 756 publications (without duplicates)
. !
s 756 abstracts pre-analyzed  =»| 590 publications excluded
&
(7]
137 publications excluded:
¢ 130 case reports, reviews
- without essential additional
S content
1 - e 2 pediatric publications
2 166 articles analyzed =
= y e 2 publications not in English
s or German
i e 2 effort thrombosis
¢ 1 anatomical malformation
=
2
g
E 29 studies included
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