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Abstract Patients with superficial vein thrombosis (SVT)

are commonly treated with low-molecular weight heparin

or fondaparinux in prophylactic, intermediate or thera-

peutic dosages for treatment periods of 10–45 days. This

practice is also reflected by the current guideline recom-

mendations. However, given the broad range of throm-

boembolic complication rates in SVT (between 0 and 30 %

have been reported) it seems reasonable to suspect that risk

stratification is needed to differentiate patients at low risk

who may not benefit from anticoagulation from those at

high risk who may need higher dosages or a longer dura-

tion of anticoagulation. Furthermore, prolonged treatment

with injectable anticoagulants has been shown to result in

poor patient adherence. Direct oral anticoagulants have

recently been approved for venous thromboembolism

therapy and these new drugs may offer advantages also for

SVT patients. The prospective, randomized, open-label,

blinded adjudication trial superficial phlebitis treated for

45 days with rivaroxaban versus fondaparinux (SUR-

PRISE) will evaluate the efficacy and safety of 10 mg

rivaroxaban OD compared to fondaparinux 2.5 mg OD for

SVT treatment in a subset of high-risk SVT patients over a

treatment period of 45 days. The purpose of the study is to

demonstrate non-inferiority of rivaroxaban compared to

fondaparinux in preventing the combined efficacy endpoint

of thrombus progression, SVT recurrence, DVT, PE and

death. The results of the SURPRISE trial will provide

evidence for the concept of risk stratification in SVT and

for the value of rivaroxaban 10 mg in SVT treatment

(clinicaltrials.gov NCT01499953).
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Background and rationale

Superficial thrombosis (SVT) is a common condition with

incidences of 0.3–0.6 per 1000 person-years (py) in

younger and 0.7–1.5 per 1000 py in older patients [1, 2].

Known risk factors for SVT include intravenous catheters,

venous valvular insufficiency, pregnancy, oral contracep-

tion, infection, abuse of nicotine, history of thrombosis,

obesity, malignancy and age [60 years [3, 4]. SVT may

affect the great saphenous vein (GSV), the small saphenous

vein (SSV) or their side branches and can occur in

anatomically normal or varicose veins [5]. About 20–25 %

of patients presenting with SVT have at initial presentation

a concomitant deep vein thrombosis (DVT) or symp-

tomatic pulmonary embolism (PE) [2, 3, 6]. Additionally,

the clinical course of SVT is often complicated by

thrombus ascension potentially leading to DVT or PE. The
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incidence of these complications in a 3 month follow-up

has been shown to be in the range between 6.3 and 10.2 %

if patients were left untreated or received anticoagulant

therapy without standardization of dosage and duration [3,

7]. The POST registry with 844 patients with symptomatic

lower limb SVT demonstrated that male sex, history of

venous thromboembolism (VTE), previous cancer and

absence of varicose veins were risk factors for throm-

boembolic complications [3].

Therapeutic options of SVT include compression

stockings or bandages, non-steroidal anti-inflammatory

drugs (NSAID), topical application of heparin gel, pro-

phylactic dosages of unfractionated heparin (UFH), low-

molecular-weight-heparin (LMWH), vitamin-K-antago-

nists (VKA) or surgical interventions [5].

Over the last two decades, several studies have evalu-

ated the effectiveness of different antithrombotic regimens

in the treatment of SVT. Different LMWH have been

tested in prophylactic or therapeutic dosages and treatment

durations between 10 and 30 days in STENOX [8],

VESALIO [9] or STEFLUX [10] and thromboembolic

outcomes including DVT, PE or recurrent SVT during

treatment or follow-up ranged from 2.5 % with LMWH to

30 % in placebo arms with higher rates after end of anti-

coagulant therapy.

In 2010, Decousus et al. published the results of the

CALISTO-trial that evaluated 3002 patients with lower

limb SVT, who were randomized to treatment with the

parenteral, indirect factor Xa inhibitor fondaparinux

(2.5 mg once daily for 45 days) or placebo injections [7].

The primary outcome (DVT, PE, extension/recurrence of

SVT and death at day 47) occurred significantly more often

in the placebo group than in patients treated with fonda-

parinux (5.9 vs. 0.9 %). This benefit of fondaparinux was

maintained at the end of follow-up (day 77). There was no

significant difference in major and minor bleedings

between fondaparinux and placebo.

Based on these findings, the current ACCP guideline

recommends treatment of SVT (with at least 5 cm length)

with prophylactic doses of fondaparinux or LMWH for

45 days (Grade 2B) and recommends fondaparinux 2.5 mg

daily over a prophylactic dose of LMWH (Grade 2C) [11].

However, the rate of thromboembolic complications was

also low in the placebo arm of CALISTO (and in placebo

arms of previous SVT studies) and it seems reasonable to

conclude that the majority of SVT patients do not develop

VTE complications, even if left without anticoagulant

treatment. Furthermore, due to the use of placebo as a

comparator, SVT patients at high risk of complications

were not included in CALISTO. Finally, a cost-effective-

ness analysis of the CALISTO trial demonstrated that

fondaparinux should not be used for 45 days for all patients

with SVT and suggested that ‘‘a better value for money

may be obtained in patients with a higher risk of throm-

botic complications. These include patients with cancer, a

history of venous thromboembolism or severe chronic

venous insufficiency’’ [12]. Finally, the above mentioned

current ACCP guideline indicates that patients who place a

high value on avoiding the inconvenience or cost of anti-

coagulation will be likely to decline anticoagulation.

Indeed, for outpatients self-administering LMWH throm-

boprophylaxis after major orthopaedic surgery, a high rate

of non-adherence was demonstrated [13].

As a consequence of these considerations, the effec-

tiveness and cost-effectiveness of SVT treatment may be

increased (a) by selecting SVT patients at high risk for

thromboembolic complications to reduce the number-nee-

ded-to-treat and/or (b) by using oral instead of parenteral

anticoagulants to increase adherence (hence effectiveness)

with anticoagulant therapy in SVT.

A selection of SVT patients at higher risk for throm-

boembolic complications is reasonable, since ACCP

guidelines state that for patients with less extensive SVT

(i.e., where the affected venous segment is short in length

or further distanced from the saphenofemoral junction)

anticoagulant treatment is not required [11]. Therefore,

anticoagulant treatment for these patients at lower risk of

clinically relevant SVT complications might be an over-

treatment, which would result in unnecessary bleeding

risks. On the other hand, supragenual SVT, male sex,

history of DVT/PE, previous or active cancer, SVT in non-

varicose veins are known risk factors for SVT complica-

tions [3, 14] and these patients may have a greater benefit

from active treatment.

Regarding oral therapy, vitamin K antagonists (VKA)

and direct, non-VKA oral anticoagulants such as apixaban,

dabigatran, edoxaban or rivaroxaban are approved for VTE

treatment but these drugs are not approved for SVT treat-

ment. Furthermore, no clinical data are available for a

direct comparison of fondaparinux and any of these oral

drugs.

Based on these considerations, the superficial phlebitis

treated for 45 days with rivaroxaban versus fondaparinux

(SURPRISE) trial was designed. In SURPRISE, the

hypothesis that 10 mg rivaroxaban OD is non-inferior to

2.5 mg fondaparinux OD to prevent thrombus progression,

SVT recurrence, DVT, PE and death in SVT patients at

high risk of thromboembolic complications will be tested.

Methods

Study objectives and hypothesis

The primary efficacy objective is to evaluate whether

rivaroxaban 10 mg is non-inferior to fondaparinux 2.5 mg
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OD for the prevention of thrombus progression, SVT

recurrence, DVT, PE and death in SVT patients at high risk

of thromboembolic complications.

The principal safety objective is to document the inci-

dence of major bleeding (according to ISTH definition).

Study design and oversight

The SURPRISE study is an ongoing multicentre, prospec-

tive, randomized, open-label, blinded event adjudication

(PROBE) study comparing the efficacy and safety of

rivaroxaban and fondaparinux for the treatment of SVT.

The trial sponsor is GWT-TUD GmbH, Germany, who

received support from Bayer Vital GmbH, Bayer Health-

Care Pharmaceuticals, Leverkusen, Germany for the con-

duct of the study.

The steering committee, which is comprised of VTE

experts with experience in conducting SVT trials, has final

responsibility for the design of the trial, the development of

the protocol and oversight of the study. Before start of

recruitment, the protocol was approved by the institutional

review board or ethics committee of each participating site.

Written informed consent is obtained from all patients. An

independent data safety monitoring committee periodically

reviews the study outcomes and provides recommendations

to the steering committee. A central, blinded, independent

adjudication committee evaluates all suspected outcome

events. The study is registered at clinicaltrials.gov

(NCT01499953).

Patients

Patients are eligible if they have an objectively confirmed

SVT of a length at least of 5 cm of the supragenual superfi-

cial veins and have at least one of the following risk factors

for elevated risk for thromboembolic complications:

– age[65 years

– male sex

– previous DVT/PE/SVT

– active or history of cancer, autoimmune disease

– SVT of non-varicose veins.

Patients are ineligible if they have an indication for

anticoagulation therapy in therapeutic doses (acute DVT or

PE, atrial fibrillation with need for anticoagulation) or

patients with asymptomatic or non-acute (symptoms since

[3 weeks) SVT. Additional exclusion criteria include

severe hepatic disease associated with a coagulopathy and

a calculated creatinine clearance below 30 ml/minute or

other contraindications for anticoagulant therapy.

The full list of inclusion and exclusion criteria are

provided in Table 1.

Randomization and follow-up

All eligible patients who have signed the informed consent

will be randomized using a central block randomization

process based at the sponsors site with immediate infor-

mation of study site regarding treatment allocation and the

specific medication package assigned to the patient.

Patients will be assigned in a 1:1 ratio to receive 10 mg of

rivaroxaban or 2.5 mg fondaparinux for intended treatment

duration of 45 days.

All patients will have regularly scheduled assessments

during at least four visits (Fig. 1): after the baseline/ran-

domization visit (day 0), a follow-up visit (in person or by

phone) is scheduled at day 10. At day 45 (end of treatment)

every patient will be seen in person in the study centre for

endpoint and AE/SAE assessment and study drug return.

At day 90 (end of study) a follow-up visit (in person or by

phone) is scheduled for endpoint and AE or SAE assess-

ment. All patients who prematurely stop study treatment

will be followed until the end of the follow-up period.

Follow-up visits do not include ultrasound screening for

asymptomatic SVT progression or recurrence or VTE

assessment. Patients with clinically suspected efficacy or

safety outcomes will undergo appropriate imaging and/or

laboratory testing.

Outcome measures

The primary efficacy outcome will be the composite of

death from any cause, symptomatic pulmonary embolism

(objectively confirmed by ventilation-perfusion scanning,

helical computed tomography, pulmonary angiography, or

autopsy), symptomatic deep vein thrombosis (confirmed by

ultrasonography or venography), or symptomatic extension

towards the saphenofemoral junction or symptomatic

recurrence of superficial vein thrombosis (confirmed by

ultrasonography) up to day 47.

Secondary efficacy outcomes will be

– the composite primary efficacy outcome up to day 90

– the separate items of the primary efficacy outcome up

to day 47 and day 90: the rate of symptomatic

pulmonary embolism, symptomatic proximal DVT,

VTE-related death

– the rates of emergency surgery for SVT.

The primary safety outcome is clinically overt major

bleeding according to the ISTH definition [15], defined as

an overt bleeding that is either

– associated with a fall of haemoglobin of 2 g/l or more,

or

– leading to a transfusion of 2 or more units of packed red

blood cells or whole blood, or
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Table 1 Inclusion and exclusion criteria in the SURPRISE trial

Inclusion criteria

Acute symptomatic supragenual superficial vein thrombosis of the leg

At least one of the following risk factors

Age[65 years

Male sex

History of DVT/PE/SVT

History of cancer or active cancer

Autoimmune disease

SVT of non-varicose veins

Thrombus extension of at least 5 cm

Proximal thrombus end with more than 3 cm distance to the saphenofemoral junction (SFJ)

Age[18 years

Written informed consent

Exclusion criteria

Other indication for therapeutic anticoagulation such as acute deep vein thrombosis, acute pulmonary embolism, atrial fibrillation with

indication for anticoagulant therapy

Any PE or DVT within last 6 months before inclusion

Clinical signs of PE without objective exclusion (CT or VQ scan, angiography)

SVT without signs of thrombotic/inflammatory activity (activity signs: diameter[4 mm, pain, redness, elevated local or systemic

temperature)

SVT after sclerotherapy

Duration of symptoms[3 weeks

Pretreatment of more than 72 h with therapeutic dosages of oral or parenteral anticoagulants

Pretreatment of more than 5 days with subtherapeutic oral or parenteral anticoagulants

Indication for escalated antiplatelet therapy (monotherapy with aspirin[325 g/d and any dual antiplatelet therapy)

SVT closer than 3 cm to saphenofemoral junction (SVJ)

Anticipated superficial vein surgery or thrombolytic therapy within 90 days

Manifest clinically relevant bleeding

Clinically relevant bleeding in the last 30 days before study inclusion

Major surgery within last 30 days before inclusion

Ophthalmic, spinal or cerebral surgery within last 90 days

Severe head trauma within last 90 days

Hemorrhagic stroke within last 12 months

Hereditary or acquired severe hemorrhagic diathesis

Gastrointestinal bleeding within last 90 days requiring endoscopy

Uncontrolled arterial hypertension (systolic[180 mm Hg, diastolic[110 mm Hg)

Acute endocarditis

Low platelet count (\100 9 109/l)

Prothrombin time\50 %

Calculated creatinine clearance\30 ml/min

Significant liver disease such as acute hepatitis, chronic active hepatitis, cirrhosis

Life expectancy\3 months

Any contraindications listed for rivaroxaban or fondaparinux

Women of child bearing potential without safe contraception method

Pregnant or breastfeeding women

Participation in another trial with pharmacological intervention
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– occurring into a critical site such as intracranial,

intraspinal, intraocular, pericardial, intraarticular, intra-

muscular with compartment syndrome, retroperitoneal,

or

– is a fatal bleeding.

Secondary safety outcomes will be clinically relevant

non-major, minor and any bleeding and death from any

cause. Clinically relevant, non-major bleeding is defined

according to ISTH as any overt bleeding that is associated

with

– a medical intervention by a healthcare professional, or

– an unscheduled physician’s contact (presence or tele-

phone contact),

– a temporary or complete cessation of study drug,

– any relevant discomfort to the patient (pain, impair-

ment of activities of daily life).

Analysis of safety outcomes will be performed

– for the treatment phase (until day 45 or until 4 days

after the last application of the study drug in case of

premature discontinuation of the assigned treatment

(on-treatment analysis)

– for the whole study period, including the follow-up

period until day 90.

All symptomatic outcome events will be reviewed by the

central adjudication committee, whose members will be

unaware of the patients’ group assignment (PROBE design).

Adverse event reporting

All AEs will be documented in the CRF including the

following information: date and time of onset and resolu-

tion, severity, causal relationship with study treatment,

seriousness, interruption or withdrawal of study treatment

and other measures taken.

Regardless of whether a causal relationship between the

AE and the study treatment is suspected, trial subjects who

develop adverse events must be monitored until all symp-

toms have been subsided, pathological laboratory values

have returned to pre-event levels, a plausible explanation is

found for the AE, the trial subject has died, or the study has

been terminated for the trial subject concerned.

Pre-existing diseases (before administration of the IP)

are not documented as adverse events but as concomitant

diseases. New diseases and pre-existing diseases that

worsen during the trial are documented as AEs.

Both treatment arms are approved drugs with a known

side-effect profile and short half-life times of \12 h.

Therefore, AEs are documented from the time of first IP

application until 5 days after the last application of study

treatment.

Sample size calculation

In the CALISTO study the thromboembolic event rates

were low with a rate of major VTE complications of 0.3 %

and a rate of SVT progression and recurrence of 0.6 %

during active treatment [7]. However, in CALISTO a large

proportion of patients at low risk for VTE complications

were included (cancer patients excluded, 88 % of patients

had SVT of varicose veins, only 7 % had previous VTE).

Therefore, in a cohort of low to intermediate risk SVT

patients, an event rate of 1 % for the proposed composite

endpoint could be expected.

A selection of patients at higher risk of VTE compli-

cations will increase the number of VTE events during

treatment. In SVT patients, a number of established risk

factors are associated with a hazard ratio of 2–3 regarding

thromboembolic complications. These risk factors include

supragenual SVT, male gender, age over 65 years, history

of VTE/SVT, cancer, autoimmune disease or SVT in a

non-varicose vein [3]. Therefore, in a SVT population with

Fig. 1 Overview of the study

design of the SURPRISE trial
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at least 2 of these VTE risk factors, composite endpoint

event rates of 3 % can be expected during active treatment.

This estimation is based on the findings of the subgroup

analysis of CALISTO [7], the risk factor analysis of the

STENOX trial [8] and on results from POST registry [3],

all of which established the relevance of these risk factors

[3, 7, 8, 14]. Of note, in the STENOX trial, 70 % of SVT

patients were reported to have had at least 2 additional

VTE risk factors [8]. In this prospective treatment trial that

compared prophylactic and therapeutic LMWH, outcome

event rates of 1 % (VTE), 2.8 and 4.5 % (symptomatic

SVT progression or recurrence event rates for, respec-

tively) were reported during 2 weeks of active treatment.

For the proposed composite endpoint used in SURPRISE,

these numbers would translate into an event rate of

3.8–5.5 % for a high-risk population.

Based on these data, a rate of 3 % of composite endpoint

events can be expected during active treatment with fon-

daparinux 2.5 mg OD in the proposed study cohort of

selected SVT patients with higher risk of VTE

complications.

To determine an exact non-inferiority margin for the

rivaroxaban arm, efficacy data for fondaparinux or placebo

in the treatment of SVT in selected patients at higher risk

of VTE complications would be required. However, such

data are not available. On the other hand, both STENOX

[8] and the POST registry [3] indicated that event rates of

5–8 % for an endpoint similar to the proposed primary

endpoint of the SURPRISE trial are common despite an

anticoagulant therapy. Furthermore, most events within the

composite endpoint will present as progression of SVT or

recurrent SVT and clinically more relevant events such as

DVT or PE are expected to be rare. Since an event rate of

7.5 % would translate into 92.5 % of patients having no

thromboembolic events despite higher VTE risks in our

study population and since oral treatment with rivaroxaban

can be expected to provide more patient comfort compared

to fondaparinux injections, an event rate of 7.5 % for the

rivaroxaban arm is regarded as a clinically acceptable non-

inferiority margin.

Based on these considerations, an absolute difference of

4.5 % for the composite efficacy endpoint rates of fonda-

parinux (3 %) and rivaroxaban (up to 7.5 %) will be used

as the non-inferiority margin to prove non-inferiority of

oral rivaroxaban therapy.

To test for non-inferiority of rivaroxaban [Power

(1-b) = 80 %, a = 0.05, estimated rate of composite

endpoint of 3.0 % for fondaparinux; D 4.5 %], 506 patients

will need to be randomized (total sample size) to evaluate a

minimum of 460 patients (230 patients per group ? 10 %

drop out).

Statistical analysis

In general, missing values will not be replaced by impu-

tation methods. Missing values are kept empty and cannot

be used for statistical analysis. The query management will

attempt to identify extreme values and contact investigators

to ask for check and corrections, as indicated. Extreme

values in laboratory parameters are retained after checking

with an expert or ‘‘missing’’ is set.

A summary of baseline data (demographic and

anamnestic data and laboratory parameters) is scheduled.

The compilation is done by the comparison of mean values,

indicating the corresponding standard deviations. Tests will

include

– for nominal variables, the frequency is counted and

tested using the v2 test for significant differences

between treatment group,

– test of normal distribution in continuous parameters,

– baseline data test of differences between the 2 groups

by v2 test (for nominal variables) or t test (for

continuous variables),

– comparison between baseline and end of study with

paired t test or Wilcoxon-rank-sum-test,

– estimates of event-free survival and overall survival

function with Kaplan–Meier for 90 days (or/and

45 days) with calculation of probability for non-inci-

dence of an event,

– Cox-regression-analysis to calculate the determinants

of incidence rate during the study.

There will be three different data sets defined: full

analysis set or modified intention to treat (ITT), per-pro-

tocol set (PPS) and safety set.

The full analysis set (modified ITT) comprises all

patients,

– who were randomized,

– who received at least one application of study

medication,

– for which post-randomization data of the primary target

variable is available.

The per-protocol set consists of all subjects of the full

analysis set who received at least 28 days of study medi-

cation and were treated without any major protocol viola-

tions. It is the set of subjects that participated in the trial as

intended, according to the protocol. Patients are excluded

from the per-protocol population, if at least one of the

following criteria is met:

– inclusion and exclusion criteria are violated

– explicit desire of patient to stop or change therapy
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– application of excluded treatments.

For efficacy analysis the modified ITT analysis will be

primarily used. Further statistical analysis will be per-

formed using per protocol analysis.

All safety analysis will be performed on the safety set.

This population includes all trial subjects who received any

trial treatment.

The analysis of bleeding events will be performed for

those events which occurred during active treatment or

within 2 days after stopping treatment. Bleeding events

occurring later will be described separately. In addition, the

analysis of bleeding events and mortality will be performed

in the modified ITT population.

Relevant subgroups of patients will be separately

assessed for efficacy and safety outcomes: age[65 years;

male sex; previous DVT/PE/SVT; active or history of

cancer; SVT of non-varicose veins; BMI [30; GFR

30–49 ml/min.

Discussion

Previous SVT studies did not attempt to select a cohort of

patients at high risk for thromboembolic complications

who would be in definite need of active treatment. As a

consequence, comparatively low rates of SVT complica-

tions (with very few severe complications such as DVT or

PE) were seen in unselected SVT patients, even if treated

with placebo. This indicates that not every SVT patient

may need anticoagulant treatment. While the current

guidelines aim to prevent overtreatment by recommending

parenteral treatment only for patients with a SVT of at least

5 cm in length [11], a dedicated assessment of risk factors

for SVT complications has, to our knowledge, not been

attempted before.

The multicentre, randomized, actively controlled SUR-

PRISE trial will pre-define ‘‘high-risk SVT’’ at baseline

according to a list of risk factors that were derived from

previous SVT trials and registries. By indirect comparison

with event rates in unselected SVT cohorts, SURPRISE

will therefore allow to evaluate the impact of a risk strat-

ification at baseline on the clinical outcome of SVT

treatment.

The established anticoagulant therapies for SVT,

namely LMWH and fondaparinux, have limitations due to

the need for self-injections, which may result in poor

patient compliance. Several studies have demonstrated that

short courses (7–14 days) of anticoagulant therapy for SVT

(even with therapeutic LMWH dosages) are inferior to

prolonged treatment (30–45 days) to prevent thromboem-

bolic complications. Consequently, low adherence to self-

injections which may result in reduced treatment duration

may lead to insufficient effectiveness of SVT therapy and

the option of oral therapy could potentially increase

adherence to and, thus, effectiveness of anticoagulant

therapy.

The SURPRISE will be the first trial to evaluate a

modern, directly acting oral anticoagulant (rivaroxaban) in

the setting of SVT. The use of a potent parenteral factor Xa

inhibitor such as fondaparinux (which is the currently

recommended SVT therapy standard) as the comparator is

a relevant strength of this study.

It can be argued that SURPRISE is not a double-blind

study. While we agree that double-blind trials are of

importance, we wanted to retain the potential of improved

adherence with an oral drug in our study. A double-blind

study would have required placebo injections in the

rivaroxaban arm, which may have affected adherence to

study treatment but also willingness to participate in the

study. Furthermore, the need for placebo syringes and pla-

cebo tablets would have made the study much more com-

plex. Since all outcome events will be centrally adjudicated

by a committee that is blinded to the treatment assignment

(PROBE design), we believe that the open-label design of

our study will not impair the scientific validity of our

results. Of note, PROBE design was also applied in recent

large phase-III VTE treatment trials [16, 17].
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