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Summary

Background—Additional treatment with catheter-directed thrombolysis (CDT) has recently

been shown to reduce post-thrombotic syndrome (PTS).

Objectives—To estimate the cost effectiveness of additional CDT compared with standard

treatment alone.

Methods—Using a Markov decision model, we compared the two treatment strategies in patients

with a high proximal deep vein thrombosis (DVT) and a low risk of bleeding. The model captured

the development of PTS, recurrent venous thromboembolism and treatment-related adverse events

within a lifetime horizon and the perspective of a third-party payer. Uncertainty was assessed with

one-way and probabilistic sensitivity analyzes. Model inputs from the CaVenT study included

PTS development, major bleeding from CDT and utilities for post DVT states including PTS. The

remaining clinical inputs were obtained from the literature. Costs obtained from the CaVenT

study, hospital accounts and the literature are expressed in US dollars ($); effects in quality

adjusted life years (QALY).

Results—In base case analyzes, additional CDT accumulated 32.31 QALYs compared with

31.68 QALYs after standard treatment alone. Direct medical costs were $64 709 for additional

CDT and $51 866 for standard treatment. The incremental cost-effectiveness ratio (ICER) was $20

429/QALY gained. One-way sensitivity analysis showed model sensitivity to the clinical efficacy

of both strategies, but the ICER remained < $55 000/QALY over the full range of all parameters.
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The probability that CDT is cost effective was 82% at a willingness to pay threshold of $50 000/

QALY gained.

Conclusions—Additional CDT is likely to be a cost-effective alternative to the standard

treatment for patients with a high proximal DVT and a low risk of bleeding.
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Introduction

Anticoagulation effectively prevents thrombus extension, pulmonary embolism, death and

recurrence in patients with an acute deep vein thrombosis (DVT) [1]. After a proximal DVT,

at least 25% of patients develop venous dysfunction resulting in chronic impairment and a

post-thrombotic syndrome (PTS) [2,3]. Extensive thrombosis involving the common femoral

and iliac veins increases this risk [4]. PTS is characterized by pain, swelling, heaviness,

edema, pigmentation and deterioration of the skin. It is associated with a reduced quality of

life and increased economic burden for the individual and society [5–7]. Additional

treatment with thrombolysis has been introduced to enhance fibrinolysis and to preserve the

deep veins. Targeted administration of the thrombolytic agent with a percutaneous catheter

technique requires smaller doses and enhances safety compared with systemic

administration. The CaVenT study was the first randomized controlled clinical trial (RCT)

to compare the clinical efficacy of additional catheter-directed thrombolysis (CDT) with

standard treatment alone. After 2 years 41% in the CDT arm presented with PTS compared

with 56% of controls; corresponding to a 26% relative risk reduction [8]. Nevertheless, as

additional CDT involves a bleeding risk, lengthens inpatient stay for DVT treatment and

consumes resources, the aim of this study was to perform a health economic evaluation

using a decision model to assess the cost effectiveness of additional CDT compared with

standard treatment alone.

Patients and methods

Decision model

We developed a Markov model [9] with the perspective of a third-party payer and a lifetime

horizon to compare two treatment strategies for the prevention of PTS in patients with a high

proximal DVT, defined as thrombus above the mid-thigh level. Model uncertainty was

assessed with one-way and probabilistic sensitivity analyzes. The two strategies were

standard treatment with anticoagulation and elastic compression stockings, and CDT in

addition to standard treatment. Our base case was a hypothetical cohort with age 50 years

[8]. CDT with alteplase was given for up to 4 days together with heparin and followed by

standard treatment [10]. Standard treatment included initial low-molecular-weight heparin

(LMWH) followed by 6 months of oral warfarin and knee-high compression stockings class

II for 24 months [1]. PTS was defined according to the Villalta scale [11,12]. We expressed

the results in monetary costs (April 2012 US $), quality adjusted life years (QALYs) and an

incremental cost-effectiveness ratio (ICER). This study was approved by the Regional
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Committee for Medical and Health Research Ethics and informed consent was obtained

from all participants.

We applied a model cycle length of 6 months. All patients entered the model in an index

DVT state, that is the first cycle, where, unless experiencing a fatal or disabling CDT-related

complication, all patients received 6 months anticoagulation (Fig. 1). The subsequent cycles

represented the long-term phase where the mutually exclusive health states were: (i) post

DVT, (ii) PTS, (iii) severe PTS, (iv) permanently disabled from an intracranial bleeding and

(v) dead (Fig. 1). After a recurrent venous thromboembolism (VTE), the patient would

resume standard treatment with long-term anticoagulation for the remaining time in the

model or until suffering a disabling intracranial bleeding [13]. States (i–iii) were sub-divided

into off anticoagulation and on long-term anticoagulation to reflect their differing risks for

recurrence and bleeding (Fig. 1). Major bleeding complications were classified as

intracranial or other major. Intracranial bleedings were either fatal, disabling, that is

corresponding to a modified Rankin scale (mRS) grade 4–5, or the patient regained their

independency, that is a stroke sequela corresponding to a mRS grade 2–3. Other major

bleedings could either resolve or result in death. Any non-disabling major bleeding was

modeled as a temporary health state for the remainder of the cycle [14]. Additional events

that would lead to a transition to another state by the end of each cycle included the

development of PTS and severe PTS, and death not related to thrombosis or its treatment.

We applied utilities and costs to each event and outcome over their expected durations, and

we discounted costs and utilities at 3.0% annually.

The estimated risks for adverse events in the model were derived from the CaVenT study

and the scientific literature. For all estimates we used a preference for higher level of

evidence, newer meta-analysis where more than one study had been published, studies with

validated assessment of PTS and patient characteristics resembling the population of the

CaVenT study. We adhered to recommendations for converting between rates and

probabilities for the calculation of cycle-specific transition probabilities [15].

In addition to the inherent assumptions within the Markov process [9], we applied the

following assumptions: patients who were permanently disabled from an intracranial bleed

remained in this state until death; assuming no further anticoagulation or significant impact

from PTS and that bleeding or VTE recurrence would be fatal and captured within the

background mortality [16]. After a recurrent VTE with resumption or adjustment of

anticoagulation, any decrement in utility was assumed to be transient and without significant

impact on long-term utility. Hence the utilities for being in health states i–iii did not differ

between patients who were on or off anticoagulation [17–20]. Finally, any bleeding while

off anticoagulation was assumed to be captured within the background mortality and the

utility for the respective health states, and event rates for other conditions not included in

our model were assumed to be similar across both strategies.

For model construction and analyzes we used TreeAge Pro Suite 2012 (TreeAge Software,

Williamstown, MA, USA) and Microsoft Excel 2010 (Microsoft, Redmond, WA, USA).

Model parameters are summarized in Table 1 and described below.
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Probability of adverse outcomes in the decision model

Post thrombotic syndrome—In the base case we assumed that PTS corresponded to the

frequency observed in the CaVenT study, that is 0.411 (95% CI 0.315–0.514) in the CDT

arm and 0.556 (95% CI 0.457–0.650) after standard treatment alone; severe PTS was not

observed in either treatment arm [8,12]. Beyond 24 months less is known about the PTS

risk, but based upon the pathophysiologic rationale of early thrombus removal for improved

clinical benefit, the great majority of PTS cases are likely to have developed within 2 years,

and to avoid favoring the intervention tested, we applied a conservative approach assuming

a parallel increase in PTS for the two strategies. We based our estimations on a prospective

cohort study where the cumulative incidence after 8 years was 30% for PTS and 8% for

severe PTS [21]. Beyond 5 years we modeled no further development of PTS, indicating a

negligible risk if previously not established [21]. For the CDT strategy the risk of severe

PTS was derived from a retrospective study of 71 patients and a 36.6% cumulative incidence

of PTS; hereunder three patients with severe PTS, after a median follow-up of 6 years [22].

Bleeding complications related to treatment—The probability of a CDT-related

major bleeding was 0.033 (3/90) as observed in the CaVenT study [8]. The risk of non-fatal

intracranial bleeding and death from CDT were 0.0021 (1/473) and 0.0042 (2/473),

respectively, as obtained from an American registry study [23].

The probabilities of bleeding complications attributable to oral anticoagulation and the

corresponding fatality rates were obtained from two meta-analyzes [24,25]. During the 6

months anticoagulation in either strategy, the risk of a major bleeding was 0.021 with 8.7%

being intracranial. The fatality rate was 0.458 for intracranial bleedings and 0.091 for others.

The risk of dying after a disabling intracranial bleeding was 0.568 [16], and the probability

of recovering from an intracranial bleeding was in the range 0.12–0.39 [26].

Recurrent venous thromboembolism—The risk of recurrence was assumed to be

equal between the two strategies [22]. A rate of recurrent VTE during the initial 6 months of

anticoagulation of 0.033 with a case-fatality rate of 0.137 derived from a recent meta-

analysis [24]. On long-term anticoagulation the annual risk of recurrence was 0.02 [27].

After cessation of anticoagulation the cumulative incidence of recurrence was 40% in a

cohort study with 10 years follow-up [28]. The fatality rates of recurrent VTE after and

during long-term anticoagulation were assumed to be equal and 0.036 [24].

Death from other causes—The excess mortality of a VTE population is mainly

attributable to malignancies [29], but advanced cancer was an exclusion criterion in the

CaVenT study and we assumed that cancer-related deaths were captured in the obtained age-

adjusted background mortality for the Norwegian population (http://www.ssb.no), and the

only excess mortality modeled was fatal recurrences and treatment-related bleedings.

Quality of life estimates

The EQ-5D is a well-established and widely used preference-based instrument for the

assessment of quality of life in clinical trials and cost-effectiveness analyzes (http://

www.euroqol.org). Completion of the EQ-5D at 24 months follow-up in the CaVenT study
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assigned the utilities for the health states post DVT and PTS [30]. The utilities for the other

adverse events were obtained from the literature (Table 1) and for consistency utilities

obtained by the EQ-5D were preferred. Utility for severe PTS was obtained from a British

RCT on venous leg ulcers [31]. To calculate QALYs, we multiplied the probabilities of

adverse events by utilities and summed over the duration.

Costs

Costs adjusted to April 2012 Norwegian kroner (NOK) by the Norwegian consumer price

index (http://www.ssb.no) were converted to April 2012 US dollars ($) (http://www.norges-

bank.no) and reflected the perspective of a health care system. Indirect costs were not

included in the analysis. Individual level data on costs were partly collected prospectively in

the CaVenT Study or obtained retrospectively for a subset of study patients (n = 67). Other

estimates for mean hospital service costs were obtained directly from the hospital

accounting department. The adjudication of medical costs to be included was based on

current recommendations and practice for economic evaluations, and a result of consensus

among the authors.

Treatment costs—Initial anticoagulation was according to current recommendations [1].

We assumed LMWH 7500 IU twice daily for 5 days, 3 tablets of 2.5 mg warfarin for 10

days, and four outpatient clinic visits with International Normalized Ratio (INR) monitoring

before consecutive individualized follow-up by a general practitioner. The mean days in

hospital for patients receiving standard treatment was 2.3 days (standard deviation [SD] 2.7

days) and hospital costs per day were $3429. After discharge, the mean use of warfarin in

the CaVenT study was 3.2 tablets per day and the INR was on average monitored every 3rd

week. The mean costs for the standard treatment strategy were $10 478, including two pairs

of compression stockings replaced every 6 months (market price); the low range value

representing outpatient care (Table 1). The additional costs related to the CDT strategy were

based on the mean duration of CDT of 2.4 days (SD 1.1 days) and an average hospital stay

of 5.3 days (SD 4.2 days) [8]. The mean consumption of other components of the CDT

strategy included drugs, angioplasty balloons, stents, other non-reusable equipment in the

cath-lab and personnel: one physician and two radiographers per procedure. We assumed 2.0

h of working time in the cath-lab for establishing CDT and 1.5 h for the daily venography.

One-third had ambulance transport from a local hospital to an interventional center and

when transport costs were included, the mean additional treatment costs for the CDT

strategy were $13 166. Drug prices were obtained from the Norwegian summary of product

characteristics (SPC, see http://www.felleskatalogen.no), the remaining from hospital

accounts and tariffs (Norwegian Medical Association, see http://www.legeforeningen.no).

Complications and adverse events—For recurrent VTE costs we included a 1-day

stay in the emergency ward, D-dimer testing and diagnostic ultrasound imaging, obtained

from the hospital accounting department. Adjustment or resumption of anticoagulation was

assumed to accrue the same costs as the initiation of standard treatment for the index DVT.

PTS has been shown to be associated with high and variable direct and indirect costs [32].

We derived a base case estimate for PTS costs by combining the above cost estimate for

standard DVT treatment with the findings in a recent Canadian prospective cohort study in
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which a multivariate regression analysis showed 35% (95% confidence interval [CI] 5–74)

higher costs from medical recourse use in patients with PTS compared with those without

[5]. At least two-thirds of these costs accrued during the first year. This is in line with

previous reports [6,33] and was included in the model. For subsequent years we assumed

constant annual costs [5]. The Canadian report did not specify costs for severe PTS, but this

has ranged from 2.8–4.9 times higher [33,34]. Hence, we assumed that the costs for severe

PTS were four times the costs for non-severe PTS. One-time cost estimates for major

bleedings were derived from a Norwegian stroke trial [35] where the mean costs for the 1st

year were equivalent to a 2.5-day stay in an intensive care unit (hospital accounts, data not

shown). The costs from being permanently disabled, for example in a nursing home, were

derived from a Norwegian simulation model of health benefits and cost consequences of

cardiovascular interventions [36].

Sensitivity analyzes

To assess the uncertainty of the model one-way sensitivity analyzes were performed for all

parameters over their plausible ranges (Table 1).

Probabilistic sensitivity analyzes—To assess the uncertainty and probability of cost-

effectiveness a probabilistic sensitivity analysis was performed where second-order Monte

Carlo simulations randomly sampled a distribution of all variables 10 000 times and then

simulated outcomes. We used beta distributions for events and utilities and gamma and log-

normal distributions for costs.

Results

CDT treatment in addition to standard treatment with anticoagulation and compression

stockings was associated with an effectiveness of 32.31 QALYs and a lifetime cost of $64

709. Patients receiving standard treatment alone accumulated 31.68 QALYs and a lifetime

cost of $51 866. Hence, under base-case conditions the ICER was $20 429/QALY gained

and neither strategy was dominant (Table 2).

In a hypothetical cohort of 50 years old with a high proximal DVT followed over their

lifetime 62.5% in the standard strategy developed PTS compared with 44.0% in the CDT

strategy. For severe PTS, the corresponding numbers were 7.6% and 3.3%. In total, 5.5%

and 5.9% suffered a fatal bleeding complication in the standard and CDT strategy,

respectively, and correspondingly 4.2% and 3.9% died from a fatal recurrent VTE. The

projected life expectancy was 30.9 years after standard treatment and 30.8 years in the CDT

strategy, corresponding to a loss of 1.1 months or 32 days from the additional risks

associated with CDT (Table 2).

One-way sensitivity analyzes

The cost effectiveness of CDT in our model was sensitive to uncertainty of several key

parameters. Variation in the incidence of PTS in the standard treatment strategy had the

greatest influence, and was associated with an ICER of $53 268/QALY gained if present in

67% after 2 years. For all other parameters the ICER remained below a willingness-to-pay
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(WTP) ratio of $50 000/QALY (Fig. 2). Two more clinical efficacy estimates showed a

major influence; a 51% incidence of PTS after CDT treatment increased the ICER to $44

534/QALY gained, whereas 8% severe PTS 2 years after standard treatment was associated

with $40 709/QALY. Variation in severe PTS after CDT had little influence.

Varying the discount rate between 1.0% and 5.0% influenced the ICER from $8228 to $34

479 per QALY gained.

The additional cost of CDT treatment was the only treatment cost to influence the cost

effectiveness and when kept at a minimum, that is corresponding to a 1-day procedure and

hospital stay, the ICER was $7667/QALY.

Variation in the risk of CDT-related fatal or disabling complications showed a more

moderate influence. If in their upper ranges, i.e. 1.4% suffered a fatal complication from

CDT or 1.0% had a disabling bleeding, the ICERs remained < $40 000/QALY gained.

Assuming fatal or disabling complications to be negligible (< 0.001), the ICERs were

reduced with ~ $2 800/QALY gained compared with the base case. When increasing the

risks for severe CDT complications beyond the ranges used in the sensitivity analyzes, a

threshold analysis showed that if > 2.4% fatal complications or > 2.3% disabling bleedings,

the effectiveness in terms of lifetime accumulated QALYs for the CDT strategy will be

lower than for the standard treatment strategy. Finally, a two-way sensitivity analysis

combining the risks for fatal and disabling CDT complications showed that the CDT

strategy is more attractive in terms of net benefits when the WTP increases (Fig. 3).

The model’s sensitivity to changes in utility was in a similar range; variations in the

estimates for the health states post DVT and PTS kept the ICER < $37 000/QALY gained

(Fig. 2). When increasing the utility for being in the PTS state beyond the 0.730–0.819 range

used in the sensitivity analyzes, a threshold analysis showed that at utilities of 0.846 and

0.871 the CDT strategy would have an ICER of $50 000 and $100 000, respectively. At PTS

utilities > 0.896 the CDT strategy would be dominated by the standard treatment strategy.

The model was not sensitive to the remaining utilities.

Probabilistic sensitivity analyzes

Monte Carlo simulation of 10 000 samples estimated that the 95% CI for lifetime costs

associated with additional CDT was $52 500–82 500 whereas the 95% CI for effectiveness

was 25.4–43.4 QALYs. Corresponding intervals for the standard treatment strategy were

$37 000–74 500 and 24.9–42.5 QALYs.

Varying all parameters simultaneously, the CDT strategy was cost effective in only 39% of

simulations with a WTP of $20 000/QALY gained. For thresholds ≥ $24 500/QALY

additional CDT was the strategy more likely to be cost effective (Fig. 4). The probability for

the CDT strategy to be cost effective with a WTP of $50 000/QALY gained was 82%, and

93% when increasing the WTP to $100 000/QALY.
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Discussion

We demonstrated that after a high proximal DVT additional treatment with CDT is likely to

be a cost-effective alternative to anticoagulation and compression therapy alone when

applying a WTP threshold of $24 500 or higher. The base case analysis estimated a cost of

$20 429/QALY gained with additional CDT, and this is within what has been considered

cost-effective (http://www.euro.who.int) [37]. The cost effectiveness of CDT was sensitive

to the variation in clinical efficacy of both treatment strategies, the discount rate, CDT-

related costs and complication rates, and the utilities for the two most frequent outcomes:

PTS and the asymptomatic post DVT state. However, when varying each variable within

their plausible ranges and applying a WTP threshold of $50 000/QALY gained, the ICER

remained below the threshold except for the $53 268/QALY associated with a high range

incidence of PTS in the standard treatment strategy.

As VTE treatment data to some extent are abundant, some of the variables were modeled

with more certainty, for example the estimates of complications related to anticoagulation

and their consequences [24,25]. This does not apply to the literature on long-term clinically

relevant outcomes such as PTS and severe PTS [38]. A prospective cohort study of 387

patients showed within-patient and between-patient variation in Villalta scores [4].

However, the proportions with mild, moderate and severe PTS remained unchanged during

the 2 years of follow-up, and we did not include fluctuations in post-thrombotic symptoms

in our model, only progression. To limit uncertainty and avoid possible overestimation from

symptoms of the clinical presentation in the sub-acute phase of DVT overlapping the

chronic manifestations of PTS, we assumed no PTS before 2 years [8,12,39]. The 5%

increase in PTS during 2–8 years after the index DVT was observed in a cohort with mainly

less extensive thrombosis and although our rates of PTS intuitively may seem high [40],

they may even be under estimated. The model did not take into account that nearly half of

recurrences may be ipsilateral and thereby associated with a relative PTS risk of 2.4 [4,21].

This simplification can be justified as the estimated mean PTS risks are likely to reflect the

overall risk including any ipsilateral recurrences. A difference in recurrent VTE between the

two treatment strategies has not been shown, but cannot be ruled out as residual thrombosis

is associated with a reduced risk of recurrence [41,42] and CDT reduces such post-

thrombotic changes [43,44]. A time-dependent risk of recurrence and age-dependent risk of

bleeding were also left out of the model; however, it is unlikely that this should differ

between the two strategies and have an impact on our analyzes. Although ongoing RCTs

including the 5 years follow-up of CaVenT will provide further insight on clinical efficacy

and may lead to changes in the model, it is unlikely that larger and longer-term trial data will

be available in the future (NCT 00790335, NCT00970619, http://www.clinicaltrials.gov).

Finally, as more aggressive endovascular approaches, including higher alteplase dose,

frequent employment of stents and adjunctive thrombectomy, may improve the clinical

efficacy of additional CDT [40], we performed a scenario analysis with a hypothetical

improvement in the effect size of another 5% absolute risk reduction, corresponding to 36%

PTS 2 years after CDT. This resulted in an ICER of $15 779/QALY gained (data not

shown).
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The cost data were obtained from various sources including the CaVenT study, hospital

accounts, the literature and tariffs. The mean CDT-related costs are likely to be lower

compared with contemporary pharmacomechanical CDT methods commonly used in the US

and some other countries. Indeed a number of concerns have been identified regarding the

transferability of economic evaluations between countries including methodological,

healthcare system; hereunder absolute and relative prices, and population characteristics; so

far no consensus has been established regarding these issues [45,46]. Our results are likely

to be highly generalizable to Norway and countries with similar populations and health care

systems, for example Scandinavian countries. While we encourage careful consideration of

factors that affect the transferability of CEA results, we believe that the information

provided in this analysis is likely to provide useful information for many settings.

Norwegian hospitals are funded by basic allocations (60%) and activity based funding

(40%) and there is currently no hospital accounting system enabling the assessment of costs

per patient or costs per stay or procedure. Hence, collection of complete individual resource

use and medical cost data in our study by use of, for example health care log or patient

diaries, would have been of great value. We quantified several types of utilization related to

DVT and estimated the cost of these (Table 1). We did not observe total costs for trial

patients, so it is possible that there were cost differences for other types of utilization that

were not measured. Outpatient care for DVT is acceptable in sufficiently healthy patients

and likely to reduce treatment costs, and the lower range for the standard strategy represents

the estimated costs for outpatient care [47]. However, in our study setting the patients were

admitted for a comprehensive evaluation and start of treatment, and the mean length of

hospital stays is likely to reflect the overall severity of a high proximal DVT; on the other

hand, it may not represent the most cost-effective standard care. Finally, the exclusion of

indirect costs is a limitation to the interpretation and usefulness of our results.

Reports on the annual costs of PTS are restricted and variable [32], and we partly based our

estimates on recent data from a Canadian cohort study with validated PTS assessment in a

setting that is likely to be transferable because of a similar public health care system and

demographics [5]. Our PTS cost estimates were somewhat higher and this may reflect the

more extensive venous thrombosis; nonetheless, they were within the range reported in other

previous studies [6,48].

Patient values and preferences for antithrombotic therapy after a DVT have been elicited in

only a few studies and with different methods [20]. Most data indicate that the disutility

from being on anticoagulation is small and may even be unchanged or increased as reflected

in reporting of utilities equal to 1.0 and overlapping CIs with results for not taking

anticoagulation [19,20]. This can be interpreted as a positive and reassuring effect from

being on anticoagulation when you know you are at risk of thrombotic events [19]. To our

knowledge, the utility for having PTS while on anticoagulation has not previously been

reported. Among the patients in the CaVenT study who had developed PTS after 24 months,

the EQ-5D score did not differ with regards to use of anticoagulation (P = 0.50) or the

minimal important difference for the instrument [49] (data not shown), supporting our

assumption that the same utility could be applied regardless of anticoagulation treatment or

not. Correspondingly, the potential disutility from undergoing CDT, possibly combined with
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an improvement in early symptom release compared with standard treatment, was not

assessed or included in the model. However, this is not likely to have a substantial impact on

the results as this represents short-term changes in utilities, plus significant fluctuations

beyond 6 months are not likely [50].

Finally, the cumulative incidences of approximately 5% fatal bleedings and recurrences,

respectively, in this hypothetical cohort may seem high, especially when compared with the

< 0.1% annual rates of fatal bleedings observed in the warfarin arms of recent RCTs [51,52].

It is not unlikely that the bleeding rates are lower among the participants in such studies

compared with clinical practice, and with the lifetime horizon of our analyzes in mind it can

be shown that the 10-years cumulative incidence of recurrent VTE of 40% (Prandoni)

combined with the fatality rate of 3.6% extrapolated over four decades results in 6%

experiencing a fatal VTE [24,28]. Beyond doubt is the fact that there is a small additional

risk associated with thrombolysis in terms of bleeding and, as shown in our model, a small

reduction in life expectancy. However this trade-off between clinical benefit and potentially

fatal complications was considered in threshold analyses indicating that the CDT strategy

can be preferred as long as the risks of fatal or disabling CDT complications are lower than

2.3%; which is well above our risk estimates used in the model. In addition, when further

assessing these safety issues of CDT a two-ways sensitivity analysis confirmed that the CDT

strategy is more attractive when WTP is higher. While we found that, on average, the risks

were worth the improved quality of life, the potentially severe risks of additional CDT must

be kept in mind when discussing treatment options with individual patients, and also in a

wider setting where an economic evaluation is a part of the grounds for policy making.

In conclusion, we found that additional CDT is likely to be a cost-effective alternative to

standard treatment alone. If results from ongoing studies confirm a clinical benefit as

observed in the CaVenT study, this is likely to change current recommendations and

strengthen our suggestion that CDT should be considered in patients with high proximal

DVT and low risk of bleeding.
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Fig. 1.
Model states, events and transitions. The boxes represent the different health states of the

model. All patients start in an index deep vein thrombosis (DVT) state and, unless an

adverse event occurs, transition to a post DVT state in which they remain until an adverse

event occurs. The events that can lead to a state transition are represented by the different

arrows.
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Fig. 2.
One-way sensitivity analyzes on variables that most influenced the incremental cost

effectiveness of additional catheter-directed thrombolysis (CDT) compared with standard

treatment alone. Bars indicate the range of incremental cost per additional QALY of

additional CDT compared with standard treatment alone as determined in one-way

sensitivity analyzes over plausible parameter ranges. Upper and lower value limits evaluated

are indicated next to its respective bar. One-way sensitivity analysis was done for all model

parameters, and the cost-effectiveness varied the most with the variables shown. The solid

vertical axis represents the incremental cost-effectiveness ratio for the base case. The dotted

line represents a willingness-to-pay threshold of $50 000 per QALY. All costs are per 6

months unless otherwise stated.
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Fig. 3.
Two-way sensitivity analysis of severe catheter-directed thrombolysis(CDT) complication

risks. Two-way sensitivity analysis of the risks of severe CDT complications comparing the

net benefits (highest effectiveness and lowest costs) of the CDT strategy with the standard

treatment strategy at a willingness-to-pay (WTP) threshold of $50 000/QALY gained. At

high risks the standard treatment strategy yields the highest net benefits. At a lower WTP

threshold ($20 000) the standard treatment strategy yields the highest net benefits also at low

risks, whereas at a high WTP threshold ($100 000) the CDT strategy yields the highest net

benefits at most risk values.
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Fig. 4.
Cost-effectiveness acceptability curves for additional catheter-directed thrombolysis strategy

and standard treatment strategy. The graph represents the probability that each treatment

strategy is cost effective for a given willingness-to-pay threshold per QALY gained. The

curves are based on 10 000 Monte Carlo simulations of the model with simultaneous draws

of parameters from their respective probability distributions for each input.
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Table 1

Base-case values and ranges used in sensitivity analyzes

Base-case value (range) References

Probabilities*

Clinical efficacy

 PTS 2 years after additional CDT 0.411 (0.315–0.514) [8]

 PTS 2 years after standard treatment alone 0.556 (0.457–0.650) [8]

 Severe PTS 3 years after additional CDT 0.02 (0.01–0.034) [22]

 Severe PTS 2 years after standard treatment alone 0.06 (0.03–0.08) [21]

CDT related complications

 Major bleeding 0.033 (0.009–0.088) [8]

 Disabling intracranial bleeding 0.0021 (0.0001–0.010) [23]

 Fatal bleeding or pulmonary embolism 0.0042 (0.0007–0.014) [23]

Anticoagulation related complications

 Major bleeding during 6 months anticoagulation 0.021 (0.016–0.026) [24]

 Major bleeding during long-term anticoagulation 0.0136 (0.0135–0.0138) [25]

  Fraction of the two above being intracranial 0.087 (0.058–0.125) [25]

   Intracranial bleeding case-fatality rate 0.458 (0.270–0.657) [25]

   Independency recovered after intracranial bleeding 0.26 (0.12–0.39) [26]

   Mortality when disabled from intracranial bleeding 0.1305 (0.0868–0.1855) [16]

  Other major bleeding case-fatality rate 0.091 (0.025–0.217) [25]

Recurrent venous thromboembolism

 Recurrent VTE during 6 months anticoagulation 0.033 (0.025–0.042) [24]

  Case-fatality rate 0.137 (0.090–0.192) [24]

 Recurrent VTE during long-term anticoagulation 0.0097 (0.0070–0.0129) [27]

 Recurrent VTE off anticoagulation 0.0251 (0.0216–0.0289) [28]

  Case-fatality rate 0.036 (0.019–0.057) [24], assumption

Utilities

 Post DVT† 0.8628 (0.8225–0.9031) CaVenT

 PTS† 0.7745 (0.7304–0.8186) CaVenT

 Severe PTS† 0.6752 (0.600–0.700) [31], assumption

 Major bleeding (1 cycle) 0.65 (0.49–0.86) [19], assumption

 Intracranial bleeding with recovery of independence (1 cycle) 0.71 (0.68–0.74) [53,54], assumption

 Permanently disabled from an intracranial bleeding 0.32 (0.29–0.34) [53,54]

 Dead 0 (0) Definition

Costs*, $

 Post DVT and on long-term anticoagulation 654 (491–818) CaVenT‡

Cost adverse outcomes and events

 PTS 611 (87–1310) [5], CaVenT

 PTS and long-term anticoagulation 1265 (578–2128) [5], CaVenT

 Severe PTS 2445 (349–5239) [34,48], CaVenT
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Base-case value (range) References

 Severe PTS and long-term anticoagulation 3099 (840–6057) [34,48], CaVenT

 Recurrent VTE§ 5399 (4049–6749) CaVenT

 Non-disabling intracranial or other major bleeding§ 19 088 (3334–99 382) [35,55], assumption

 Disabling intracranial bleeding§ 46 501 (2093–148 117) [35,55]

 Permanently disabled from intracranial bleeding 49 766 (37 325–62 208) [36]

Treatment related costs

 Standard treatment strategy 9780 (5322–14 506) Hospital accounts, CaVenT

 Additional CDT treatment strategy 13 166 (5143–17 960) Hospital accounts, CaVenT

 6 months anticoagulation 654 (491–818) CaVenT

 24 months use of elastic compression stockings 931 (698–1164) CaVenT

Discount rate, % 3.0 (1.0–5.0) [56,57]

CDT, catheter-directed thrombolysis; DVT, deep vein thrombosis; PTS, post-thrombotic syndrome; VTE, venous thromboembolism.

*
Per 6 months cycle unless otherwise noted.

†
On or off long-term anticoagulation.

‡
The CaVenT study cost estimates are based on study data, hospital accounting, retailers’ bids, market prices, plus Norwegian SPCs and tariffs.

§
One-time costs.
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Table 2

Cost effectiveness and projected model outputs for the two treatment strategies for a deep vein thrombosis

Output

Treatment strategy

Standard treatment* CDT in addition to standard treatment

Costs, $ 51 866 64 709

QALYs 31.68 32.31

ICER, $/QALY gained Reference 20 429

Life expectancy, years 30.9 30.8

Patients who developed any PTS, % 62.5 44.0

Patients who developed severe PTS, % 7.6 3.3

Fatal bleeding, % 5.5 5.9

Fatal recurrent venous thromboembolism, % 4.2 3.9

QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio; CDT, catheter-directed thrombolysis; PTS, post-thrombotic
syndrome.

*
Standard treatment included 6 months of anticoagulation and 24 months of compression therapy.
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