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Heparin-induced thrombocytopenia (HIT) is a life-threatening complication associated

with high medical costs. Factor Xa inhibitors gradually replace approved treatment with

intravenous direct thrombin inhibitors despite their off-label indication, because of easier

management and favorable economic profile. Whether they are cost-effective remains

unclear. We evaluated the cost-effectiveness of approved and off-label anticoagulants in

patients with suspected HIT, based on census data from the largest Swiss hospital

between 2015 and 2018. We constructed a decision tree model that reflects important

clinical events associated with HIT. Relevant cost data were obtained from the finance

department or estimated based on the Swiss-wide cost tariff. We estimated averted

adverse events (AEs) and incremental cost-effectiveness ratio as primary outcome

parameters. We performed deterministic and probabilistic sensitivity analyses with 2000

simulations to assess the robustness of our results. In the base-case analysis, the total

cost of averting 1 AE was 49565 Swiss francs (CHF) for argatroban, 30 380 CHF for

fondaparinux, and 30610 CHF for rivaroxaban; after adjusting for 4Ts score: 41152 CHF

(argatroban), 27710 CHF (fondaparinux), and 37699 CHF (rivaroxaban). Fondaparinux and

rivaroxaban were more clinically effective than argatroban, with AEs averted of 0.820,

0.834, and 0.917 for argatroban, fondaparinux, and rivaroxaban, respectively. Treatment

with fondaparinux resulted in less cost and more AEs averted, hence dominating

argatroban. Results were most sensitive to AE rates and prolongation of stay. Monte Carlo

simulations affirmed our base-case analysis. This is the first cost-effectiveness analysis

comparing argatroban with fondaparinux and rivaroxaban using primary data.

Fondaparinux and rivaroxaban resulted in more averted AEs, but fondaparinux had

greater cost savings. Fondaparinux could be a viable alternative to argatroban.

Introduction

Immune heparin-induced thrombocytopenia (HIT) is a life-threatening condition with an incidence of 0.2
to 5% and 0.3 to 1% in patients exposed for .1 week to unfractionated heparin1-3 and low-molecular-
weight heparin,4 respectively. The immune reaction is triggered by complexes of heparin and platelet
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Key Point

� Fondaparinux costs
less and confers more
benefits than
argatroban in patients
with suspected
heparin-induced
thrombocytopenia.

3114 24 MAY 2022 • VOLUME 6, NUMBER 10

REGULAR ARTICLE
D

ow
nloaded from

 http://ashpublications.org/bloodadvances/article-pdf/6/10/3114/1898668/advancesadv2022007017.pdf by guest on 23 M
ay 2022

mailto:marc.schindewolf@insel.ch
mailto:marc.schindewolf@insel.ch
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2022007017&domain=pdf&date_stamp=2022-05-20


factor 4 (PF4).1 Antibodies directed against neoepitopes on these
complexes activate platelets with the adverse effect of venous and
arterial thromboembolic complications and thrombocytopenia due to
platelet consumption.

The diagnosis of HIT is made by clinical features in combination
with laboratory testing.5,6 4Ts score consists of characteristic clini-
cal and laboratory features and helps to determine pretest probabil-
ity for underlying HIT: severity of thrombocytopenia, timing of
platelet count decrease, thrombosis or other sequelae, and other
causes of thrombocytopenia.6,7 Upon HIT suspicion, it is mandatory
to switch therapy from heparin to non–heparin-based alternative
anticoagulants. Diagnosis is confirmed by a 2-step procedure6: a
sensitive immunoassay for presence of anti–PF4-heparin antibodies
with high negative predictive value8 and a functional platelet activa-
tion assay with a longer turnover of results.5

Approved alternatives to heparin include direct thrombin inhibitors
such as argatroban, bivalirudin, or danaparoid9,10 (however, danapa-
roid is not approved in the United States). These are administered
intravenously and require close laboratory monitoring. In addition to
these disadvantages, thromboembolic and hemorrhagic complications
are common during therapy with thrombin inhibitors.10-12

Therefore, physicians increasingly prescribe off-label subcutaneously

or orally administered factor Xa inhibitors, such as fondaparinux (F),13

rivaroxaban (R), or apixaban.14,15 The use of factor Xa inhibitors is not
approved in acute or suspected HIT,6,16 however promising treatment
results12,15,17-19 encourage physicians to deviate from recommended
treatment.20 Further rationale for the use of alternative off-label antico-
agulants is their favorable economic profile: these are cheaper
and easier to apply and to monitor.21,22 This is particularly useful
because HIT and its complications are associated with high medical
costs.23-27

Aside from clinical effectiveness, cost-effectiveness of prescribed
HIT treatment should be part of the clinical decision-making pro-
cess. Cost-effectiveness considers direct costs of drugs, hospitaliza-
tion, complications, additional diagnostics, and health benefits
gained. A hypothetical estimation based in the United States sug-
gests a favorable cost-effectiveness profile of fondaparinux com-
pared with argatroban or bivalirudin.28 To our knowledge, there
have been no cost-effectiveness analyses of alternative HIT treat-
ments in European countries.

In this study we summarized actual prescription practices upon HIT
suspicion in the largest university hospital in Switzerland, adverse
event rates per anticoagulation used and estimated costs of drugs
and treatment of adverse events. Based on these figures, we

2015
165 patients
204 cases*

2016
171 patients
221 cases*

2017
173 patients
235 cases*

46 cases treated with single alternative
anticoagulation (A; F or R)

20 cases
true HIT

54 cases HIT suspicion

70 cases: heparin switched to an
alternative

2015–2018
682 patients
889 cases

16 excluded:
- 14 were switched to

alternative anticoagulant
only after 48h after the
initial HIT suspicion

- 2 had already a confirmed
diagnosis of HIT

8 excluded
- 4 treated with a combination

of drugs (2× A&F; F&R;
A&R)

- 4 treated with apixaban (one
of them with true HIT)

Laboratory testing for HIT

2018
188 patients
229 cases*

Figure 1. Flowchart of study population. *One case refers to 1 hospital admission; some patients had .1 admission with HIT suspicion in a year. A, argatroban;

F, fondaparinux; R, rivaroxaban.
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VTE
r=0.0026, p=.016

Major bleeding
r=0.0028, p=.018

VTE
r=0.0196, p=.194

Major bleeding
r=0.0027, p=.029

VTE
r=0.0, p=.0

Major bleeding
r=0.017, p=.097

VTE
r=0.016, p=.125

Major bleeding
r=0.016, p=.125

Complication

VTE
r=0.1, p=.221

Major bleeding
r=0, p=0

VTE
r=0.013, p=.103

Major bleeding
r=0.013, p=.103

+ HIT suspicion,
shift to non-heparin

anticoagulant

Argatroban
patient-days at risk = 89

Rivaroxaban
patient-days at risk = 233

Fondaparinux
patient-days at risk = 123

Positive
p=.54

Average treatment duration = 9 days

Negative
p=.18

Average treatment duration = 3 days

Positive
p=.82

Average treatment duration = 9 days

Negative
p=.46

Average treatment duration = 7 days

Positive
p=.18

Average treatment duration = 11 days

Negative
p=.82

Average treatment duration = 6 days

No complication

No complication

No complication

No complication

No complication

No complication

Complication

Complication

Complication

Complication

Complication

HIT
confirmatory

test

HIT
confirmatory

test

HIT
confirmatory

test

Figure 2. Analytical decision tree model used in this economic evaluation. The decision tree model depicts the most important clinical and cost considerations in patients

suspected of having HIT in whom heparins have been suspended. At the decision point, 3 nonheparin anticoagulants were considered: argatroban, fondaparinux, and rivaroxaban. Patients

who received any of these medications underwent laboratory HIT diagnostics. Differences in the eventual costs and outcomes (ie, complications or no complications) per drug form the

basis of this analysis. All model inputs and their references are explained in the Supplementary Table 1. p, standardized probability of event; r, incidence rate; VTE, venous

thromboembolism.
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calculated incremental cost-effectiveness ratios to determine the
cost-effectiveness of the alternative anticoagulants used in treating
patients suspected with HIT.

Methods

We performed this economic evaluation according to Consolidated
Health Economic Evaluation Reporting Standards statement.29 For
the cost-effectiveness estimation, we constructed the decision tree
model simulating scenarios expected to occur once HIT is sus-
pected (Figure 2). The primary outcomes of interest are adverse
events. The primary parameter of interest was incremental cost per
adverse event averted. This evaluation uses a Swiss tertiary univer-
sity hospital perspective. All participants gave consent for the analy-
sis and anonymized data publication. This study was approved by
the local ethics committee of the canton Bern (ID: 2018-00426).

Population

We performed a retrospective analysis of patients having suspected
HIT in Bern University Hospital between 2015-2018. Relevant clini-
cal data of all inpatient adults who were tested for presence of HIT
antibodies and subsequently switched to a nonheparin anticoagula-
tion within 48 hours were included in this study. Figure 1 illustrates
our study sample selection.

Model structure

We constructed a decision tree model that reflects important clinical
events likely to occur once HIT is suspected (Figure 2). All sus-
pected HIT cases were switched from heparin to any of the 3 com-
parator drugs: A, F, or R. There were no cases of danaparoid or
bivalirudin use in our census. Single uses of apixaban and any drug
combination were excluded. Patients were treated with alternative
anticoagulants until the confirmatory, functional assay results were
available. The allocated medicine was then continued or

discontinued depending on the result of the test. If HIT was con-
firmed, those treated with A were subsequently switched to vitamin
K antagonists. Those treated with F or R were treated continuously
until discharge.

The primary outcomes considered at the end of the decision tree
were adverse events such as VTE or major bleeding, and no
adverse event scenario. The major bleeding complications observed
in the cohort were predominantly upper gastrointestinal bleedings.
Thus, we approximated that the costs of managing upper gastroin-
testinal bleeding equal the costs of managing major bleeding.30

VTE included pulmonary embolism and deep venous thrombosis,
and we excluded arterial complications as they are less frequent in
HIT patients, also reflected in our cohort.31 Between each treatment
arm, the difference in primary outcomes (incremental effectiveness)
and the difference in costs (incremental costs) were calculated, and
the incremental cost-effectiveness ratio (ICER) was expressed as
cost per adverse event averted.

Estimation of probabilities

The probability of HIT confirmed (positive) or excluded (negative)
equaled the actual number of confirmed HIT in each medication
subgroup divided by total number of patients treated with this medi-
cation. To estimate the probability of adverse events, we converted
incident rates of adverse events using the formula:

pi ¼ 12e2ri t

Where:

pi 5 probability of adverse event i,

r 5 incidence rate of adverse event i

t 5 period of interest

In our model, it is assumed that the adverse event incidence rates
are constant over a period of time. The incidence rate of adverse
events was calculated based on days of exposure with nonheparin
anticoagulation as follows: number of events (VTE or major bleed-
ing)/patient-days of exposure to nonheparin anticoagulant.

Estimation of costs

We obtained available in-hospital and Swiss-wide financial data to
estimate direct medical costs in Swiss francs (CHF). The costs of
the drugs and total and average daily costs of hospitalization were

Table 1. Costs of drugs and hospitalization in the patients with suspected HIT

Argatroban (n 5 11) Fondaparinux (n 5 13) Rivaroxaban (n 5 22)

HIT excluded

Total costs of drugs per patient 1 884* (628; 2 198) 43.2 (9.30; 43.2) 15.4 (6.60; 30.6)

Total costs of hospitalization 92280 (32296; 113844) 65507 (44862; 100652) 59 316 (32309; 126008)

Daily costs of hospitalization 4 292 (3797; 6 325) 3586 (2 054; 4 874) 3 106 (2 437; 4624)

HIT confirmed

Total costs of drugs per patient 1 884* (942; 2 198) 43.2 (43.2; 43.4) 24.2 (15.3; 41.8)

Total costs of hospitalization 102531 (58331;114547) 103994 (44862;171506) 111586 (71533; 148504)

Daily costs of hospitalization 4 292 (4037; 4 564) 3657 (2 991; 5 039) 3 491 (2 840; 4624)

Costs are in CHF. We estimated the costs of adverse events using TARMED Tariff.32

*Approximates for 1 ampule (250 mg/2.5 mL) of argatroban per day for an 80 kg patient.

Table 2. Distribution of treatment allocation according to clinical

probability of HIT assessed using 4Ts score in patients with

available 4Ts score (43 of 46 patients)

Clinical probability of HIT A F R

Low 4Ts ,4 2 2 8

, medium 4Ts 4-5 7 7 7

High 4Ts .5 2 4 4
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obtained from the financial department of the hospital. Accordingly,
the costs associated in each intervention are presented in Table 1.

One (1) TARMED point in the Swiss-wide billing system for inpa-
tient services, including imaging and laboratory examinations, costs
1 CHF. In our cost calculations, we assumed the costs of managing
bleeding complications to be the costs of gastroscopy with proce-
dures for stopping bleeding, costs of 4 laboratory testing for blood
count, and associated transfusion of erythrocyte concentrates
amounting to 1260 CHF.30 We assumed the costs of managing
VTE to be the standardized costs of duplex ultrasound of legs and

computerized tomography scan for pulmonary embolism protocol
with use of contrast agent and fees for D-dimer measurement,
amounting to 1349 CHF.32

In addition to drug costs and costs of treating complications, we
also estimated the costs of prolongation of stay of the patients.
We assumed that the costs of prolongation of stay depend solely
on the number of days of prolongation of stay, which was calcu-
lated as a difference between average length of stay for main
diagnosis of each patient based on 2019 hospitalization epi-
sodes statistics and the actual length of stay in our sample

Table 3. Base case and adjusted costs and outcomes of 3 comparator drugs used to treat patients suspected of having HIT

Unadjusted Adjusted

Drugs Total costs Total benefits (adverse events averted) Total costs Total benefits (adverse events averted)

Fondaparinux CHF 24923 0.820 CHF 23097 0.834

Argatroban CHF 39207 0.791 CHF 33749 0.820

Rivaroxaban CHF 28542 0.932 CHF 34585 0.917

Incremental costs Incremental benefits Incremental costs Incremental benefits

Fondaparinux vs Argatroban 2CHF 14284 0.029 2CHF 10652 0.013

Fondaparinux vs Rivaroxaban 2CHF 3602 20.112 2CHF 11488 20.084

Rivaroxaban vs Argatroban 2CHF 10682 0.141 CHF 835 0.097

Table 4. Deterministic sensitivity analysis results

Scenario Fondaparinux vs Argatroban Fondaparinux vs Rivaroxaban Rivaroxaban vs Argatroban

Base case Dominant Trade-off* Trade-off†

Incremental Cost (CHF) 210653 211488 835

Incremental Effectiveness (AEA) 0.013 20.084 0.097

ICER (CHF/AEA) 136968 8586

Base case incidence rates 2 50% Dominant Trade-off* Dominant

Incremental Cost (CHF) 27010 215230 28219

Incremental Effectiveness (AEA) 0.007 20.043 0.050

ICER (CHF/AEA) 351595

Base case incidence rates 1 50% Dominant Trade-off* Dominant

Incremental Cost (CHF) 214144 27988 26156

Incremental Effectiveness (AEA) 0.019 20.122 0.141

ICER (CHF/AEA) 65606

Event rates from Al-jabri et al
28 Dominant Rivaroxaban was not assessed in the study

Incremental Cost (CHF) 218142

Incremental Effectiveness (AEA) 0.061

ICER (CHF/AEA)

Event rates obtained from other published

studies (Kang et al. (2015),34 ARTEMIS
trial,35 Lewis et al. (2006),36 Hursting et al.
(2020),37 Warkentin et al. (2017),19 Linkins
et al. (2016),15 MAGELLAN trial38)

Trade-off* Dominant Dominated

Incremental Cost (CHF) 2881 215963 15081

Incremental Effectiveness (AEA) 20.042 0.029 20.071

ICER (CHF/AEA) 21107

Dominant 5 the first drug (ie, before "vs") costed less and was more effective in preventing adverse events than the comparator.
Dominated 5 the first drug (ie, before "vs") costed more and was less effective in preventing adverse events than the comparator.
AEA, adverse events averted.
*Trade-off indicates “less costly but also less effective”; interpretation of cost-effectiveness depends on threshold: costs of averting 1 adverse event
†Trade-off indicates “more costly but also more effective”; interpretation of cost-effectiveness depends on threshold: costs of averting 1 adverse event

3118 TULEJA et al 24 MAY 2022 • VOLUME 6, NUMBER 10

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/6/10/3114/1898668/advancesadv2022007017.pdf by guest on 23 M

ay 2022



population for this diagnosis using Swiss statistical data, which
provides mean and 90% confidence interval of the expected
length of hospital stay per case.33 To facilitate calculations, we
assume this 90% confidence interval to be the minimum and
maximum prolongation of stay in our model.

Calculation of expected values

Expected clinical outcomes and corresponding total costs for each
terminal node (triangle node) were calculated by multiplying proba-
bilities arising from each chance node (circle node). The costs of
intervention are the sum of costs before HIT confirmation (total
costs of drugs and costs of hospital care) and costs after confirma-
tion (costs of hospital care, including treatment of adverse events, if

any). We calculated the expected costs associated per terminal
node as follows:

Expected costs ¼ ci � pi
pi ¼ ph�pijh

Where:

ci 5 estimated costs of treating adverse event i

pi 5 probability of adverse event i per terminal node

ph 5 probability of HIT status

pijh 5 probability of adverse event i, given HIT status h

0 0.1–0.1

–100 000.00

–80 000.00

–60 000.00

60 000.00

–40 000.00

40 000.00

–20 000.00

20 000.00

–0.2 0.2 0.3 0.4 0.5 0.6

0 0.1–0.1

–0.16 –0.14 –0.12 –0.1 –0.08 –0.06 –0.04 –0.02 0

–100 000.00

–150 000.00

–100 000.00

100 000.00

–50 000.00

50 000.00

100 000.00

150 000.00

–50 000.00

50 000.00

0.2 0.3 0.4 0.5 0.70.6

Fondaparinux vs Argatroban

Rivaroxaban vs Argatroban

Fondaparinux vs Rivaroxaban

Figure 3. Probabilistic sensitivity analyses (2000 Monte Carlo simulations). Each dot in the plot represents the results of 1 Monte Carlo simulation. X-axes represent

incremental benefits (adverse events averted), and y-axes represent incremental costs in CHF. Dots on the southeast quadrant means the drug in bold typeface is dominant

(ie, less costs and more benefits). Dots on the northwest means the drug in bold typeface is dominated (more costs and less benefits). Dots on either northeast and

southwest quadrants mean that trade-offs between costs and benefits of the drugs being compared exist, and dots below the threshold (slope of line from the origin) are

considered cost-effective.
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All costs relevant to each intervention arm are added (Sn
i¼1ci � pi),

resulting in expected costs of each intervention.

Statistical and sensitivity analyses

To account for differences in the likelihood of prescribing on-label
drugs based on clinical profile of patients, we adjusted the costs for
4Ts score. We used the same method to adjust for the primary out-
come (adverse events averted).

Ci,a ¼ Ci,u t �pðDij jtÞ
Ci,a ¼ Ci,u l �pðDij jlÞ þCi,u m �pðDij jmÞ þCi,u h �pðDij jhÞ

Where:

Ci,a 5 adjusted total costs associated with treating patients using
drug i

Ci,u 5 unadjusted costs of treating patients using drug i, given a
particular t score

p(Dijt) 5 probability of being prescribed drug Di, given 4Ts score t

Ci,ujl 5 unadjusted costs of treating patients using drug i, given low
4Ts score

Ci,ujm 5 unadjusted costs of treating patients using drug i, given
moderate 4Ts score

Ci,ujh 5 unadjusted costs of treating patients using drug i, given
high 4Ts score

p(Dijl) 5 probability of being prescribed drug Di, given low 4Ts
score l

p(Dijm) 5 probability of being prescribed drug Di, given moderate
4Ts score m

p(Dijh) 5 probability of being prescribed drug Di, given high 4Ts
score h

i 5 (fondaparinux, argatroban, rivaroxaban)

We performed deterministic sensitivity analysis accounting for varia-
tions of parameters 1 or few at a time and with absolute certainty.
To account for the random distribution of multiple key parameters all
at once, we performed probabilistic sensitivity analysis (PSA) with
2000 simulations utilizing g distribution for costs, b distribution for
clinical probabilities, and normal distribution for outcomes (prolonga-
tion of hospital stay). To illustrate decision uncertainty surrounding
cost-effectiveness thresholds, we presented the cost-effectiveness
acceptability curves of fondaparinux and rivaroxaban vs argatroban
in suspected HIT. We performed calculations and Monte Carlo sim-
ulations using Microsoft Excel 2016 with Visual Basic for Applica-
tions (VBA).

Results

We had a total of 54 patients suspected of having HIT in our institu-
tion, which were treated with argatroban in 11 (20%), fondaparinux
in 13 (24%), rivaroxaban in 22 (41%), a mix of these drugs in 4
(7%), or with apixaban in 4 (7%) patients. Both monotherapies with
A, F, or R and drug combinations were used to calculate the
adverse events rates. Monotherapies with A, F, and R were included
in the cost estimation and subsequent analyses. Twenty patients
(43%) were confirmed of having HIT, whereas 26 (57%) tested
negative. Prescription practice varied among patients according to
the available 4Ts score (Table 2).

A total of 445 patient-days at risk were observed in patients with
suspected and confirmed HIT. In this period, we observed 3 throm-
boembolic events and 3 major and 22 minor bleedings. There were

Cost-effectiveness acceptability curve of non-heparin anticoagulation vs standard (Argatroban)

34.7%
36.2%

37.4%
38.6%

40.0%
41.7%

43.3%

45.3%
47.1%

48.6%
50.3%

51.4%

53.3%
51.9%

50.2%

46.4%
48.3%

44.3%

41.9%

30%
CHF 0 CHF 20

Thousands

Fondaparinux Rivaroxaban

CHF 40 CHF 60 CHF 80 CHF 100 CHF 120 CHF 140 CHF 160 CHF 180

35%

40%

45%

50%

55%

60%

Figure 4. Cost-effectiveness acceptability curve of fondaparinux and rivaroxaban compared with argatroban.
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no deaths during the treatment of HIT, but we recorded 3 deaths
within 3 months after the HIT suspicion.

Patients in whom HIT was ruled out were exposed to nonheparin
anticoagulants for 3 to 7 days. If HIT was confirmed, patients were
treated with argatroban for 7 to 9 days in total and switched to vita-
min K antagonists afterward. Patients treated with fondaparinux or
rivaroxaban were treated continuously until discharge, ranging from
9 to 11 days in total.

We calculated the prolongation of stay for each outcome. For all
HIT2 patients, we assumed the same average prolongation of stay
of 2.5 days per each drug given.

Using our estimates in the base case scenario, the total costs of
averting 1 adverse event were 49565 CHF for A, 30380 CHF for
F, and 30610 CHF for R, and adverse events averted were 0.791,
0.820, and 0.932 for A, F, and R, respectively. Adjusted for 4Ts
scores, the total cost of averting an adverse event amount to
41152 CHF for A, 27710 CHF for F, and 37699 CHF for R. In
terms of clinical outcomes, F and R were more effective than A,
with adverse events averted of 0.820, 0.834, and 0.917 for A, F,
and R, respectively. Hence, F was cheaper than A and R in manag-
ing suspected HIT, and F and R were more effective in terms of
adverse events averted (Table 3). Adjusting the costs and outcomes
for 4Ts scores yielded similar results: fondaparinux was dominant
compared with argatroban (ie, lower incremental costs and higher
incremental benefits), whereas rivaroxaban was more expensive but
conferred more benefits in comparison with argatroban (Table 3).

Deterministic sensitivity analysis

We performed deterministic sensitivity analyses to test the robust-
ness of the cost-effectiveness analysis results. In these analyses, we
assumed the following scenarios (Table 4): (1) Base case incidence
rates decreased by 50%. (2) Base case incidence rates increased
by 50%. (3) Event rates obtained from the study by Al-jabri et al.
(2016)28. (4) Event rates obtained from largest published studies
on relevant medication and adverse events (Kang et al. (2015),34

ARTEMIS trial,35 Lewis et al. (2006),36 Hursting et al. (2010),37

Warkentin et al. (2017),19 Linkins et al. (2016),15 MAGELLAN
trial38). In the supplemental sensitivity analyses in supplemental
Table 2, we assumed further: (1) Hospital costs decreased by 50%
from base case. (2) Hospital costs increased by 50% from base
case. (3) Length of drug exposure is the same as in the study by
Aljabri et al. (2016)28 (4) Prolongation of stay decreased by 50%
from base case. (5) Prolongation of stay increased by 50% from
base case. All these scenarios showed congruent dominance of
fondaparinux vs argatroban. The comparison between rivaroxaban
and argatroban showed variable results. In most cases, rivaroxaban
was more expensive but more effective depending on duration of
the hospitalization and on the adverse event incidence rates used in
the model. The comparison between fondaparinux vs rivaroxaban
consistently showed that fondaparinux was less expensive but less
beneficial (Table 4; supplemental Table 2). However, one has to
take into account the lower case numbers in our study. When apply-
ing incidence rates from the largest published studies, sensitivity
analysis showed that fondaparinux dominated rivaroxaban.

Probabilistic sensitivity analysis

Based on institutional and published data on various parameters
and their uncertainty distributions, we performed Monte Carlo

simulations using the parameters and their probability distributions
as inputs and performed 2000 simulations for each comparison: F
vs A, R vs A, and F vs R. PSA results affirm our base-case findings
where fondaparinux have high probability of dominating argatroban.
(Figure 3).

There are no established cost-effectiveness thresholds for specific
health measures such as adverse events averted. To take this
uncertainty into account, we constructed a cost-effectiveness
acceptability curve to estimate the probability that an intervention is
cost-effective vs a comparator drug, over a wide range of cost-
effectiveness thresholds. For example, when assessed against arga-
troban at a threshold of 100000 CHF per adverse event averted,
the probability that fondaparinux is cost-effective is 46.4% and rivar-
oxaban 44.3% (Figure 4). Rivaroxaban has higher probability of
cost-effectiveness compared with fondaparinux at about ,30000
CHF threshold; at higher threshold (.30000 CHF), fondaparinux
has higher probability of cost-effectiveness than rivaroxaban.

Discussion

We designed and conducted this study to assess the actual pre-
scribing practices for suspected HIT and to estimate the cost-
effectiveness of therapies used at the largest university hospital in
Switzerland. We found that physicians prescribe not only approved
and guidelines-recommended argatroban for patients with sus-
pected HIT (used only in 20% of patients in our cohort) but also
off-label anticoagulants fondaparinux and rivaroxaban. These were
predominantly (75%) used in patients with low and moderate risk
for HIT based on 4Ts score (ie, 4Ts score ,6 points). To our
knowledge, this is the first pharmacoeconomic analysis that com-
pared cost-effectiveness of argatroban, fondaparinux, and rivaroxa-
ban in suspected HIT from a tertiary university hospital perspective
in Europe. We found that fondaparinux had lower treatment costs
and greater benefits in terms of adverse events averted in the base
case scenario, hence dominating argatroban. We did not estimate
ICER in the primary analysis because of this dominance. Our find-
ings are robust across several deterministic sensitivity analyses and
these were confirmed by probabilistic sensitivity analyses. Based on
our results, fondaparinux is a viable clinical and economic alternative
to approved argatroban by demonstrating 2 benefits: reductions in
hospital costs and aversion of more adverse events. In our analysis,
rivaroxaban is more expensive than argatroban but confers more
benefits, hence its cost-effectiveness depends on the threshold
cost for an adverse event averted. Compared with argatroban, the
cost of averting 1 extra adverse event averted in using rivaroxaban
remains relatively low at 8 586 CHF in the base case scenario.
According to our PSA and cost-effectiveness acceptability curve
results, the probability of cost-effectiveness for rivaroxaban ranges
between 34% and 49.5% in the tested thresholds (0-1 mln CHF)
and is close to our findings for fondaparinux. At least from a
safety standpoint, rivaroxaban is a more beneficial alternative to
argatroban.

The rationale for their use in HIT for (1) fondaparinux, although its
antithrombin-binding pentasaccharide sequence is derived from
heparin’s natural pentasaccharide sequence, is based on its lower
antigenicity (ie, almost exclusive binding of antithrombin; length of
,10 saccharides units render PF4 binding and formation of ultra-
large complexes unlikely; synthetic derivative; little or no cross-
reactivity with anti-PF4/heparin antibodies for platelet activation) and
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for (2) rivaroxaban is based on its nonheparin molecular structure.12

Further advantages of the use of factor Xa inhibitors over direct
thrombin inhibitors are (1) avoidance of activated partial thrombo-
plastin time (aPTT) confounding39-41 (ie, systematic under-dosing of
direct thrombin inhibitors [DTIs] in a patient with HIT-associated
consumptive coagulopathy that leads to elevation of the aPTT), (2)
lower interference with thrombin-induced protein C activation (a
potential risk factor for microvascular thrombosis in patients with
severe HIT-associated disseminated intravascular coagulopathy),
and (3) the graded range of available doses of fondaparinux includ-
ing prophylactic, intermediate, and therapeutic doses (2.5 mg, 5
mg, 7.5 mg, and 10 mg) would allow rapid therapy adaptation in
accordance to the clinical situation (ie, bleeding or thrombotic risk,
depending on HIT risk). This fact could have underestimated the
dominance of fondaparinux over argatroban. Similar, but not yet
established in therapy of HIT, the doses of rivaroxaban could be
adopted (2.5 mg, 5 mg, 10 mg, 15 mg, or 20 mg).

In this study, we found that fondaparinux was clinically more effec-
tive than argatroban, which is in line with the results of previous
studies.12,15,17-19 Clinical data for rivaroxaban use in HIT are limited.
To date, no approval studies for either of the 2 anticoagulants have
been initiated, although both drugs are frequently applied in the con-
text of suspected and acute HIT. Currently, their use for this indica-
tion is “off-label.”

In our study population, patients with high pretest probability for HIT
(ie, 4Ts score $6) were more likely prescribed fondaparinux,
although it is not approved for HIT therapy. Patients with low and
moderate risk for HIT (4Ts score ,6) were more likely prescribed
rivaroxaban, in 8/19 patients with low risk and 7/19 patients with
moderate risk for HIT (Table 2). To account for potential confound-
ing by indication, we adjusted costs and outcome estimates by
assigning probability weights of treatment assignment per risk
group. In our adjusted analysis that accounted for the imbalance in
treatment assignment, fondaparinux still dominated argatroban.

The cost-effectiveness results are robust across a range of model
assumptions, including a variety of adverse events incidence rates,
daily costs of hospitalization, days of prolongation of hospital stay,
allocation of patients to a particular alternative anticoagulant accord-
ing to risk of HIT as evaluated by 4Ts scores, and by using input
parameters from other studies. The analyses were most sensitive to
incidence rates and length of prolongation of stay per drug. To
check for robustness of our model, we performed PSA. PSA results
confirmed our main findings, wherein fondaparinux dominated arga-
troban, whereas cost-effectiveness of rivaroxaban depended on the
assumed threshold. Currently, it is not known how much the Swiss
system is willing to pay to avoid a major adverse event arising from
HIT suspicion, so we modeled the cost-effectiveness of fondapari-
nux and rivaroxaban against argatroban across a range of theoretical
thresholds. Indeed, probability of fondaparinux dominating argatro-
ban was higher in higher ICER range (at above 30000 CHF).

In a United States study comparing Food and Drug
Administration–approved argatroban and bivalirudin with fondapari-
nux, fondaparinux was the cost-effective strategy in comparison with
both comparator drugs across a wide range of model assump-
tions.28 In our model, we considered average daily hospitalization
costs and prolongation of stay as relevant variables for each drug.
Aljabri and colleagues did not include daily costs of hospitalization
in the estimation of overall costs, and this could partly explain why in

our study, the absolute costs remain higher.28 In their model, they
assumed that daily hospital costs are equal in each drug (hence
were not included) and prolongation of stay is equal for each com-
parator drug in two scenarios: HIT (additonal 6 days) and not-HIT
(additional 2 days). We included daily costs of hospitalization
because we expected that each drug will have different clinical
effects, including effects on prolongation of hospital stay after HIT
suspicion, which influences total hospital costs more strongly than
total drug costs. For example, patients who receive the approved
DTI treatment (classic paradigm of HIT therapy) may be more likely
to transition to a vitamin K antagonist (VKA) such as warfarin (with a
mandatory minimum 5-day overlap between DTI and VKA), thus
potentially prolonging costly hospitalization, including the incurring
risk of VKA toxicity (microvascular thrombosis) and of bleeding com-
plications. This is supported by the longer duration of hospitalization
of patients receiving DTI. In contrast, the use of the nonapproved
factor Xa inhibitors (modern paradigm of HIT therapy) might involve
in clinical practice simply discharging the patient on ongoing factor
Xa inhibitor therapy (eg, fondaparinux injections, abrupt transition
from fondaparinux to rivaroxaban, direct transition from DTI to a fac-
tor Xa inhibitor). This would avoid several days of costly hospitaliza-
tion for managing the above-mentioned overlap and might make the
practical cost effectiveness differences between DTI and factor Xa
inhibitors even greater. However, the results remained the same,
even if we considered no overlap in DTI and VKA treatment, as in
Aljabri study (supplemental Table 2). Furthermore, the no-overlap
scenario is not seen in practice, at least in our institution. Morbidity
and likelihood of HIT could influence the choice of drug and thus
have an impact on daily costs of hospitalization. This was reflected
by argatroban and rivaroxaban showing the highest and lowest cost
per day of hospital stay, respectively, for both before and after HIT
confirmation. Indeed, our model was most sensitive to daily costs of
hospitalization and prolongation of stay, and the effect of their inter-
action (ie., daily costs of hospitalization times days of prolongation)
has much greater weight than the effect of drug costs on total hos-
pital costs, which is in line with other studies.25,42 This implies that
the costs are driven by the effectiveness of each drug in shortening
the days of hospital stay after HIT suspicion.

Our study results suggest that fondaparinux merits consideration as
primary treatment options for patients with suspected HIT. This
applies all the more because approvals of other nonheparin anticoa-
gulants (ie, argatroban, lepirudin, danaparoid) for treatment of HIT
have been based on historical control studies with relatively small
numbers of patients included.9,10,43-48

Several strengths of our study are worth pointing out. To our knowl-
edge, this is the first pharmacoeconomic evaluation study that
assessed the cost-effectiveness of off-label nonheparin anticoagu-
lants among patients with suspected HIT that modeled costs and
outcomes using data from our cohort of patients. Other studies
used data from cohorts of trial participants. We used primary data
from our institution to calculate event rates and institutional costs
and minimally relied on data from other sources to populate the
parameters needed to operate our economic evaluation model,
hence the modeling parameters are more likely to be appropriate.
We distinguished between different parameters, including costs and
length of hospital stay, and performed sensitivity analyses that
allowed us to account for uncertainties in the parameters used and
demonstrated the robustness of our results. We were able to con-
firm our results using probabilistic sensitivity analysis that integrates
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uncertainties in the distribution of parameters we used in the model.
We found similarities in the estimate of our study with other studies
done in other countries.25,26 Nevertheless, some limitations warrant
mentioning. In spite of our institution being the largest university hos-
pital in Switzerland, we had only 54 patients and 6 adverse events,
hence our model may have been underpowered, and adverse
events may have been underestimated. To address this, we per-
formed sensitivity analyses including changing inputs from the larg-
est studies in HIT and non-HIT context, respectively. Those
supported use of fondaparinux vs argatroban at low trade-off
(12207 CHF per adverse event averted) and showed dominance of
both fondaparinux and argatroban against rivaroxaban. A potential
limitation may be the exclusion of costs for arterial thrombotic events
and amputations, but there is no obvious reason why Xa inhibitors
vs DTIs would have a difference in the expected frequency of arterial
thrombotic events.28 Confounding by indication may have affected
the cost-effectiveness results, and despite risk-weighted adjust-
ments, we cannot fully eliminate treatment allocation bias. The costs
considered in this analysis are limited to institutional costs, hence
the cost-effectiveness results may only represent value-for-money
within the perspective of the institution and not the society at large.
Future studies can address this by expanding analysis to include
other institutions. Results may have less generalizability in different
settings because of different factors, including treatment protocols,
costs of drugs, costs of hospitalization, and modes of health financ-
ing. Nonetheless, our model provides a structure that can be repli-
cated by others in different settings.

Conclusions

This is the first cost-effectiveness analysis that compared off-label
fondaparinux and rivaroxaban with approved argatroban using pri-
mary data in suspected HIT. Fondaparinux resulted in cost savings
and more adverse events averted than argatroban; rivaroxaban is
safer but is connected with higher medical costs. Our study

suggests that fondaparinux is a viable alternative to argatroban and
should be considered. Future studies involving more participants by
expanding the modeling to a national population are needed to con-
firm our findings.
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